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1.European and International context

2.E3P – progress in Period 1

3.Status and Plans for Space19+

AGENDA
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EUROPEAN AND 
INTERNATIONAL CONTEXT



Four Programmatic Pillars
Science and 
Exploration

Enabling & Support 
(transportation, tech, 

& ops)

Safety and 
Security

Applications



Funding - ESA draft Long Term Plan

3rd Party EC, Eumetsat…

Industrial co-funding

Science and Exploration

Applications Earth Observation, 

Navigation, Telecommunications

Enabling & Support
Transportation, Operation, Technology

Safety & Security
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ESA space exploration average cost 675 M€/yr
(1991 – 2017) – but today only 500M€
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Exploration @ESA is Strategy-Driven

“focused on solar system destinations where humans will 

someday live and work.” 

Global Exploration Strategy Framework Document, 2007

ESA Exploration 
Programme

‘top-down’ + 
optional

➢ step-wise with 
goal of extending 
human reach to 
Mars surface

ESA Scientific 
Programme

‘bottom-up’ + 
mandatory

➢ competitive 
mission selection
among proposals from 
science community
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Why Explore ? 

•The Global 
Exploration 
Roadmap,  
January 2018

New 
knowledge

Challenge 
driven 

innovation

Global 
partners

Inspiration 
Motivation  
Education
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THE GLOBAL EXPLORATION ROADMAP
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2019 ESA Ministerial Meeting – Space 19+

➢ Global context for exploration 
clearer than for many years

➢ What role for Europe ?
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E3P – TODAY AND TOMORROW
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E3P Period 1 (2017-20)

Europe 
aboard the 

ISS

World-class 
science in 

space

Propulsion  
& power for 
first 2 Orion 

missions

First Mars 
life-search 

rover

Taking 
Europe to 

lunar 
surface

Preparing 
tomorrow’s
missions

Increased synergy between robotic and human exploration 
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E3P Period 2 and Beyond:
Once Explorers, Always Explorers

CS#1:
LEO

CS#2:
Humans BLEO

CS#4: 
Mars Sample Return

CS#3:
Lunar Surface
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E3P Cornerstone #1 – ISS and beyond

CONTEXT

 Extension to 2030 discussed by US Senate

 Formal decision in 2019?

 More industrialisation and commercialisation

 Transition 1  3 crew vehicles

ESA ACTIONS

 Integrate and grow ESA + national + commercial utilisation

 Operations Modernisation  more cost reduction

 Market stimulation  link to ESA Downstream Gateway
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“Horizons” mission 

ongoing

• 200% of planned 

science implemented 

in recent increments

2019 Mission of Luca 

Parmitano: Mission 

name and logo released 

on 27 Sept.

Astronaut Missions
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EML

AstroPlant

MELiSSA

• AstroPlant: Contributing to e.g. quality 
education and fighting the habits of 
consumption 

• EML: Development of improved industrial 
alloys

• MELiSSA: Waste water treatment 
technology 

E3P Supports UN Sustainable Development Goals
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ACLS has arrived at ISS!
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SCISPACE WITH ACKNOWLEDEGMENTS TO MARC HEPPENER
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ESA RESEARCH ON-BOARD THE ISS
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✓ Ageing
✓ Cardiovascular
✓ Immunology
✓ Muscle and bone
✓ Neurophysiology
✓ Nutrition
✓ Respiratory system
✓ Thermoregulation

ESA’S HUMAN RESEARCH PROGRAMME

ON-BOARD THE ISS
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Seedling 
Growth-3Arthrospira-B experiment

ESA’S BIOLOGY PROGRAMME

ON-BOARD THE ISS

KUBIK container

WAICO 
experiment
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ESA’S EXOBIOLOGY PROGRAMME

ON-BOARD THE ISS

EXPOSE facility
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ElectroMagnetic Levitator (EML)

ESA’S PHYSICAL SCIENCES PROGRAMME

ON-BOARD THE ISS

Transparent Alloys 
instrument
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CONTINUOUSLY OPEN RESEARCH ANNOUNCEMENTS

Released on 1 October 2018

Individual CORAs for

‒ Sounding Rockets

‒ Drop Towers

‒ Parabolic Flight Campaigns

‒ Ground-Based Facilities

‒ IBER

‒ MAP programme
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SOUNDING ROCKETS

ACHIEVEMENTS IN PERIOD 1

PLANNED ACTIVITIES IN SCISPACE PERIOD 2

• Future solicitation and implementation of experiments through 
dedicated  Continuously Open Research Announcement

• MAXUS-9:
GRADECET, EUGRAPHO, 
XRMON-DIFF,
Perwaves

• MASER-14 (target launch 2019):

