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1. Introduction _
Exploration 'goals and discussions
2. E3P Current Programme — Status update -
.Progress since CM 16 )
3. ESP Future Programme - Element Status
Overall Programme Structure |
Candidate Cornerstone Missions |
Candidate Exploration Technology' Demonstrat

Candidate Missions of Opportunity
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Exploration is Strategy-Driven -CSa

“focussed on solar system destinations where humans will

someday live and work.”
Global Exploration Strategy Framework Document, 2007

Scientific Programme Exploration

‘bottom-up’

»Enabled by
competitive selection
among proposals from
the science community
in astrophysics, solar
physics, planetary
science etc.

‘top-down’

»Enabled by step-
wise increase of
complexity to achieve
the long-term goal
of extending human
reach to Mars surface
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August 2013
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Missions: 1-12 months
Return: Days '

y ~ ~380,000 km/240 000
: -mlles _ .

. mlles

. Reaching the -
- Mars Surface
" One year stay -+

* Limited return
< opportunities

Autonomy required
- Utilize local resources
Mobility for Science

A step-wise Journey from the safety of Earth’s orblt to
the vicinity of the Moon-.a_nd then into the Solar System
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ESA Exploratlon I'Envelope PrGgramme (E3P)

Programmévapproved at ESA’ 3*26'16 Councn meetlng at ministerial level

Delivering the 2014 European Exploration Strategy

Aligned with resolution “Space 4.0 for a United Space In
Europe”

Open-ended programme, integrating existing and new ESA
exploration activities
Humans and robots

LEO, Moon, and Mars

Internationally coordinated (Global Exploratlon Roadmap)
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2. ESP PERIOD 1 STATUS
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E3P First Period (2017-2019)

Europe
aboard the
ISS

World-class
science In
space

Increased synerg
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Propulsion
& power for
first 2 Orion

missions

First Mars
life-search
rover

Europe to
lunar
surface

Tomorrow’s
Mmissions
and tech

between robotic and human exploration
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Since CM16, we have . \Q‘g_esa
v' Agreed a baseline fundlng allocation between E3P programme

activities following CM16
v Confirmed continuation of ExoMars

v Approved two Commercial Partnership projects (ICE Cubes and
Bartolomeo) and first exploration product PPP (IBDM)

v" Annhounced a reduction in the ESA internal costs = increase of
science and technology work

v' Agreed a plan to modernise ISS operations to help maximise
benefits out to 2024, and started a task force to accelerate
experiment delivery

- If the modernisation plan for ISS operations is secured, cost
savings will be further re-invested in SciSpackE and ExPeRT
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E3P Period 1 — Industrial Procurements
New activities not yet authorised (including

Complementary Barter)
288.0 M€

New activivies
authorised (SciSpacE,
ExPeRT, Luna-Resource Major ongoing projects
Lander, ISS Core etc.) (ISS, Orion ESM,

247.5 M€ ExoMars)
662.3 M€

E3P Period 1 Total Industrial Procurements: 1197.7 M€
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. In spirit of Space 4.0, ESA iIs stimulating busmess

partnerships in exploration:

V.

Small, quick payloads aboard ISS — ICECubes (SAS)

PPP for exploration product — International Berthing and —
Docking Module (QinetiQ) .

External payload platform for ISS — Bartolomeo (Airbus)
Transport to lunar orbit & telecoms relay (SSTL/Goonhilly)
Transport to lunar surface (PTScientists)

DreamChaser for Europe (OHB consortium)

AO for Post-1SS LEO ideas

Study of Iunar ISRU technology demonstrator

Y E

A4
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3.
E3P FUTURE PROGRAMME -
OVERVIEW
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Roadmap Towards ISEF, Council 18 and CM19 \ CcSa

A A /N A

A

HoD Workshop | HoD Workshop 11 'Extra HoD HoD Workshop 111 i HoD Workshop 1V
Mission Roadmap inc. ISEF Position iWorkshop  Cornerstone decisions ? i CM19 Decisions
17 Feb 23 Oct 8 Feb | 19 March
HoA Meeting i ISEF and i
(Colorado Springs) ' Industry-I1SEF i
4 April ‘ i 3-4 March i
ISECG NASA 2019 |
SAM Level budget !
Meetin . i
19 Seg (MSR; EMS, International Space for !
Berlin, 24-27 April  Bilbao, !
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E3P Future Mission Roadmap (simplified version) &:esa

Integration of Innovative

Laleste] ERe1q) ol International &
Human and Space Capabilities for

Robotic E;rﬁlngi'a; Exploration Operations in
eET I Al Current P with Society Space

activities

ISS Extension/CMSA Cooperation/Commercial LEO [SaslelEUciNe gR=le)
A > Platforms
: Orion Evolution + Deep Space Gateway Early Human
Orion ESM Missions BLEO
Options to

go from A
Luna Resource towards B

Missions Human Lunar

Exploration

Mars Sample Return ’
ExoMars ) lr_e Huma_m Mars
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Technologles for Space Exploratlon

High power
electric
propulsion
for
flexibility &
efficiency

GNC, energy
and robotics,
Al in
challenging
applications

Radiation
protection
far outside
the Van
Allen belts

O?KFU Schematic

Closed—
In-situ cycle life
resource support to
utilisation minimise
to ‘live off logistics for
the land’ distant
missions

technical challenges for exploration

\% .

