
The Future of Aerospace
A technology development roadmap for 
the aerospace sector over the next 30 years



The space ecosystem will be centered around 7 technology 
innovation sectors in the next 5-30 years. 

In this report, we identify and forecast the evolution of technology innovation sectors integral to the 
aerospace ecosystem over the next 5-30 years. To do this, we categorized the innovation sectors based 
on their technology readiness level (TRL) and identified for each sector the underlying technologies and 
innovations needed to propel the sector to the commercial stage. 

TRL 7-9 
0-5 years from 

commercial availability

Imaging & Monitoring Communications

Space Transportation

TRL 4-6
5-20 years from 

commercial availability

Space 
Exploration

Human Life Support 
& Habitation Systems

In-Space 
Manufacturing

Mining Resources 
in Space

TRL 1-3
20-30 years from 

commercial availability
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The aerospace landscape within the next 5 years

Imaging & monitoring, communications and space transportation technologies are today fully 
present on the commercial stage and are required to unlock future innovation sectors.

Space Transportation

Space transportation is seeing greater 
interest from the private sector with the 
introduction of new critical technologies to 
support the infrastructure needed to 
commercialize this sector. As such, 
commercial space transportation is now 
on the mid-development to final stages.

Imaging & Monitoring

The imaging and monitoring sector is the 
most developed sector in the space 
ecosystem, with a wide supplier base, 
numerous research labs and large 
investments.

Communications

The communications sector is another 
key innovation sector that will support 
future developments in the aerospace 
ecosystem. Specific applications like 
telemedicine are shaping the evolution of 
the communication sector along with the 
underlying components like advanced 
sensor technologies.

Copyright © 2020 PreScouter. All rights reserved. | The Future of Aerospace
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Developments

◆ Most developed sector in space ecosystem
◆ Wide supplier base and research labs
◆ Key enablers: Sensors, AI/Digital technologies 

and huge investments

Roadblocks

◆ Stability and adaptability 
◆ Technology readiness for exploration
◆ Common cyber infrastructure

4

3 key enablers 
advancing the imaging 
and monitoring sector

AI/Digital 
Technologies
• Urban planning
• Route development
• Weather forecasts

Advanced Sensor 
Technology
• NIR/UV/VIS imaging sensors
• Quantum sensors
• Nanotechnology

Energy Systems
• Storage systems
• Power systems
• Thermal management systems 

(cryogenic, thermal protection, thermal 
control)

Imaging & Monitoring

Copyright © 2020 PreScouter. All rights reserved. | The Future of Aerospace
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Advanced Sensor 
Technology Energy Systems AI/ Digital 

Technologies

Descartes Labs
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technology 

components 
for each 
enabler

Key enabler

*List shared here is not exhaustive but representative of key players working in respective areas

Imaging & Monitoring
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https://galileo-gp.com/
https://www.euspaceimaging.com/
https://blacksky.com/
https://earthobservatory.nasa.gov/topic/human-presence
https://scienceandtechnology.jpl.nasa.gov/research/laboratories-and-facilities
https://latconnect60.com/
https://kx.com/solutions/space/
https://www.advancednavigation.com/
http://www.descarteslabs.com/
http://www.descarteslabs.com/
https://eos.com/
https://www.dlr.de/EN/Home/home_node.html
https://www.mitsubishielectric.com/en/products-solutions/space/index.page
http://www.teledynees.com/
https://www.ga.com/satellite
http://www.sstl.co.uk/
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Navigation and Timing
• Quantum sensors/technologies
• Satellite-based (GPS, GNSS, 

GIS)
• X-ray navigation

Electromagnetic 
Communications
• GHZ
• KHZ
• Radio networking (MHZ) 

(Superconducting Quantum 
Interface Technology - SQIF)

Telemedicine
• eHealth

Bandwidth 
Management

Advanced Sensor Technology
• Optical
• NIR/UV/VIS imaging sensors
• Quantum sensors
• Nanotechnology

5 key enablers 
advancing the 

communications sector

• Data range

Communications

Developments

◆ Satellite and navigation systems has seen 
major developments with stronger alliances 
and tech sharing with market leaders