XRMON-GF, ARLES

• Texus-56 (target launch 2019): 
Perwaves, ICAPS
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PLANNED ACTIVITIES IN SCISPACE
PERIOD 2

DROP TOWER

ACHIEVEMENTS IN SCISPACE PERIOD 1

• Future solicitation and 
implementation of experiments 
through dedicated Continuously 
Open Research Announcement

• 118 drops serving 7 experiments
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PLANNED ACTIVITIES IN SCISPACE
PERIOD 2

PARABOLIC FLIGHT CAMPAIGNS

ACHIEVEMENTS IN SCISPACE PERIOD 1

• Future experiments through dedicated 
Continuously Open Research 
Announcement

• 2 ESA parabolic flight campaigns per 
year, not limited to microgravity levels.

• 3 ESA parabolic flight campaigns in 2017
18 Physical, 8 Life Sciences experiments

• 2 ESA parabolic flight campaigns in 2018
12 Physical, 7 Life Sciences experiments

• ISLSWG parabolic flight campaign in 2018
4 ESA Life Sciences experiments
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PLANNED IN SCISPACE PERIOD 2

GROUND-BASED RESEARCH FACILITIES

ACHIEVEMENTS IN SCISPACE PERIOD 1

• Future solicitation and implementation of 
experiments through dedicated 
Continuously Open Research 
Announcement

• Re-start of programme in January 2017 
after temporary discontinuation since 2015

• Selection & implementation of 5 proposals
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• 60d Reactive Jump Study “RSL” 
• 60d “Cocktail” Study 
• Joint ESA/NASA 60d Bedrest study “AGBRESA”
• ESA Bedrest Call for Ideas 2017 
• Database for Bedrest Core Data under preparation

PLANNED IN SCISPACE PERIOD 2

Planica (normobaric hypoxia)
AGBRESA     AGBRESA

+RVE

MEDES
AGBRESA     AGBRESA

+PAP             +PAP+BE

:envihab
AGBRESA     AGBRESA

+RSL             +RVE Dry-immersion validation
DI     -6 HDT      +8.5 HUT

Dry-immersion + AGBRESA

BEDREST STUDIES: 
ACHIEVEMENTS IN SCISPACE PERIOD 1

• AO for Bedrest Core Data datamining



ESA UNCLASSIFIED - For Official Use Slide  32

PLANNED ACTIVITIES: SCISPACE PERIOD 2

HUMAN RESEARCH: ANTARCTIC STATIONS

ACHIEVEMENTS IN SCISPACE PERIOD 1

• Implementation of experiments 
solicited from AO-2017-
Concordia 

• Implementation of experiments 
solicited from AO-2013-Concordia

• Release of AO-2017-Concordia
• First science results workshop 

stemming from ESA-selected 
experiments
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The Universal Linear Accelerator (Unilac) at GSI

SPACE RADIATION STUDIES

ACHIEVEMENTS - SCISPACE PERIOD 1

PLANNED ACTIVITIES - SCISPACE PERIOD 2

• Resumption of science activities 
through traditional IBER programme: 
AO-2017-IBER  (11 proposals)

• Release of complementary Continuously 
Open Research Announcement 

• Science through IBER programme at GSI
• CORA
• Preparation for space radiation activities 

with future FAIR facilities
• Focussed research opportunities on-board 

ISS under preparation.
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Eugene Cernan in the Lunar Module
Challenger. (Image credit: NASA)

NEW TOPIC - MOON DUST
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HIBERNATION AND TORPOR
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New EO Science from the ISS

o ATMOSPHERE SPACE INTERACTION 
MONITOR (ASIM):

• Studying giant electrical discharges

• 30-day report: 

‒ Data quality excellent

‒ Extensive observations including 
TGFs

‒ Presentations for AGU



Cornerstone #2:

Forward to the Moon
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Orion

Europe powering the next human 
missions to deep space
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European Service Module for Orion
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ESM-1 Event at KSC
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The Lunar Gateway

By 2025, humanity’s most remote research base

Near rectinlinear halo orbit around the Moon

Unique new science opportunities in a unique 

environment e.g. for space radiation, space 

plasma physics, human research
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47
Gateway Assembly Sequence
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I-HAB

ESA Roles in the Gateway
NASA-ESA ‘Umbrella Understanding’ 
signed 12 April 2018
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• Decision on ESA participation expected in 2019
• Identification of high-importance research areas benefitting from the 

Deep Space / Lunar Orbital Platform Gateway which cannot be performed 
in Low Earth Orbit, e.g.:
• Radioprotection research
• Radiation risk models
• Exobiology
• Space plasma physics
• Cosmic dust sample collection
• Support to robotic surface missions

