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EUROPEAN SPACE TECHNOLOGY R&D BUDGET Eesa

mESA mNational mEuropean Commission

European institutional budgets spent
iIn space technology R&D activities in
2021.

935 M€
in 2021

These activities cover developments,
primarily up to TRL 6.

Ref: ESTMP 2022
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MANDATE esa
(

\

“To provide for and promote, for | *&i&\
exclusively peaceful purposes, '\
cooperation among European states
in space research and technology

and their space applications.”

(~

SN 3

ESA Convention - Article Il Purpose
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ESA MINISTERIAL COUNCIL 2001 @esa

The ESA Ministerial Council, in Edinburgh, on November
2001, invited the ESA Director General and the Member
States, together with the other players) in the space
sector, to:

» Pursue the programmatic coordination and
harmonisation of technology programmes in Europe |
and prepare the European Space Technology Master
Plan (ESTMP) '

» Define roadmaps and harmonised implementation
schemes for the development of critical technologies,
involving industrial funding as appropriate

) including European Commission
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EUROPEAN SPACE TECHNOLOGY R&D

\\_”\‘, ,, european
- = space technology
//I \\" harmonisation

European Mapping, Roadmaps, Strategies

=

//
iz
//ﬁ

&

JTF

Non-Dependence
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on Technology
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Eesa

ESA Technology Strategy,
Compendia, Roadmaps,...

ESA Technology Programmes
(TDE, GSTPR,...)
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European
Commission

Horizon Europe SRIA

EU Programmes:
Horizon Europe,...

National sens
Institutions

National strategies,
Roadmapping

National Technology
Programmes, ...
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OBJECTIVES esa

Fill strategic gaps & minimise unnecessary duplications.
Consolidate European strategic capabilities.

Achieve a coordinated & committed European space
technology policy & planning.

Contribute to ensuring continuity & coherence between
technology & industrial policies.
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OVER 20 YEARS OF HARMONISATION

Major review of Harmonisation (£

201 1 to further refine the process
|

L

2021 Revised Harmonisation
consultation process

ﬁ
European Space Technology

2002 Master Plan (ESTMP) first issued

|
Ceosa,
, B Cesa i e
2009 EC-ESA-EDA Non-dependence process 2017 ESTMP jointly published with
defined based on Harmonisation the European Commission

L

2001 Ministerial Council

ﬁ
European Space Technology

201 4 Harmonisation Conference — ESTEC

ﬁ
2000/ Harmonisation started
with pilot case
p ﬁ
ﬁ
Introduction of systematic

2001 |
Creation of the IPC-
2006
2020 Market Assessment studies

THAG advisory group

I "kllh‘-{\\ '
Py S 2013 100t Harmonisation Roadmap |
i i agreed and released
) /]
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47 TECHNOLOGY TOPICS

Micro And Nano Tech. - MEMS Pressure Sensors, MOEMS and RF-MEMS
Optical Detectors

Array Antennas and Periodic Structures

Critical Active RF Technologies

Photonics o . Frequency and Time Generation and Distribution (Space & Ground)
Actuators Building Blocks for Mechanisms . -
. . Microwave Passive Hardware
Additive Manufacturing . .
) o8 Lidar Critical Subsystems
Coatings {:}

Composite Materials Optical Communication for Space

Cryogenics and Focal Plane Cooling
Deployable Booms & Inflatable Structures

Power RF Measurements & Modelling
Reflector Antennas

ﬁ LB Heat Transport Equipment and Systems Technologies for Passive Millimetre & Submillimetre Wave Instruments
Printed Circuit Boards and Electronic Assembly Technologies Automation and Robotics
Pyrotechnic Devices H Life Support Technologies
Solar Array Drive Mechanisms Cubesat Propulsion
Tech. for Hold Down and Release Mechanisms, and Deployment Mechanisms Chemical Propulsion - Components (including Tanks)
Technologies for Optical Passive Instruments (Stable & Lightweight Structures, Mirrors) Electric Propulsion Technologies
AOCS Sensors and Actuators Fluid Mechanic and Aerothermodynamics Tools
Avionics Embedded Systems M Functional Verification and Missions Operations Systems
On-Board Computers, Data Handling Systems and Microelectronics ﬁ Ground Station Technology

