Sustainable aviation

Business threat or business opportunity?
“Look, think and act differently”

Louis Aartman
Aviation Business Consultant
Lucht- en Ruimtevaart Nederland
NAG Segmentenbijeenkomst 27-9-2019
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LOOK DIFFERENT
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The Global Risks Report 2019 - 14th Edition

Figure IV: The BEvolving Risks Landscape, 2009 — 2019 .
World Economic Forum

Top 5 Global Risks in Terms of Likelihood
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Source: World Economic Forum 2009-2019, Global Risks Reports.
Note: Global risks may not be strictly comparable across years, as definitions and the set of global risks have evolved with new issues emerging on the 10-year horizon. For example, cyberattacks, income disparity and unemployment entered the set
of global risks in 2012. Some global risks were reclassified: water crises and rising income disparity were re-categorized first as societal risks and then as a trend in the 2015 and 2016 Global Risks Reports, respectively.



THINK DIFFERENT while looking at the trends
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Demographic
2019 : 7.7 billion Sustainable Energy Electrification

2037: 9.0 billion Growth Trade wars Emissions
2050: 9.7 billion Growing middle Fragmented

2070: 10.5 billion class World
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[Source: EUROPEAN AVIATION IN 2040, CHALLENGES OF GROWTH, Eurocontrol, 2018]



Known technology, operations
and infrastructure measures

I Biofuels and additional
new-generation technologies

B Economic measures

=== Net emissions trajectory

» =« ‘No actions’ trajectory

Improve fleet
fuel efficient by
1.5% per year
from now until
2020.
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through carbon
neutiral growth

2030 - ---------
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. No action

o2t Opportunities
for incremental
innovations by

industry

Opportunities
for radical
technologies

-50%
CO2 emissions
indexed to 2005

By 2050
aviation carbon
emissions will be
half what they
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ACT DIFFERENT

Transition into a sustainable aviation ecosystem

(

Growing demand

Dptimisation

Stabilisation
Destabilisation
T—— Institutionalisation
Chaos
Emergence
Breakdown
Acceleration
Experimentation Opportunities Phase-out
2019 2070
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Source: Loorbach, 2017



Netherlands among the frontrunners in 2030

Ontwerpakkoord
Duurzame
Luchtvaart

A problem-solving approach to fuel innovation-led growth

by Mariana MAZZUCATO

'l;’;?r 3

Viersie 119~ 02 - 11

Slim én duurzaam

Meer kansen en 30% minder CO2 in 2030 voor de Nederlandse luchtvaart

In hybrid electric aviation
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Government of the Netherlands

Action Programme Preparation 2019 Phase g

Commercial Aviation )A|R|_|NES

Advancing your
Aerospace and Airport Business

Resultaten SWOT— Reductie CO2 door Elektrisch Hybride Vliegen

STRENGTHS WEAKNESSES o
- Cryogenics (1] + Gelirek 2an OEMs en integrators. (ADSE]

¥ennis en kurde van waterstofdrukvatten. {Pronexcs) + Geen motorfabrikanten. Geen volledig viegtuig wordt in

Mesr dan 100 jaar ervaring in luchtvaartindustrie {NAC) Nedzrland gebouwd. {NLR) w"
+ State of the art, software for design and engineering far E & H flying. + leder voar zich e Kein (NAC]

{Siemens) * IPen Gesign capatilities zitten nist dicht genoeg bij designers van Ro ad map 2025-2040

nieuwe motoren {OEMs]. Elektrisch/Hybrid. (Bosman)

NL hesft géén sigen viiegtuigbouwer, dus afhankelifk van grote
OEMs. (KLM)

Markt = CFRP drukvaten voor waterstof opslag (350-700 Nederland voert pro-actieve discussie met
har] (Pronexos] =ngine OEMs (KLM EEM)
* “Depiname in projecten TUD: Vi, ™AHEAD™ + Systeemontwermer en leverancier voor o o
(KLM E&M)" in viiegtuigen [ |
= We werken veel intensiever met elkaar samen = We zijn op elkaar in erkt en doen
OPPORTUNITIES THREATS (DGTA) in:mjaﬁ;ul mes ET:pe:iain. (DGTA)
= Demonstrators, city aidus, E-fan-x, extra 33 LE {Shemens) * Infrastructire (airport, fuel, subsidy) net In place {-)
* Drastically shorten time to market (Slemans) + Lange ontwikkeltjd, lange terugverdientid (NLR) Product 100% bicfuels na certificatie wijngingen (nu 50- = Elekirificatie van subsystem: all drone matars
= Forelgn government roadmags {ADSE) - Publicke opinie tegen luchtvaart, we gaan te langzaam (DGTA) TRL7-9 50 blend) [KLM EEM) {Aeronamic]
* Inchusion GKN engine syster and GKN automeotive (Fokker] - FRegelgeving, | kk wan fuel cell, | *  Elektrificatie van subsystemen + Cahin
+ Medarland i ulthem Land om korte afstand alektrisch vhiegen pilot te + Strenge regelgeving (NLR] pressurization, cabin coofing, DRIGES, OBOGES

starten, Paalen alrlines an OEMs {Bosman] en small drone motors <100 KW (Aeronamic)
Nigiswe markt bledt exportmogelijkheden (NLR) - {350-700 bar] i
Praat met Lightyeas Helmend, auto op bass van zonnecellen, [Egmend] woor in-flight toepassingsn, (Pronexos)

Toename in mastschappelik drasgviak voor verduurzaming van de
Wichtvaart {NLR) Technology Ontwikkeden en fabriceren van  +  Cryomeen CFRP drskvat voor waterstof, Effecten van néeuwe technologle worden

Usgentie van Kimaatverandaring neemt toe |NLR) TRL 4-6 hittebestendige compasiat (Pronexss) zichtoaar (DGTA|
eel niewwe Keinere OEMs, drones, urban mobility » doorgroelen naar onderdelén. Ceramic Matrix + Door samenwerking s de technologle bekend
regianal sircraft? (NLR] Compesites {CME] {Bosman] an toegepast (DGTA)

“Ontwikkelen ““dubbel flow ducts [ tubing™
heat exchangers (Bosman]”

Propulsicn phis cryosystem and lange drone
meotors (> 100 kW) (Aeronamic)

Segmenthljeenkamst Alrcraft Manufacturing

RED RED ontwikkeling in cryogene
TRL1-3 technologle (Pronexcs)

TUDelf
elrt o

tijdens onderhoud: testen [
Dedicated to innovation ln aerospace

proefdrasten (KLM EEM)

itrisch Viegen - Aeronamic, Almelo

Smart mobility. Dutch reality.




Strengths

Weaknesses

> /

Opportunities
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Embrace change: LOOK, THINK & ACT DIFFERENTLY

_ov e vow

e Zero fossil fuel emissions
e Radical new (propulsion)
technologies
e Electrification
e Hybridisation
e Hydrogen
e Impact on MRO
e Impact business models

e Opportunity for
transition aviation
ecosystem

e Time to rethink ways
for cooperation

e Qutline AHEV
Programme under
construction

A

Lucht- en Ruimtevaart Nederland

ncing your

m e
Aerospace and £

\irport Business

* In national and
international
cooperation, with
research, industry,
government, OEMS
and airlines

e ..in a fragmenting
World

e significant
investments

Smart mobility. Dutch reality.
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