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Abstract

Challenges of supplier engagement in early stage technology development in the context of
hydrogen propulsion equipment development for aircraft are uncovered. The challenges are
viewed from the perspective of the engineering team members within the Liquid Hydrogen
storage and distribution department in Airbus’ ZEROe project. A qualitative action research
approach is taken to gain an in-depth understanding of the context and the stakeholders’
perspectives. Through interviews, observational studies, and document analysis, a code base
is developed and analysed.

At the highest abstraction level, the analysis

finds that uncertainty around hydrogen

technologies for aviation drives the supplier Uncertainty
engagement challenges. When /' w
requirements, specifications, deliverables,

and development timelines are uncertain,

suppliers are in many cases unable to

engage. Concretely, the technological g:;;';gr‘jf;f;'s' Over-caution
uncertainty leads the engineers to be overly

cautious in the development of their

equipment’s requirements. Over-caution

leads to very challenging or impossible K Challenging / ‘/
requirements which overload suppliers, i
especially non-aerospace suppliers. This

ultimately leads to unsuccessful

engagement, limiting the learning potential.

Consequently, the lack of learning fuels the Figure 1: Uncertainty feeds unsuccessful
uncertainty in a perpetual positive feedback engagements

loop (see Figure 1).

This research proposes two roadmaps detailing behavioural change through a ‘mindset shift’
of the internal stakeholders to break the uncertainty-fueled cycle mentioned above. The
roadmaps link the ZEROe developments until 2030 with the value proposition to suppliers,
assets and processes, and the development deliverables. Additionally, the research findings
are implemented in the communication materials the engineers use during the Request For
Technical Information (RFTI) phase towards suppliers. Through using lessons learned from
earlier engagements, the requested RFTI process deliverables are tailored. By building up the
technical complexity and load throughout the development, suppliers are less overwhelmed at
the start, improving the chances of successful engagements.




Preface

As | sit here writing this preface, | am filled with a mix of excitement and gratitude. This thesis
research has challenged me in many ways and has offered me opportunities that | could not
have anticipated. From dreaming about research methods to sticking my head in an aircraft’s
fuel tank, | have experienced it all.

First and foremost, | would like to express my gratitude to the Chair of my thesis committee,
Prof. mr. dr. ir. Sicco Santema. When | first proposed my thesis topic to Sicco, he was
immediately enthusiastic and helped me set it up. Although this was not easy due to many
confidentiality challenges, we managed to make it work. His guidance, professionalism, and
engagement during the thesis process was excellent and much appreciated, also from the
company'’s side.

| would also like to thank my mentor, Dr. Euiyoung Kim. Euiyoung supported me on a bi-weekly
basis throughout the research process. Thanks to his sharp eye and ability to package
feedback effectively, | felt very supported throughout the project. By referring me to relevant
academic work, connecting me with peers working on similar projects, and being my sparring
partner, | learned a lot.

Dr. Peter Lucas was the hydrogen expert associated with this thesis project. | would like to
thank him for the interesting exchanges we had on everything related to hydrogen. By
connecting me with industry professionals, | was able to gather data for this project which
offered valuable insights in how supplier engagement takes place in other similar contexts.

Lastly, | want to thank my company supervisor Robert Kosch. Robert supported me on a
weekly basis during this project and helped me navigate through the complex stakeholder
network. Thanks to his and his team’s welcoming nature, | felt right at home from the start.
This allowed me to freely collect the necessary data which enabled me to conduct thorough
research.

Before diving into the research, | leave the reader with a quote. | suggest reading it once
before reading the thesis work, and once after again.

‘Exploration is a state of mind. If we want to innovate and achieve impossible
goals, we have to understand that the only obstacle to succeed is our own way of
thinking; it's the accumulation of beliefs and habits that keep us prisoner of old
certitudes.” - Bertrand Piccard

Jan-Willem van Zwieten
April 11th, 2024




Table of contents

Abstract
Preface
Table of contents
List of acronyms and abbreviations
Introduction
+ Core problem
+ Research goals
Background
+ Aeronautics
+ Airbus & ZEROe
+ Stakeholders
+ Internal organisational map
+ External stakeholders
Literature review
+ Propulsion technology innovation in aeronautics
+ Hydrogen in aviation: a radical innovation?
+ Major challenges
+ Supplier engagement in early stage technology development
Research approach
+ Stakeholders identification
* Interview participants
+ Data gathering
+ Data analysis
* Preparing the raw data
* First cycle codes
* Interview transcripts
+ Meetings with suppliers field notes
+ Team and organisational meetings field notes
+ Technical review meetings field notes
* Internal supplier selection meetings field notes
+ Post first cycle coding
+ Second cycle
+ Post second cycle coding
Results
+ Second cycle coding results
+ Group 1
+ Engagement enablers & Interacting
+ Group 2
+ Link to Interacting
+ Post second cycle results
Discussion
*+ General findings
+ Research questions
+ Towards a design challenge




Table of contents

+ Design challenge: Finding an efficient way of collaborating
+ Analysis challenge: Defining the right incentives and fit
+ Design challenge: Having a clear strategy
+ Choosing a design/analysis challenge
Design phase
+ Scope
+ Design challenge: Tailoring way of working
+ Approach
+ Participants
+ Session 1: Problem finding
+ Session 2: Idea finding
*+ Results
* Findings session 1
+ Findings session 2
+ Problem owner debrief and conclusion
+ Design form
+ Roadmaps
+ Strategic roadmap
+ Tactical roadmap
+ Implementation of tailored RFTI process
+ Validation
+ Roadmaps validation
+ lteration 1
+ lteration 2
+ Tailored RFTI process validation
Conclusion
Reflection
+ Research execution
+ Validity, reliability and generalisability
+ Sessions
+ Applying strategic design methods to a technological context
Recommendations
+ Communication
+ Open collaboration
+ Development processes
Limitations & Further research
Literature
Appendix A
Appendix B
Appendix C
Appendix D
Appendix E
Appendix F
Appendix G
Appendix H

43
43
44
44
47
47
49
49
50
51
52
54
54
54
55
56
56
58
60
61
63
63
63
64
65
67
68
68
69
69
70
71
71
72
72
73
74
79
80
86
88
94
95
99

104




Table of contents

Appendix | 105
Appendix J 106
Appendix K 107




List of acronyms and abbreviations

CDR = Critical Design Review

CEO = Chief Executive Officer

CFD = Computational Fluid Dynamics

CG = Centre of Gravity

COTS = Commercial Off The Shelf (equipment)
CRA = Cooperation & Research Agreement
DMU = Digital Mock-Up

DAL = Design Assurance Level

DRL = Data Requirement List

EIS = Entry Into Service

ESI = Early Supplier Involvement

H2 = Hydrogen

HLPTS = High Level Product Technical Specification
IATA = International Air Transport Association
iCPS = Integrated Creative Problem Solving
IP = Intellectual Property