\

(§

Radical
ideas: e.g.
artificial
gravity and
human
stasis

European Space Agency



Candidate E3P Elements up to 2030 \“\\“ﬂ‘iesa

CORNERSTONES TECHNOLOGY DEMONSTRATORS

1. LEO exploitation >2024 (1SS and GNC/rendezvous/robotics
transitioning to post-1SS demonstrator
commercial partnerships) ISRU demonstrator

2. Early Human mission beyond LEO
(ESM + DSG) NMISSIONS OFE OPRORTUNINY:

3. Sample return (Moon, Phobos, 1. Cooperation with CMSA on Chinese
Mars) Space Station (CSS)

4. Human lunar surface exploration, 2. Commercialised lunar missions
initiated with robotic precursor (communication, logistic services)
mission 3. Cooperation with CNSA on robotic

lunar exploration

ESA UNCLASSIFIED - For Official Use David Parker | 22/11/2017 | Slide 16
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Possible E3P Programme Structure

LEO Exploitation
(1SS/post 1SS

GNC +
robotics

Platforms) demonstrator

[ cornerstones

. Technology Demo
[] Mission of Opportunity

Human
Missions
Beyond LEO

ISRU

Demonstrator

ESA UNCLASSIFIED - For Official Use
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Mars Sample
Return

Human Lunar
(Robotic)
Precursor

=
—

o
0
o)
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: : : . . O Astronaut Mission
Possible Mission Roadmap (detailed version) Blcorerstones
~ 2 /gl g8 § |8 8 ¥ /8 & % |8 g 8 |MrechnologyDemo
S & |8 & & |& & & |8 R’ & |8 & & |Mvissionofopp.

52 GNC/rendezvous Demo . _ E)égloglta;i:on of
atrorms

O O China Manned Space Station

LEO

H = Exploration

Cislunar

Moon

ESM-1 ESM-2 ESM-3
Beyond Earth
Orbit
Deep Space Gateway Phase 1 T Phase 2
Luna Glob  Luna Resurs ISRU Demo HERACLES Human Mission Hum-an
[ ]chang’e 6 CNSA Cooperation Exploration of
] ] the Moon

ALINA Lunar Pathfinder

BovasTeo Future Robotic

Mars

- Human
NASA Mars 2020 Exploration of
 wesomperem iz
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Future Elements

3.1
CANDIDATE CORNERSTONES
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ISS Beyond 2024 ? {cesa

Policy decision on future of LEO required 1SS benefits today

at CM19 ~ 1 Astronaut mission

v No new ESA infrastructure for ISS foreseen per year

v US defining criteria for ISS retirement e.qg. 300 hours of crew time
status of BLEO exploration and maturity of per year for science
transition to commercialised LEO Regular access to a

v" Further commercialise ESA ISS operations laboratory & resources
and utilisation ? for research community

v' Market stimulation activities ? 500-600 kg/year of

ISS is benchmark for assessing alternatives up/down load for

science/technology

ESA UNCLASSIFIED - For Official Use David Parker | 22/11/2017 | Slide 20
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#2: Beyond LEO Human Exploration

teway, Phase 1 — Current design



Human Mission BLEO QL eSa

Goal: Establish ESA as key partner of NASA in human transportation
and operations beyond LEO

Implementation
With ISS partners (NASA, JAXA, CSA, Roscosmos)
Future phases may be open to new Partners
Balance CSOC 2020-2024 barter plus investments

Decision on roles at Council June 2018, financial commitments at CM19

Outcomes
First European astronaut missions beyond LEO
. Science and research in cis-lunar space

High power electric propulsion technology demonstration
. Greater competence in human transportation & habitation technologies
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European Service Module for Orion
« Studies for upgrade of the ESM3 ongoing

- Various cost reduction options ,J{AP’-

could be considered




Possible ESA contributions to DSG &&esa

e Orion ESM Mk2

 European Hall Effect Auxiliary Thruster (E-HEAT),
a 20 kW Hall Effect thruster string

 European System Providing Refuelling,
Infrastructure and Telecommunications (ESPRIT),
with Avionics/Communication/Scientific Airlock
Module, Docking system, tanks with propellant
(Xe/Hydrazine) with refuelling capability; and
external payload accommodation

« Habitation Module with CO, removal, advanced
habitation architecture and radiation protection.
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DSG - Joint HRE/SCI call for ideas closed 6 October

100 inputs from European science community

» Astronomy — 12

» Earth Sciences — 2

» Life Sciences - 35

» Physical Sciences — 11

» Solar System Sciences - 25

» Other — 15
« ESA’s science advisory structure starting review
« Workshop at ESA-ESTEC (5-6 December)
 Integrate with NASA science definition in 2018

ESA UNCLASSIFIED - For Official Use
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Candidate Cornerstone #3:

Mars Sample Return Mission

Goal: By 2030, return samples from Mars for study on
Earth

Implementation
* Leverage Exomars heritage and 10 years of MREP preparation
* International partnership could be agreed by June 2018

