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Space is a key part of UK

- Active in space for 50+ years

- £13.7 billion to the UK economy
- Employs 38,500+ people

- High skills

- 6.5% of global space economy

- A critical national infrastructure
- Supports £250bn of UK GDP

- At the heart of science,
discovery and technical
Innovation
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UK Space Agency- Our Purpose

Business,
Energy &
Industrial
Strategy

UK Space
Trade
Assoc’n

Cabinet
Office

Foreign
Office

Responsible for all
strategic decisions on the
UK civil space programme
and a clear, single voice for

UK space ambitions... Satellite

Appn’s
Catapult

... with the maximum
economic, scientific and
policy benefit for the UK

N

Dept for
Transport

UK Academic
Network
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UK Space Agency — Our Roles

Education & Training

Programmes

Leadership & Policy &
Strategy Regulation
170 staff
£430M p.a.
Science & Innovation &
Technology Investment

Business Growth

SHSA




UK Space Policy — 4 Linked Themes

We need to
protect the
space
operating
environment

We need to
sustain and

Srow our
Space

capability

Space Is an

iInternational
endeavour
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International Comparison - snapshot

Space budget (US$m) and share (%) e UK notin top 10
of GDP, OECD and selected countries, space funders (#11);

2013 23rd in % of GDP

« BUT UK Industry
captures 7% of
global space market
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« MESSAGE: It's
about FOCUS...

Brazil |® 0.01

Poland |® 0.01

Greece
Czech Republic

Germany
Luxembourg
Switzerland
Sweden
Argentina
Korea, South
Denmark
Netherlands
Portugal
South Africa
Indonesia [® 0.01

Value (USS million) ~ # Percentage of GDP (right axis)

Source: OECD, The Space

Economy at a Glance, 2014. — U K SPACE
Ranked by % GDP ’A AGENCY




UK “Science & Space”

 Carry out world class frontier science

* Exploit mandatory GDP funding through ESA

 Deliver strategic benefits — forcing-house for new
technology and skills — drives innovation

» Showcase UK capabillities (academia and industry)
on world stage

* Develop and nurture international partnerships

| * Public understanding of science and inspiration



UK Space Agency — Our Domains and “Science”

.
-
-

Astrophysics Solar System

Microgravity/Life EO Science
Sciences
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“Science” at UKSA - Approx 40% of our budget

[ ] '\ '/\/l
£40M P.d. National TR\ _UK Research
. . el Ul e Pond INnovation
- science Instruments L 5

- data exploitation
- sustainable devt

£150M p.a. ESA

- technology

- satellite & ops

- science instruments
- applied research

* . 2015 = 2025 .

I(Few) bilateral missions L an o
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Science focus in practice at UK Space Agency

* Space Science
* Space Instruments funded through national UKSA programme
 Satellite and key technology funded via ESA subscription
e Key TRL 1-3 and Exploitation of data funded by STFC

° Exploration (incl Life Science and Microgravity)

* Instruments, satellite, access to ISS and technology largely funded via ESA
subscription

e Exploitation of data funded by UKSA through both national and ESA programmes

e Earth Science

* Instruments, data, satellite and technology largely funded via ESA subscription
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Key Partner in Space-related Science

e Citation Index compares performance between countries vs global
average

e UK is strong in space-related science (left chart) especially where we have
leading roles in the science (blue line on right chart)

UK's proportion of scientific papers by European
Space Agency mission

F L e |
SOHO -—
\/———"—/J— Venus Express
Mars Express ' '

XMM-Newton |
Rosetta#
Proba2
e China — France Planck
— G Er Many e— | taly Cluster

—| 3 DA N s | nited Kingdom Herschel |
s | | nited States Integral

Hinode |

20% 25%




Science Programmes

*Space Science
*Earth Science
*Exploration
*Sustainable Devt
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. ESA Astrophysics Missions
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 Looking back '
at the dawn of time
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‘N ESA Solar System MISSIonSIce

. proba 2

: Observing coronal dynamics
~proba-3 : and solar eruptions
Solar Coronograph

. soho. .
Facing; the Sui

exomars.
Europe's new era
of Mars exploration

: beplcolombo
Explorlng Mercury

‘Studying the Saturnian
stem and landing on Titap

Solar Wind
Magnets [

‘Uenus express - )
Studying Venus' atmosphere

- Mars express
Investigating the Red Planet

~

(R

% Chasing and Iandmg
cluster on a comet
* Measuring Earth's '

magnetic shield

4 The Sun | up close

‘Small Bodies?
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ESA Space Science Missions

