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topic, opinion, estimate, forecast or analysis set forth herein changes or 
subsequently becomes inaccurate. This report is provided for 
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revision.
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3600 SpaceTech companies were classified according to 20 
categories. Manufacture, Satellite Communication and Software 
development seem to be the largest sectors within the Space 
industry. At the same time, there is a wide range of different 
subfields fueling the space industry.
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Space exploration is often perceived to be humanity’s last frontier 
and a daring dream of adventurers, which promises enormous 
benefits but is associated with unprecedented risks. Without denying 
the previous statement, the SpaceTech: Landscape Overview 2021 
also suggests that space exploration is also a valuable sphere of 
economy and the source of numerous goods and services which 
have already become integral to our lives.

Research on the International Space Station provides humanity with 
insights into drug discovery, disease research, and research in 
natural sciences. SpaceTech and AI-empowered change detection 
and object recognition used in agriculture, business development, 
and mining. Even such routine aspects of our lives as navigation and 
weather forecasting are dependent on space technologies. 

There is now an important trend in the space industry: Space 
commercialization. Space companies and enterprises, especially the 
private ones aim to bring space and its benefits closer to the 
common public and make them consumable. Such companies, 
which are also often referred to as New Space companies, see space 
exploration and technologies as investments rather than spending. 
This report among other topics focuses on the impact of such 
companies on the space industry in general and explores the most 
promising New Space companies, initiatives, and ideas that are 
going to shape the SpaceTech in the future.

Private space exploration is known as a priority for the richest people 
in the world like Elon Musk, Jeff Bezos, and others, who provide 
visions for future exploration of outer space. At the same time, 
recent decades have demonstrated that the space industry is also 
open even for student startups and smaller enterprises. For example, 
the CubeSat and NanoSat technologies massively democratized the 
industry rapidly accelerating the number of satellite launches each 
year. Similarly, the development of launch vehicles, once seen as the 
exclusive priority of large companies, now is accessible for smaller 
and private companies as Rocket Lab, Masten, Vector and others.

Efficiency, minimalism, collaboration, commercialization, and 
incremental developments seem to be the major trends defining the 
evolution of SpaceTech for the near future. SpaceTech can also 
benefit largely from the development of the AI, DeepTech, and 
DeepPharma spheres as solutions in those areas would enable 
further space exploration and application of SpaceTech products for 
humanity's needs on Earth.

With the current trends and shifts in the space industry, it is 
important for many players as governments, companies, market, and 
academia to collaborate harmonically and focus on their competitive 
advantages. This report also focuses on successful cases of such 
collaborations which benefit different sides and boost space 
exploration.
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SpaceTech: Landscape Overview 2021 is the study of the main 
trends in space industries featuring 3600 companies, 1350 investors, 
22 hubs and 80 Government Agencies. It also provides insights into 
the major trends in the field.

The report opens with the overview of Social Issues in Space 
Exploration covering the legal framework and main trends in the 
commercialization of space as well as such problems as space 
debris accumulating in the Earth’s orbit and endangering space 
operations. This chapter also covers legal issues related to space 
exploration. New technologies and trends in space exploration not 
legally regulated yet are discussed in this chapter. 

The current overview proceeds with the Overview of Countries with 
the Best Space Programmes. This chapter provides a brief study of 
the space programs of such leading space players as the US, China, 
Russian Federation, Japan and India. 

The main International Collaborations on Space Exploration are 
summarized in the next chapter revealing the space agencies and 
private companies seeking to achieve such milestones as new 
manned Moon expeditions, establishing permanent Moon 
settlements, exploring Moon and asteroid resources and reaching 
other planets as Mars. It features such programs as Artemis, Moon 
Village and he International Space Exploration Coordination Group 
(ISECG).

Technical Issues and Solutions chapter explains the main 
challenges, solving which is crucial for the space industry 
development. Those issues include Space Propulsion, Navigation, 
and the development of low-cost technologies.

The Small Satellites chapter explains the difference between 
different types of satellites focuses on nanosatellites, outlines their 
advantages and illustrates how small satellites could be utilised for 
science investigations, new technology demonstrations and high 
speed internet access.

The report also analyzes the prominent sphere of Space Tourism. To 
date, there have been only seven people visiting space as private 
tourists. As Blue Origin and Virgin Galactic are in the final stages of 
their sub-orbital spaceflight vehicles, the numbers of new space 
tourists may ascend in the coming years. 

Longevity and Healthcare Initiatives in SpaceTech chapter provides 
insights into the major challenges and potential solutions from the 
medical side of the space industry. Space is an extremely hazardous 
environment and its exploration requires addressing dangers of 
space radiation, and bone and muscle loss of structure. 

The report closes with general conclusions, trends, and predictions 
for the development of SpaceTech.
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The legal framework for space activities is based on the 1967 Outer 
Space Treaty (OST) and four subsequent United Nations treaties 
implementing its provisions. 

The main principles of the treaty are summarized below.

With the latest trends in the space industry as the growing 
importance of private initiatives in the exploration of space, the main 
principles of the Space Law may be challenged as most of those 
principles were designed when space exploration was only the 
business of the states.

The exploration and use of 
outer space shall be carried 
out for the benefit and in the 
interests of all countries and 

shall be the province of all 
mankind.

Outer space shall be free for 
exploration and use by all 

States.

Outer space is not subject to 
national appropriation by 
claim of sovereignty, by 

means of use or occupation, 
or by any other means.

The Moon and other celestial 
bodies shall be used 

exclusively for peaceful 
purposes.

States shall not place nuclear 
weapons or other weapons 
of mass destruction in orbit 

or on celestial bodies or 
station them in outer space 

in any other manner.

States shall be responsible 
for national space activities 

whether carried out by 
governmental or 

non-governmental entities.

States shall be liable for 
damage caused by their 

space objects; States shall 
avoid harmful contamination 

of space and celestial 
bodies.

Astronauts shall be regarded 
as the envoys of mankind.

https://www.unoosa.org/oosa/en/ourwork/spacelaw/treaties/introouterspacetreaty.html
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Source: The Conversation

Dual Citizenship

Personnel vs 
Travellers

Limits of Space

Crimes involving 
citizens of different 

countries

Universal Crimes

Potential Issues with Legal Jurisdiction in Space

The treaty framework on criminal law in space 
relies heavily on nationality. This makes the 
situation more complicated if an alleged 
criminal is a dual citizen

OST grants country upon which spacecraft is 
registered has the authority “over any personnel 
thereof”. This raises questions about private 
tourists from other countries

It is not determined from which altitude does 
space begin, which makes it hard to determine 
whether air law or space law should apply at a 
given altitude

If space crime involves citizens of different 
countries, it makes the question of jurisdiction 
more complicated.

For serious crimes such as genocide, crimes 
against humanity, or war crimes, the jurisdiction 
of the International Criminal Court may also 
extend into space

Space may be compared to the high seas as it belongs to everyone 
and to no one, and any country cannot lay claim to it. In legal terms it 
is called Res communis

International law allows countries to assert jurisdiction outside their 
territory in several ways, including via the nationality principle, which 
covers crimes committed by a country’s citizens outside its borders, 
and the universality principle, which allows countries to prosecute 
anyone for serious crimes against international law, such as piracy.

As for the question of who prosecutes space crimes, the short 
answer is that a spacefaring criminal would generally be subject to 
the law of the country of which they are a citizen, or the country 
aboard whose registered spacecraft the crime was committed, 
because the treaty grants that country authority “over any personnel 
thereof”.

However, the term “personnel” is not defined, and this raises 
questions as to what the case might be for private citizens such as, 
for example, an Australian space tourist flying aboard a US-registered 
spacecraft. The visualization on the right highlights several issues 
related to space industries and space exploration which may cause 
legal debates in the nearest future

https://theconversation.com/star-laws-what-happens-if-you-commit-a-crime-in-space-122456
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In 2019 the NASA astronaut Anne McClain was accused of 
committing a crime in outer space. She was accused in accessing 
the bank accounts of her former spouse without her authorization. 

An investigation subsequently cleared the astronaut Anne McClain of 
wrongdoing. Her former spouse, Summer Worden, was charged with 
lying to federal investigators.

Nevertheless, that case became an unprecedented allegation of 
crime in space. Instances like that could become more usual with 
space becoming more accessible. This case raised some questions 
as whether records of Ms. McClain’s internet usage from space 
could be presented in court to help aid in Ms. Worden’s defense.

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

NASA detained a  
space engineer’s widow 
attempting to sell a 
moon rock 

NASA claims it is illegal 
for private citizens to 
own lunar material

Austrian citizen sued a 
tourism agency Space 
Adventures to retrieve 
his deposit for a trip 
that never took place.

Russian satellite hit by 
debris from Chinese 
anti-satellite test

Anne McClain has been 
accused of committing 
a crime while she was 
on International Space 
Station

First accusation in 
crime committed in 
outer space by a human 
being. 

Rising interest to 
private space tourism 
may  lead to similar 
cases

The case highlights the 
growing problem of the 
space debris

Space-Related Legal Cases

https://www.nytimes.com/2020/04/06/us/space-crime-allegation-indictment.html
https://www.spacelegalissues.com/is-2019-the-year-when-the-first-crime-in-space-was-committed/
https://spacenews.com/space-adventures-reaches-settlement-with-would-be-lunar-tourist/
https://theconversation.com/star-laws-what-happens-if-you-commit-a-crime-in-space-122456


New Space

“New Space” is a concept which 
describes the current trends of the 
space industry when the field, once 
dominated by the public and military 
agents, opens up for private 
initiatives.

Technology improvements reduced 
the cost of producing rockets, 
making it possible for startups to 
enter the space industry.

That makes private companies the 
driver of the space race, contrary to 
the “old space” when space 
exploration was lead by military and 
civil organizations.

Every Rocket Launch that Successfully Carried a Payload into Orbit Categorized by Owner

Source: Reuters 

Military Civil Private
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https://graphics.reuters.com/SPACE-EXPLORATION-NEW-SPACE/0100B03R062/index.html


Government/Private Space Exploration Timeline

Source: Reuters 

Launch of 
Sputnik into 

orbit

Fall of Soviet 
Union

NASA is 
founded

The Space Shuttle, 
the first reusable 

rocket is developed

India’s 
Mangalyaan 

orbiter reaches 
Mars 

Chinese space 
probe lands on 
dark side of the 

moon

Arianespace, first 
commercial launch 
service is founded

CubeSat 
invented

Launch of 
first human 
into space

First space 
walk

First human 
on Moon

Launch of 
Falcon Heavy
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https://graphics.reuters.com/SPACE-EXPLORATION-NEW-SPACE/0100B03R062/index.html


Sharing and Regulating Space Orbit

The increased and more diversified space traffic caused cheaper and 
simpler satellite technologies to lead to more crowded traffic in the 
Earth’s orbit. If unregulated, it may lead to a situation where the 
strongest can take an unfair advantage, monopolizing the use of the 
orbit.