IPCC = Intergovernmental Panel for Climate Change
loT = Internet of Things

ISSM = Internal Supplier Selection Meetings
JDP = Joint Definition Phase

LH2 = Liquid hydrogen

MLI = Multi-layer insulation

MWS = Meetings With Suppliers

NDA = Non-Disclosure Agreement

NPD = New Product Development

NPSH = Net Positive Suction Head

OEM = Original Equipment Manufacturer
SE = Supplier Engagement

SES = Supplier Equipment Specification
SoW = Statement of Work

SRM = Supplier Relationship Management
PDR = Preliminary Design Review

PR = Aircraft General Plan Review

PTS = Product Technical Specification

RDA = Research & Development Agreement
RCP = Requirements Convergence Phase
RFP = Request For Proposal

RFTI = Request For Technical Information
R&D = Research & Development

R&T = Research & Technology

SAF = Sustainable Aviation Fuel

S/R = Safety & Reliability

TOM = Team and Organisational Meetings
TRL = Technology Readiness Level

TRM = Technical review meetings




Introduction

Especially in the last decade, temperature records are being shattered almost yearly. All over
the world, extreme weather events in the form of draughts, storms, and flooding, are occurring
more and more often. At the time of writing, we are experiencing the tenth consecutive month
of record-breaking warmth (Copernicus, 2024). According to the Intergovernmental Panel for
Climate Change (IPCC), strong and sustained reductions in emissions of carbon dioxide and
other greenhouse gases would limit climate change (Calvin, 2023). For this to happen we have
to reduce and ultimately stop the use of fossil fuels. We will have to find sustainable
alternatives for our energy needs.

Driven by ‘flygskam’, changing regulations, and worries about its licence to operate, the
aviation industry is pushed to change its ways away from fossil fuels. The aviation industry is
known to have emissions that are ‘hard to abate’, meaning that there are no easy alternative
sustainable energy sources. Aircraft require enormous amounts of energy to propel
themselves (and their passengers) through the air. On top of that, there is the special
constraint for aircraft that the energy carriers must be low in mass and volume per unit of
energy. When looking for fuel alternatives, it means that aircraft manufacturers are limited to
energy carriers with very high energy densities. Figure 2 plots the volumetric energy density
against the mass energy density of several energy carriers that could be considered for
aircraft propulsion (adapted from Gangoli Rao, 2015).
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Figure 2: Volumetric and mass energy densities of common energy carriers (Gangoli
Rao, 2015).




As can be seen in Figure 2, kerosene has a relatively high energy density per unit of volume
and mass. Ideally, we would find an alternative energy carrier with similar or better
characteristics and no carbon emissions when consumed. There are Sustainable Aviation
Fuels (SAF) which are practically kerosene produced from renewable sources such as
biomass (e.g. used cooking oils). As the carbon in these ‘net zero’ fuels has its origin in a
renewable source, the CO, balance in the atmosphere does not change when emitted (Ng et
al. 2021). The benefit is that this type of fuel can be ‘dropped in’ to existing aircraft enabling
net zero carbon emission aviation without having to design new aircraft propulsion systems.
The drawback is that these fuels still produce non-CO, emissions such as soot, NO,, SO, and
H,O. Nothing comes quite close to kerosene when looking at energy carriers with no/low
carbon emissions. However, there is one outlier in the far right corner of Figure 2: hydrogen. In
its liquid (cryogenic) form, it is about three times lighter than kerosene. It is also four times
more voluminous. Could sustainably produced liquid hydrogen be used as a fuel for
sustainable aviation? Theoretically speaking, hydrogen could power commercial aircraft.
Technically speaking, there are many challenges.

As was demonstrated by Figure 2, there are practically no other options than hydrogen if we
want to fly commercially without emitting any carbon dioxide. While it is not an easy feat,
there are initiatives trying to develop hydrogen propulsion technologies for aircraft. One such
initiative is ZEROe, a project run by the European aerospace company Airbus. This research
uses ZEROe as a context and aims to shed light on just a tiny part of the sustainable aviation
puzzle as a whole.

In the last part of this introductory section, the core problem and the goals of this research are
discussed. Following the Introduction, the Background section details relevant background
information to contextualise this research and its approach. Then, a brief Literature review is
given exploring propulsion technology innovation, hydrogen as a fuel for aircraft, and the
existing work on supplier engagement in early stage technology development. After that, the
Research approach chapter explains the approach to the research of the exploratory phase.
The Results chapter then details the findings from the exploratory phase. The report
subsequently transitions into the identification phase where the challenges are identified
among the findings. This is what the Discussion chapter elaborates on. The next chapter,
Design phase, takes the identified challenges from the previous phase and formulates a
design challenge from them. It also presents several design outcomes. The Conclusion then
concludes on these thesis’ research and findings. In the Reflection chapter, | reflect on the
research process and the design outcomes.The second to last chapter is Recommendations
which summarises the most important findings into recommendations for Airbus. Lastly, the
chapter Limitations & Further research highlights the research’s limitations and avenues for
future academic inquiry.

Core problem

Developing a new commercial airliner aircraft type is a major challenge. Aircraft program
development timelines last for many years if not decades. For instance, the development of
the Airbus A380 started in the early nineties while the first aircraft entered into service in
2007. Two of the world's most popular aircraft types, the Boeing 737 and Airbus A320 are
designs that originated from the 1960s and 1980s respectively and are still operating and
selling today (Airbus, n.d.)(Amir & Weiss, 2024). A clean sheet commercial aircraft design
requires enormous amounts of resources to complete. Among other aspects, it requires




enormous amounts of resources to complete. Among other aspects, it requires stable (public)
funding, know-how, and reliable supply chain partners throughout the aircraft development
program. This thesis focuses on the last of these three topics, the supplier engagement.

As this thesis is undertaken at Airbus ZEROe, it focuses on the supplier engagement aspects
within this project. The internal stakeholders of the project have stated at the start of this
project that Airbus is facing challenges in engaging suppliers effectively in the development of
equipment and systems for its new hydrogen aircraft. One of the explanations given is the
lack of a competent hydrogen-aviation supplier landscape. However, there are more
challenges. What these challenges are and what drives them is currently unclear and forms
the core problem for this thesis. Hence, | am to uncover these supplier engagement
challenges and highlight the drivers that must be resolved in order to successfully develop
equipment for commercial hydrogen-powered passenger aircraft.

Research goals

As mentioned, the research for this master thesis on “supplier engagement in early stage
technology development” is undertaken at Airbus and specifically within the Liquid Hydrogen
Tank systems teams of the ZEROe project. The goal of this research is to uncover the drivers
of supplier engagement in early stage technology development in the context of hydrogen
propulsion technology development for aircraft and to implement the findings in a design
intervention to improve the engagement. To that end, the ZEROe project is taken as a case
study as the technology being developed in this project is in early stages and is reliant on
extensive buyer-supplier interactions for the development. Within ZEROe, the Tank systems
teams offer a context to test design interventions. | am integrated in the research context as
an action researcher.

