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Established in 2010, the UK Space Agency’s core
- value propositionisto:

o Catalyse Investment by deploying funding: and
resources to multiply the value of non-Government
contracts and private capital secured by UK space
organisations to maximise the space sectors long-
term growth

e Deliver Missions and Capabilities, indep‘endéntly

and with others, that use space science, technology .

and applications to meet national needs and help
-humanity to understand our universe. |

. Champion Space, encouraging other sectors to use
space to deliver better services, tackle the climate
emergency, inspire STEM education and lifelong.

learning, and advocate for sustainable space activities. . .

" THE UK SPACE AGENCY . ”

- AN executive delivery agemcy

of Department for Science,
'Innovation and Technology
(DSIT). The UKSA delivers
orograrmmes on behalf of the
Secretary for State

. ~350 staff across 3 ocations

UK wide business support
network |

INndustrial and science focus

Engaged with government
departments and partner
countries



A THE UKSA CORPORATE PLAN (2022-2025)

Priorities Enabling Activities

Launch

Deliver the first small satellite launch

from the UK in 2022, and a sustainable
commercial UK launch market by 2030.

Earth observation
Deliver a portfolio of activities that
ensures long-term value for money
access to the data we need.

LEO Capabilities

Use the UK's low Earth orbit assets
to deliver transformative new
capabilities, including in broadband,
position, navigation and timing, and

Innovation

Deliver a step change in the UK's share of the fastest
growing or highest-potential commercial space
markets, by managing a portfolio of investments in
high risk, high reward technologies and applications,
supported by future-focused regulation.

Discovery

Manage frequent national and international space
missions, short and long term, that strengthen UK
capability in space science and engineering, and that
offer opportunities for the UK to lead global discovery.

Levelling-up

Increase and spread space investment and jobs, by
accelerating the growth of a connected network of
local space clusters.

Transformation

Transform the Agency into a delivery-
focused organisation that puts its people
first, is aligned to our Value Proposition
and needs of our stakeholders, and is
‘match fit’ to achieve our priorities.

Relationships

Build and manage strong relationships with

key space investors, suppliers and customers,
that deepen our mutual insight and confidence,
and help us to together deliver the National
Space Strategy.

Earth observation.

. A corporate plan
refresh is ongoing

Deliver a programme that inspires young people .
to pursue STEM education, attracts talent to the )

UK space sector, and demonstrates the benefits

of space science, technology, and applications.

Sustainability Inspiration
Deliver capabilities to track objects in orbit
and to reduce and remove debris; lead
global regulation and standard-setting to
make space activities more sustainable.

https;/fmww.gov.uk/government/oublications/uk-space-agency-corporate-plan-2022-25


https://www.gov.uk/government/publications/uk-space-agency-corporate-plan-2022-25
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Insight

Advice on
new space

Assurance

Technical ;
oversight of techr;glggles
= UKSA projects

development
approaches

Policy

Direction on
new regulatory
approaches &
commercial
opportunities

The Office of the Chief Engineer (OCE)
provides deep- technical expertise to
support the design and delivery of the
UKSA project portfolio in order to

Coherence

Standards

i H : 2 - Technical Assessment/ Ensure consistency
m a I n ta I n ‘U K teChnica I Iead ers hl p I n f |eadership at studies of new of technical
- o . e e : . - ~ forums for technologies implementation
. CIVI | S p ace a Ct VI t |es industrial best and mission across UKSA incl.

practice concepts

internal training

OCE Capability Map and Analogue Teams



XS METAMATERIALS IN SPACE TECHNOLOGY

The Role of Metamaterials in Space

Metamaterials can possess unique properties that make them essential in space:.
technology: As examples, their ability to ma‘hipulate electromagnetic waves allows for
advanced communication systems, while thelr structural attributes provide Ilghtwe|ght
and robust solutlons for space systems.

Examples of Current Appllcatlons

Satellite Communication: Metamaterlal based antennas provide high performance,
'I|ghtwe|ght and small size attributes, makmg them |deal for satellite communications.

Thermal Management Metamaterials offer novel ways to manage heat on spacecraft,
S|gnlﬂcantly enhancing their Iongewty and rellab|I|ty



}l Xé.?,ﬁ’é%E METAMATERIALS IN THE SPACE ENVIRONMENT

The Space Enwronment

Space presents a unique and harsh environment with challenges including microgravity,
- vacuum, wide temperature extremes, and high levels of radiation.