Those regulations should apply to Low Earth Orbit (LEO),  to develop 
and enforce current regulatory framework to manage the increasing 
“space traffic” to prevent interferences or collisions between assets of 
different operators), as well as to Medium (MEO) or Geosynchronous 
Earth Orbit (GEO) and interplanetary exploration and exploitation.

New regulations should be implemented in respect to established 
treaties and principles as the “Outer Space Treaty” or the “Convention 
on International Liability for Damage Caused by Space Objects”.

In the areas with already developed and followed regulatory 
framework, like the satellite telecommunication sector, it is important 
to stay abreast of technology progress and market evolution.

At the same time, the development of rules and regulations must be 
mitigated to avoid unnecessary red tape stifling new enterprises, and 
space law should preserve the freedom to generate new ideas and 
implement new applications. 

Source: Frontiers In Space TechnologiesDeep Knowledge Analytics 13

https://www.frontiersin.org/articles/10.3389/frspt.2020.00001/full#B3


Sharing and Regulating the Outer Space

Sources: The Guardian, Mining, Business Wire

Outer Space: Regulation

According to the 1967 Outer Space Treaty (OST), outer space, 
including the moon and other celestial bodies, “is not subject to 
national appropriation by claim of sovereignty”. However, the OST 
could be the biggest obstacle to one of the most promising new 
frontiers of space exploration: asteroid mining.

In 2015 the US government made an attempt to update the law on 
space mining, producing a bill that allows companies to “possess, 
own, transport, use, and sell” extra-terrestrial resources without 
violating US law. That move boosted the space mining industry in the 
US. However, steps like that may fuel international conflicts if the 
rules would not be discussed between different stakeholders as 
states and companies.

It also questions the principle of OST stating that “the exploration 
and use of outer space shall be carried out for the benefit and in the 
interests of all countries and shall be the province of all mankind”.

These issues would become even sharper once the space economy 
would become more self-dependent. As for now, the vast majority of 
space enterprises aim to satisfy the needs on Earth. Once the share 
of the space economy aimed to satisfy the needs in space (for 
example extracting water and resources on Moon for the needs of 
Moon settlements) grows, it would require new regulations.

The Case of Luxembourg

Luxembourg set a goal to become a Europe’s hub for space mining. 
The tiny European nation is one of the Eurozone’s wealthiest 
countries and already has a long-standing space industry, playing a 
significant role in the development of satellite communications.

Luxembourg’s administration has set up a legal frame for exploiting 
space resources. The law, passed in 2017, says private companies 
can be entitled to the resources they mine in outer space, but they 
can’t own celestial bodies. In addition, the country announced plans 
to create a European Space Resources Innovation Centre (ESRIC) 
and to open a $225 million line of credit for entrepreneurial space 
companies to set up their European headquarters within its 
borders.Up to date, Luxembourg has already invested in Planetary 
Resources, collaborated with Deep Space Industries, ispace and 
other companies.

The case of Luxembourg is an interesting precedent of a government 
creating incentives and a fertile environment for private space 
companies in general and the companies specializing in space 
mining in particular. In addition to its space program, Luxembourg 
Space Agency also actively participates in international space 
programs as Artemis, International Space Exploration Coordination 
Group and others.

Deep Knowledge Analytics 14

https://www.theguardian.com/science/2015/nov/13/congress-claims-space-resource-rights-for-americans-to-exploit-new-frontier
https://www.google.com/url?q=https://www.mining.com/luxembourg-to-create-space-resources-centre/&sa=D&ust=1610099862924000&usg=AFQjCNEzF0KDrEz92LKtxgl9UDmE1539Rg
https://www.businesswire.com/news/home/20201118005699/en/


Outer Space Mining

The space mining industry had experienced rapid growth and decline 
through the 2010’s. The sphere was mostly dominated by two 
competing startups: Planetary Resources and Deep Space Industries 
founded in 2012. Planetary Resources raised $50 million by 2016, of 
which with big-name investors including Google’s Eric Schmidt and 
filmmaker James Cameron. DSI raised $3.5 million, supplemented by 
some government contracts. 

Amazon CEO Jeff Bezos began speaking of a future in which all 
heavy industry took place not on Earth, but above it. NASA funded 
asteroid-mining research; the Colorado School of Mines offered an 
asteroid-mining degree program; Senator Ted Cruz predicted that 
Earth’s first trillionaire would be made in space.

By the end of the decade both companies struggled to secure 
funding. Planetary Resources was acquired by ConsenSys a 
blockchain software company in 2018. Deep Space Industries which 
more recently has focused on smallsats was acquired by Bradford 
Space in 2019.

Nevertheless, as such ambitious attempts as space mining failed to 
achieve their goals quickly, the companies such as OffWorld, Moon 
Express and ispace continue developing mining and robotics 
technologies that may still enable space mining in a long term.

Sources: The Guardian, MIT Technology 
Review, Space News, Deutsche Welle

Moon Mining Asteroid Mining

To supply Lunar bases with 
resources as fuel and water instead 
of sending them from Earth.

To extract materials which are rare 
on Earth or mining which is harmful.

Mining is to happen directly on the 
surface of the Moon.

Asteroids could be brought to the 
Earth orbit and mined from it.

Moon is closer, but t landing and 
takeoff requires more energy 
because of the gravity.

Asteroids are further away, but 
transportation energy requirements  
for asteroids could be much lower.

Moon VS Asteroid mining

There are two major targets of mining in space: the Moon (together 
with the planets close to Earth as Mars) and asteroids. Those two 
directions of space mining differ in technologies and goals. Asteroid 
mining may seem to be more inaccessible, however, it may be easier 
because of low gravity and rewarding because of unique resources.

Deep Knowledge Analytics 15

Moon Mining Asteroid Mining

https://www.theguardian.com/science/2015/nov/13/congress-claims-space-resource-rights-for-americans-to-exploit-new-frontier
https://www.technologyreview.com/2019/06/26/134510/asteroid-mining-bubble-burst-history/
https://www.technologyreview.com/2019/06/26/134510/asteroid-mining-bubble-burst-history/
https://spacenews.com/deep-space-industries-acquired-by-bradford-space/
https://www.youtube.com/watch?v=6BRUNbI0XDI
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Sources: Space News, NASA, 

Tokyo, Japan, 
2010

Ispace Technologies is a space resource exploration company founded in 2013 to develop 
micro-robots that will locate the resources necessary to extend human life into outer space. Their 
main focus is to locate, extract, and deliver lunar ice to customers in cis-lunar space. Ispace was 
awarded with two out of four contracts by NASA to collect Lunar resources for NASA Artemis 
program.

Cape Canaveral, 
Florida, US, 

2010

Moon Express develops a robotic spacecraft for low cost missions beyond the Earth, including the 
Moon, asteroids, and Mars.They have signed a contract with NASA for lunar cargo delivery, and NASA 
has selected Moon Express as a partner in developing lunar landers to put the U.S. back on the 
surface of the Moon.

Pasadena, 
California, US, 

2016

OffWorld is developing a learning robotic workforce for heavy industrial jobs on Earth, Moon, 
asteroids & Mars. The company’s vision is to develop and test robotic workforce for difficult Earth 
environments first so it could be used in the outer space later. 

Redmond, 
Washington, US, 

2010

Planetary Resources was one of the most promising startup in the sphere which had raised $50 
million by 2016. In 2018 was acquired by ConsenSys, a blockchain technology company. 

San Jose, 
California, US, 

2012

A company founded to pursue asteroid mining but which more recently has focused on smallsats. It 
was acquired by Bradford Space in 2019. 

https://spacenews.com/deep-space-industries-acquired-by-bradford-space/
https://www.nasa.gov/press-release/nasa-selects-companies-to-collect-lunar-resources-for-artemis-demonstrations


The US Space Surveillance Network has eyes on 17,000 objects at 
least the size of softball and about 500,000 objects if we count 
pieces under 10 centimeters. All they are hurtling around Earth at 
speeds of more than 17,500 mph.
Whipple shields (layers of metal and Kevlar) are broadly used to 
protect spacecraft from minor pieces, but they are useless against a 
whole satellite. Earth’s orbit already contains approximately 4,000 of 
them, what makes flights more challenging. Mission control avoids 
dangerous paths, but tracking isn’t perfect.

All this traffic can lead to disaster. In 2009, a US commercial Iridium 
satellite smashed into an inactive Russian communications satellite 
called Cosmos-2251, creating thousands of new pieces of space 
shrapnel that now threaten other satellites in low Earth orbit — the 
zone stretching up to 2,000 kilometres in altitude. Altogether, there 
are roughly 20,000 human-made objects in orbit, from working 
satellites to small shards of solar panels and rocket pieces. And 
satellite operators can’t steer away from all potential collisions, 
because each move consumes time and fuel that could otherwise be 
used for the spacecraft’s main job.
Pulling the sats out of orbit is hardly possible. It would take a whole 
mission to capture just one. So from this time all satellites will have 
to fall out of orbit on their own. They’ll jettison extra fuel, then use 
rocket boosters or solar sails to angle down and burn up on reentry. 
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“Putting decommissioning programs in 90 percent of new launches 
will prevent the Kessler syndrome, when one collision leads to more 
collisions until there’s so much crap up there, no one can fly at all. 
That might be a century hence—or a lot sooner if space war breaks 
out. If any country starts blowing up enemy satellites, “it would be a 
disaster,” says Holger Krag, head of the Space Debris Office at the 
European Space Agency. Essential to the future of space travel: world 
peace. —Jason Kehe

Sources: NASA, Wired, BBC News

Top sources of space debris
Number of rocket bodies and pieces of debris as of October 2019

Russia

USA

China

France

India

Japan

https://www.nasa.gov/mission_pages/station/news/orbital_debris.html
https://www.wired.com/2016/02/space-is-cold-vast-and-deadly-humans-will-explore-it-anyway/
https://www.bbc.com/news/50827462


Space Debris on the Orbit and Emerging Anti-satellite Weapons Threat

The amount of space debris is 
increasing sharply in recent 
decades thanks to both the 
2009 satellite collision and 
China's 2007 destruction of the 
Fengyun-1C weather satellite 
during an anti-satellite missile 
test. On March 27, 2019, India 
announced it also successfully 
completed an anti-satellite 
missile test, creating a new 
cloud of at least 400 pieces of 
debris, which increased the risk 
of impacts to the ISS by an 
estimated 44 percent over a 
10-day period.