On-Board Software

On-Board Radio Navigation Receivers

TT&C Transponders and Payload Data Transmitters
Electromagnetic Compatibility

Electrochemical Energy Storage

Power Management and Distribution

Solar Generators and Solar Cells

Big Data from Space
- Model Based for System Engineering

System Modelling and Simulation Tools

s ci De-orbiting Technologies
WBad Radiation Environments & Effects
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AN INCLUSIVE COLLABORATION

2 decades of Harmonisation

ESA
European
Cooperating
States

« Up to 10 topics per year

30+ countries involved

Consultation

Support

* Over 1,000 European
Space Entities involved
through open consultations

-

Technology "
Harmonisation ”
Advisory Group "7'@

National

Delegations

« Over 50 ESA experts
Involved per year

AGENCY
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FROM MAPPING TO ROADMAP

ESA leads the Harmonisation. ESA Experts provide the technical knowledge and drive the elaboration of
the Technology Harmonisation Dossiers (THDs) and Roadmaps (RMs).

MAPPING ROADMAP

CONSULTATION A CONSULTATION =3
Space Entities may provide Space Entities may provide high- i E 8
feedback on draft THDs level feedback on draft Roadmaps E== B8

Roadmap Phase

MAPPING MEETING ROADMAP MEETING
Open and free for all European Meeting between ESA, National
Space Entities to join Delegations and the European

Commission. Final Roadmaps are
agreed by National Delegations

11
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FROM MAPPING TO ROADMAP - THD

ESA Experts provide the technical knowledge and drive the elaboration of Technology Harmonisation Dossiers (THDs) and Roadmaps (RMs) including assessing
the inputs received through internal ESA reviews across the agency and with Delegations, and through the open consultations with Space Entities.