To approach this research in a structured way, it is divided into three phases:
1. Exploratory phase
a. Goal: understand what the status quo of supplier engagement is within the context of
Airbus ZEROe
b. Main research question: What are the stakeholder perspectives on supplier engagement
within the ZEROe project?
2. ldentification phase
a. Goal: identify the challenges around supplier engagement in the context of the Tank
systems teams
b. Main research question: What challenges do the stakeholders face in engaging in joint
early stage hydrogen propulsion technology development for aircraft?
3. Design phase
a. Goal: design an intervention or carry out deeper analysis around an identified challenge
and test/deploy it within the ZEROe Tank systems teams context.




Background

To contextualise the research approach and later on its findings, some background
information on the aviation industry and Airbus is relevant. This section details what makes
aeronautics different from other industries. It also details the Airbus and ZEROe
organisations, the projects within the organisations, the stakeholders involved, and the design
challenge at hand.

Aeronautics

What sets the context of this thesis apart is that it is set in the very risk-averse aeronautics
industry. There are good reasons for this risk aversion. Similar to the nuclear and chemical
industries, companies active in aeronautics cannot afford to create unreliable and unsafe
products (Grabaskas, 2022). Any abnormal events during operations can lead to reputational
damage and major financial losses for the companies involved. A recent example of this is
the door plug debacle plaguing the Boeing 737-900ER aircraft. Defects on supplier delivered
equipment caused a door plug to malfunction during flight. This resulted in a grounding of the
fleet for extended periods of time (Federal Aviation Administration [FAA], 2024) and huge
public backlash. It is no surprise that the highest priority within new product development at
aircraft OEMs is safety, especially when it comes to supplier equipment. This also explains
why the aeronautics industry is slow at implementing radically new technologies. Risks are
preferably avoided rather than managed (Cummings, 2020). This begs the question if the
aeronautics industry is capable of radical propulsion technology innovation while keeping the
safety standards as high as they have been in the recent past. This is a major challenge in
developing novel hydrogen propulsion technology for aircraft at Airbus.

Airbus & ZEROe

With over 130,000 employees, Airbus is one of the world’s largest aircraft manufacturers. The
company'’s history goes back to the 1960s when the German and French governments pushed
for aircraft development that would make aviation accessible to the masses. Throughout the
years, Airbus has established itself as a leader in the aeronautics industry and has a strong
business in the defence and space industries. More recently, the corporation has made it its
mission to create sustainable aviation for the masses which is reflected in its motto: We
pioneer sustainable aerospace for a safe and united world (Airbus, n.d.). In 2020, before the
International Air Transport Association (IATA) announced the industry’s pledge to become net-
zero by 2050 (IATA, 2021), Airbus announced ZEROeg, its project to develop the world’s first
hydrogen-powered commercial aircraft. Such an aircraft would not emit any carbon dioxide
into the atmosphere during operation. The ZEROe pre-programme aims to mature all
technologies needed to bring a serial production-ready hydrogen-powered passenger aircraft
into service by 2035.

10



Stakeholders

This section highlights the stakeholders involved in the supplier engagement at Airbus ZEROe.
It covers high level internal organisational maps of Airbus, the ZEROe organisation, and the
Tank systems teams. Following that, an external stakeholder map displays the relations of
suppliers to the organisation.

Internal organisational map

Airbus has three main divisions: Commercial, Helicopters, and Defence & Space. While the
other two speak for themselves, Commercial holds all of the business around Airbus'’
commercial passenger aircraft programs such as the A350, A320, etc. Throughout all of these
divisions, there are Research & Technology (R&T) activities. Within R&T, new promising
technologies are explored, developed, and matured before being handed over to the
respective product divisions. Up until February 2024, the ZEROe project was an R&T project,
meaning that it was not officially part of any of the aforementioned three divisions. Figure 3
depicts the organisational structure.

AIRBUS

Commercial Helicopters Defence & Space

|
!

ZEROe pre-program

Research & Technology

Figure 3: Airbus’ general organisational chart including ZEROe's position before
March 2024.

However, since March 2024, the ZEROe pre-programme has been incorporated into the
Commercial division (see Figure 4). Although it might not seem like it, this is a significant
organisational change. In R&T projects, there is quite some organisational freedom in how
projects are conducted. As the activities vary widely from exploring aerodynamic
improvements to designing new communication systems, the development processes are
looser than in Commercial. Safety and quality are of the highest importance within
Commercial and this comes with many processes and guidelines to almost every aspect of
the business. Although ZEROe is not an aircraft programme yet, the developments will start
following the conventional aircraft development processes that are standard in the
Commercial division.
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Figure 4: The ZEROe pre-programme was incorporated into the commercial
division in March 2024.

Taking a look at the ZEROe organisation itself, there are eight departments working on various
aspects of the grand hydrogen aviation challenge (see Figure 5). What sets ZEROe apart from
conventional aircraft development is that many aspects outside of the scope of the aircraft
itself have to be taken into account. For example, the Ecosystem department develops the
partnerships needed worldwide to create a hydrogen ‘ecosystem’ at airports. Without a stable
supply of green hydrogen at the airport, no airline will be able to fly the aircraft. Hence, Airbus
has a stake in developing such infrastructure through partnerships.

The department that is of interest to this thesis research is “LH, storage & distribution”. Within
this department, the storage systems and hydrogen distribution systems are developed that
feed the ‘consumers’, either a hydrogen combustion engine or a fuel-cell-based electric
engine. These engine systems are being designed in their respective departments. It is
important to note that not all systems and equipment are designed and built in-house. There
is a distinction between the ‘make’ and ‘buy’ strategy. For the fuel cell system, the
developments are on the ‘make’ strategy. Airbus has entered into a joint venture with
ElringKlinger, an automotive fuel cell manufacturer to jointly create a fuel cell system for
aircraft applications from scratch (Airbus, n.d.). For the combustion engine, the developments
are on a ‘buy’ strategy. CFM International, an aeroengine OEM, is developing the hydrogen
combustion engine for the ZEROe demonstrator aircraft (Airbus, n.d.). Figure 5 also shows
three pictures of the demonstrators and the products that ZEROe is aiming to develop. The
departments in the organisation work interchangeably on each of these sub-projects.
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Figure 5: ZEROe organisational chart including the distinction between the demonstrators and
the product as referred to in the department names.

To understand the relevant stakeholders within the context of this research, we have to take a
closer look at the organisation within the LH, storage & distribution department. In it, and next
to several other sub-departments, there are the ‘Tank systems’ teams. As an action
researcher, | am positioned amidst the engineers working in the Tank systems teams. These
teams are headed by a project manager and supported by partnerships and procurement
officers. These stakeholders are all part of the ZEROe organisation and spend all their time
working on the project. Additionally, the ZEROe stakeholders are supported by others within
Airbus who are not only involved in ZEROe. See Figure 6 for a map of the internal
stakeholders.