Source: National GeographicDeep Knowledge Analytics 18

https://www.nationalgeographic.com/science/space/reference/space-junk/


Near Earth Objects like asteroids or comets can pose a significant 
threat. Although smaller objects (such as meteors) hit our planet 
daily and mostly burn up whilst traveling through the atmosphere, 
some larger objects can survive and hit the Earth's surface with 
significant energy. Fortunately, the probability of these events is very 
low, but their consequences are dramatic, hence appropriate 
mitigation strategies must be developed. All major space 
organizations (NASA, ESA, etc.) have given some attention to this 
issue, and the United Nations have taken good steps to improve 
coordination, establishing the International Asteroid Warning 
Network and the Space Mission Planning Advisory Group (SMPAG). 
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Planetary Defense

19

However, as this is a global threat, a greater level of international 
coordination and integration is necessary to produce an effective 
response. The world cannot afford a disorderly and fragmented 
response, such as that seen with past global crises (e.g., the 
Covid-19 pandemic). From a technical perspective, besides the 
challenges to improve detection capabilities and potential impact 
predictions, the development and testing of methodologies and 
technologies to deflect a large object (as this currently seems the 
most realistic and effective method of intervention) have to progress 
to the point that it could be deployed with a high level of confidence 
in its success.

Bigger than 3 meters Bigger than 30 meters

About once a year About 1 time in every 100 
years

Bright flash in the sky 
with no ground effects

A big air burst or 
kilometer-size crater; deadly 

over a city size

Bigger than 140 meters Bigger than 1000 meters

1 in 100 chance in every 100 years 1 in 50000 chance in every 
100 years

A crater of a few kilometers, devastating 
a country-sized area and causing mass 

casualties worse than any natural 
disaster in recorded history

A crater of 10 kilometers or 
more; global devastation and 

possible collapse of 
civilization

Asteroid size

How often do 
they hit Earth?

What happens if 
they hit?

19

0% of the 3-meter size; 
0.02% of the 10-meter 

size

1.4% of the 30-meter size;
25% of 100-meter size

40% of the 140-meter size;
77% of the 500-meter size

81% if the 100-meter size;
100% of objects 6.5 km and 

larger

How many of 
them are 
tracked?

Source: The Planetary Society

https://www.planetary.org/defend-earth#:~:text=Planetary%20Defense%20is%20the%20term,the%20Earth%20from%20asteroid%20impact.


The Necessity and Motivation for Space Exploration and Travels

Sources: Wired, ISECG

For: The benefits of space can be categorized as either direct or 
indirect. The direct benefits of exploration include the generation of 
scientific knowledge, the diffusion of innovation and creation of 
markets, the inspiration of people around the world, and agreements 
forged between the countries engaged in exploration. Indirect 
benefits that result over time include tangible enhancements to the 
quality of life such as improved economic prosperity, health, 
environmental quality, safety, and security. They also include 
intangible philosophical benefits such as a deepened understanding 
and new perspectives on humankind’s individual and collective place 
in the Universe. Possibilities for benefit creation multiply rapidly 
when the products of space exploration interact with the imagination 
and creativity present in other fields of endeavour.

Deep Knowledge Analytics 20

Against: space programs require large resources. So the question is 
whether it is rational to use those resources for space industries or 
for solving numerous problems on Earth. Opponents of space 
exploration state that the dreams of exploring space are a luxury that 
humanity cannot afford. So instead of wasting time and effort on 
prestige projects such as the space humanity, must set new targets 
to addressed the problems on Earth.

Some of the SpaceTech can greatly improve lives of people on Earth 
(f.e. cheap satellites that can provide internet to the rural populations 
or prevent agricultural diseases). But the more demanding programs 
such as missions to other planets may be seen as unreasonable, 
especially when they are run by public programs.

Generation of scientific 
knowledge

Diffusion of innovation

Creation of markets

 Inspiration of people around 
the world

Cooperation between 
countries 

Ability to prevent threats from 
space (space objects)

Enhancements to the quality 
of life in different spheres

General understanding of the 
Universe

Requires large amounts of 
resources 

Disruption of natural 
environment in space

Unsolved issues on Earth

Production of space debris

Prestige projects which do 
not bring improvements

https://www.wired.com/2016/02/space-is-cold-vast-and-deadly-humans-will-explore-it-anyway/
https://www.nasa.gov/sites/default/files/files/Benefits-Stemming-from-Space-Exploration-2013-TAGGED.pdf
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The United States of America has the largest space budget, which exceeds the space budgets of all other countries combined. China, Russia, France, 
Japan, Germany follow the US by a wide margin. Of 2018’s $70.9 billion government space investments, 63% were spent on civil programs, as military 
budgets tend to fluctuate on lengthier budget cycles. World budgets are forecast to continue their growth trend in the medium term, peaking at an 
estimated $84.6 billion by 2025, before downcycling.
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More than half of the companies featured in the study are based in the US. At the same time, the geography of SpaceTech companies is wider and 
more diverse than the geography of governmental space programmes. Even the countries which do not have extensive space budgets are 
characterized by the presence of SpaceTech companies. 

Number of SpaceTech Companies by Country
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Countries with the Best Space Programmes: United States of America
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For the better part of a decade, since the retirement of the space 
shuttle program in 2011, the United States depended on Russia’s 
Soyuz spacecraft to get its astronauts to the International Space 
Station.  That changed on 30 May 2020 with the launch of SpaceX 
Crew Dragon spacecraft. America’s private companies are taking on 
tasks that, historically, only the U.S. government had been capable of. 
This raises a question about NASA’s goal with viable commercial 
alternatives. In any case, it doesn’t eliminate further cooperation with 
other countries, including Russia. 

Relationships with China are complicated in any case, but space, in 
particular, is quite tricky. American legislation, namely the Wolf 
Amendment of 2011, prevents the White House and NASA from 
engaging in space-related cooperation with China without prior 
sign-off from the FBI. The two countries have had strategic space 
dialogues, but the Wolf Amendment remains a significant barrier to 
US-China collaboration in space. 

In June 2020, the Defense Department released its Space Strategy 
document. That document lays out the department's four-pillar 
strategy for work that needs to be done in space within the next 
decade and beyond. The key efforts will be invested in:

Sources: World Politics Review, U.S. Dept of Defence

NASA’s Share of Federal Spending

● Building a comprehensive military advantage in space;
● Integrating space in the joint force and with allies and partners;
● Shaping the strategic environment;
● Work with allies, partners, industry partners, and other U.S. 

agencies.

The US

https://www.worldpoliticsreview.com/articles/28971/the-u-s-space-program-is-back-but-it-can-t-go-it-alone
https://www.defense.gov/Explore/News/Article/Article/2375244/dod-official-outlines-space-strategy/
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Two main NASA missions: Mars and Jupiter exploration

Citing discoveries that have "produced exceptional science," NASA 
has decided to add several years to two of its planetary science 
missions: the Jupiter Juno mission and the Mars InSight lander. 

"The Senior Review has validated that these two planetary science 
missions are likely to continue to bring new discoveries, and produce 
new questions about our solar system," said Lori Glaze, director of 
the planetary science division at NASA Headquarters in Washington.

The Juno mission launched in 2011 and was scheduled to stop 
functioning in July 2021, but will now continue until September 2025 
or the end of its life, whichever comes first. The Juno spacecraft and 
its mission team have already made discoveries about Jupiter's 
interior structure, magnetic field, and magnetosphere, and have 
found its atmospheric dynamics to be far more complex than 
scientists previously thought. Juno will further continue to observe 
both the gas giant and the planet's rings and its moons, including 
"close flybys" of Ganymede, Europa, and Io.

The InSight mission is extended for two years, running through 
December 2022. InSight's spacecraft and team deployed and 
operated its highly sensitive seismometer to expand our 
understanding of Mars' crust and mantle. Searching for and 
identifying Marsquakes, the mission team collected data clearly 
demonstrating the robust tectonic activity of the Red Planet, and 
enhanced knowledge of the planet's atmospheric dynamics, 
magnetic field, and interior structure.

In April 2019, the InSight lander recorded the first-ever "Mars quake."

In September 2019, the InSight lander detected bizarre bursts of 
magnetic pulses on Mars that raised "interesting questions."

NASA’s long-term goal is a manned mission to Mars in the 2030s.

https://www.jpl.nasa.gov/news/nasa-extends-exploration-for-two-planetary-science-missions/
https://www.foxnews.com/science/nasa-adding-years-mars-and-jupiter-missions-citing-past-success
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Date: No Earlier Than April
Mission: NASA, SpaceX Crew-1 Mission 
Splashdown
Description: Return of Crew-1 with NASA 
astronauts Michael Hopkins, Victor Glover and 
Shannon Walker, along with JAXA astronaut 
Soichi Noguchi

Date: No Earlier Than April 2, 2021
Mission: Boeing Orbital Flight Test 2 (Uncrewed)
Description:  For this second uncrewed flight 
test, Boeing's CST-100 Starliner will launch atop 
a United Launch Alliance Atlas V rocket.

Date: No Earlier Than April 20, 2021
Mission: JNASA, SpaceX Crew-2 Mission to the 
International Space Station
Description: NASA’s SpaceX Crew-2 mission will 
launch four astronauts aboard a Crew Dragon 
spacecraft on a Falcon 9 rocket to the space 
station.

Date: No Earlier Than September
Mission:  Boeing Crew Flight Test
Description: NASA astronauts Mike Fincke, 
Nicole Mann, and Barry "Butch" Wilmore are 
slated to launch aboard Boeing's CST-100 
Starliner atop a United Launch Alliance Atlas V 
rocket.

Date: October 31, 2021
Mission: Lucy Mission
Description: Launching from Kennedy Space 
Center in Florida, Lucy will be the first space 
mission to study the Trojan asteroids 
associated with the planet Jupiter.