Roadblocks

◆ Lack of long-range planning and resources

Copyright © 2020 PreScouter. All rights reserved. | The Future of Aerospace



 solutions@prescouter.com |PRESCOUTER 7

Electromagnetic 
Communications

Advanced Sensor 
Technology Navigation and Timing Telemedicine Bandwidth 

Management

Station Explorer for X-Ray Timing and 
Navigation (SEXTANT)

Handled by ITU
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Communications

Copyright © 2020 PreScouter. All rights reserved. | The Future of Aerospace

https://newsroom.unsw.edu.au/news/science-tech/unsw-space-research-receives-government-funding
https://www.jpss.noaa.gov/
https://gameon.nasa.gov/projects/deep-space-x-ray-navigation-and-communication/
https://gameon.nasa.gov/projects/deep-space-x-ray-navigation-and-communication/
https://earthobservatory.nasa.gov/topic/human-presence
https://www.euspaceimaging.com/
http://www.leolabs.space/
https://www.nasa.gov/hhp/about-hhp
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Robotics
• Robotics and sub systems (Rovers, RSV, etc.,)
• Sensors and autonomous systems
• Software
• Services segmentPropulsion

• Electric Propulsion (Air breathing)
• Light Propulsion (Materials 

development for sails)
• Chemical propulsion (Solid rocket, liquid 

rocket)
• Nuclear propulsion

Vehicles
• Interstation movement
• Autonomous space vehicles
• Launch systems

Energy Systems
• Storage systems
• Power Systems
• Thermal management systems 

(Cryogenic systems, Thermal protection 
systems, Thermal control systems)

Advanced Sensor 
Technology
• NIR/UV/VIS imaging sensors
• Quantum sensors
• Nanotechnology

5 key enablers 
advancing the space 
transportation sector

Space Transportation

Developments

◆ Commercial transportation to space is on the 
mid-development to final stages

◆ Private organizations are showing more interest 
towards commercializing the sector

◆ Upgraded launch vehicles with heavy lift 
capabilities are being developed 

Roadblocks

◆ Overall cost including the launch stage and 
the final propulsive stage used in orbital 
transfer is exorbitantly high

◆ Maintenance, monitoring, and perpetual 
improvements during travel pose a constraint

Copyright © 2020 PreScouter. All rights reserved. | The Future of Aerospace
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Vehicles Propulsion Robotics Energy Systems Advanced Sensor 
Technology

In
te

rs
ta

tio
n 

m
ov

em
en

t

Au
to

no
m

ou
s 

sp
ac

e 
ve

hi
cl

es

La
un

ch
 

sy
st

em
s

El
ec

tr
ic

Li
gh

t
Ch

em
ic

al
N

uc
le

ar

Su
bs

ys
t-

em
s

Se
ns

or
s 

an
d 

Au
to

no
m

ou
s 

sy
st

em
s

So
ft

w
ar

e
Se

rv
ic

es

Th
er

m
al

 
m

an
ag

em
en

t 
sy

st
em

s

St
or

ag
e 

sy
st

em
s

Po
w

er
 s

ys
te

m
s

N
IR

/U
V/

VI
S 

im
ag

in
g 

se
ns

or
s

Q
ua

nt
um

 
Se

ns
or

s
N

an
ot

ec
h

*List shared here is not exhaustive but representative of key players working in respective areas
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Space Transportation
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https://scienceandtechnology.jpl.nasa.gov/research/laboratories-and-facilities
https://www.rocketlabusa.com/
https://www.nasa.gov/specials/artemis/#how
http://www.honeybeerobotics.com/
http://altius-space.com/
https://www.space-propulsion.com/spacecraft-propulsion/propulsion-systems/index.html
https://galileo-gp.com/
https://earthobservatory.nasa.gov/topic/human-presence
http://www.ulalaunch.com/
https://www.dlr.de/EN/Home/home_node.html
http://www.relativityspace.com/
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The aerospace landscape within the next 5-20 years

Space exploration and human life support and habitation systems will be the next sectors to 
mature.

Space Exploration (including deep space and near earth objects 
exploration) to rely on key advancements in technologies that 
supported the previously explored innovation sectors. Robotics 
are contributing to the development of an enhanced propulsion 
system that can support not only space missions to the ISS but 
also the planetary missions and other deep space explorations. 
Navigation and guidance systems are also an integral part of deep 
space exploration, as it requires high-precision tracking and 
guidance.