R Airbus
ZE Oe (active outside
ZEROe)

LH, storage
&
distribution
|
| | |
Partnerships Tank systems Procurement
Partnerships Project .. Procurement Legal pl}ig?:%
officer manager : officer engineers
| H :
N e v v E
E asien :-— Eqsl;'lgt?g: b P TEE Buyer .
: researcher : engineers '

Figure 6: Internal stakeholder map around the ZEROe Tank systems teams.
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External stakeholders

Airbus has many external stakeholders and the same is true for ZEROe. Think of governments,
the general public, customers, competitors, and of course suppliers. This thesis focuses on
the engagement with one group of stakeholders, namely suppliers. Figure 7 shows a map of
the interaction links between suppliers and Airbus in general. This is a map of supplier
engagement within a development phase which differs only slightly from the ‘serial’ phase
when an aircraft program (e.g. A320, A350) is up and running and aircraft are being delivered.
The focus of this thesis is on the development phase as this is where early technology
development happens. In the development phase, the project manager is responsible for the
engineering side of the engagement while the procurement officer is responsible for the
commercial side of it. The lines of communication are defined between the project manager
and the procurement officer (Airbus, 2023).

Project synchronisation Procurement
manager officer
Equipment &
systems  <4----» Buyer
engineers
I I
I
Supplier

Figure 7: Map of the interaction links between a supplier and ZEROe (Airbus, 2023).

Usually, during the early phases of equipment development, the communication such as
document exchanges, NDA signings, and detailing of the statement of work is handled by
procurement. The engineers communicate with the buyer and the procurement officers which
companies/suppliers they want to contact to potentially collaborate with. The procurement
officer or buyer then reaches out to these companies and sets up (kick-off) meetings. When
eventually a supplier is selected for the development phase, the communication shifts
towards the engineering side where the supplier’s engineering teams interact with the Airbus
engineering teams to jointly create the equipment/system’s designs and specifications. See
Figure 8 for a simplified traditional development process from initial supplier contact to the
start of manufacturing.
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Figure 8: Equipment development process from initial supplier selection to the start of
manufacturing (adapted from Airbus, 2023).

This (simplified) process is a frequently occurring development process for equipment
development at Airbus and ZEROe. Although almost all developments start with an RFTI, there
are variants of this process where the RFP phase is replaced for more collaborative forms
where Collaborative Research Agreements or Research & Design Agreements are formalised.
Nonetheless, the RFP is the dominant form of development after the RFTI and provides
enough context for this research.
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Literature review

This section provides a general overview of the literature related to the context of this thesis.
As the Exploratory and Identification phases of this thesis will narrow down the specific
challenges faced by the stakeholders, it is important to have a general understanding of the
relevant literature. This literature review dives into the history of propulsion technology in
aeronautics, discusses hydrogen technologies in aviation and its major challenges, and
contextualises ‘supplier engagement in early stage technology development'.

Propulsion technology innovation in aeronautics

This research project is set in the aeronautical context, a context that is characterised by a
rich history of technological development. To put the developments of hydrogen propulsion
technologies into perspective, it is worth exploring the history of technological innovation in
aeronautics. Technological innovation in aeronautics covers a wide range of different
components, systems, technologies, and designs. Current examples range anywhere from
new bio-based materials for interior cabin panels (Lufthansa Technik, n.d.)(Bcomp, 2023) to
laser satellite communications enabling high-speed data transmission (Airbus, 2023) to
folding wing tips improving aerodynamic performance (EASA, 2018)(Boeing, 2020). For the
sake of this research which is focused on hydrogen propulsion technology development, this
section will only cover the general technological developments in aircraft propulsion
technologies.

Aircraft propulsion all started with a 12-horsepower reciprocating intermittent combustion
engine on the famous ‘The Flyer’ by the Wright brothers. Broadly speaking, this type of engine
powered all aircraft until the late 1930s and operated on gasoline (Farokhi, 2014). The 1930s
also brought about the invention of the gas turbine engine which was still powered by
gasoline and would only be adopted widely decades later. Interestingly, in 1937, one of the
first inventors of air breathing gas turbine engines, the German physicist Von Ohain, powered
his turbojet engine with hydrogen for its first tests (Smithsonian’s National Air and Space
Museum, n.d.). Due to combustor developmental challenges, hydrogen was soon after
replaced with liquid fuels such as aviation gasoline (Edwards, 2002, p.1). Throughout the
years, there were many advancements in the design of the engines, the fuel storage &
distribution systems and in the fuels themselves, striving for evermore longlasting propulsive
power. With regards to the fuel storage systems, early aircraft had flexible fuel tanks. Around
the 1950s, when aircraft structures became more stiff, integral tanks were introduced which
were sealed cavities in the wings and other parts of the structure which is still common today.
Since fuel is used up in operation, the centre of gravity (CG) of the aircraft shifts depending on
the location of the tanks. In modern aircraft, a fuel transfer system transfers fuel from one
tank to the other to optimise the CG location and the stability of the aircraft (Goraj, 2016).
When it comes to fuel, the Wright brothers used relatively low octane gasoline. By the time of
the second World War, aircraft were almost exclusively powered by high octane aviation
gasoline. After World War Il, the use of high octane aviation gasoline kept rising until the
adoption of gas turbine jet engines in commercial airliners (Ogston, 1981). These aircraft
started using kerosene as a fuel due to its lower freezing point (Edwards, 2002) which
eventually led to the phasing out of the piston engine-propeller combination in large airliners.
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Today, most commercial aircraft use turbofan jet engines powered by Jet A1 kerosene. These
engines have evolved over the years to have high by-pass ratios increasing their propulsive
efficiency and hence fuel efficiency (Rolls Royce plc, 1996). The by-pass ratio is the ratio
between the mass flow rate of air going around the engine’s core versus the mass flow rate of
air going through it (Hall, 2021). Enabling a high by-pass ratio in turbofan engines has been
one of the key technological innovations in commercial aviation. Between 1970 and 2019, it
has enabled an average fuel burn reduction of 40% on new aircraft (Zheng & Rutherford,
2020).

As Murman et al. (2000) put it, the aeronautics industry has transitioned into the “specific
phase” of innovation since the 1990s where dominant designs for aircraft and their
components dictate product evolutions. Figure 9 adapted from Utterback (1996) shows
product innovation and the accompanying process innovation needed to create commercially
successful products. If the aeronautics industry wants to live up to upcoming regulatory and
societal pressure to decarbonise, it will have to break out of the incremental developments in
propulsion technology that it has been used to for decades. The industry has realised this
(Hoelzen, 2022) and many players have now committed to developing these new
technologies. It seems that we are at the start of a transition from the aforementioned
specific phase back into a fluid product development phase for propulsion technology.
Contrary to the specific phase, this fluid phase is characterised by new definitions of basic
product features and many new companies entering the field (Murman et al., 2000).