3-4 ESA “model 
payload” feasibility 

studies in 2019
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Lunar Exploration - Cornerstone #3

A science-driven robotic lunar exploration campaign 

and 

A step towards human lunar exploration

➢achieve strong scientific return

➢advance key exploration technology 

➢exploit the Gateway when available 

➢prepare for human exploration
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Science identified by the community

• The bombardment history of the inner solar system

• The structure and composition of the lunar interior

• The diversity of lunar crustal rocks

• Volatiles at the lunar poles

• Volcanism

• Impact processes and Regolith processes

• Atmospheric and dust environment

• Life sciences and astrobiology

• Fundamental physics

• Low frequency Radio Astronomy

• Space resource utilisation
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o 270 participants from diverse sectors

o Space Resources strategy in preparation 

focussing on lunar resources and their 

role in the future programme

o RFI on Mission Services, technology and 

science payloads for an ISRU mission 

closed in early July

o 117 submissions, 68 entities, 24 countries

o Informing ISRU mission preparation

“Towards the Use of Lunar Resources” 3-5 July
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International Lunar Missions planned 2018-2025

Actor Landers Orbiters

Russia Luna-25, Luna-27 Luna-26

USA NASA & private missions (Moon Express, 
Astrobotic, Blue Origin, Masten etc.)

Private missions 

China Chang’e 4 & 5, Polar missions Chang’e 4 relay 
(in flight)

India Chandrayaan-2

Japan JAXA - SLIM, Selene 2 (TBC)
iSpace Japan (private)

Israel SpaceIL (private)

South Korea Lander (tentative) KPLO

Europe Private - Part Time Scientists, iSpace
Europe

Private (Lunar 
Pathfinder)
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Permanently 
shadowed regions at 
the Moon’s South 
pole, perhaps 
hosting water ice 
stored at low 
temperatures 

false colour !!

Lunar Resource Lander (ESA+Russia)
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CS#3: Lunar Exploration Campaign

Gradually increasing opportunities for science & applied research

Luna Resource Lunar Pathfinder ISRU Demo HERACLES

Precision Landing Cube Delivery ISRU Sample Return
Com/ Nav Services Commercial Mission Extended Mobility
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Ascender (LAE)

Long Range 
Rover

Descender 
(LDE)

Human Lunar Precursor – A prototype for the human 
return to the Moon

Sample Container
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Gateway + robotic missions 

= sustainable human exploration
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Martian north pole & northern Tempe Terra, 2 May 2014 / ESA Mars Express HRSC / ESA, DLR, FU Berlin, Justin Cowart, CC BY-SA 3.0 

IGO

Cornerstone #4

And on to the Red Planet …
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ExoMars 2016 Trace Gas Orbiter Mars orbit insertion, 19 October 2016 / ESA, Roscosmos

ExoMars 2016
On the trail of a mystery… 
Is there methane, oxygen, 
water in the atmosphere?
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ESA, RoscosmosExoMars 2020 rover / ESA, Roscosmos

ExoMars 2020
A Robot Astro-biologist
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Oxia Planum recommended ExoMars 2020 landing site
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ExoMars 2020 UPDATE

➢ Rover environmental test programme completed, PFM 

integration started

➢ Russian Decent Module and Landing Platform FM parts delivery 

delay - schedule crash action at DG level 

➢ avionics test bench under integration

➢ HADT anomaly: drop system did not separate from balloon, root 

cause identified, new test date TBD

➢ Financial contingency increase decision approved at PB-HME 

09/2018.
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Status of Carrier 
Module 

Protoflight Model 
of the Carrier 
Module PFM
Integration
at OHB-D 
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Status of the Carrier Module

Flight harness integration
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ExoMars 2020 Landing Module at Lavochkin
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Status of ALD and Rover Module

ALD QM integration and preparation for thermal test at TASinI
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Status of ALD and Rover Module

Rover Module STM at 
Airbus DS F facilities

Rover LVM at RUAG-CH 
facilities
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The First Round Trip to Mars ?
Robotic Mars Sample Return
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M2020 Rover

SRL Mission

ERO Mission

MRSH Facility(ies)

Notional MSR Campaign Architecture

Launch from 
Earth/Land on 

Mars

Select Samples
Acquire/Cache 

Samples

Retrieve/Package 
Samples on Mars

Launch Samples to 
Mars Orbit

Capture and 
Isolate Sample 

Container

Return to Earth Land on Earth

Quarantine and 
Preserve Samples 

on Earth

Assess Hazards
Sample Science & 

Curation
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ESA’s PREPARATION FOR MSR