PLATO

JUICE

Einstein Probe
Euclid

SMILE

XRISM
PROBA-3
JWST

Solar Orbiter
CHEOPS
BepiColombo
ExoMars TGO
Microscope
Hitomni

LISA Pathfinder
Gaia

RIS

PROBA-2
Planck
Herschel
Hinode
Venus Bxpress
Suzaku
Rosetta

Mars Express
INTEGRAL
Cluster
XMM-Newton
Cassini-Huygens
SOHO
Hubble
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B Implementation
B Operational
Il Post-operations

| ast update: October 2018
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JUICE- 2022

" Euclid- 2022




Ariel

 ESA selected “M4”
mission; 450M€

* Launchin 2028
* Chemical fingerprints

of exoplanet
atmospheres . (

e UK-led science (UCL)

 RAL key engineering s ‘
Nayload partner /




ESA M5 Candidates — all teams include key UK capabilities

L'nnl/1cinn

ITndovrctaondina ywhy o1ty monct Favith-lil-o

neinhhoiivric ecn different

Cheseus

Transient high energy sky and

S P | C Q early universe surveyor
Unveiling the
obscured

: Lead Proposer: Lorenzo Amati (INAF-TASF Bologna, Italy)
Universe

Dr. P. R. Roelfsema
On behalf of the international
SPICA consortium
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ESA Missions of Opportunity

Corot
Microscope
Hinode
Proba-2
Hitomi
ExoMars

IRIS

Proba-3
XRISM
Einstein Probe

eXTP

LiteBIRD
WFIRST

Taiji

HERA

L5

Lunar Gateway

Exoplanets
Fundamental physics
Solar physics

Plasma physics
X-ray astronomy
Planetary science
Solar physics

Solar physics

X-ray astronomy
X-ray astronomy

X-ray Astronomy
Cosmic Microwave
NIR Astronomy
Gravitational Waves
Asteroid deflection
Space Weather
Planetary science

France
France
Japan
TEC/Belgium
Japan
HRE/Russia
NFARSYAY
TEC/Belgium
Japan

China

China
Japan
NPARSYAN

China
OPS/Safety
OPS/Safety
HRE
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ESA Earth Explorers
— Science-driven
missions




ESA Earth Explorer: AEOLUS

e Science challenge: To acquire profiles of the wind on a
global scale and advance our understanding of tropical
dynamics and processes relevant to climate variability.

* Technology challenge: To operate a doppler wind lidar _
(laser) from space at an operational cadence (100 wind S %
profile measurements an hour)

* Launch: August 2018 (3 yr mission)

* Prime contractor: Airbus UK

* UK connections: UK Met Office; European Centre for
Medium-Range Weather Forecasts in Reading, UK, UK
Climate community




Exploration: LEO-ISS, Moon, Mars, Asteroids...




LEO-ISS: Life Science and Microgravity

"The UK will be a recognised and valued participant in human spaceflight
and space environments research...

...augment the UK economy and provide measurable societal benefits in
sectors such as healthcare, communications and education”

* Astrobiology and astrochemistry
* Life and biomedical sciences

* Fundamental physics

* Materials research

* Access to space




UK Examples: ISS

ElectroMagnetic Levitator (Uniof Greenwich; Leeds etc) K

* Measurements of very high temp heating/cooling
of metals — no container needed to hold the metal;
new alloys for turbines etc

EXPOSE (Univ of Edinburgh)

* BIOMEX - BIOlogy and Mars Experiment facility
mounted outside the ISS dedicated to astrobiology

Worms in Space (Uni of Exeter, Nott, Lancaster) — Dec 2018

* Nematode muscle loss in space, which in turn
could lead to developing effective therapies and
I new treatments for muscular dystrophies.
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The Moon- New Funding Models?

MAAN

e Quality of Lunar Science case vs other pressures
(ground, astronomy, planets..)

- Science in orbit
- Return of lunar samples
- Novel science from the surface

Lunar Pathfinder (SSTL/GES)

1kg payload mass allocation (x60)

Data relay & navigation allocation

Launch and transfer to lunar orbit
Internet-based secure interface for dedicated
mission control and data access _ |
Mission support and partner coordination E —




Mars: Trace Gas Orbiter

. Investigaté the Martian atmosphere
 where does the methane come from?



