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T
 he endeavours of companies such as 
Blue Origin, SpaceX and Virgin 
Galactic symbolise the increasing 
growth of the commercial space 

sector, an industry segment that is opening its 
previously inaccessible marketplace to 
entrepreneurs and innovators from around the 
world. Non-traditional actors are contributing to 
a rapidly growing sector encompassing 

everything from suborbital space tourism to 
commercial space stations and even lunar 
landers. Key to this is the increasing number of 
companies from small and emerging space 
nations in the realm of small satellite 
manufacturing, launch and service provision. 

To meet the demand for this broadening 
space activity, whether it be powering robotic 
miners on the Moon or monitoring peat bogs in 

The recent suborbital space tourism launches carrying Sir Richard 
Branson and Jeff Bezos as passengers on their respective space vehicles, 
together with the continued success of Elon Musk, have prompted a global 
commentary on the ‘billionaire space race’, but space innovation also 
operates at a local level. In this article the authors consider the importance 
of the interplay between space technologies and applications and their 
terrestrial counterparts.
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the Highlands of Scotland, the sector needs to 
innovate, translate and implement a wide range 
of technologies, many of which are currently 
being developed for other purposes. Many of the 
technical challenges faced by space operations have 
terrestrial counterparts, or at least have enough in 
common that a solution may already exist or be one 
small step away from direct application. 

Spin-off and spin-in
Space systems are machines that have to work 
in extreme environments, and in some cases 
accommodate humans, so the technology needs 
to encompass a wide variety of disciplines from 
the digital to the material. Because of this, every 
company developing new technologies to solve 
challenging problems is, or has the potential to be, 
a space company. 

When we think of a space system, we generally 
focus on the payload, the machine or human, that 
is being launched into space. Naturally, the payload 
deserves this focus as it is the raison d’etre for the 
launch, but it is a small part of a large complex 
system, each component of which must work 
perfectly. A lot of technology and innovation goes 
into launching that payload into orbit - avionics, 
propellant systems, guidance and control systems, 
advanced materials, etc - and space systems are 

increasingly expected to perform repeatedly using 
the same (reusable) hardware.

Clearly, we need innovative solutions to a large 
number of disparate problems and the complex 
systems that define a satellite, space station or 
habitat require technology development at all 
levels. In some cases, the technology development 
that provides solutions for space will also 
have a complementary terrestrial application 
and, consequently, a terrestrial market. This 
is particularly true for human-in-the-loop 
technologies where any solution that keeps an 
astronaut alive, in good health and functioning 
in a high-stress environment is likely to find an 
eager customer base on Earth. Many examples can 
be found at the NASA spin-off website (https://
spinoff.nasa.gov) where over 2000 technologies 
are identified for licensing and use. 

However, it is important to note that this 
technology translation goes both ways and the 
space industry is always looking to ‘spin-in’ 
terrestrial technologies. For example, advances 
in medical monitoring, power efficiency and 
sustainability technologies can provide solutions 
critical to the space enterprise. 

Socket-wrench approach
Some of the major obstacles preventing every 
company from becoming ‘a space company’ 
are the constraints imposed by the artificial 
construct of sector verticals, where companies, 
entrepreneurs, governments and investors target 
a specific industry sector: energy, healthcare, 
transportation, space, etc. 

Every company developing new technologies 
to solve challenging problems is, or has the 
potential to be, a space company

Smallsat manufacturing 
company AAC Clydespace 
specialises in advanced 
nanosatellite spacecraft, 
mission services and 
subsystems offering 
solutions for government, 
commercial, and 
educational organisations.

The socket-wrench approach focuses on technology-based verticals where innovation focuses on a specific 
technological advancement (the ‘wrench’) and the application is tailored to the customer, regardless of industry 
sector (the ‘socket’).

AAC Clydespace 
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Within the constraints of this ‘siloed’ approach, 
translational collaboration is frequently limited to 
topical conversations between individual sectors 
but usually at the business-to-business level. It 
rarely occurs among multiple sectors or as a result 
of a large-scale strategy. 

A more versatile and productive approach is 
to focus on technology-based verticals where 
innovation focuses on a specific technological 
advancement (the ‘wrench’) regardless of industry 
sector, and the application is tailored to the customer 
within a specific industry sector (the ‘socket’). 

This ‘socket-wrench approach’ has the 
significant benefit of facilitating the awareness, 
and potential adoption, of innovative solutions 

across multiple industry sectors and thereby 
fostering stronger multi-sector collaboration. It 
can be particularly beneficial to space where the 
infusion of new technologies and new solutions in 
every aspect of the enterprise is crucial to mission 
success and the safety of crew and hardware.

Mutual support
In space, the future is very much centred around 
commercial utilisation of low Earth orbit (LEO) 
while expanding developments to higher orbits, 
cis-lunar space and eventually Mars. 