Date: No Earlier Than October 16, 2021
Mission: James Webb Space Telescope
Description: The James Webb Space 
Telescope will find the first galaxies that 
formed in the early universe and peer through 
dusty clouds to see stars forming planetary 
systems.

Launches and Landings Scheduled by NASA in 2021

https://www.nasa.gov/launchschedule/
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Countries with the Best Space Programmes: China
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Total Satellite Launches in China 
till 31.03.19

China

China became the third country ever to launch a human into space in 
2003 and has been expanding its space program ever since. China’s 
space program celebrated a major accomplishment when its 
Chang’e 5 lunar probe mission safely landed on the moon on 1 
December 2020. The landing day brought Beijing a step closer to 
becoming the third country in the world to retrieve geological 
samples from the moon. While reaching the moon remains a 
significant accomplishment for any space program, Beijing’s space 
program is still in its early stages and is still building experience.
“They're catching up to where the United States was in the 1960s,” 
said Todd Harrison, director of defense budget analysis and space 
security at the Center for Strategic and International Studies, a 
Washington think tank. “The United States has already sent not just 
probes to the moon but humans and returned to the Earth and 
brought back samples of lunar rocks. So China is catching up in that 
respect, but they're still not where the United States is in terms of 
space technology. But it is nevertheless a competition for science.”

Xi Jinping aspires to achieve an authoritarian-led space order with 
economic generosity and a carefully constructed narrative of 
“benefiting humankind.” Lurking behind that feel-good narrative, 
however, is a highly nationalistic and ambitious space program that 
aspires to establish China as the leading nation in space innovation 
by 2049. 

https://www.voanews.com/science-health/china-joins-race-mine-moon-resources
https://thediplomat.com/2020/12/why-is-china-going-to-the-moon/
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NASA’s Payments to Russia for Sending Their Astronauts into 
Space, per seat

Number of seats Cost per seat Number of 
unflown seats

Russian Federation

The Russian space programme is renowned for having sent the first 
man into space in 1961 and launching the first satellite four years 
earlier. But more recently it has endured a series of setbacks, notably 
losing expensive spacecraft and satellites in recent years. A decade 
ago Russia was behind a large proportion of the world’s launches, 
but that is no longer the case today due to competition from China 
and SpaceX. Russia has lost its long-held monopoly as the only 
country able to ferry astronauts to the International Space Station 
following the successful launch by U.S. company SpaceX. 
Nevertheless, in September 2020, Russia’s Roscosmos declared 
Venus a “Russian planet” and announced their intention of sending a 
national mission to Earth’s closest neighbour, independent from the 
one planned with the US. Roscosmos also plans to send tourists on 
the ISS by 2023. In addition to the Luna 27 project, the Space 
Agency’s Director General Dmitry Rogozin announced Russia’s lunar 
programme and plans to send its first astronaut on the Moon in 
2030. 

Russia’s priorities in space today are far more grounded that its 
Soviet predecessor. The primary task for the Russian space industry 
is to retain Soviet-era capabilities. These efforts since at least 2014 
have been enshrined in the massive reorganization and consolidation 
of the space industry under Roscosmos, which in 2015 became a 
state-owned corporation.

https://www.themoscowtimes.com/2020/05/31/spacex-launch-is-wakeup-call-for-russias-space-program-a70432
https://spacenews.com/60-years-after-sputnik-russia-is-lost-in-space/
https://globalriskinsights.com/2020/10/russia-space-expansionism-anew/
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Annual budget of the Japan Aerospace Exploration Agency (JAXA), 
from fiscal year 2011 to 2020 (in billion USD)

Initial Budget (USD) Supplementary Budget (USD)

Japan

Japan has emerged as a leading space-faring nation over the past 
few decades. Unlike other major players like the United States, China, 
and Russia, Japan has achieved its status while staying within the 
bounds of what constitutes “peaceful uses of outer space” as per the 
Outer Space Treaty (OST) of 1967. Japan has relied heavily on its 
niche strength in robotics to emerge as a key space-faring nation. In 
2013, Japan became the first country to launch a robotic astronaut, 
Kirobo, to the International Space Station (ISS). 

The use of robotics in space missions has extended to the arena of 
deep space exploration as well through the much-acclaimed 
Hayabusa missions. Japan is focused on finding innovative solutions 
to tackle the threat of space debris. In 2003 they have launched the 
Hayabusa spacecraft, which entered the history books as the first 
mission to return asteroid dust to earth. Later JAXA has tested the 
concept of an electrodynamic tether that would catch space debris 
and float it down to the Low Earth Orbit (LEO). They would work on 
developing wooden materials highly resistant to temperature 
changes and sunlight, and by 2023 Japan plans to launch the world's 
first satellite made out of wood. Wooden satellites would burn up 
without releasing harmful substances into the atmosphere or raining 
debris on the ground when they plunge back to Earth. 

In the coming years, Japan also stands to figure prominently in the 
lunar exploration missions initiated by the United States.

https://thediplomat.com/2020/01/to-infinity-and-beyond-japans-rise-as-a-space-power/
https://www.bbc.com/news/business-55463366
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30Sources: Space, ESA, ESA

Distribution of the ESA’s budget

European countries

The European Space Agency is the coordinating entity for European 
civilian space activities. With 22 member states, its headquarters is 
in Paris, and it also has several centers scattered in several European 
countries. Its activity is aimed at several aspects: 

● Observing environmentally unfriendly factors (pollution from 
the cars, the power stations and the industrial processes) on 
a daily basis, using the technology of the ERS satellites, and 
building up a library of information from which to learn and 
act upon;

● Combating El Nino (the weather phenomenon responsible for 
some of the world’s most drastic and devastating disasters) 
monitoring particular aspects of the environment;

● Observation of polar ice caps;

● Preventing the devastation that oil pollution can bring to 
coastal, sea and marine environments;

● Keeping ongoing information on ozone levels.

Its mission is to shape the development of Europe’s space capability 
and ensure that investment in space continues to deliver benefits to 
the citizens of Europe and the world. ESA's purpose shall be to 
provide for, and to promote, for exclusively peaceful purposes, 
cooperation among European States in space research and 
technology and their space applications, with a view to their being 
used for scientific purposes and for operational space applications 
systems.

https://www.space.com/22562-european-space-agency.html
https://www.esa.int/Applications/Observing_the_Earth/ERS_achievements
http://www.esa.int/About_Us/Corporate_news/ESA_facts
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By 2030 ESA is going to implement the following visions:

❏ Development a European space weather monitoring system;
❏ Enhancing Coordination Centre’s ability to provide warnings and tailored space-weather information;
❏ Continuing analysing the sensitivity of European infrastructure to space-weather effects;
❏ Increasing space weather hazard awareness in Europe;
❏ Developing and testing emergency protocols with European civil authorities to improve resiliency to 

space weather events.

ESA’s 
space 
weather 
vision

❏ Rendezvous with a binary asteroid system – a little-understood class making up around 15% of all 
known asteroids;

❏ Scanning the skies for rogue rocks with Flyeye telescopes, automatically flagging any that could pose an 
impact risk and bringing them to the attention of human researchers;

❏ Deploying a new in-space satellite to detect asteroids coming from the direction of the Sun;
❏ ESA’s Near-Earth Object Coordination Centre will continue to be the central access point to a network of 

European asteroid data sources and information providers.

ESA’s 
vision of 
planetary 
defence

❏ Enabling the safe operation of individual satellites and large constellations by developing and 
demonstrating an Automated Collision Avoidance System, free from causing damage;

❏ Supporting the monitoring and safe management of space traffic and the application and verification of 
the necessary debris mitigation measures according to internationally agreed guidelines, standards and 
best practices;

❏ Assessing, model and mitigate the risks due to debris and reentries.

ESA’s 
response 
to space 
debris

https://www.esa.int/Safety_Security/Plans_for_the_future
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Space expenditure as percentage of Indian GDP

India

India’s space program has grown and evolved significantly in the last 
five decades. The program originally focused on developing space 
assets that provided direct developmental benefits. But over time, 
India has shifted a part of its focus towards space exploration and 
other high-profile missions that do not have as clear a 
developmental purpose as earlier.  This includes, for example, India’s 
Mars and Moon exploratory missions. The next major step for India 
is a first crewed space mission, Gaganyaan, to be undertaken by 
2022. India’s already robust program has also acquired national 
security overtones over the last decade. This is partly driven by 
India’s growing technological capacity. But an important part of the 
reason for this change is the evolving security threats that India has 
faced, especially in relation with Pakistan and China. 
This decade ISRO (Indian Space Research Organisation) has made 
public the intentions to develop reusable rocket-launch technology 
and start building reusable rockets in the following decade. 
Meanwhile, in a "New Year Message for 2021," ISRO Chairman K. 
Sivan highlighted that "space sector is facing disruption due to the 
entry of many private players".

18 ISRO centers aim to scale up capabilities related to ground 
stations, human spaceflight, satellite platforms and more. The 
Vikram Sarabhai Space Center, in particular, was directed to continue 
its "competence in launch-vehicle development toward heavy-lift 
capabilities, achieving partial and full reusability" and scramjet 
engine (supersonic-combustion ramjet, a type of supersonic engine) 
research.

https://www.orfonline.org/expert-speak/indias-national-security-challenge-52695/
https://www.space.com/india-plans-reusable-rockets-for-2020s?fbclid=IwAR1RinrseaQ3TMda29_0RPilSKgRGlutxseoB0MGsFua0nq13JhsFs_K6UM
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UAE

UAE Space Agency is far from being among the biggest national 
space agencies with long histories. It is actually quite opposite 
which makes UAE Space Agency an interesting case study. It was 
established only in 2014 but has already reached notable successes. 
The main one is the mission to Mars to enter the red planet’s orbit in 
February 2021 after a seven-month, 494 million kilometres journey, 
allowing it to start sending data about the Martian atmosphere and 
climate. It made UAE the fifth space agency to reach the planet. The 
space agency has a plan for a Mars settlement by 2117.