-

Challenges for Materlals in Space

Traditional-materials can degrade; perform poorly or fail under these conditions, Ilmltlng
the functionality and lifespan ofspace technology

The Metamaterial Advantage’

Metamaterials can be engineered with specific properties to withstand the harsh space.
environment, leading to increased durability and effectiveness of space technology.

For example, their structural properties can 'be,
exploited to handle extreme temperatures and
radiation levels, while their ability to manipulate
electromagnetic waves can improve
communication in the vacuum of space. '




2ut  THE SPACE ENVIRONMENT

'Exposure to cosmic radiation which can damage materials and electronics
over time. Metamaterials can be designed to withstand and even manipulate
these high energy particles.

Microgravity‘ ]

The  microgravity environment can impact-material behaviour, including
thermal and structural properties. Metamaterials can ‘be engineered to
perform optimally in these conditions. :

Vacuum

Space is a near perfect vacuum, which can lead to oUtdassing of certain
materials and potentially impact structural mtegnty Metamaterials can be
designhed to mitigate these effects.

Extreme Temperatures

Extreme temperature fluctuations, from intense heat from the sun to extreme
cold in shadow. Metamaterials can offer enhanced thermal properties, which
can be used to manage these temperature extremes effectively.
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AF SATELLITES LAUNCH ‘A

+ The Space Industry Act of 2018 was enacted to establish a flexible, high-
level regulatory framework, thereby enabling launches from the UK.

- ‘The government's vision is for the UK to become the Ieadlng European
prowder of small satellite launches by 2030 - offering world-leading >
capabilities, attracting new markets, and inspiring the next generation of
British space professionals. .

- A network of Spaceports is being created as part of this initiative.

- The UKSA adopts a two-pronged approach to funding, providing national .
grants and supporting through the European Space Agency (ESA) for -
Commercial Space Transportation Services. One stream of the national
interventions is a launch technology development programme.

- 'For metamaterials, there are direct opportunities to. add value to launch
systems ‘and the associated supply chain. They.can also‘indirectly benefit
- from the expected strong growth of the national small satellite market.

Launch systems are critical, requiring exceptional performance (structural,
thermal, mass). Metamaterials can enhance these performances. At the
. same time, these systems need to be competitive in the global market, and the
_technology used must enable a sustaingble market presence.




2% TECHNOLOGY DEVE,LO.PMENT ‘

- Technology Readiness. Level (TRL) raising programmes to enable. technology readiness for
operational applications:

. The UKSA adopts a two-pronged approach to funding, providing national grants and
supporting through the European 'Space:Agency (ESA) for- the GCeneral Support
Technology Programme (GSTP). - " : ' '

- The target of this programme .is to
promote development of technology for
future operational. applications on a. Fght prover

Flight qualified
b ro a d S pe.c t r u m ' Moc}el demongstrac!cion for operational

Space Technology R&D

TRL 5 Models (full scale} demonstration in relevant environmen

® AS a n exa m p | e We a re WO r kl n g O n a TRL 4 Breédboards {reduced scale} verification in relevant

- reconfigurable metasurface antenna
based on liquid crystal (LC) technology
with TWI and Queen’s University Belfast - Application formulated

- (QUB)




AxE SPACE EXPLORATION

: '‘ESA TERRAE NOVAE PROGRAMME . : - :

2030 2035 2040

Long-lived

= Ice access, ISRU + ; Surface elements - N
Weather lander . novel mobility Q ﬁlsiggopt\)éc\)/g%vl_er ‘3 pressurised rover, ISRU, ~
1 network b
\

1 14
surface

demo drilling/science

gv 5 ’ A3

% " Mars Sample Return campaign
m

o

&
" -- Cadence of small and fast missions @ - = / CisMars
4 { 2 \ Transfer . :
kS Comms (& Nav) \ Weather orbiter network Comms & Nav (\ \ibicle Low Earth Orbit =
° N, network N augmentation g
- 2 2 2= = . . .
. P on:NASA Ice Mapper A - - t%% TransHab - Human Spaceflight, Microgravity and
SR S N G e e SIS L B R the International Space Station (ISS)
41 Utility & . ISRU e S atabEe | .
: ISRU demo b Small mobile ; z== Large surrace habita N . s -
5 $ 4! science habitation !: l: Dot .y 3 POSEISS scenarios
8: o 22 rover module PLa,nt » .
St , , ra , .o Pressurised rover : Moon
5! /#%s) EL3Mission-1 7 #%% )  EL3 Mission-2/-3/-4 [ {49 [ {598 E!«gvg 3
B P : w—w_ ¢ :‘ Robotic Exploration
= Continuous cadence of research p/l’s > — .
5 : Human Exploration
. European commercial transportation service & partner missions Lunar Gateway, Orion, Argonaut...
- ‘g Moonlight
T Mars
;%]9\/ £ - Lunar in space transportation Y, LEO-Moon cycler cargo and/or crew - Robotic Exploration-
‘.