* Decision on implementation phase (B2/C/D) at CM19, if 2026
launch confirmed

Outcome

1. Return of Mars samples cached by Mars 2020 rover for scientific investigations
providing benefits over decades

2. Demonstration of autonomous Mars orbit rendezvous & capture, biosealing and
Earth Return Capsule

3. Capabilities for future robotic sample return missions and human missions

I+] European Space Agency
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The First Round Trip to Mars ?
Mars Sample Return '




MSR Science Definition
»  MSR architecture now converging (NASA Mars2020 = caching mission)

* International science consultation mandated by IMEWG

v~ What science is deliverable

v science interests and dependencies

v" Workshop in early 2018

v" Reporting at Berlin SR conference 7 April 2018
<4 Inj_e,gra red-into an | ternationrt 4 ‘




IMEWG
MSR
Science
Team
2017-18

Total non-US

us
= \ale




Candidate Cornerstone #4: Precursor for Human ¢ @agg
Lunar Exploration \K

Goal: By 2030 demonstrate integrated human-robotic mission
scenario in preparation of human lunar surface exploration

Implementation
» Current study partnership of CSA + JAXA + ESA
* Leverage on Orion, DSG and commercial services
» Decision on definition phase (ExPeRT Phase A/B1) at CM19

Outcome
Return of lunar samples from multiple diverse locations
Demonstration of long range surface mobility and tele-ops
Risk reduction for human missions
Establishment of logistic cargo lander
. Partnership and roles for human mission scenario
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Future Elements

3.2
CANDIDATE TECHNOLOGY
DEMONSTRATORS

— 0l b 2= ™ L I ™= T Il D D R = BT EERE m ¥ European Space Agency



(N
Candidate #1: Lunar ISRU Demonstration Mission &Qﬁ_ cSa

Goal: Produce drinkable water/ breathable oxygen by 2025 with
an ESA industrial procurement budget below 250 M€

Implementation

Procured as commercial services (CM19 decision) for payload
delivery & lunar communications

ESA aim to leverage private-sector developed services (Lunar
Pathfinder, PTS Alina mission, others)

Engagement of new industrial sectors for ISRU payload
development through partnerships

Mission Development
ESA ITT for mission definition study in Sept 2017

ESA ITT for terrestrial demonstrator study (demo plant
breadboard & test campaign) in Jan 2018

Mission concept review in mid 2018
Mission feasibility & preparation phase from mid 2018

David Parker | 22/11/2017 | Slide 33
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Candidate #2:GNC/Rendezvous/Robotics Demonstrator \\\‘“““ -@SAa

Goal: Demonstrate GNC/rendezvous/docking - Current HTV
technologies for exploration, in-orbit assembly,
servicing, debris removal etc.

Berthing demonstration for DSG

Implementation

Leverage JAXA HTV-X demonstration mission to the ISS (with
JAXA and CSA) or SpaceRider test flight

First use of IBDM for docking and berthing
Demonstrate advanced RDV sensors
Build on ATV experience to prove capability for DSG, MSR etc.

Outcomes

Advancement of European skills in GNC, docking & sensors
for both exploration and operational applications

Validation of new European exploration product (IBDM)
Risk reduction for commercial undertakings
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Future Elements

3.3
CANDIDATE MISSIONS OF
OPPORTUNITY
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Candidate Opportunity #1: PPPs on Commercial
Lunar Missions

Goal: Create first European BLEO exploration service businesses

Implementation
 ESA becomes a user of missions already under definition
o SSTL for transport to orbit and telecoms relay
 PT Scientists for surface transportation

Outcomes
. A competitive European exploration services industry
Lunar Pathfinder orbiter implemented
. Science/technology opportunities enabled using Alina

. Services and capabilities support ESA technology
missions such as ISRU demonstrator

ESA UNCLASSIFIED - For Official Use
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Candidates #2 and #3: Cooperation with China (e esa

(CMSA and CNSA)

@

Goal: Position ESA as a strategic partner of China and support
integration of China in global exploration framework

Candidate #1: with CMSA on
Chinese Manned Space Station

 Phased approach, phase 1 decision
at CM19 with limited financial

commitment

Outcome

o Additional opportunities for research
in space and Astronaut missions

* Increased market for European
human spaceflight products

ESA UNCLASSIFIED - For Official Use
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Candidate #2: with CNSA
On Robotic Exploration

Focused on science collaboration and
exploitation of synergies with ESA
missions

Outcome
Access to lunar samples

Additional opportunities for European
payloads to the Moon

David Parker | 22/11/2017 | Slide 37
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Future Elements

4.
AFFORDABILITY ASPECTS
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Preliminary Conclusions \s€eSa

1. The 4 Cornerstone missions & some technology missions and
missions of opportunity affordable with 600 M€/yr corridor:

2. A 650M€/yr corridor would be more robust

3. Near-term dialogue will focus on timely agreement on the
overall plan & Cornerstones to be confirmed in 2018

4. The definition work on technology missions and missions of
opportunity will determine feasibility & affordability by CM19
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