Product innovation

-------- Process innovation
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k= programs
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Figure 9: Adaptation of Utterback’s (1996) model of product and process innovation.
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Hydrogen in aviation: a radical innovation?

Regardless of what one characterises as incremental or radical innovation, it is clear to see
the fundamental similarities between the fuels used by the Wright brothers and the fuel we
use today. Low octane gasoline (Ogston, 1981) has been switched out for Jet A1 kerosene but
fundamentally, these are very similar hydrocarbon-based fuels distilled from the same crude
oil source. With regards to the storage and distribution systems, there have certainly been
developments, mainly with regards to the safety and reliability of the fuel supply to the
engine(s) (Langton et al., 2009, p.10). However, since the fuel has more or less remained the
same, the developments have been incremental. When looking at the engines, more or less
the same parallel can be drawn. The four cylinder engine used on ‘The Flyer’ and the state-of-
the-art high by-pass turbofan engine powering most of the world's commercial aircraft today
are both based on the same principle of converting potential energy released in the explosive
expansion of a compressed gas into useful work (Gibbert & Scranton, 2009).

Norman & Verganti (2014) propose that radical innovation is “a change of frame: ‘doing what
we did not do before” whereas incremental innovation constitutes “improvements within a
given frame of solutions: ‘doing better than we already do™. With the above brief history of
propulsion technology in mind, it is safe to say that three main components of an aircraft's
propulsion system (fuel, fuel storage & distribution, and powerplant) have undergone mostly
incremental changes over the 121-year history of powered aviation. The ‘frame’ that Norman &
Verganti (2014) propose can in this case be the type of fuel being used: a liquid hydrocarbon-
based fuel. Replacing this fuel for a different energy source would radically change the entire
propulsion system. However, as was mentioned earlier, hydrogen has already been tested in
aero engines in the 1930s. Back then, it was dropped due to combustor challenges for a more
manageable liquid fuel such as gasoline or kerosene. Although hydrogen is not completely
new to aviation, there have not been major developments in hydrogen propulsion technology
up until the recent past. Introducing hydrogen on a commercial jet today would require a re-
designed combustion engine and a “completely new” fuel system through “dedicated
technology development” (Haglind et al., 2006). The “re-design” part becomes clean-sheet
design when considering the fuel cell - electric motor combination.

For this research, it is important to keep in mind that hydrogen propulsion technology
development for use in commercial aircraft is something that has never been done before.
Considering the history of the propulsion technologies in aviation, it is hard to overstate the
significance of a shift to green hydrogen propulsion after 121 years of hydrocarbon-based
propulsion systems.

Major challenges

To illustrate the challenge of developing propulsion equipment for (liquid) hydrogen-powered
commercial aircraft, this section details some of the major technical hurdles.

Firstly, let us consider the hydrogen molecule. As Figure 2 demonstrated, it is the liquid form
that we should consider as an energy carrier on board an aircraft. However, the gaseous
phase also plays a role in the fuel system. Figure 10 shows the key physical characteristics of
hydrogen in a phase diagram.
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Figure 10: Phase diagram of hydrogen (adapted from Ziittel, 2004)

With a normal boiling point at about 20K (-253°C), hydrogen must be stored at cryogenic
conditions to keep it in the liquid phase. To ensure extended storage times, cryogenic tanks
are used. These tanks aim to limit the heat ingress by having insulating features such Multi-
layer insulation (MLI) and a vacuum layer between the inner and outer tank wall. These
storage requirements present the first challenge of using hydrogen compared to kerosene as
a fuel on-board aircraft. As mentioned in the previous section, kerosene can be stored in
specially lined cavities in the wings and belly of an aircraft. This is not the case for hydrogen.
As cryogenic tanks have to be optimised to prevent heat ingress, the outer surface area to
volume ratio of the storage solution should be kept to a minimum. Spherical shapes are best
at doing so. However, these shapes are in conflict with the available space (and its geometry)
on the aircraft. The wings are too thin to hold large spherical tanks and placing them within
the fuselage reduces the seating/cargo capacity. Therefore, finding an optimal storage
geometry and location combined with efficient overall aircraft design is a major technical
challenge on aircraft level.

Besides the geometry and location of the tank, the weight budget for the storage solution
offers an arguably bigger challenge and is more specific to equipment development. As
kerosene ‘tanks’ are lined cavities in the aircraft, the tank gravimetric efficiency of the fuel
system is very high. In other words, the added weight of the components needed to contain
the fuel on board is relatively low compared to the fuel weight. This is very different for the
cryogenic tanks used to contain hydrogen on board. Due to the double walled vacuum
insulated architectures that are deemed adequate for aviation use, there is a lot of additional
weight added to the aircraft just to contain the hydrogen. Although literature holds varying
estimates, currently, a ratio between weight of hydrogen and weight of tank plus hydrogen of
about 0.45 seems realistic (Huete et al, 2021). Huete et al. (2021) argue that future
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improvements could push this figure over 0.70. Therefore, it remains a major technical
challenge to keep the weight of the equipment at a minimum.

Zooming in on the transport of hydrogen from the storage towards the consumers
(combustion engines or fuel cells), there are many more challenges. Figure 11 shows four
simple architectures of a hydrogen fuel system based on Mangold (2021) to illustrate the
major components required in such a system.

o— | H,
GH.
emsssmm——  E|ectricity
Vent line Tank
GH.

Fuel Cell * EIeCttrIC
LH, motor

Heater

Vent line Tank

GH,
Heat Electric

Pump — Fuel Cell
LH, l exchanger motor

Vent line Tank
GH. Liquid Liquid
low- — high- —— Heat Combu_stion
LH, l pressure pressure exchanger engine
pump pump
Vent line Tank
GH. Liquid Gaseous

low- Heat high- Combustion

LH, l pressure e — exchanger pressure engine
pump pump

Figure 11: Four simplified fuel system architectures (adapted from Mangold, 2021)

As can be seen from Figure 11, three out of four architectures feature hydrogen flows in both
liquid and gaseous phases. Only the first architecture on the top of the figure features a
pressure-fed gaseous hydrogen flow induced by a heater in the tank. Nonetheless, all four
architectures require the hydrogen to be thoroughly conditioned before it enters the
consumer. Within the industry, there is no consensus yet on which architecture is optimal for
aircraft use. The trade-off depends on empirical data from to-be-developed equipment and on
the overall aircraft architecture including the desired flight envelope.