. —
1 EXECUTIVE SUMMARY ...o.oooorrooreveeocoomssesereseeeeesssssees oo Austria
Belgium Bl
e 2 INTRODUCTION ... Canada I+l
2.1 Document evolution.....
22 AcronymList.................... Czech Republic e
2.3 Reference Documents................. . Estonia
= 1
rance
3 HARMONISATION PROCESS AND THAG .....cccoovievicniiiicinen,
Germany ==
4 TECHNOLOGY STATUS OVERVIEW.. Greece =
4.1 Technology Description...... Ireland I
4.2 Technology Background..
4.3 Areas Covered by this DDSSler - italy i
@*efs ig Eallc;na\e for Harmonisation of the Technulogy Tech nology State_of_the_art Luxembourg ==
. ey Issues..
T sy o i)
46 Technology Sla e of the An. in Europe HHES Poland wem
4.7 Competitiveness and Benchmarking - & Eu ropean Capabllltles Spain 2
4.8 Technology Trends and Technology Synergies and Transfer Opporlumtles =
481 Trends... Sweden Sim
482 Keyu.ards for Spm in fec.hnalogles/sectors Euroc®nsult Switzerland [EX
4.8.3 Keywords for Spin-Off technologies/seclors ...
Fhe Netherlands mmm
5 MISSION NEEDS AND MARKET PERSPECTIVES.. United Kingdom SiS
5.1 Application to Missions and Market Perspectives .
51 fp Application to Missions P Market Assessment -l MARKET ASSESSMENT IN SUPPORT OF &
512 Market Perspectives . THE EUROPEAN SPACE TECHNOLOGY
5.1.3 Market Opportunities..... wi th E urocons UI t HARMONISATION Ref. Title Description
i AIMA | Develop and qualify technologies for | ATM A refers to technologies for links to reach | Tbps
5.2 European Strategic Interest........... Thps ISL and GSL/SGL through WDM of 100 Gbps channels. It will serve networks
like Laser Light and HYDRON and primarily refers to
OPTICAL COMMUNICATIONS FOR SPACE technologies of the transceiver
6  IMPLEMENTATION OF PREVIOUS ACTIVITIES........c...oecce.. T e e T S Py S Vi o e ST,
6.1 Previous Roadmap and Recommendations Implementation Status T k' f ensure reliable transmission through the | reliable link to be maintained through the atmosphere. This
6.2 Additional Activities. . ra C N g O pa St EUROCONSULT FORESA atmosphere and Ground-Feeder Links | refers primarily in techniques dealing with the Ground
- Terminal Optics for Feeder Links to GEO/MEQ Satellite
6.3 Reference for Priontisation ... Optical Transport Network
6.3.1 Yearly Reference Budget.. Roa d m a p Final Report ADMC | Develop and qualify small LCTs for ATM C refers to high capacity Optical DTEs primarily from
6.3.2 Overall Reference B uc:'get _____ Optical DTEs and Cubesats in LEOQ LEO Earth Observation Satellites and Small Sats
AIMD | Develop and qualify Quantum ATM D refers to Quantum Communications and QKD
\ Communications and Quantum Key
Distribution
7 SUMMARY OF THE MAPPING MEETING ....oovveiisiensciiennns D ” ESJZ'S".TMW ] AIME De\elop and qualify Lunar Optical ATM_ E refers to Optical Communications for the lunar
IS hamoisation v an mone [ 2 o 25 ation distances (the Moon and cislumnar area)
. —————————— o AIMF De\elop and qualify Deep Space ATMF refers to beyond the Moon distances Optical
8 ROADMAP.. NeW Roadma R A e Communications Optical Communications until Satum
8.1 General Development Apprﬂach p AIMB: Developand qualify ion through Faeder links  €20,773 — Communications
8.2 Detailed Development Approach... AMG Develop and qualify small LCTs for Optical DTEs and Cubesats in LEO 050
8.3 Roadmap Planning and Budget Stallstlcs (neXt 3‘5 yea rS) . . i
AMD: Develop and qualify ey €116,125
9 CO N C L U S | O N S AM E: Develop and qualify Lunar Optical Communications £14,100
AMF: Develop and qualify Deep Space C Optical 62,064
- 12
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FROM MAPPING TO ROADMAP - MAPPING

ESA leads the Harmonisation. ESA Experts provide the technical knowledge and drive the elaboration of
the Technology Harmonisation Dossiers (THDs) and Roadmaps (RMs).

D —
S

e CONTRIBUTE TO
« The state-of-the-art in your technology domain
i s

| - Identify key issues
Space Entities may provide

MAPPING
CONSULTATION

e » Express future development needs in Europe
feedback on draft THDs W‘, Ny * Voice your view on the market situation
_ » Ensure your company’s competences are reflected.

BENEFIT FROM
° PP ° o o * Learning about the current state-of-the-art, future
' ' ' ' ' ' technology needs and trends, main players
* Gaining visibility
* Networking with both ESA Experts and other European
MAPPING MEETING Space stakeholders
Open and free for all European * Exploring new potential partners & business opportunities
Space Entities to join « Gaining further insight into market trends and future
technology developments and opportunities
[ ] [ ] | ]
ESA THAG European Commission
f g ¢ 13
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FROM MAPPING TO ROADMAP - ROADMAP

ESA leads the Harmonisation. ESA Experts provide the technical knowledge and drive the elaboration of
the Technology Harmonisation Dossiers (THDs) and Roadmaps (RMs).

CONTRIBUTE TO

« Highlight development gaps

* ldentify unnecessary duplications

» Assess the continuity of critical activities
. * Ensure key issues are addressed

BENEFIT FROM

« Obtaining early access to planned Roadmaps

* Having a chance to contribute to a common view on
future developments

« Comparing your own development plans with the
Harmonisation Roadmaps to support strategy decision-
making or identification of aligned areas of interest

o SR BEREESS
CONSULTATION |- = &g
Space Entities may provide high- - :: g .8
level feedback on draft Roadmaps e T

Roadmap Phase

ROADMAP MEETING

Meeting between ESA, National
Delegations and the European
Commission. Final Roadmaps are
agreed by National Delegations