Partnerships and contributions from many different stakeholders 
will be required to drive the space transportation sector forward

Robotics, AI, and Energy systems and their evolution will be key to 
unlocking the next generation of innovation sectors

Space Exploration Human Life Support & 
Habitation Systems

Copyright © 2020 PreScouter. All rights reserved. | The Future of Aerospace
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Space Exploration

Robotics
• Robotics and sub systems (Rovers, 

RSV, etc.)
• Sensors and autonomous systems
• Software
• Services segment

Propulsion
• Electric propulsion (Air breathing)
• Light propulsion (Materials development for sails…)
• Chemical propulsion (Solid rocket, liquid rocket)
• Nuclear propulsion

6 key enablers 
advancing the space 

exploration sector

Advanced Sensor 
Technology
• NIR/UV/VIS imaging sensors
• Quantum sensors
• Nanotechnology

AI / Digital 
Technologies

• Urban planning
• Route development
• Weather forecasts

Energy Systems
• Storage systems (LIB, Fuel cells)
• Power generation (nuclear fission/fusion, 

solar, chemical such as biofuel)

Navigation and Timing
• Quantum sensors/technologies
• GPS, GNSS, GIS (JMARS)
• X-ray navigation

Developments

◆ Robotics are contributing to the development 
of an enhanced propulsion system

Roadblocks

◆ Deep space exploration missions require 
enhanced subsystems, which aid in 
propelling the system into space

Copyright © 2020 PreScouter. All rights reserved. | The Future of Aerospace
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Robotics AI/Digital 
Technologies

Advanced Sensor 
Technology Propulsion Energy Systems Navigation and 

Timing

Deep Space-1 (DS1) 
collaborative mission 
with NASA.

Space Solar Power 
Systems (SSPS)
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*List shared here is not exhaustive but representative of key players working in respective areas

*No company 
started research*

*No company 
started research*

*No company 
started research*

*No company 
started research*
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Space Exploration
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http://www.virgingalactic.com/
https://www.esa.int/Science_Exploration/Human_and_Robotic_Exploration/Columbus/ESA_ISS_Science_System_-_Operations_Status_Report_133_Increment_33_34_17_-_30_November
http://www.blueorigin.com/
https://www.mdacorporation.com/
https://www.nasa.gov/specials/artemis/#how
https://rps.nasa.gov/resources/8/spacecraft-power/
http://www.kenkai.jaxa.jp/eng/research/ssps/ssps-index.html
http://www.kenkai.jaxa.jp/eng/research/ssps/ssps-index.html
http://www.worldview.space/
https://www.ga.com/satellite
https://kx.com/solutions/space/
https://www.dlr.de/EN/Home/home_node.html
https://www.mitsubishielectric.com/en/products-solutions/space/index.page
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Human Life Support and Habitation Systems

8 key enablers advancing 
human life support and 

habitation systems

Robotics
• Robotics and sub systems (Rovers, RSV, etc.)
• Sensors and autonomous systems
• Software
• Services segment

AI / Digital 
Technologies

• Digital twin simulation
• Modelling
• Analytics / 

optimization

Transportation
• Interplanetary transportation architecture
• Astrotels, Spaceports, Taxis, Earth Shuttle, 

Mars Shuttle, a Common Crew Module 
• LEO travel

Energy Systems
• Energy storage and 

management systems

Resource generation/synthesis
• Oxygen synthesis (Air breathing)
• Water generation synthesis (Fuel cells)
• Food generation/synthesis (Energy storage, 

resource generation)

Protection 
Technologies
• Radiation
• Dust

Sensors
• Nanotechnology

Medicine
• Synthetic medicine

Developments

◆ Robotics, AI, and Energy systems and their 
evolution will be key to unlocking the next 
generation of innovation sectors

