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Aerospace Innovator
More sustainable, safer,
more efficient and

effective
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Industrial partners,
Spin-offs, Start-ups
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ACTUAL SYSTEM PROVEN IN OPERATIONAL ENVIRONMENT

SYSTEM COMPLETE AND QUALIFIED

SYSTEM PROTOTYPE DEMONSTRATION IN OPERATIONAL
ENVIRONMENT

TECHNOLOGY DEMONSTRATED IN RELEVANT ENVIRONMENT
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TECHNOLOGY VALIDATED IN LAB
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BASIC PRINCIPLES OBSERVED

© Royal NLR 2022

.{

\‘l

4



v
\‘ll s v

@9 &E@ R ————
> .
Three strategic themes

@ Sustainable aviation

@ Competitive aerospace

@ A safe and secure society

Royal NLR - Netherlands Aerospace Centre




KA

@
> .
Nine programs

Climate-neutral aviation avtion oSOy Spenations
The impact on people and society )

Safe and competitive operations

Aerospace vehicle development

DEVELOPMENT AVAILABILITY OPERATIONS

Operational availability
Information-driven operations
Future air & space power

Unmanned and autonomous ggz‘g‘mé
Emerging technologies

UNMANNED AND EMERGING
AUTONOMOUS TECHNOLOGIES
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European
Commission
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Horizon Europe

Source: European Commission
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Horizon Europe

Work programme

Pillar 1 Pillar 2 Pillar 3

Excellent Science Global Challenges and Innovative Europe
European Industrial

Competitiveness

* Health
European Research Council « Culture, Creativity and European Innovation Council

+

Inclusive Society

« Civil Security for Society
* Digi H
ecosystems EU-pal’tnel’ShlpS

* Food, Bioeconomy, Natural

Resources, Agriculture and European Institute of L4 Cl ea n H yd roge n
Environment Innovation
Research Infrastructures . .
and Technology « (Clean Aviation

oin esearc entre ° S E SA R3
o Etc.

Marie Sktodowska-Curie
Actions

Clusters

Widening Participation and Strengthening the European Research Area

Widening participation and spreading excellence Reforming and Enhancing the European R&I system

Source: European Commission
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Clean Aviation

» Follow-up to Clean Sky 2
« Duration of 9 years
- Budget:

— 2.4 G€ private contribution (mainly in-kind)
— 1.7 G€ EU-funding (excl. UK)

Strategic Research and Innovation Agenda

« Programme is fully open > e,

« Dutch members of the Joint Undertaking: "
— Royal NLR Hyperlink: SRIA
— GKN-Fokker
— TU Delft
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https://www.clean-aviation.eu/sites/default/files/2021-12/Clean_Aviation_SRIA_16072020.pdf

w7
&

Clean Aviation: programme structure

Dsruptive Low Emissaon
::::::‘:ﬁl:z:::;" Hybrid Electric Regional Zero Climote mpoct
Shart Range Aircraft Short Range Disruptive
— | Comncept (e.g. hydrogen
powered)
Ultra-efficient aircraft
architectures Lisruptive Low Emission Zero Climate impact
Short and Medium | Long Range Disruptive
Range Commercial — Concept
Disruptive technologies Aircraft
to enable hydrogen-
powered aircraft
Source: European Commission
Flight dermonstration in Clean Development of disruptive
Mdation and impact by 2035 technology options
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Clean Aviation /]
Roadmaps
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— 71—

Gas-turhine and its integrafion into the
- = TRLG items
Decision on .

early flight test | mircraftlevel ground festbenches
|
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' Early flight test on hybrid-electric . i

certification and
integration principles
Solutions ready for
operational use

Decision on test bed (ATR 42
Vs 72)

; '
I 300 kW Fuel Cell / ; l Fuel Cell Propeller with ; |
]
| I
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First
Phase

[ [ ]
|
|
I
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] | Source: European Commission
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Green Industrial Architecture:
Eco-Design, No-waste manufacture and production

\‘l N er x End-to-End Sustainability
> Affordable Green Product Green operation and services:
Green materials, components, systems for high rate
competitive introduction & seamless legacy replacement
Clean Aviation
[ Top level Aircraft Requirements Validation et Verification —.
Overall architecture & Validate @ TRL6
Road ma pS Al it I'm——_‘“m‘_> monstrati | ofinances Propulsive
Design L'SHTW >@ @ Green Conospt Feasibilty demonstrated effiﬁienc:vs.
. Demonstrators neutrali
Short Medium Range 1/2 MM ' : —
® )* e
Q
_ Link to CA *.__enable H2 [ High-Power Class Lig H2 Propuision Campaign
iy rl L s
Popaon e
High-Power Class Liq H2
Demo / Test
[New Materials ] Uttra light Fuselage @ [ Rules & Regulation, Safety, Risk Analyses )* T'a::lpdeté:?n%

[Modular & Decoupied Cabin & Airframe

= LH2 Tank D
Uttra o . o

e [Zero emission fiying Technologies V@ ' >
oo | Etectrical Systems / Energy Storage / Network & Distribution Architectures >
&

Auframe [ wing design and operational performance ; [ Configuration fight demo on

. scaled test bench

Functional component Q _— =
Integrated Wing I Route t:;:;ﬁcaﬁm demonstration >
Source: European Commission test
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Clean Aviation
Roadmaps