The Mars programme is part of the UAE’s efforts to develop its 
scientific and technological capabilities and reduce its reliance on 
oil. for Emiratis, space-science goals come second. Faced with 
economic and environmental challenges, the small, oil-rich Gulf state 
hopes the Mars project can accelerate its transformation into a 
knowledge economy — by encouraging research, degree 
programmes in basic sciences and inspiring the youth across the 
Arab states. Like major port and road ventures before it, the Mars 
mission is a mega-project designed to cause “a big shift in the 
mindset”.

https://www.aljazeera.com/news/2021/2/9/uaes-hope-probe-enters-mars-orbit-in-first-arab-mission
https://www.nature.com/immersive/d41586-020-01862-z/index.html
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1959 - The United Nations General Assembly established a 
Committee on the Peaceful Uses of Outer Space (95 countries 
were members of the committee in 2020).
In 1967 the committee has provided Outer Space Treaty, which 
sets forth the general legal principles governing the uses of space. 

Since the beginning of time, exploring the universe has been a dream 
of humankind. Human curiosity has fuelled interest in exploring and 
discovering new worlds, pushing the boundaries of the known, and 
expanding scientific and technical knowledge. 

States and space agencies have been engaging in space exploration  
since the first space launch. The first space launch led to the first 
human space flight, which led to the first moonwalk. Nowadays 
focus has shifted to joint human and robotic missions, near-Earth 
asteroids, Mars and destinations beyond our own solar system. 

Current trends suggest that significant advantage may be found in 
areas such as new materials, health and medicine, transportation 
and computer technology.

Space exploration and the innovation it entails are essential drivers 
for opening up new domains in space science and technology. They 
trigger new partnerships and develop capabilities that create new 
opportunities for addressing global challenges. Space exploration 
also motivates young people to pursue education and careers in 
science, technology, engineering and mathematics (the STEM 
disciplines).

Many international organisations are deeply involved in space 
activities. The leading ones are:

1979 - International Maritime Satellite Organization (Inmarsat), 
was established as an intergovernmental organization to supply 
maritime and other mobile communications services via satellite; it 
also was later transformed into a privately owned entity.

1964 - At the initiative of the United States, an International 
Telecommunications Satellite Consortium (Intelsat) was founded 
to develop and operate a global system of communications 
satellites.
By 1969 the organization had established a system of satellites 
with global coverage.
In the late 1980s it provided services to more than 200 countries 
and territories.
In 1999 the decision was made to change the ownership of the 
organization from national governments to the private sector 
(membership grew to 144 countries).

https://www.unoosa.org/oosa/en/ourwork/topics/space-exploration-and-innovation.html
https://www.britannica.com/science/space-exploration/Mercury
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Artemis Program
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Artemis is the program by NASA to 
land the first woman and the next man 
on the Moon by 2024 using innovative 
technologies to explore more of the 
lunar surface than ever before. The 
program allows for the collaboration 
of national and private partners
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Modern Spacesuits 
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https://www.nasa.gov/specials/artemis/
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Artemis Program: National partners
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Artemis program involves several 
national space agencies. Among them 
are national agencies of US, Japan, Italy, 
Australia, UK, Canada, Luxembourg, UAE

USA

Japan

Italy

Australia

UK

Canada

Luxembourg

UAE

https://www.nasa.gov/press-release/nasa-names-companies-to-develop-human-landers-for-artemis-moon-missions
https://spacenews.com/nasa-and-japan-finalize-gateway-agreement/?fbclid=IwAR0KQUneUkQOV2iVrmasxssB-SQX_GWiF3vtDBSkIfaPC1kDzE7r_wx59Qc
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Moon Village
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MOON
VILLAGE

Moon Village is a strategy of Moon 
Exploration proposed by European Space 
Agency (ESA) which aims to establish 
lunar habitation systems to enable 
versatile surface operations. It is rather a 
vision than a solid plan which 
encourages participation of private and 
national partners. However, the project is 
still in the early stages of development.

European Space 
Agency

Skidmore, Owings & 
Merrill (SOM)

 MIT Department of 
Aeronautics and 

Astronautics

 MIT Media Lab

https://www.esa.int/About_Us/Ministerial_Council_2016/Moon_Village
https://www.media.mit.edu/articles/honorable-mention-moon-village-a-vibrant-hub-in-the-unknown/
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The Global Exploration Roadmap (GER)

39Source: GER 2020 supplement

The GER is a non-binding document 
that space agencies co-author to 
foster coordination and partnership 
opportunities. The iterative 
development process of the GER 
demonstrates the growing interest in 
space exploration across the globe 
and emphasizes the importance of 
coopera tion to realize individual and 
common goals and objectives for 
ISECG (International Space 
Exploration Coordination Group) 
members. 

Brazil

Australia

Thailand

Luxembourg

Norway

Poland

Switzerland

Vietnam

https://www.globalspaceexploration.org/wp-content/uploads/2020/08/GER_2020_supplement.pdf
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The Global Exploration Roadmap (GER)
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Romania

China
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Europe 
(HQ: France)

India

Japan

Korea

USA

Source: GER 2020 supplement

The GER reflects an exploration 
strategy that begins with the 
International Space Station (ISS) and 
extends to the Moon, asteroids, Mars 
and other destinations. This strategy 
builds on a shared set of exploration 
goals and objectives and reflects 
missions that will provide substantial 
benefits to the citizens of Earth.

https://www.globalspaceexploration.org/wp-content/uploads/2020/08/GER_2020_supplement.pdf
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Russia
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New Zealand

UAE

Source: GER 2020 supplement

The steadily increasing number of 
ISECG agencies underscores the 
growing global interest and 
momentum for going forward to the 
Moon and Mars. Since the 2018 GER 
release, the number of ISECG 
agencies has increased from 15 to 24. 

https://www.globalspaceexploration.org/wp-content/uploads/2020/08/GER_2020_supplement.pdf
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Propulsion Systems

43
Sources: Frontiers in Space Technologies, SciElo

The length of travel in space is one of the major limitations of how 
far humans may travel in the solar system. It is directly related to the 
level of performance that is available from existing propulsion 
systems. The performance of propulsion systems also defines the 
mass of payload that can be transported in space

Propulsion technologies can be framed in three different categories: 
"escape propulsion" (from Earth surface to orbit), "in-space 
propulsion" (in orbit), and "deep space propulsion" (from orbit to outer 
space). The launch vehicles currently used for "escape propulsion" 
rely on very mature technologies, but for "in-space" and "deep space" 
vehicles, there are prospects of significant technological advances. 

Until nowadays, the propulsion types used in launch vehicles to 
operate the "escape propulsion" region are variations of the chemical 
propulsion. The technologies used in satellite launch vehicles or 
spacecrafts operating in "in-space" are mainly chemical 
propulsion-based, such as in espace propulsion, but research and 
use of other propulsion types are increasing. The types of propulsion 
used to operate the "deep-space propulsion" region are variations of 
the chemical, such as used in escape propulsion and in-space 
propulsion, non-chemical, like used in-space propulsion, and 
advanced propulsion

In-Space 
Propulsion

Escape 
Propulsion

Deep Space 
propulsion

The region between Low Earth Orbit (LEO) 
and Geostationary Earth Orbit (GEO)

Synonym to launch vehicle. Distance 
between Earth surface and Earth orbit

Everything beyond Geostationary Earth 
Orbit (GEO) including Moon and other 
planets

https://www.frontiersin.org/articles/10.3389/frspt.2020.00001/full
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S2175-91462018000100201#B18
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Causes of launch vehicle failures on systems
1980-2016

Improving and developing propulsion systems is a key factor for future space exploration. As the data categorizing the reasons of launch 
vehicle failures demonstrate, propulsion is the main source of failures, with 58% of all failures, surpassing all the other systems. The high 
rate of propulsion failures indicates that, despite being considered a mature technology, It still has to be improved to become more safe and 
reliable. The scientific interest in the field also confirms the need to develop more advanced propulsion systems

Propulsion

Avionics

Other

Separation

Unknown

Structural

Electrical

Number of publications on "Space Vehicles Propulsion Systems"
Top 15 in the period 1959-2015, as indexed by Scopus. 

USA

Germany

France

Japan

China

Italy

UK

Russia

Netherlands

India

South Korea

Australia

Ukraine

Belgium

Spain

https://www.frontiersin.org/articles/10.3389/frspt.2020.00001/full
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S2175-91462018000100201#B18
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Chemical propulsion Non-chemical propulsion Advanced propulsion 
technology (initial stages) Supporting technologies

Solid

Liquid

Hybrid

Green propellants

Plasma (Electric or 
ionic propulsion)

Solar sail propulsion

Tether propulsion

Nuclear propulsion

Laser propulsion

Fusion propulsion

Propellantless

Aerocapture Solar electric 
propulsion

Propellant storable

In-space platform to 
transfer propellant

Escape propulsion

In-space propulsion

Deep space propulsion

https://www.scielo.br/scielo.php?script=sci_arttext&pid=S2175-91462018000100201
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Santa Clara, 
California, US, 

2017

Momentus is developing an innovative water-based propulsion system for moving satellites and 
cargo around in space. The system would allow companies to launch satellites into low orbit 
generally, then “drive” those satellites to correct placement.

Boston, 
Massachusetts, 

US,
 2014

Propulsion company Accion Systems was one of 14 U.S. companies selected in 2019 for NASA 
Tipping Point partnership, developing moon and Mars technologies. Accion will work with NASA’s Jet 
Propulsion Laboratory (JPL) to replace the cold gas propulsion system used for interplanetary 
CubeSats with a more efficient ion electrospray propulsion system.

Paris, 
Ile-de-France, 
France, 2017

French startup ThrustMe recently demonstrated its electric space propulsion system that uses iodine 
as a propellant. Iodine’s low price point solves the problem of unnecessary expenditure in creating a 
propulsion system for bigger satellites. That is why ThrustMe’s technology is applied in 
next-generation satellites as well as products designed to solve emerging challenges in space 
associated with the rise of satellite constellations.

Christchurch, 
Canterbury, New 

Zealand, 2017

Dawn Aerospace builds same-day reusable launch vehicles and high-performance, non-toxic 
propulsion systems for satellites of all sizes. For their product SmallSat, the startup simplifies 
systems and replaces poisonous hydrazine with nitrous oxide and propene. For CubeSats, it 
increases capabilities by supplying 1.000x higher performance than electric-based propulsion 
systems with the same propellants.