Roadblocks

◆ Testing capabilities still remain a challenge
◆ Limited players in the sector mostly in the 

early stage startups or government entities

Copyright © 2020 PreScouter. All rights reserved. | The Future of Aerospace



 solutions@prescouter.com |PRESCOUTER 14

Transportation Energy Systems Resource Generation/
Synthesis

AI/ Digital 
technologies

Protection 
Technologies Robotics Medicine Sensors

NBactspace

Th
er

m
al

 
m

an
ag

em
en

t 
sy

st
em

s

St
or

ag
e 

sy
st

em
s

Po
w

er
 S

ys
te

m
s

Ra
di

at
io

n
Du

st

Di
gi

ta
l T

w
in

 
Si

m
ul

at
io

n
M

od
el

lin
g

An
al

yt
ic

s/
 

O
pt

im
iz

at
io

n

N
an

ot
ec

hn
ol

og
y

Sy
nt

he
tic

 M
ed

ic
in

e

Su
bs

ys
te

m
s

Se
ns

or
s 

an
d 

Au
to

no
m

ou
s 

sy
st

em
s

So
ft

w
ar

e
Se

rv
ic

es

O
xy

ge
n 

Sy
nt

he
si

s
W

at
er

 
G

en
er

at
io

n
Fo

od
 G

en
ea

tio
n

In
te

rd
is

ci
pl

in
ar

y 
tr

an
sp

or
ta

tio
n

Co
m

m
on

 
cr

ew
 m

od
ul

e
LE

O
 T

ra
ve

l

*List shared here is not exhaustive but representative of key players working in respective areas

Human Life Support and Habitation Systems
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http://spacetalos.com/
https://www.rocketlabusa.com/
https://www.nasa.gov/specials/artemis/#how
http://www.teledynees.com/
http://www.teledynees.com/
https://kx.com/solutions/space/
https://www.ga.com/satellite
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The aerospace landscape within the next 5-20 years

In-space manufacturing and mining are the furthest innovation sectors on the 
commercialization timeline.

 In-space manufacturing will allow for greater flexibility in strategy, 
and can be supported by many existing technologies like additive 
manufacturing, with many new entrants in the arena. Universities 
and research organizations, in particular, are working towards 
in-space manufacturing with special focus on 3D printing. One of 
the major advancements in this sector focuses around developing 
reusable launch vehicles which both major space agencies as well 
as private space companies are actively researching. 

Research for mining in space has increased over the years. 
Innovation in this sector depends greatly on advances in different 
non-overlapping (exclusive) technology sectors. Mining of 
resources will require development of warehousing and extraction 
technologies that are not critical to the other innovation sectors.

In-Space 
Manufacturing

Mining of Resources in 
Space

Copyright © 2020 PreScouter. All rights reserved. | The Future of Aerospace
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6 key enablers 
advancing in-space 

manufacturing

Digital Technologies/
Modelling
• Materials, Structures
• Mechanical systems and 

sensors
• Load transportation

Exotic materials (microgravity)
• Drug researches in Orbit
• Chemical applications (protein crystallization, 

drug polymorphism, self-assembly of 
biomolecules)

• Tissue engineering

Woven/composites
• Compression pads- Ablative 

materials

Processing space 
resources
• Low waste mfg
•  Focus -regolith and pyroclastic 

deposits
• Propellant/Water/Oxygen production

3D Printing
• Polymers / plastics
• Metal printing capabilities
• Sensor printing
• Bio printing

Coatings/deposition 
methods (PVD/CVD)
• Spacecraft contamination 

control programs 
• Thermal control
• Thin film, spray coating

In-Space Manufacturing

Developments

◆ Major space agencies, as well as private space 
companies, are focused on developing 
reusable launch vehicles

◆ 3D printing capabilities have increased in the 
past with new entrants

Roadblocks

◆ Dependent on other sectors such as space 
transportation, robotic developments etc

Copyright © 2020 PreScouter. All rights reserved. | The Future of Aerospace
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Processing Space 
Resources Woven/Composites Digital Technologies/

Modelling 3D Printing Coatings/deposition 
methods (PVD/CVD)

Exotic Materials 
(microgravity)
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*List shared here is not exhaustive but representative of key players working in respective areas

In-Space Manufacturing

Copyright © 2020 PreScouter. All rights reserved. | The Future of Aerospace

https://www.nasa.gov/oem/inspacemanufacturing
https://www.alten.com/innovation-in-the-space-industry-launching-new-technology-into-space/
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7 key enablers 
advancing the mining 
of resources in space