Short Medium Range 2/2

Green Industnial Architecture:
Eco-Design, No-waste manufacture and production
End-to-End Sustainability

Towards Climate Neutral Flying:

Green fuel, fuel efficiency, ight-weight

maximum asro! low-drag performances
Affordable Green Product:

Green materials, components, systems for high rate
competifive infroduction & seamiess legacy replacement

[ Automated ground operations & Minimized A/C tum around fime \'/ > time reduction
[ Industrial architecture for Platform concept enabling disruptive H2 technologies ) Overall Process
End-to-End i
Manufacturing |Humm Operations and overall Industrial Systems Opfimisation * mdh:‘::“mh
| End-to-End Sustainability for No-Waste Production and Zero Environmental Impact > 50%

Source: European Commission
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Clean Aviation
Roadmaps
Hydrogen Disruptive tech to enable hydrogen-powered aircraft

« Climate impact assessment

« Propulsion system
— Storage and fuel distribution
— Combustion
— Fuel cells

« Safety and certification

« Demonstrators

© Royal NLR2022 | 14
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Clean Hydrogen

» Follow up to Fuel Cell and Hydrogen
(FCH)

« Covers nearly the complete ecosystem

- Budget:
— 1 G€ EU-funding
— >1 G€ private contributions

* Programme is fully open

« Dutch members a.o.
— Royal NLR
— Marin
— TNO
— Vopak
— Etc.

ﬂ Hydrogen ﬂ
“

w Europe

Hydrogen Europe

Research

Strategic Research and Innovation Agenda

Final Draft
October 2020

Source: Hydrogen Europe
Hyperlink: SRIA
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https://hydrogeneurope.eu/wp-content/uploads/2021/11/20201027-SRIA-CHE-final-draft.pdf

L

Clean Hydrogen: overview

Comms

Knowledge

Int’l coop.

PILLAR H2 PRODUCTION

SO1 Produce Clean H2
RMO1 - Electrolysis
RMO2 - Other modes of production

SO2 Integrate renewables
RMO3 - Role of electrolysis in the
energy system

SO7 Decarbonise Industry

RM17 - H2 in industry

Integrated H2 ecosys:

PILLAR H2 DISTRIBUTION

SO3 Deliver Clean H2 at low cost
RMO4 -
RMOS -
RMO6 -

RMO7

RMOS -

$10 Cross-Cutti

Large scale storage
Pipeline transport (grid)
Liquid carriers
Non-pipeline transport

Key technos for distribution

S04 Develop H2 infrastructure

RMO9 - HRS for multiple applications

ns (ports

Airports,

SO5 Compeﬁﬂvl‘ﬂl'w'
RM10 - Buu!d{ng _

RM12 - Manume(rmm&)
RM13 - Aviation (ine. Sirports)

RM14 - Rail

SO7 Decarbonise Industry

RM17 - H2 in industry

industrial hub:

up
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Source: European Commission
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Clean Hydrogen: Aviation

2\ Pillar 3:

European‘ - L 4

Hydrogen

Week 3.1.E Aeronautic Applications

OBJECTIVES

1. Improving overall system and stack performance for scalable FC in terms
of power density, durability and availability;

2. Reducing NOx emissions of turbines;

3. Addressing Airport infrastructure (of both liquid and compressed hydrogen)
and refuelling tech / procedures;

4. Developing aviation dedicated technological bricks, focusing on on-board
storage, distribution components and systems of liquid hydrogen.

5. Addressing safety and regulation, specific to hydrogen for aviation
applications

Hydrogen End-Uses: Transport Applications

Building Blocks E'-
Heavy Duty g&

=2

=
Waterborne /“\

Aeronautic %

e

End-use:
Transport Applications

»'fEUH drogenWeek
anHydrooen ‘ - E ekt
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RHIA Hydrogen Valley?

Horizontal Activities (2)

European

Hydrogen

Week 2. Hydrogen Valleys

MAIN OBJECTIVES

1. Innovation in integrating several technology elements together to improve overall
synergies, facilitate sector coupling and improve energy and economic efficiency of
the whole system;

Improved security and resilience of the energy systems;
Demonstration of new markets for hydrogen;

Complementarity of the development of hydrogen with RES, integration with other
technologies, existing infrastructure, etc;

5. Assessment of the availability and affordability of clean energy provision for
industry and city uses.

. Sg

Cross-cutting

Supply Chain

-::-

Strategic Research
challenges

‘ Horizontal Activities ‘

#EUHydrogenWeek - uropean
#CleanHydrogen FCH E rriss
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How can we help?

* NAG and NLR:
— are available for questions,

— will actively follow the work programmes and Calls for Proposal and
approach Dutch parties in case of possible,

— can help finding partners (e.g. via EACP, EREA, IMG's, EASN),
— can be a partner in your consortium.

* NLR MKB-ondersteuningsprogramma
— 50% subsidy on project cost.
— “Engineer 4 a day” consultancy at no cost.

© Royal NLR2022 | 19
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Fully engaged

NLR - Netherlands Aerospace Centre
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Anthony Fokkerweg 2 Voorsterweg 31
1059 CM Amsterdam 8316 PR Marknesse

The Netherlands The Netherlands

p)+31885113113 p)+31 8851144 44
e ) info@nir.nl i) www.nlr.org e ) info@nir.nl i) www.nlr.org