In the Earth orbit domain, increased use of small 
satellite constellations and the rapid growth in 
satellite capability will lead the way in the provision 
of space services for terrestrial use while also 
developing technologies for in-space servicing and 
in-space manufacturing. Both robotic and human-
tended systems will grow our exploration efforts, 
forming the bridge to the Moon and access to lunar 
resources to fuel our drive to Mars. 

In parallel, technologies will be developed on 
the ground not only to support activities in space 

In some cases, the technology 
development that provides 
solutions for space will 
also have a complementary 
terrestrial application

The Scottish Space 
Leadership Council and its 
related working groups 
work together with the 
Scottish Government and 
its economic enterprise 
agencies to coordinate and 
increase awareness in the 
space industry.

 Examples of 
technologies 
developed for space 
applications that 
have clear and direct 
benefits for terrestrial 
applications and vice 
versa.
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through commercial spaceports, but also to 
provide a continuous supply of innovation to create 
the next generation of space technologies, both 
for translation to the space domain and also to 
terrestrial applications. Specifically, as this holistic 
approach to technology infusion becomes strategy 
rather than serendipity, the technology rather than 
the field of application will become the focus. 

The diagram (left) shows some examples of 
technologies developed for space applications 
that have clear and direct benefits for terrestrial 
applications and vice versa. This is by no means 
a complete list and, as always for space-related 
projects, timescales are fluid.

An excellent example of a technology focus area 
that has successfully transformed both space and 
terrestrial spheres is that of wearable technologies 
(see ROOM 2018, #17). 

The recognition that cross-sector technology 
discussions can be of mutual benefit is growing 
and an increasing number of activities around the 
world are taking advantage of this. For example, 
the following examples indicate the breadth 
of entities within a single US state (Texas) that 
are supporting cross-sector collaboration and 
translational technology:

• Pumps & Pipes (pumpsandpipes.com) 
• Houston Technology Collaboration Center 

(techcollaboration.org)
• Rockets and Rigs (expandingfrontiers.org/

rockets-and-rigs/).
The motto of Pumps & Pipes - “Exploring the 

other person’s toolkit” - concisely captures the 
ethos of a movement that is mirrored in the 
national efforts of NASA iTech (nasaitech.org) and 
the Translational Research Institute for Space 
Health (bcm.edu/academic-centers/space-
medicine/translational-research-institute).

These important developments are proving to be 
a microcosm for similar activity that can be found in 
a variety of locations, not limited to the USA or any 
of the more established and mature geographical 
space markets, but across the globe. One example of 
particular interest to the authors is Scotland.

Scottish space ecosystem
The recent growth of the space industry in Scotland 
- as part of a wider UK proposition to capture 10 
percent of the global space market by the end 
of the decade - is a prime example of where an 
integrated vision, informed leadership and targeted 
resources can make a significant difference.  

The Scottish space vision is to provide a complete 
end-to-end package of services from satellite 
development and manufacture, through integration 

and launch, to data collection, analysis and use. This 
vision is being fostered and supported by a range of 
UK and Scottish government initiatives that aim to 
muster the required technology innovation to reach 
national goals, such as becoming the first net zero 
economy. An integrated space industry is part of 
that plan.

More than three years ago, the Scottish space 
industry already had a total income of £254 million 
with a gross value add of another £880 million. It 
employed over 8000 people, exhibited a 12 percent 
annual growth rate over the preceding five years 
and contributed around 14 percent of the UK 
space industry’s GDP. Since then, these figures 
have continued to grow as sectoral developments 
have expanded. For a country with a population of 
less than 5.5 million, it is no surprise that the term 
‘punching above its weight’ is frequently used to 
describe Scotland’s space sector. 

†
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A technology 
focus area 
that has 
successfully 
transformed 
both space 
and terrestrial 
spheres is that 
of wearable 
technologies
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Government support
Organisations such as the Scottish Space 
Leadership Council and its related working 
groups (including the UK Spaceport Alliance, 
Sustainable Space Task Force and Scottish 
Space Academic Forum) work together with the 
Scottish Government and its economic enterprise 
agencies to coordinate and increase awareness in 
the space industry.

These agencies include Highlands and Islands 
Enterprise, Scottish Enterprise and Scottish 
Development International, as well as the 
‘GlobalScot’ network of international ambassadors. 
They work together with their partner companies 
to provide access to the Scottish space sector’s 
value chain of activity and promote, as well as 
enable, the growing industry, with support from 
the UK Science and Technology Facilities Council, 
Business Incubation Centres from both the UK 
Space Agency (UKSA) and ESA, and others.

This government support and increased investor 
interest allow companies to respond to requirements 
for growth, fund promising technologies, mentor 
fledging companies and provide access to 
international clients and markets. Together this 
drives the end-to-end Scottish value chain of 
small satellites, launch vehicles, launch sites and 
downstream applications and technologies. 