In the bottom three architectures, the conditioning requires pumps and heat exchangers.
Although there are many technical challenges in each equipment, | will highlight one
hydrogen-specific challenge for the pumps which has ramifications for the rest of the system.
The attentive reader might have noticed that across each pump, the phase of hydrogen does
not change in the flow. Due to the risk of cavitation, the flow of hydrogen must remain in a
constant phase, either liquid or gaseous. Cavitation occurs in pumps when the phase
suddenly changes from liquid to gas within the pump. This causes vibrations and damage to
the components and the performance of the pump becomes unreliable (Mangold, 2021). To
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avoid cavitation, the Net Positive Suction Head (NPSH), must be kept above a critical level. In
simple terms, NPSH is the pressure experienced by the liquid at the entrance of the pump
(Blackhurst & Harker, 2001). It is a function of the liquid hydrogen’s temperature and it can
vary throughout the flight phases of the aircraft through different levels of heat ingress from
the environment. The flight condition is what sets it apart from an industrial system which can
be placed in a closed environment with an unlimited weight budget. Therefore, for an aircraft
application, the temperature of the liquid hydrogen must be strictly and precisely controlled
through every component in the system. This means having high levels of insulation in the
tank, valves, and pipes while also being able to control the pressure and mass flow throughout
the system. This increases the weight of the system and/or lowers the total mass of fuel that
can be taken on board, in turn lowering its commercial competitiveness with conventional
aircraft.

Another option would be to use a pump that can operate with saturated liquid hydrogen.
Saturated liquid hydrogen is a state in which any decrease in pressure would cause it to start
boiling. Although this property might be beneficial for the performance of the whole system,
these types of pumps are still to be developed (Mangold, 2021). The challenge lies in the
development costs of such a system and are inherent to cryogenic hydrogen equipment.
Performing tests to validate prototypes requires the use of test facilities that can supply
cryogenic fluids (preferably hydrogen). Facilities that can do this with the required safety
standards needed to validate aircraft requirements are currently scarce and therefore costly to
use. It highlights the challenge and the low maturity of the technology. It will require extensive
cooperation between partners across industries to bring the development costs down.

Supplier engagement in early stage technology
development

To understand the scope of this thesis, let us briefly explore the literature on the title’s terms,
as well as relevant adjacent terms.

One of the most covered topics in supply chain management literature is Early Supplier
Involvement (ESI). ESI refers to the vertical cooperation between a manufacturer and its
suppliers in the early phases of product development (Mikkola & Skjgtt-Larsen, 2003). As
Bidault et al. (1998) suggest, this involvement usually happens in the concept design phase of
New Product Development (NPD). Mclvor & Humphreys (2004) name several advantages of
incorporating EIS into a firm’s development practice such as the increased body of available
information and expertise regarding new technologies. On top of that, they argue that it can
reduce development times by improving communication and information sharing. The authors
also mention several disadvantages of ESI such as possible ineffectiveness in environments
undergoing significant changes or environments with high degrees of technological
uncertainty. In these cases, ESI can lead to delays in the product development process (Primo
& Amundson, 2002).

In new product design, Supplier Engagement (SE) is defined by Yepeng et al. (2022) as “the
extent to which suppliers are engaged in the product design activities of a manufacturing firm
by providing knowledge resources or directly engaging in decision-making, including providing
design ideas, undertaking component and system design, etc.” The authors also argue that SE
is different from other supplier collaboration forms since SE requires more from suppliers
than merely external transactions. In SE, suppliers cross the organisational boundaries to
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participate jointly in the innovation activities of the manufacturing firm. In the context of
sustainable developments, SE is defined by Awan et al. (2019) as “the commitment,
collaboration, and exchange of reciprocal information with buyers to achieve compliance with
resources and priorities.” Achieving compliance seems to be a joint effort in this case. Tidy et
al. (2016) argue that Supplier Engagement is the corporate practice term for Supplier
Relationship Management (SRM) which is used more in academic literature. The authors
argue that trust and communication are the key characteristics of successful SE/SRM while
mistrust and poor communication are at the roots of failing supplier relationships.

It is clear that there are many different terms describing ways in which firms interact with
suppliers to create new technologies, designs, systems, and products. Yet, each of these
terms have slight nuances that are relevant to their respective contexts. In comparing Early
Supplier Involvement with Supplier Engagement, it becomes clear that the former is a term
that is relevant to New Product Development in general whereas the latter seems to be
specifically relevant to new product design. This subtle difference is important for this
research as in New Product Development, the degree of collaboration between the firm and
the suppliers is not defined. It can range from very intensive to merely transactional
depending on the innovativeness of the product. Highly innovative new products require more
intensive collaborations and vice versa for less innovative new products (Olson et al., 1995).
In new product design, buyer-supplier relationships are of a joint nature where the supplier
actively engages in the innovation activities of the buyer (Yepeng et al., 2022). Since this
thesis is set in a corporate project environment with high technological uncertainty and
complexity, equipment/systems with varying innovativeness, and joint component and system
design, the term Supplier Engagement is chosen over other related terms. It also best
describes the way in which the buying firm (Airbus) collaborates with suppliers in the ZEROe
project to create new technologies and products.

With this background in mind, we have a proper high level understanding of the context in
which this research is set. What is left now is to gain a more in-depth understanding of the
supplier engagement context within the Tank systems teams of ZEROe. The next chapter
details the research methods used to explore this context.
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Research approach

The goal of the research approach is threefold and matches the three phases of this research:
1. to explore and understand the supplier engagement landscape,

2. to identify the challenges in the context,

3. and to provide a grounded foundation to build design solutions on.

As the context of supplier engagement within the ZEROe project is complex, holds many
stakeholders, and can not be completely quantified, | chose a qualitative research approach.
To gain this understanding, the information must be rich and in-depth which fits qualitative
analysis well. Through this approach, | hope to gain an in-depth understanding of the
phenomena relating to the problems that the stakeholders face (Blessing & Chakrabarti,
2009).

Stakeholders identification

In the exploratory phase of this research, my goal is to understand what the status quo of
supplier engagement is within Airbus ZEROe through gaining an understanding of the context
and the perspectives of the stakeholders involved in the development of the tank systems. |
identified several direct stakeholders that could offer insights to understand the
aforementioned supplier engagement context:

1. Engineers within the Airbus ZEROe Tank systems teams. These are the people | am in
closest contact with as | am also in their teams. They interact with suppliers mostly on
topics related to technical product requirements, specifications, technical drawings, and
testing.

2. Engineers within Airbus. These people are Airbus employees but not necessarily working
only on the ZEROe projects. They are also involved in engineering teams related to other
projects within Airbus such as ‘legacy’ aircraft programs.

3. Project, Program & Domain managers within Airbus ZEROe. These are people coordinating
the work between the engineering teams and they are responsible for the planning and
budgeting of the projects. They interact with suppliers mostly on topics related to planning
but they are often also involved in budgeting and contractual discussions.

4. Top managers within Airbus ZEROe. These people are responsible for the ZEROe project
as a whole and report directly to the Airbus Group top management. Issues relating to
suppliers that are outside the control of the engineers and project, program, and domain
managers are tackled by these managers.

5. Procurement and partnerships officers within Airbus. These are people who negotiate the
contracts with suppliers and partners, organise the communication between engineers
and suppliers, and make sure that the legal aspects and risks are managed on the Airbus
side.