Falls Church, 
Virginia, US, 1939

Northrop Grumman is a global security company providing solutions for sectors such as aerospace, 
electronics and technical services. Northrop Grumman is providing the five segment boosters for 
NASA's Space Launch System (SLS) and the main launch-abort motor and the attitude control motor 
for the Orion Crew Vehicle’s Launch Abort System (LAS).

https://www.startus-insights.com/innovators-guide/5-top-smart-propulsion-solutions-impacting-space-transportation/
https://www.northropgrumman.com/space/propulsion-systems/
https://www.fastcompany.com/90457907/space-most-innovative-companies-2020
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The Deep Space Network, a collection of antenna arrays in California, 
Australia, and Spain, is the only navigation tool for space. Everything 
from student-project satellites to the New Horizons probe 
meandering through the Kuiper Belt depends on it to stay oriented. 
An ultra precise atomic clock on Earth times how long it takes for a 
signal to get from the network to a spacecraft and back, and 
navigators use that to determine the craft’s position.

Problem: as more and more missions take flight, the network is 
getting congested. The switchboard is often busy. So in the near 
term, NASA is working to lighten the load. Atomic clocks on the 
crafts themselves will cut transmission time in half, allowing 
distance calculations with a single downlink. And higher-bandwidth 
lasers will handle big data packages, like photos or video messages.

Plans: for future missions, deep-space navigation expert Joseph 
Guinn wants to design an autonomous system that would collect 
images of targets and nearby objects and use their relative location 
to triangulate a spaceship’s coordinates—no ground control required. 
“It’ll be like GPS on Earth,” Guinn says. 

https://www.wired.com/2016/02/space-is-cold-vast-and-deadly-humans-will-explore-it-anyway/
https://solarsystem.nasa.gov/basics/chapter18-1/


● Communication

Deep space missions have limited amount of power available for 
radio communication to and from Earth. Being at substantial 
distance from the Sun, they cannot generate enough energy all the 
time. The radio signals they transmit are very weak and have to be 
picked out of background noise. Furthermore, they take hours to 
reach the Earth.

● Distances

Distances between destinations are significant, and the targets are 
too small and moving. If Earth were the size of a softball, the 
International Space Station would be orbiting just above the seams, 
the Moon would be a marble about 2 meters away, and Mars would 
be 1.2 to 2.4 kilometers away.

● Gravity

The Sun's gravity determines the basic trajectory of an interplanetary 
spacecraft. But for deep space missions, a navigator also has to take 
into account gravitational forces from planets and moons and other 
forces that might affect the trajectory.
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● Motion

Navigators have to keep in mind that everything is moving and take 
into account not only speed of the spacecraft, but also the 
destination planet or moon.

A computer-generated representation of all 
Cassini's Saturn orbits. The time frame spans 
Saturn Orbit Insertion on July 1, 2014 to the end 
of mission on Sept. 15, 2015. 

Sources: Smithsonian, NASA Science

Besides the difficulty of signal transferring, space navigation covers the following problems:

https://timeandnavigation.si.edu/navigating-space/challenges
https://solarsystem.nasa.gov/basics/chapter13-1/


This democratization and marketization of space is evident in the 
growth of the cubesat market. Here, space HW is available at prices 
so low that it has attracted a growing number of customers (from 
Space Agencies to institutions like universities and schools), which in 
turn have enabled the creation of start-ups and spinoffs. However, 
the performance of these systems is very limited, and often the 
constraints come from their physical size (e.g., the size of the optics 
limits the resolution that can be achieved, or the size of the solar 
panels limits the amount of power that can be collected). This has 
led to the development of deployable structures to package relevant 
elements into small (cubesat compatible) volumes and then deploy 
them in space to achieve the required level of performance. 
Sometime these act as demonstrations for applications aimed at 
larger satellites, like drag sails. 

There are other technical issues that affect all smaller mass 
satellites, not just cubesats, and present significant challenges, like 
the need to achieve high platform stability. This is crucial for all 
missions supporting highly accurately targeted optical payloads (e.g., 
high-resolution cameras/telescopes or laser communication 
systems) 

Deep Knowledge Analytics

 Low Cost Space Technologies

50



Small Satellites

January 2021

www.dka.global

http://www.dka.global/


Deep Knowledge Analytics

Small Satellites

52

Humankind successfully sent its first artificial 
satellites into the Earth’s orbit in 1957, with the 
USSR’s Sputnik models. Since then and up until the 
end of the 20th century, the world’s superpowers, led 
by their governments, launched hundreds of 
satellites, competing in a race to explore space in a 
series of increasingly ambitious and complex 
projects.

For many years, satellite mass increased: the first 
Sputnik weighed 80 kg and the second over 500. 
Today, the International Space Station has a mass of 
420,000 kg. However, except for some military, 
astronomy, and specific communication applications, 
it seems that the era of massive satellites is over.

New Space is based on a philosophy of creating less 
expensive satellites in shorter periods of time, thanks 
to the falling costs and miniaturisation of electronic 
parts. As a result, satellite launches are now 
accessible even for companies, universities, schools 
and people on their own.

The beginning of the small satellite era

Sources: IntechOpen, Alén Space

https://www.intechopen.com/books/satellites-missions-and-technologies-for-geosciences/nanosatellites-and-applications-to-commercial-and-scientific-missions
https://alen.space/basic-guide-nanosatellites/#0
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According to their mass, satellites are 
classified into:

1 - 10 kg

 more than 1000 kg

100 - 500 kg

  500 - 1000 kg10 - 100 kg

 0.01 - 1 kg

Small satellites

Medium-sized satellites

Large satellites

Small satellites

picosatellite

nanosatellite

microsatellite

minisatellite

femto-
satellite

 0.001 - 0.01 kg

Small satellites

https://alen.space/basic-guide-nanosatellites/#0
https://www.nasa.gov/content/what-are-smallsats-and-cubesats
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Why nanosatellites
Apart from their size and cost, the biggest advantage of a nanosatellite is the 
short time period required to develop each model. An average-sized or large 
satellite requires between 5 and 15 years to identify the need and place it in 
the right orbit under normal parameters.

Between the start and end of operations, needs may well have changed, 
which means that the initially planned uses are no longer market-appropriate. 
What’s more, telecommunications technologies are constantly changing and 
being updated, which means that conventional satellites eventually end up 
operating with 15-year-old technologies. It is impossible to constantly update 
large satellites, which means that they cannot be modified even when a 
market or technology opportunity arises.

Depending on the specifications, a nanosatellite can be built and placed in 
orbit for 500,000 euros, while the cost of a conventional satellite can be as 
high as 500 million euros.

Launching a nanosatellite as part of a constellation, furthermore, allows for 
the risk involved in any space mission to be divided up amongst smaller 
segments. In contrast, the failure of a large-scale satellite may well jeopardise 
the entire mission.

https://alen.space/basic-guide-nanosatellites/#0
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As a general rule, nanosatellites are launched in low circular or elliptical orbits 
(altitudes of between 400 and 650 km) and travel at around 8 km per second. 
At this altitude and height, it takes them around 90 minutes to orbit the Earth, 
completing between 14 and 16 orbits a day. These conditions are ideal for 
nanosatellites. By orbiting closer to the Earth, they not only guarantee 
optimum conditions for land observation or communications, but are also 
better protected from solar and cosmic radiation.

The CubeSat standard
CubeSats are a class of nanosatellites that use a standard size and form 
factor.  The standard CubeSat size uses a "one unit" or "1U" measuring 
10x10x10 cms and is extendable to larger sizes; 1.5, 2, 3, 6, and even 12U.  
Some companies have produced standards up to 27 U. At the same time, 
smaller picosatellites, the so-called PocketQubes, about 1/8 the size of a 
CubeSat, have also been standardized. 

Originally they were developed in 1999 by California Polytechnic State 
University at San Luis Obispo (Cal Poly) and Stanford University to provide a 
platform for education and space exploration.  The development of CubeSats 
has advanced into its own industry with government, industry and academia 
collaborating for ever-increasing capabilities.  CubeSats now provide a 
cost-effective platform for science investigations, new technology 
demonstrations and advanced mission concepts using constellations, 
swarms disaggregated systems.

https://alen.space/basic-guide-nanosatellites/#0
https://www.nasa.gov/content/what-are-smallsats-and-cubesats
https://www.intechopen.com/books/satellites-missions-and-technologies-for-geosciences/nanosatellites-and-applications-to-commercial-and-scientific-missions
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On January 24, 2021, SpaceX successfully launched a rideshare 
mission as one of its veteran boosters hoisted 143 small satellites — 
a new record for a single rocket — into space before nailing a landing 
at sea. Acting as a cosmic carpool, Elon Musk’s company launched 
10 own Starlink satellites and 133 satellites for a broad variety of 
government and private customers, including 48 Earth imaging 
satellites dubbed SuperDoves from Planet, 17 tiny communications 
satellites for Toronto-based Kepler, and 30 small satellites for the US 
and Europe packaged by Berlin, Germany-based Exolaunch. 
Technology demonstrations and payloads, including satellite 
components, in-space laser communications and remote sensing of 
interest to the U.S. military in particular. 

The mission is expected to deposit the flat-paneled Starlink satellites 
in a unique polar orbit — a first for its broadband fleet that will help 
provide coverage to customers in Alaska and other polar regions. 
Following a successful liftoff, the Falcon 9's first stage landed on 
SpaceX's drone ship "Of Course I Still Love You" in the Atlantic 
Ocean. The catch marked the 73rd recovery of a first-stage booster 
for SpaceX and the first catch of the 2021 year for the company's 
main drone ship, after receiving some needed refurbishments.

https://www.space.com/spacex-launches-143-satellites-transporter-1-rocket-landing
https://www.theverge.com/2021/1/24/22245907/spacex-launches-record-batch-of-satellites-in-first-in-house-rideshare-mission
https://spacenews.com/spacexs-rideshare-carried-small-satellite-technology-of-interest-to-u-s-military/
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Space Tourism companies aim to organize trips to space for their 
private clients. Even though the idea of private space travel may still 
sound futuristic, there are successful cases of sending private 
individuals to space between 2001 and 2009. American company 
Space adventures has arranged eight space trips to the ISS for seven 
private individuals. However, those space flights were still performed 
by Russian Space Agency, a space corporations. The private 
company arranged, but did not operate the flight
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Space adventures 
announced about the 
agreement with SpaceX to 
fly four space tourists in 
2021-2022

Blue Origin, Virgin Galactic, 
SpaceX Rocket Lab are 
founded

Dennis Tito visits ISS. The 
trip is conducted by 
Russian Space Agency 
and arranged by Space 
adventures 

Private tour with a 
spacewalk is planned by 
Russian Space Agency and 
Space adventures (2023)

It may become the first 
private space tour not only 
arranged, but also 
conducted by private 
company

Private companies aim to 
make space travels 
cheaper and more 
accessible

Space adventures 
arranged flights of seven 
people on eight trips to the 
ISS (2001-2009)

If succeeded, that would be 
the first spacewalk by 
private tourists

2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021 2023

Virgin Galactic space 
plane VSS Unity entered 
outer space during the 
test

There were no space tours 
in the 2010s but private 
companies continued to 
develop vehicles for space 
tourism

The current challenge in the sphere is to make space trips 
significantly cheaper to make them more accessible to public. To 
achieve that, private companies develop their own spacecraft to 
become independent from the state companies. Virgin Galactic, 
SpaceX, Blue Origin, Boeing are the main companies developing 
spacecraft for space travels.