In addition, the Scottish Funding Council 
sponsors seven innovation centres to “drive 
positive change and growth in areas of key 
importance to the health and wealth of Scotland”, 

The established space research community in 
Scotland has been involved with projects such 
as NASA’s James Webb Space Telescope and 
ESA’s GAIA, ExoMars, BepiColombo and Sentinel 
missions. Its extensive activities have been 
significantly boosted by the burgeoning, commercial 
NewSpace landscape, ranging from small satellite 
manufacturing companies such as AAC ClydeSpace, 
Spire Global, Alba Orbital and Craft Prospect in 
Glasgow, along with a vibrant Earth observation 
ecosystem in Edinburgh. Indeed, more small 
satellites are built in Glasgow than anywhere in the 
world outside the US West Coast, and Edinburgh is 
positioning itself as the space data capital of Europe. 

Meanwhile, Scotland’s fast-developing launch 
sector is also becoming a hotbed of local activity 
with launch providers such as Skyrora and Orbex 
planning to leverage the country’s geographical 
advantages for spaceflight. Three vertical 
spaceports are currently under development 
in the Highlands & Islands, in addition to two 
horizontal launch locations; Prestwick Spaceport, 
which already boasts a vibrant aerospace hub 
bolstered by significant infrastructure and 
transport connections, and Macrihanish Airbase, 
which was a certified emergency landing site for 
the NASA Space Shuttle.

More small satellites are built in Glasgow than 
anywhere in the world outside the US West Coast

Wildfires in California, 
USA, captured by 
Sentinel-2 in August 2020. 
Glasgow-based Omanos 
Analytics uses satellite 
data to support 
sustainable development, 
identifying and monitoring 
social and environmental 
impacts in order to reduce 
risk to affected 
communities, the 
environment, 
governments and 
investors. 

Below right: Close-up 
view of WL Gore’s flat 
copper conductor cable 
on the lunar surface. 
Cables developed at WL 
Gore’s Dundee site have 
been used on a variety of 
launchers and landers, 
building on a heritage that 
goes all the way back to 
the Apollo lunar missions.
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and earlier this year space was identified as one of 
nine key areas for investment in Scotland’s Inward 
Investment Plan. Direct collaboration between 
these initiatives brings a broader technology focus 
to bear on cross-cutting technologies of interest.

A number of multinational firms with a presence in 
Scotland have been among the space success stories 
to date. For example, electronics firm Alpha Data 
has developed computer hardware for space sector 
players around the world, while cables developed at 
WL Gore’s Dundee site have been used on a variety 
of launchers and landers, building on a heritage that 
goes all the way back to the Apollo lunar missions. 

Meanwhile, GSI and Space Intelligence, based 
in Edinburgh, use Earth observation data to 
derive insights into forests and natural capital 
for carbon resource monitoring. Omanos 
Analytics in Glasgow uses satellite data to 
support sustainable development, identifying 
and monitoring social and environmental 
impacts on projects such as critical 
infrastructure. Astrosat, whose tagline states 
that “every problem has a space solution”, is 
expert in finding novel and innovative solutions 
for terrestrial problems ranging from typhoon 
tracking to supporting people in remote areas 
during the COVID-19 pandemic using EO data, 
modelling and advanced visualisation. Scottish 
companies have even supplied batteries that are 
on the surface of Saturn’s moon Titan.

Looking forward, local mining and petrochemical 
companies are now considering the business 
opportunities beyond Earth and engaging with the 
Leadership Council, Scottish Enterprise and private 
sector support organisations such as AstroAgency for 

guidance and strategic advice on how their terrestrial 
applications can be re-purposed for use in space and 
how they can best access this exciting new market.

As space becomes increasingly open for purely 
commercial activity and private-public partnerships 
develop to support government space, the 
cross-fertilisation and translation of innovative 
technologies will become increasingly critical. 

New digital and cyber technologies to support 
the growing demand for space data, new biomedical 
monitoring technologies to support human health 
and performance, new battery technologies to 
support increasing power demands of human and 
robotic activities, and new sensing technologies to 
provide system security and reliability, all have a 
role to play in this cross-fertilisation.

To solve problems on the scale of space 
exploration, we need an infusion of innovative 
thinking across a large number of disciplines, all 
of which, if designed properly, can apply their 
solutions to the terrestrial market. 
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Above right: A stack of high temperature proton 
exchange membrane (HTPEM) fuel cells. Tech start-up 
HyPoint was a 2020 winner of NASA’s iTech Initiative, in 
which inventive technologies were ranked based on 
criteria including technical viability, likely impact on 
future space exploration, benefits to humanity, and 
commercialisation potential. The company recently 
unveiled a prototype of its turbo air-cooled hydrogen fuel 
cell for use in a variety of aviation and air mobility uses.

Astronaut Drew Feustel 
behind the wheel of a 
NASCAR racing vehicle. 
Developments in spacesuit 
technology have seen 
adoption in auto racing. In 
the 2021 NASCAR season, 
several drivers are 
wearing undergarments 
made by Walero that 
utilise phase-change 
materials originally 
designed for NASA under 
a Small Business 
Innovation Research 
(SBIR) contract. 
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