6. ‘Legacy’ aircraft engineers who transitioned to ZEROe within Airbus. These people have
experience in the ‘legacy’ aircraft development programs such as the development of the
A350 or A321XLR aircraft and have now joined the ZEROe pre-programme full-time. They
have interacted with suppliers in a different aircraft development program prior to ZEROe.

7. Suppliers are external parties Airbus interacts with and buys products or services from.
These companies range from large Tier 1 aviation suppliers to smaller companies with
specific expertise in the hydrogen domain.
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| carried out observational studies during meetings with (and between) the different
stakeholders. In total, | distinguish four types of these observational studies: Team and
organisational meetings, Meetings with suppliers, Technical review meetings, and Internal
supplier selection meetings. The interactions during those moments were not only rich in
conversational (textual) data but also in latent context-dependent data which were important
to understand the meaning of the spoken words.

Additionally, | carried out interviews with internal and external stakeholders. Descriptions of
both the observational studies and the interviews can be found in Table 1 which discusses the
stakeholders involved, the data capturing methods and their accompanying rationales. The
stakeholder numbers correspond to the above numbered list.

Table 1: Observational studies and interview descriptions.

Observational study | Stakeholders

/ Interviews involved
Interviews (one-on- 1,3,56,7
one semi-structured)

Teamand 1,3
organisational

meetings

Meetings with 1,2,3,56,7
suppliers

Technical review 1,2,3,4
meetings

Internal supplier 1,2,3,4,56

selection meetings

Data capturing
method

Audio (and video)
recordings

Hand-written notesina
notebook and/or typed
notes (with screenshots) in
Google Docs.

Typed notes and taking
screenshots of
presentation slides in
Google Docs.

Typed notes in Google
Docs. Screenshots were
taken of presentation
slides which were shared
with the participants prior
to or after the meetings
and presented live during
the session.

Typed notes in Google
Docs. Screenshots were
taken of

Rationale for method

To be able to capture the full answers to my
questions. To help deduce the latent information in
for example sarcastic or ironic comments.

To capture quickly and discreetly what people were
saying and doing. Direct quotes from participants
could be written down. Capturing the full interaction
with for example audio or video recording would be
too intrusive.

As it was not appropriate to ask for the meetings to
be audio or video recorded, typing notes with
screenshots of the slides was the next best option.
It allowed for capturing the interactions and adding
the visual material that was presented in line with
the text.

As it was not appropriate to ask for the meetings to
be audio or video recorded, typing notes with
screenshots of the slides was the next best option.
It allowed for capturing the interactions and adding
the visual material that was presented in line with
the text. Oftentimes, not the whole meeting would
be relevant to this research. Therefore, audio/video
recording would be over-capturing.

As it was not appropriate to ask for the meetings to
be audio or video recorded, typing notes with
screenshots of the slides

24



presentation slides which was the next best option. It allowed for capturing

were shared with the the interactions and adding the visual material that
participants priorto orafter | was presented in line with the text. Oftentimes, not
the meetings and the whole meeting would be relevant to this
presented live during the research. Therefore, audio/video recording would
session. be over-capturing.

Interview participants

In total, | interviewed ten people who were either stakeholders or external professionals who
might have relevant information related to the topic. Table 2 contains more information on
these interviewees.

Next to the direct stakeholders mentioned above, | interviewed an external industry
professional who had no stake in Airbus or ZEROe. This interviewee was selected for their
outside perspective and due to their position as a product owner in an energy distribution
company. In their role, they work with many international suppliers on creating complex IoT
products related to energy distribution to households in The Netherlands. They could offer an
independent perspective on a similar set of challenges that the ZEROe teams are currently
facing thanks to similarities between the two industries. As the developments at the energy
company are driven by the energy transition, they have potentially overcome challenges with
their suppliers that Airbus is currently facing in the transition to sustainable fuels.

Table 2: Descriptions and counts of the interviewees.
Interviewee Count Description

Tank systems engineers 4 Tank systems engineers are involved in the ZEROe project fulltime and
create the requirements for the systems that are produced by the
suppliers. They interact with suppliers through procurement officers
and with project managers.

Partnerships officer 1 The partnerships officer is involved in ZEROe fulltime and handles
strategic topics around which partners to work together with. They
interact with procurement, engineers and project managers.

Procurement officer 1 The procurement officer is involved in ZEROe full-time and handles the
communication between engineering and the suppliers in the early
phases of the development projects. They are responsible for the legal
and commercial aspects and interact with the project managers, the
partnerships officers, and the suppliers.

Project manager 1 The project manager is involved in ZEROe fullime and manages the
engineering developments of the tank systems engineering teams.
They interact with the
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engineers, procurement officers, and partnerships officers.

Fuel cells engineer 1 The fuel cells engineer is involved fulltime with ZEROe and creates the
requirements for the fuel cell systems and equipment that are
produced by the suppliers. They interact with their own procurement
officers, project managers, and suppliers and have little overlap with the
Tank systems teams.

UpNext engineer 1 The UpNext engineer is not involved in ZEROe directly but works on
projects related to hydrogen in Airbus UpNext, an project incubator
outside of the Airbus organisation. They interact sporadically with
ZEROe engineers and staff.

External professional 1 The external professional works for an energy distribution company as
a product owner. They have nothing to do with Airbus nor ZEROe and
bring in a full outsider perspective on related supplier engagement
issues.

D ata g ath e ri n g I:resentatinn from Airbus ZEROe's side
® “IMain Airbus motto”
The observational studies
were captured and processed
as accurately as possible in
textt In  many of the
interactions, material
(documents) was shared
between the participants (and .
me) such as slide decks, for a safe and united world
visuals, charts, timelines,
minutes of meetings, and
whiteboard drawings. When
possible, this material was
added to the document in
which | kept notes as part of
the context of the interactions. e “Major topic that we need to deal with’
Having -the materia| used in a . ':This is how we're going.to move farward” )
. . . ® “To back that up we are introducing ZEROe to the market.
session/meeting in one
document made it easier to
analyse as references made
by the participants to visual
material could be included
(see Figure 12).

We pioneer sustainable aer

Figure 12: Excerpt from meeting notes from a meeting
with a supplier.
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Additionally, other material used by the stakeholders such as Statements of Work, Product
Technical Specifications, Requests For Technical Information, supplier proposals, and minutes of
meetings were skimmed. | used the information contained in these documents to
contextualise the data collected in the observational studies. These materials were then used
to inform the questions in the semi-structured interviews and to consequently inform the
quest for additional information (in documents or future interactions) (Bowen, 2009). Figure
13 shows the iterative process of data gathering and analysis.

Exploratory phase : : Identification phase
Activities Analysable output Results
st cycle coding E 2nd cycle coding
. : : Thematic : : :
Observational studies ————— Researchnotes > s —+ ° Categories1 ——
| t ; ! ! !
Accessing documents ———+—— Relevant »  Document
9 : documents analysis = ¢ !
! : ' Categories2 ———  Themes
Creating interview _  Document '
questions analysis
’
H Interpretive !
Interviewing ————  Transcripts  * content ——— Categories3 —

analysis

Figure 13: Iterative process of data gathering and data analysis in the exploratory and
identification phases.