° ° [
'ESA 'THAG ' European Commission
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HARMONISATION OUTPUTS

Harmonisation Advisory Grot
pean Space Technology Harmonisation Dossie}

1PC ~ Technology Harmanisation Advisory Groug
European Space Technology Harmonisation Do

Harmonisation Document

Management System
(HDMS)

Request access to harmo@esa.int
from a corporate account

Agreed Roadmaps used as a guide in the

definition of technology development Implementation
Work Plans at ESA, national delegations tracking

& other European programmes

15
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https://tec-polaris.esa.int/cas/login?service=https%3a%2f%2ftec-polaris.esa.int%2feclipse
https://tec-polaris.esa.int/cas/login?service=https%3a%2f%2ftec-polaris.esa.int%2feclipse
https://tec-polaris.esa.int/cas/login?service=https%3a%2f%2ftec-polaris.esa.int%2feclipse
mailto:harmo@esa.int

PARTICIPATE AS A EUROPEAN SPACE ENTITY

Harmonisation is voluntary and based on transparency and exchange of information.
Involvement of all stakeholders is crucial to the success of this European initiative

European Space Entities are . &

invited to join Harmonisatiol

* Industry
« R&D Organisations
« Academia

» Associations

*

National Delegations

8 At the core of Harmonisation and
. involved at every step.

Contact your National Delegates:

& . Ms. Liselott Krokstedt

Mr. Christian Hansen

Rymdstyrelsen
Swedish National Space Agency|

Participation channels

European Space Agency

esa-star: registration & tendering
system and single access for all
activities including Harmonisation.

Contact us at harmo@esa.int

Entity new to
esa-star?

@ @ esa-star

PS esa-match

Go to the Registration
module and follow
instructions

Go to the esa-match
module and keep your
technology capabilities &
contact info up to date
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mailto:harmo@esa.int
https://doing-business.sso.esa.int/

TOPICS 2023 - CYCLE 1

Cycle 1 - Finalisation

Coatings

=1 Frequency and Time Generation and
| Distribution — Space & Ground

and Membrane-based Processes)

De-Orbiting Technologies

Harmonisation Topics Event Date

Space Entities Mapping
Consultation

Nov 2022 — Jan 2023

17 — 19 Jan 2023

Mapping Meeting

Space Entities Roadmap

Consultation Mar 2023
Publication of Technology
Harmonisation Dossiers and Q4 2023

Roadmaps

7
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TOPICS 2023 - CYCLE 2

Cycle 2 - Ongoing

Harmonisation Topics Event Date

Photonics Space Entities Mapping Closing on the
Consultation 6" Jun 2023

LISICECHY Mapping Meeting

https://atpi.eventsair.com/2nd-cycle- 13 — 15 Jun 2023
2023-harmonisation-mapping-meeting

Chemical Propulsion — IXS§ =4S
Components :

System Modelling and Simulation
Tools Space Entities Roadmap

Consultation

Sep — Oct 2023

Big Data from Space | Publication of Technology

Harmonisation Dossiers and Q1 2024
Roadmaps

18
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https://atpi.eventsair.com/2nd-cycle-2023-harmonisation-mapping-meeting
https://atpi.eventsair.com/2nd-cycle-2023-harmonisation-mapping-meeting

TOPICS 2024 - Planned esa

Cycle 1 Cycle 2
Cryogenics and Focal Plan Cooling Composite Materials
AOCS and GNC Systems Power Management and Distribution
Electrochemical Energy Storage Electromagnetic Compatibility
Technologies for Passive Millimetre Fluid Mechanics and
and Sub-Millimetre Wave Instruments Aerothermodynamic Tools

Technologies for Optical Passive Instruments

(Stable & Lightweight Structures, Mirrors) Cubesat Propulsion
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EUROPEAN SPACE TECHNOLOGY MASTER PLAN

*  Yearly publication

* Unique reference on European Space Technology | s

2021 ESTMP is the 18t Edition, the 5% jointly published with the European fﬂffﬁfﬁ'ﬁ”’“
Commission (EC) e -

Over a 100 contributors: 31 countries, EC, European Defence Agency (EDA),
ESA programme and experts