Sources: Space, RevFine, Space Tourism Guide, Space News, NBC News, 

https://www.space.com/space-adventures-roscosmos-tourist-flight-spacewalk-2023.html
https://www.revfine.com/space-tourism/
https://i1.wp.com/spacetourismguide.com/wp-content/uploads/2018/04/Space-Tourism-Final-Infographic.jpg?ssl=1
https://spacenews.com/space-adventures-to-fly-tourists-on-crew-dragon-mission/
https://www.nbcnews.com/id/wbna28773091
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Challenges and opportunities

López-Alegría believes that human spaceflight is possible for a vast 
majority of the population. People  just have to be open-minded and 
willing to learn. At the same time, they need to be remarkably strict, 
punctual and prepared. Crew must therefore train about four months 
ahead of launch, though that will likely extend given frequent slips in 
rocket-launch scheduling.

Pioneer in the space tourism

The first orbital space tourist to pay his own way was Dennis Tito. In 
2001 he flied aboard Russia's Soyuz spaceship to the space station, 
despite the numerous pushback from and objections by NASA 
leadership and astronauts.

Abstract

In 2021 a private company may charter a private spaceship, fill it up 
with private passengers, and fly it to orbit in the hands of a private 
astronaut. The expedition is poised to be the first of its kind, and the 
gravity of that responsibility is not lost upon its commander, Michael 
López-Alegría, a retired NASA astronaut.

Setting the bar for commercial human spaceflight

The whole enterprise of commercial spaceflight depends upon the 
result of this mission. Despite NASA's historic objections to flying 
space tourists, the agency has recently warmed up to the idea. In 
2019, it announced private citizens could stay on US modules at a 
cost of about $35,000 per night. A year later, NASA began funding 
efforts to help build private replacements for the space station, 
which will be deorbited around 2030. By López-Alegría, people at 
NASA started realizing that the ISS was a finite resource, and that in 
order to have a successor, we needed to start sowing the seeds of an 
economy in low-Earth orbit. 

https://www.businessinsider.com/axiom-space-first-fully-commercial-orbtial-mission-spacex-crew-dragon-2021-1?fbclid=IwAR1TE9N8Rz3XWDfrSsjQIlR2A7tr_KxZHwq0HKthJnCqJvweEyqCS4vNDew
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Vienna, 
Virginia, US, 

1998

Space Adventures has arranged all eight of the spaceflights completed by private citizens to date. There 
were no space tours since 2009, but suggests spacewalk and circumlunar missions to their clients

Mojave, 
California, 
US, 2004

Virgin Galactic aims to to provide suborbital space flights to space tourists, suborbital launches for space 
science missions, and orbital human spaceflights. The company already has an extensive waiting list of 
people wishing to become space tourists, but still tests their spacecraft with professional pilots

Hawthorne, 
California, 
US, 2002

SpaceX launches advanced rockets and spacecraft. The company also plans to expand to space tourism 
field. However, unlike with most other companies operating in this field, they are prioritising lunar tourism 
and other forms of space tourism extending beyond Earth orbit.z

Kent, 
Washington, 

US, 2000

Blue Origin has been the main competitor for Virgin Galactic in terms of suborbital space travel tourism. 
However, their offering is based around a more traditional rocket, known as the New Shepard, which takes 
off and lands vertically, and their objectives are to build towards orbital spaceflight. The company 
performed several test flights but did not fly any customers to space yet

Seattle, 
Washington, 

US, 1916

Boeing is a well-known corporation that designs, manufactures, and sells airplanes, rotorcraft, rockets, 
satellites, telecommunications equipment, and missiles worldwide. However, the company’s recent 
contract with NASA on on the development of a crew capsule provides them with the opportunity to sell 
seats to space tourists, with the idea being that at least one space tourist would participate in each future 
space mission.

Barbará, 
Catalonia, 

Spain, 2009

The company suggests a trip to the the edge of space in a capsule powered by a helium balloon capable of 
carrying four passengers and two crew up to the edge of space. Technically the height of the flight (36 km) 
is not enough to consider it as the space flight.

https://www.revfine.com/space-tourism/
https://spacetourismguide.com/space-tourism-companies/
https://www.cnbc.com/2020/09/26/space-tourism-how-spacex-virgin-galactic-blue-origin-axiom-compete.html
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Space exploration is associated with risks and solving unexpected problems. It causes numerous failures, both technical and commercial. 
The explosion of SpaceX Crew Dragon on the launchpad in 2019 proves that even leading players face major difficulties. In the worst cases, 
result in human losses as during the crash of Virgin Galactic's SpaceShipTwo in 2014 killing the pilot.

The high failure chance also makes space exploration a risky enterprise. A Dutch group Mars One managed to convince a bunch of 
investors to pour tens of millions of dollars into a plan to send the first humans to Mars and have them establish a colony but declared 
bankruptcy in 2019. Some space mining companies mentioned in this report, like Deep Space Industries and Planetary Resources, had to 
reconsider their daring plans and to concentrate on the other issues.

However, there is also a trend associated with the growing importance of private companies in space industries. Private companies are 
more sensitive to the risks and losses than government programs and so tend to avoid risks more carefully. 

SpaceX Crew Dragon after explosion  Virgin Galactic's SpaceShipTwo crash

https://www.technologyreview.com/2019/12/26/131385/the-five-biggest-space-failures-of-2019/
https://www.bbc.com/news/world-us-canada-29857182
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At its core, the aim of human longevity is to counter all three of these 
prospects. Founders and researchers must devise ways to keep the 
human body strong, constantly repair cellular damage, and retard 
aging processes enough to allow the human lifespan to encompass 
extensive voyages. There are likely many ways to accomplish each of 
those goals. It is only with the modern expansion of the space 
economy that it is easier to rationalize the reasons to accelerate our 
headway into human longevity.

Astronaut Lifespan

Although space travel exposes astronauts to forms of radiation that 
are uncommon on Earth, and that are linked to cancers and heart 
problems, a US study suggests this doesn’t significantly shorten their 
lives. But much of the previous research on mortality rates in 
astronauts haven’t accounted for the mental and physical demands 
of this career, or the so-called “healthy worker effect” that leads 
people with the employment of any kind to typically have fewer 
medical issues than individuals who are unable to work. According to 
study co-author Robert Reynolds, astronauts have typically never 
smoked, leading to a lower risk of heart disease than the general 
population. Сardiovascular fitness, apparently, is the most important 
factor in astronaut longevity.

The Core of the Problem

The importance of human longevity advancements to the future of 
the space economy cannot be overstated. People should be able to 
not only live and work in space for weeks or months, but also to 
perform amazing feats of engineering for years and, eventually, 
decades. The human body is built to live about 90 years in ideal 
conditions on Earth until the degenerative diseases of aging lead to 
death. Surviving in harsh space travel, even from several months to a 
few years, requires enormous physical losses for astronauts. 

With current technology, it would take a crewed mission roughly 6 
months to reach Mars, 18 months to reach the Asteroid Belt, and up 
to 7 years to reach Titan. A few-year journey would probably not be 
survivable with current medical technology, not to mention trips of 
multiple decades to reach our nearest neighboring star system. 

The interplanetary environment presents immensely difficult 
challenges: zero gravity weakens and wreaks havoc on all bodily 
systems; cosmic radiation delivers mega doses of cell and DNA 
damage; traveling any appreciable distance will result in decades of 
aging.

https://medium.com/sp8cevc-8log/space-techs-future-reliance-on-human-longevity-47278c52f1a5
https://www.firstpost.com/tech/science/space-travel-isnt-reducing-astronauts-lifespans-but-lengthening-it-study-claims-5803321.html
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Outside the safe cocoon of Earth’s atmosphere and magnetic field, 
subatomic particles zip around at close to the speed of light. Space 
radiation can penetrate habitats, spacecraft, equipment, spacesuits, 
and even astronauts themselves. The interaction of ionizing radiation 
with living organisms can lead to harmful health consequences such 
as tissue damage, cancer, and cataracts in space and on Earth. The 
underlying cause of many of these effects is damage to 
deoxyribonucleic acid (DNA). 

Minimizing the physiological changes caused by space radiation 
exposure is one of the biggest challenges in keeping astronauts fit 
and healthy as they travel through the solar system.

An important part of every manned mission is radiation dosimetry, 
which is the process of monitoring, characterizing, and quantifying 
the radiation environment where astronauts live and work. 

Space station crew members routinely wear physical dosimeters to 
measure their accumulated exposure and, post flight, provide a blood 
sample to measure radiation damage to chromosomes in blood 
cells. 

Active monitoring of space radiation levels within the Space Station 
is achieved with dosimeters both to identify the best-shielded 
locations within the Space Station and to give early warning should 
radiation levels increase during a mission due to solar storms. All 
these sources of information are carefully analyzed before, during, 
and after to help mission planners mitigate the four significant 
radiation-related health risks that are described in the NASA 
Bioastronautics Critical Path Roadmap: cancer, radiation damage to 
the central nervous system, chronic and degenerative tissue 
diseases, and acute radiation sickness.

https://www.nasa.gov/sites/default/files/atoms/files/space_radiation_ebook.pdf
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By some estimates, this kind of engine could be twice as efficient as the chemical engines that 
power rockets today. Spacecraft powered by this kind of engine could, conceivably, make it to Mars 
in just 3 to 4 months – roughly half the time of the fastest possible trip in a spacecraft using the 
current chemical propulsion.

It would not just mean a time saving – it would also radically reduce the dose of radiation taken on 
by astronauts that would be making future trips to Mars or other planets. The size of the dose 
increases the longer you spend in deep space, away from the bubble of protection given by the 
Earth’s magnetosphere.