Advanced Sensor 
Technology
• NIR/UV/VIS imaging sensors
• Quantum Sensors
• Nanotechnology

Waste Management
• Nanotechnology

Transportation
• Cargo Ship (carrier)
• Utility systems
• Conveyor systems
• Maneuvering systems

AI/ Digital Technologies
• Digital twin simulation
• Modelling
• Analytics/optimization

Storage Warehousing
• Gas
• Ores
• Supplies

Power Management 
and Distribution
• NASA’s nuclear space program 
• Spaceborne and space research 

instruments
• Ion and plasma propulsion Extraction Technologies

• Mechanical
• Biological
• Radiation based (Water extraction, thermal Mining)

Mining of Resources in Space

Developments

◆ These innovation sectors all depend on 
advances in different non-overlapping 
(exclusive) technology sectors

◆ Research for mining in space has increased 
over the years

Roadblocks

◆ Mining of resources in space are high risk 
with long lead times and heavy capital 
investment 

◆ Delay in signals (communication with drones)

Copyright © 2020 PreScouter. All rights reserved. | The Future of Aerospace
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Mining of Resources in Space

Transportation Storage 
Warehousing

Advanced Sensor 
Technology

Power Management 
and Distribution

Extraction 
Technologies

AI/ Digital 
Technologies

Waste 
Management

*No company 
started research*

To be handled mostly 
by Space agencies
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*No company 
started research*
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started research*

*List shared here is not exhaustive but representative of key players working in respective areas

Mining of Resources in Space
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https://rps.nasa.gov/resources/8/spacecraft-power/
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management, supply chain solutions and market research. He has also done 
an exchange program in TU Darmstadt focusing on logistics.
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The Technology Readiness Level (TRL) Scale is an industry standardized metric by which PreScouter evaluates technologies for each client. Based on the 
constraints on the innovation challenge, PreScouter assigns a TRL number to each identified academic, company or patent. 

This process allows each solution to be easily identified for commercialization potential. 

Higher number TRL’s do not always equate to the best technology – for example, most late stage academic technology is best suited for optimization and 
integration, but would have a TRL between 2-4. 

TRL 9 Systems operation - Actual system operated over full range of expected conditions

TRL 8 System commissioning - Actual system completed and qualified through demonstrate tests

TRL 7 System commissioning - Full-scale, similar prototype demonstration in relevant environment

TRL 6 Technology demonstration - Engineering / pilot scale prototype testing in relevant environment

TRL 5 Technology development - Lab-scale validation in relevant environment

TRL 4 Technology development - Component or system validation in lab environment

TRL 3 Research to prove feasibility - Analytical/experimental test of critical function - proof of concept

TRL 2 Basic technology research - Technology concept and/or application formulated

TRL 1 Basic technology research - Basic principles observed and reported
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500+
CLIENTS 
WORLDWIDE

4,000+
RESEARCH 
REPORTS CREATED 

150,000+
HOURS OF RESEARCH 
COMPLETED FOR CLIENTS

PRESCOUTER PROVIDES CUSTOMIZED RESEARCH AND ANALYSIS

PreScouter helps clients gain competitive advantage by providing customized global research. We act as an extension to your in-house 
research and business data teams in order to provide you with a holistic view of trends, technologies, and markets.

Our model leverages a network of 3,000+ advanced degree researchers at tier 1 institutions across the globe to tap into information 
from small businesses, national labs, markets, universities, patents, startups, and entrepreneurs.

CLIENTS RELY ON US FOR:

Innovation Discovery: PreScouter provides 
clients with a constant flow of high-value 
opportunities and ideas by keeping you up 
to date on new and emerging technologies 
and businesses.

500+
CLIENTS 
WORLDWIDE

4,000+
RESEARCH 
REPORTS CREATED 

150,000+
HOURS OF RESEARCH 
COMPLETED FOR CLIENTS

Customized Insights: PreScouter finds and 
makes sense of technology and market 
information in order to help you make 
informed decisions.

Privileged Information: PreScouter 
interviews innovators to uncover 
emerging trends and non-public 
information.
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