ESTMP Content: 7 EUROPEAN

\_ SPACE TECHNOLOGY
MASTER PLAN

A snapshot of the space sector in the global context

European Institutional space technology budgets

Overview of all ESA/EU (31) Member States organisation of national space technology and budgets
Technology Harmonisation and roadmaps

ESA technology programmes

EC and EDA technology programmes and initiatives

- 2022 ESTMP (19t Ed.) is a brochure edition for the 2022 ESA Council at Ministerial
published in November 2022. It is publicly available under this link.

« 2023 ESTMP (20t Ed.) will be a full ESTMP (including National pages) expected Oct 2023

20
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https://indd.adobe.com/view/fb42865e-59c4-4fee-ade0-393a1801e04f
https://www.esa.int/Enabling_Support/Space_Engineering_Technology/Technology_Harmonisation

JTF ON CRITICAL SPACE TECHNOLOGIES

* In September 2008, a high-level workshop on Critical Space Technologies s W Gosa @
for European Strategic Non-Dependence was held with ESA, European I
Commission, European Defence Agency, industry and other stakeholders H

ESA, Commission, and EDA agreed to join forces and created a
Joint Task Force

* The European Non-Dependence [JTF] process was launched for the first
time in 2009, and since then has been establishing joint Lists of Actions

« The 2023 round of the JTF process has been kicked-off on 17 May 2023
with an ESA, Commission and EDA joint event.

2023 2024
JTF Kick-Off Event Mapping Meeting Industry Meeting Meeting w/ Member States Preparing Roadmaps

Approve the JTF Action List for
Technology Non-Dependence

Exchange of Stakeholders on
Technology Dependencies

in Brussels Consultation with Industry on selected items

Exact dates of meetings will be published shortly

21
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CONCLUSIONS

Involvement of all stakeholders is crucial to the success of this European

PARTICIPATE

National Delegations (THAG) /

At the core of Harmonisation and

involved at every step.

Contact your National Delegate:
* Ms. Liselott Krokstedt
*  Mr. Christian Hansen

Rymdstyrelsen

More info at

Swedish National Space Agency

o

European Space Agency

esa-star: registration & tendering
system and single access for all
activities including Harmonisation.

Contact us at harmo@esa.int

~

J

Entity new to
esa-star?

Go to the
Registration module
and follow instructions

Go to the esa-match
module and keep your
technology capabilities &
contact info up to date

:@ : esa-star

Registration

https://technology.esa.int/page/harmonisation

ACCESS

European harmonised and
coordinated technologies with
conclusions reflected in:

» 47+ Technology Harmonisation
Dossiers

* 47+ Harmonisation Roadmaps

» European Space Technology
Master Plan (ESTMP)

15;

|| EuroPEAN
£ | sPAcE TECHNOLOGY

il MASTER PLAN
]z 2021

initiative

FOLLOW

ES ichnology
-®

ed to inform you that the Technology Han isati
of the 2022 Cycle 2 European Space Techn

0 everyone who participated! #te

> EUROPEAN SPACE TECHNOLOGY HARMONISATION

PUBLICATION OF DOSSIERS AND ROADMAPS

3 ELECTRIC PROPULSION TECHNOLOGIES

> HEAT TRANSPORT EQUIPMENT AND SYSTEMS
> MICROWAVE PASSIVE HARDWARE
> OPTICAL COMMUNICATIONS FOR SPACE

Qesa

Follow us in LinkedIn
ESA Technology

for updates

22
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https://technology.esa.int/page/harmonisation
https://www.linkedin.com/feed/update/urn:li:activity:7033527895822102528/
mailto:harmo@esa.int

Thank you for your attention

\\ european

\b\\ll/
— = . space technology

//l \\\ harmonisation

https://technology.esa.int/page/harmonisation

ESA Harmonisation Team
harmo@esa.int



https://technology.esa.int/page/harmonisation
mailto:harmo@esa.int
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