The appeal of a small nuclear power generator for propulsion also comes from the fact that power 
in space becomes increasingly precious with distance from the Sun. In the outer Solar System, 
sunlight gets too dim for solar panels, and other technologies like fuel cells are often too patchy as 
a source of energy.

Sources: The Guardian, GOV.UK

Nuclear spacecraft as a step towards solving the radiation problem
Nuclear propulsion, which would involve channelling the immense energy released in splitting the atom to accelerate propellants, like 
hydrogen, at high speeds, has the potential to revolutionise space travel. For this purpose, partnership between Rolls-Royce and the UK 
Space Agency was concluded, bringing together planetary scientists.

https://www.theguardian.com/business/2021/jan/12/uk-nuclear-spacecraft-could-halve-time-of-journey-to-mars-rolls-royce
https://www.gov.uk/government/news/rolls-royce-and-uk-space-agency-launch-first-ever-study-into-nuclear-powered-space-exploration
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Astronauts receive some protection from their 
spacecraft but better shielding is needed for space 
missions that venture outside Earth’s 
magnetosphere, such as a trip to Mars.

As it was mentioned in the scientific paper “Vive la 
radiorésistance!", the essential methods for 
enhancing human radioresistance include 
upregulation of endogenous repair and 
radioprotective mechanisms, possible leeways 
into gene therapy in order to enhance 
radioresistance via the translation of exogenous 
and engineered DNA repair and radioprotective 
mechanisms, the substitution of organic 
molecules with fortified isoforms, and methods of 
slowing metabolic activity while preserving 
cognitive function. 

Moreover, enhancing human radioresistance is 
likely to extend the healthspan of human 
spacefarers as well.

Sources: PubMed: Vive la radiorésistance!, University of Lethbridge

https://pubmed.ncbi.nlm.nih.gov/29581875/
https://www.uleth.ca/unews/article/u-l-contributes-roadmap-enhancing-human-resistance-radiation-life-space#.YAb7zzozZPY


Deep Knowledge Analytics

Supporting Human Life in Space: Bone and Muscle Loss

68

The human body evolved within the constant pull of Earth’s gravity. In 
the microgravity environment aboard the orbiting International Space 
Station, bones and muscles don’t have to support the body’s mass 
(weight on Earth). Without Earth-like exercise, astronauts would 
experience bone and muscle loss or atrophy during their stays in 
space. Bone and muscle atrophy also occurs from normal aging, 
sedentary lifestyles and illnesses. This may cause serious health 
issues from injuries due to falls or osteoporosis for both astronauts 
and people on Earth. 

The International Space Station Food Intake Tracker (ISS FIT) iPad 
app, recently delivered to the space station, simplifies the way 
astronauts track their meals. The ISS FIT app gives astronauts 
real-time feedback about their dietary habits and offers greater 
insight for physicians and researchers on Earth looking to keep 
crews healthy and fit. 

While similar to apps available on Earth, the ISS FIT is designed 
specifically for use in space. With days numbered from one to 365, 
the food database includes foods available on the space station, 
including those from international partner agencies. The app does 
not require internet access to sync with the food database. The app 
reports nutrients specifically of concern for astronauts, ensuring 
adequate calorie consumption, minimizing sodium intake and 
maintaining hydration to reduce kidney stone risk.

The app, developed through NASA’s Center of Excellence for 
Collaborative Innovation, used crowdsourcing techniques hosted by 
TopCoder. Designed for use on the space station, the solution had to 
meet strict criteria, offer multiple user options and work without 
internet connectivity. The app allows crew members to record foods 
available on the space station. It gives astronauts options to record 
foods from a checklist, search tool, using audio recording, taking 
photos or scanning barcodes, if available.

Source: NASA

https://www.nasa.gov/mission_pages/station/research/station-science-101/bone-muscle-loss-in-microgravity/
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NASA is looking at ways to provide astronauts with nutrients in a 
long-lasting, easily absorbed form—freshly grown fresh fruits and 
vegetables. Simply packing some multivitamins will not be enough to 
keep astronauts healthy as they explore deep space. They will need 
fresh produce. The challenge is how to do that in a closed 
environment without sunlight or Earth’s gravity.

Veggie

The Vegetable Production System (Veggie) is a space garden 
residing on the space station. Veggie’s purpose is to help NASA 
study plant growth in microgravity. The Veggie garden is about the 
size of a carry-on piece of luggage and typically holds six plants. 
Each plant grows in a “pillow” filled with a clay-based growth media 
and fertilizer. The pillows are important to help distribute water, 
nutrients and air in a healthy balance around the roots. Otherwise, 
the roots would either drown in water or be engulfed by air because 
of the way fluids in space tend to form bubbles. 

In the absence of gravity, plants use other environmental factors, 
such as light, to orient and guide growth. A bank of light emitting 
diodes (LEDs) above the plants produces a spectrum of light suited 
for the plants’ growth. Since plants reflect a lot of green light and use 
more red and blue wavelengths, the Veggie chamber typically glows 
magenta pink.

To 2020 Veggie had successfully grown a variety of plants, including 
three types of lettuce, Chinese cabbage, mizuna mustard, red 
Russian kale and zinnia flowers.

Team at Kennedy Space Center envisions planting more produce in 
the future, such as tomatoes and peppers. Foods like berries, certain 
beans and other antioxidant-rich foods would have the added benefit 
of providing some space radiation protection for crew members who 
eat them.

Source: NASA

https://www.nasa.gov/content/growing-plants-in-space
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Advanced Plant Habitat

The Advanced Plant Habitat (APH) is a growth chamber on station 
for plant research. It uses LED lights and a porous clay substrate with 
controlled release fertilizer to deliver water, nutrients and oxygen to 
the plant roots.

But unlike Veggie, it is enclosed and automated with cameras and 
more than 180 sensors that are in constant interactive contact with a 
team. Its water recovery and distribution, atmosphere content, 
moisture levels and temperature are all automated. It has more 
colors of LED lights than Veggie, with red, green, and blue lights, but 
also white, far red and even infrared to allow for nighttime imaging.

When a harvest is ready for research studies, the crew collects 
samples from the plants, freezes or chemically fixes them to 
preserve them, and sends them back down to Earth.

Biological Research in Canisters

The Biological Research in Canisters (BRIC) is a facility used to study 
the effects of space on organisms small enough to grow in petri 
dishes, such as yeast and microbes. BRIC-LED is the latest version, 
which added light-emitting diodes (LEDs) to support biology such as 
plants, mosses, algae and cyanobacteria that need light to make their 
food.

In 2020 BRIC-LED was undergoing hardware validation tests. 
Scientists wanted to ensure the LEDs don’t get too hot for the plants 
and do other system checks. Soon, researchers such as Dr. Simon 
Gilroy of the University of Wisconsin-Madison will use it to conduct 
studies.

Source: NASA

https://www.nasa.gov/content/growing-plants-in-space
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SpaceTech: Landscape Overview 2020 assessed the main trends in the rapidly developing space 
industry. It demonstrated that space exploration continues its shift from the exclusive enterprise of 
the few selected entities towards the diverse system with extensive connections both within and 
outside of the field.

The review of the Social Issues in Space Explorations demonstrated the need to clarify the legal 
questions of space resources, rights and duties of private companies and the jurisdiction over 
private citizens in space. SpaceTech decision makers and humanity in general should also consider 
such hazards as space debris, and the threat of space objects as comets and asteroids hitting the 
Earth.

Most of the breakthroughs in space exploration in the coming years are going to be achieved either 
by private companies or in collaboration with them. For example, the Artemis program initiated by 
NASA and aiming to land people on the Moon by 2024 heavily relies on the technologies provided 
by private space enterprises. For example Blue Origin, Dynetics, and SpaceX were selected to 
develop Artemis Human Landing System.

There are also several space industries awaiting massive developments in the upcoming years 
which may be not as long-awaited as the Moon or Mars landings but which may bring space closer 
to large amounts of people. One of them is the process of launching numerous satellite 
constellations providing satellite internet service. 2021 is expected to be a milestone year for this 
process with StarLink launching a record 143 satellites on one rocket in January. Another sphere to 
watch is a space tourism with Blue Origin and Virgin Galactic getting close to the commercial 
sub-orbital flights for private citizens. 

Future is Asian

Conclusions and Future Projections
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Trends

Even though space exploration stagnated for some time at the 
beginning of the 21st century, this period brought several quality 
changes in the sphere. Probably the main one is the constantly 
growing importance of the private sector in the SpaceTech. While 
20th-century space exploration was led by public and military 
initiatives, now private companies serve as engines of innovation and 
development. National space agencies still play a crucial role in 
space development. However, there is a clear trend of them 
switching their functions to be vision providers and collaboration 
hubs rather than being monopolists in SpaceTech. We can also 
witness a rapid development of SpaceTech in other countries as 
China, India, Japan, UAE as well as the rise of successful 
space-related startups in countries without large space programs. 
There is also a growing trend of shifting focus towards more 
feasible, realistic, incremental, and cheap space exploration 
programs and initiatives. That trend may be even more intensified by 
Covid 19 and related economic effects. While daring projects of 
asteroid mining, exploring distant planets of the Solar system, and 
establishing permanent settlements on Moon and Mars gain most of 
the media attention, incremental improvements in launch systems, 
propulsion systems, satellite technologies, space biotechnologies, 
and other spheres define the developments in the industry. 
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Trends and Predictions for 2021

Predictions

● The role of private companies in space exploration is going to 
grow. That progress is deeply connected with space 
commercialization;

● SpaceX and Boeing may become the next companies 
launching new manned missions into space and challenging 
the monopoly of national space agencies in the sphere of 
manned space travel.

● Several space tourism companies as Blue Origin and Virgin 
Galactic are close to starting commercial sub-orbital flights. 
Space Adventurers and SpaceX spoke about new orbital and 
beyond orbit space tours. That may reopen the space tourism 
sphere;

● The amount of nanosatellites on the orbit is going to rise 
dramatically with the launches of nanosatellites 
constellations by programs as Starlink, OneWeb, and others;

● There is a rising interest in Moon exploration with the plan to 
land astronauts on the Moon by 2024 according to the 
Artemis program.

● There are several space nations as China, India, Japan, UAE 
the role of which in global space exploration is going to to 
grow.
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