" %%%%%%%%‘ M ' - Human Explorat|on
i —
< ESMs for annual Artemis missions

European LEO science & habitation
end-to-end services

European autonomous access to .
LEO for crew and cargo




&  SPACE EXPLORATION (LEO)

- The International Space Station (ISS) is the world's largest microgravity
laboratory. It facilitates long-duration microgravity experiments in diverse fields
"~ such as Physical Sciences, Life Sciences, and Technology Demonstrations.

Incorporating a "man in the loop" approach, the ISS allows for experimentation
in a microgravity, pressurised environment, as well as full exposure to the space
environment.: - : :

" - The UK contributes to the ISS through the developmént of* payloads and/or
' scientific experiments, and also by providing astronauts to the ESA's astronaut
' Corps. ' '

Both on the ISS and through commercial initiatives, in-orbit manufacturing is
developing. This could potentially open up opportunities for metamaterials.

-

+ The post-ISS scenarios are various and not yet defined, it will probably be a mix
of commercial and institutional and "will have great opportunities for
metamaterials development. ' '

o




AUSE SPACE EXPLORATION (MOON/MARS)

- The UK'is promoting and developing the use of nuclear systems to provide
long- “term energy for exploration missions.'A new.GSTP (General Support
Technology Programme) Component, termed ENDURE (EuropeaN’
Devices  Using ‘Radioisotope Energy), aims t_o deliver a comprehensive
European ‘capability for rad|0|sotope heat and.power systems by the end
of this decade

- In add|t|on to this, the UK is developing space nhuclear reactors and
propulsion systems. Nuclear systems;,’ p'articularly those for space
exploration applications, can benefit from the use of metamaterials for
nuclear/radiation shielding and neutron moderation and diffusion.

- Advanced systems for exploration and in-situ resources can also leverage
metamaterials properties to allow for more effective developments



2 SPACE-BASED SOLAR POWER

— 1. Solar power satellite

- Emergihg discussions are underway . . = W o oy o e Tnamitng
. - « 2000t
around the development ‘of Space- 4 - 7 700m dameter
: i +  Geosynchronous Orbit - 35,786km
Based SOIar power (SBSP) SyStemS " " 2. Wireless power transmissioh ) COER AT BE T Ay G
ot . H.igh frequenrcy i i concept ( nternational Electric)
E ' : . . . - transmussion from satellite to recever®
These systems would require gigantic S

. . R . Spgcuﬁc frequency (e 9. 2 45GHz2)
satellites in geostationary orbit (GEO) + Lobked oo piot beam from ground

equipped with large energy storage
capabilities, high-power microwave

- antennas, and lightweight, rigid, = e
thermal,ly—stable structures. | |

. Metamaterials would be key elements in |
mak|ng the development : Of SUCh | — .3.Ground station (rectenna)

. 6 7km by 13km elliptica: rectenﬁa
i : ' +  Receivihg 245W/m 2 high frequency radio
systems feasible. . hocemmaZ

*  Generating 2GW into grid




AuHE CONCLUSIONS

. Metamaterials, while relatively novel, have not yet reached mainstream appllcatlons in
space activities. They occupy a niche in the hlgher end performance of communication.and’
thermal control systems.

- Among the UK Space Agency's priorities within the timeframe of the corporate plan, there
are considerable opportunities for incorporating metamaterials, particularly for launch

_ systems, technology'd.evelopment, and space exploration. If pursued on a larger scale, this

could also apply to Space-based solar power. systems.

. A systemic assessment of the potential contributions that the discipline of metamaterials
can bring to more effective Space activities should be carried out.
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THANK YOU FOR YOUR ATTENTION!

*Mauro Augelli@ukspaceagency.gov.uk:


mailto:Mauro.Augelli@ukspaceagency.gov.uk