 Exploring MSR mission concepts for over 10 years

➢ Mars Robotic Exploration Preparation (MREP) 
programme since CM08

➢ Focus on Sample Return Orbiter

 Strong heritage from ATV, ExoMars TGO and 
BepiColombo

➢ Autonomous orbital rendezvous

➢ Mars Orbit Insertion and Aerobraking

➢ Multi-stage spacecraft and hybrid propulsion 
system (Chemical + Highly efficient solar electric 
propulsion)
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ERO MISSION PROFILE

1. Launch
Ariane 6.4

2. Outbound Cruise
~ 300 – 350 days

3. Mars Orbit Insertion

4. Target Orbit 
Acquisition

~ 400 km

5. MAV Launch 
Coverage

6. RdV and 
OS Capture

7. Mars Departure

8. Outbound Cruise
~ 330 – 380 days

9. EEV Release

10. Earth Avoidance Manoeuvre
~ heliocentric orbit 
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 Mission Firsts  Design Challenges

First return from surface of 
another planet
Round-trip to Mars

First rendezvous around Mars
Rendezvous and Capture in Mars orbit

First bio-contained Sample 
Return
Bio-sealing of unsterilized Mars material

Planetary Protection
Restricted category V mission

Critical launch mass
Full capacity of Ariane 64

Need for high-efficiency electric propulsion

Autonomous rendezvous
Mars light-time delay (~20min)

Autonomous operation (<few km)
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HYBRID ORBITER 
CONCEPT (dual-
stage)

Parameter Value

Wet Mass at Launch ~ 6000 kg

Launch excess velocity 2.52 km/s

Wet Mass in LMO ~ 3200 kg

Mass jettisoned in LMO ~ 1200 kg

Mass returned to Earth ~ 1500 kg

Total CP delta-v 3.7 km/s

Total EP delta-v 9.0 km/s

Return Stage
Full EP return

Drop Stage
Hybrid, EP and CP outbound

Stage jettisoned in LMO

Lightweight Solar Arrays
Heritage from telecom platforms

Provides ~ 30 kW at 1 AU

Solar Electric Propulsion
Thrust ~ 180 mN
Isp ~ 3800 s

Image credit: Thales Alenia Space
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The Capture, Containment, and Return System

JPL payload ensuring bio-containment and safe return to Earth
Breaking the chain of contact of unsterilized Mars material with Earth

Jettison of non-return elements in LMO
Mass saving for return journey

OS Capture
Capture and 
Orientation Module

EEV Protection and Release
Earth Return Module

Break-the-Chain

Containment Module

Image credit: NASA/JPL
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ESA closing technology gaps

Technology readiness is key to lowering mission development risk
On-going European technology developments aim to buy down risk

 TRL 6 by end 2019 is targeted before ERO mission adoption

Credit: NAMMO Credit: Ariane Group Credit: Airbus Group (Sodern) Credit: GMV

High Thrust Apogee 
Engine Qualification

EP Engine Delta-
Qualification

Narrow Angle Camera 
EM

Autonomous Mars 
Rendezvous System 

Validation
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2018 2020 2026 2028 2030

ERO Phase A/B1

Preliminary 
Concept 
Design

2019

ESA Ministerial Council
Implementation decision on MSR

M2020 Launch

ERO 
Launch*
Ariane 6.4

Mars Arrival
ERO Support to 

surface missions 
from LMO

SRL Launch*

ERO Phase B2/C/D

Mission 
Development and 
Implementation

2029

Return 
Opportunity

2031

Return 
Opportunity

Low Mars Orbit
MAV launch coverage 
by ERO and OS 
rendezvous

Notional Timeline

* alternative launch opportunity in 2028, shifting the return opportunities by 2 years
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ESA SFR Industrial activities

 Two main streams

➢ Phase A/B1 to support 

MSR campaign 

➢ Technology development

 Building on 

➢ Heritage of ExoMars and 

past ESA mission to Mars

➢ MREP (Mars Robotic 

Exploration Programme)

2016: TGO & 
Schiarapelli lander

Mars Express

BEAGLE 2

Exomars

Exomars landing
platform
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Operational concept
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MARS / Robert Viglasky, National Geographic Channels

2030’s and beyond
human Mars explorers
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E3P Period 2 and Beyond:
Once Explorers, Always Explorers

CS#1:
LEO

CS#2:
Humans BLEO

CS#4: 
Mars Sample Return

CS#3:
Lunar Surface
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Tomorrow’s headlines ?

… First European scientist now working aboard 

the Lunar Gateway …

… First commercial lunar internet service now 

operational …

… First proof that explorers can ‘live off the land’ 

using off-world resources …

… First round-trip mission to surface of Mars is 

underway …