Mars: ExoMars Rover e Launch 2020

e Arrival 2021 Oxia Planum
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UK Space and Earth Science “Mission Bilaterals”

USA/Japan HINODE

A e

¥




MARS SURFACE
MARS ORBIT

Mars
Transportation
Capabilities
LUNAR SURFACE  Rabotic Resource Prospecting Missions

‘,& Human Lunar Surface Exploration
2 Deep Space Gateway Gateway Moon and Mars Mission Support Operations
:

4 Commercial
‘ Orion Transportation | Russian Crew

and SLS Systems Transportation System

China Space Station
Future Platforms

January 2018

iﬁ} '~@sa (cnes

China Europaan Space Agancy Francs

Japan Hepublc af Korea

T | il Lo QI & 014 g : UK SPACE
UAE slﬁaf-: Erg-:%r:?! ﬁ 'ﬁ AGENCY

'N'ERNAHONACL SPACE EXPLOEAT'O"' |SECG Russia i United Arab Emirates Lnitad Kingcom Unitad States
OORDINATION ROUP .

THE GLOBAL EXPLORATION ROADMAP




Mars Sample Return - Key UK Focus

* 2020 Cache Rover NASA |
e 2026 Rendezvous Return Vehicle — ESA

e 2026 or 28 Mars Ascent Vehicle -NASA
and fetch rover- ESA (UK)

e Return end 2029 or 2031



* Infrastructure for human
exploration of Moon and
beyond

* Allows a reusable lunar
lander
4

. Undertake key research
exploration




Challenges facing ESA/UK Science Programme

* A “Golden Age” for European Space Science but...

 ESA missions - ambitious science, technology risk and complex structures.
- Are they still compatible with academic life-cycles?

 “Flat cash” over many years = declining purchase power.
* National instruments often over-budget and now a mission schedule driver

« Academic and Industry resource and skills imbalances?

Mission Initial € Final € Launch delay (months)

LisaPF 160M (2004)
BepiC 665M (2006)
SolarO 499M (2009)

Euclid 595M (2009)




ESA Interim Ministerial — Oct 2018

“The most important decisions facing Member States at Spacel19+ will be: ....
to restore ESA’s science programme as the world leader in the physics of the
Universe by reversing the long-standing decline in buying power of the Level

of Resources ...”

] ™M 4 izl ===l == -""pF | =4 + 3



Possible proposal from ESA Directorate of Science

F-missions in sync with M-
missions (joint launch) - new
line of opportunities with
special emphasis on novel
implementations

Unique

gelesglajlnit T ' l - Pa load System
top:xplorey €= allewatelfa glltatelsupport
Ice Giants e f}i?f:::jf’f‘i” Membr Sf-ate odip N
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. “Bringing sound to,the cosm

hot gaSstruA o &

s” @-esa

B
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gravitational wave observation
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Pyramid of Innovation Life? and Value Added\&i cSd

renewable | Asteroids

More than 40% of world wide Quantum | ENeray

GDP is based on Quantum Cryptography o Earth

mechanics and Relativity Observation

Fusion- Bose-Einstein Gsals Space Space
(Lederman, Nobel reactor |Condensate AlfPlane | ZPECS Waather
Laureate)

R-process Supra- Radio Navigation grayitational
understood conductivity Weather Waves
Laser ~ Photography — ..iejite

Cars Moon
Computer Rasalril Extrasolar
NMR - g Planets
tomograph | Transistor eam

Neutrino IRaciing Sputnik Pulsar time Gaia
Astrometry :
astronomy! - Nuclear X-ray Eleétro- c.f. Samuel Ting

Neutrino reactor |\ medicine A Ma@BSHsM | . s | BlackHoles | cosmic Nobel Laureate
mass Pulsars Web currently at
Nucleon Atom bomb Soliu state Y

mediicine physics Optics Sainlc Quasars CERN

o c
u-chemistry ';‘.“C'.ea' Relativity Rays Dark
ission Quadiil Thermo- Matter Dark
SU(3)- M dynamics o
Strings? SUSY=2 Symrgugtry E=mec‘ mechanics y ga.on Big Bang Energy

. o Mechanics Navigation Background
Higgs QCD Proton __ Radioactivity Atomic model Copernicus Sun Milky Way = radiations = Multiverse?

elementa : classical . .
Quarks particles Nuclei | Atoms Physics Planets | Stars |Galaxies|Universe

Gallleo

ESA UNCLASSIFIED - 109 use10-1*m  10-4m 10-9m Tm 10""m  1077m 156023 rmeetind 028 14.11.2018 | Slide 41
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Sustainable Devt: Science and Innovation

Mexico
Chile
Brazil

South Africa ,

Nigeria 2 G
Kenya ' < W :
Tanzania
UAE
Kazakhstan
Singapore/lndonesia
Malaysia/Vietham
China

SUSTAINABLE
' DEVELOPMENT

30+ countries

Australia
[Colombia, Philippines, Taiwan, India] >3 UK SPACE
7%\ AGENCY
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Optical Astronomy

Radio Astronomy

Solar Physics and

Space Weather High Energy Astrophysics

and Cosmology

X

Astronomical
Instrumentation