Data analysis

The data gathering and analysis processes were done in an intertwined fashion where one
would inform the other. However, the coding activities on the interview transcripts and the
field notes from the observational studies were done in an ordered fashion:

First cycle coding

1. Interview transcripts (interpretations)

2. Meetings with suppliers field notes (MWS)

3. Team and organisational meetings field notes (TOM)
4. Technical review meetings field notes (TRM)

5. Internal supplier selection meetings field notes (ISSM)

The rationale for this order was as follows. Interview transcripts contain in-depth information
on what individuals say which could be different from what they do in interactions with
suppliers. | felt that it was important to have that contrast next to each other. Therefore, these
notes were analysed one after the other. The last type of observational study that was
analysed was the internal supplier selection meetings field notes. These were analysed last as
this is the newest information and background knowledge is needed to understand and follow
the supplier selection process. The notes from team and organisational meetings and
technical review meetings were analysed third and fourth respectively in no specific order.
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Three interview transcripts (from the external industry professional, a Tank systems team
engineer and a partnerships officer) were conducted during the analysis of the technical
review meetings notes due to time constraints. These transcripts were interpreted for the first
cycle after the completion of the analysis on the field notes.

Preparing the raw data

In order to properly analyse the data, a data layout was chosen and the field notes were
structured accordingly before the first cycle of coding. For the interview transcripts, the data
were separated in paragraph answers per question (see Figure 14). The interpretations were
then made per question and written down in a separate document.

For the observational studies, the notes were separated by numbered headings in bold
describing the topic that was being discussed (see Figure 15). These numbered headings
were placed in the texts whenever the topic of discussion seemed to change to something
else (Saldafia, 2021). When sub-topics were being discussed, numbered subheadings were
added. The activity of adding the headings to the notes also served as a way to read the notes
again and let them sink in before the first cycle of coding. The first cycle codes were written
down in the code base next to their accompanying heading number in a spreadsheet with the
corresponding document code. For example, the notes from the second Team and
Organisational observational study would be tagged TOM2.

First cycle codes

Once all of the interview transcripts and observational study notes were processed and
structured, the first cycle coding was carried out. Below, you will find a description of how this
was carried out including examples with excerpts of the interactions.

Interview transcripts

For the interview transcripts, | used interpretive content analysis. This method is appropriate
for summarising large data sets while inductively deducing the participants’ feelings,
intentions, and thoughts (Drisko & Maschi, 2016). As the interview transcripts were lengthy
passages of text (over 50,000 words in 10 interviews), it was important to use a method that
summarises data effectively while retaining its meaning. An example of the first cycle coding
interpretation for interview transcripts is given below in Figure 14.
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Interviewer:
And then (2.6) when was the most rewarding
moment that you can recall?

Engineer 1:
Ehm, actually it was with just before, also in June,
with Supplier 1 during a meeting when we finally

managed to eh, define the next steps, and be ready 2.6
to contract. Enm... but however, two months later it Most rewarding
was frustrating... moment with the same
supplier as the most 26
Interviewer: frustrating. Most 1. “a lot of twists and
It's very interesting that that can be with the same _ rewarding moment was —, TS
supplier then, ehm when the next steps R
were finally defined. .
Engineer 1: There were “a lot of
Yes indeed, indeed twists and turns”, an

emotional rollercoaster.
Interviewer:
These highs and lows in experiences.

Engineer 1:

Yes, yes, yeah. Probably linked to the emotions that
we feel working with Supplier 1, when there were a
lot of twists and turns.

Figure 14: From left to right: Excerpt from an interview with an engineering team member,
interpretation of the answer and discussion, and the resulting codes (Interview Engineer 1).

If follow-up questions were asked or discussion ensued, | included the passages in the
section of the main question. Usually the probing questions were follow-ups of the main
question so they were closely related to each other and therefore it seemed natural to code it
together.

One interview was carried out in Dutch with an external industry professional as the company
they work for is based in the Netherlands and has Dutch as the main language. | decided it
would be best to transcribe the full interview in Dutch to keep the words matching what the
interviewee said. The interpretations of the transcript were done in English without
intermediate (automatic) translation. | interpreted the Dutch text and wrote down my
interpretation in English.

Meetings with suppliers field notes

The field notes of the Meetings with suppliers were usually notes of dialogues between Airbus
and the suppliers. The notes were analysed using initial coding as this enables me to remain
open to all directions for further research (Charmaz, 2006, p. 46).

Most often, the meetings would start with a presentation from one of the parties after which a
discussion followed. As this is a social interaction that flowed naturally between the
stakeholders, the field notes were recorded in dialogue form with my observations and
transcribed quotes from the attendees. After the meetings, the notes would be split into
different sections based on my insight whenever the topic in the discussion seemed to
change (Saldaiia, 2021, p. 17). See an example below in Figure 15.
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2.1 Discussing the amount of work

J Suppller 1:

+ Itis a fair number of requirements

+ We need to evaluate how much time it is going to take
w.r.t. The requirements

+ We need to evaluate how much time we need to 2.1 Codes
allocate

+ This will mean that we will need to extend our offer
“We don't know how much time it is going to take.”
That's why we need to allocate more time.

1. Too many requirements
2. Uncertainty around how
much time the work will

. . take
+ We are c,ilsapp0|n’Fed that we are not able to ;tart. 3. Commercial offer will be
« We don't want this pressure from above [Airbus] that > extended

says “You need to go fast otherwise we will not pay.”

+ We have info on the position of the SOW o IISEIRIN Y El SRy O

the project start

5. Don't want pressure from
‘above’ (Airbus)

6. More time needed to be
able to commit?

+ Procurement officer 3:

+ Airbus expects that within the time of the RSA, for the
activity D1.2.1, that a certain amount of requirements
must be reviewed during the period of time.

+ Does Supplier 1 need more time to be able to commit
to those activities? Or is it ok?

Figure 15: Excerpt from a meeting with a supplier and the associated first cycle codes on the
right (MWS1).

Team and organisational meetings field notes

For the Team and organisational meetings field notes, | made both written and typed notes.
Similarly to the notes of the Meetings with suppliers, it was often a discussion between
different stakeholders which | recorded in dialogue form next to the stakeholders’
(anonymised) names. Therefore it was also analysed using initial coding. See an example
below in Figure 16.

1.0 Lunch meeting with Engineer 4,
Engineer 1, and Project Manager 2

Requirement list is often thrown over the

fence 1.0
e __ o i i i . .
e ! ) Uiz 5 e szl dusse 1. requirement list often thrown
Requivemont |5t Lo Paoun v Hofs Start-ups don’t have knowledge and man over the fence
it 105 power to go through requirements 2. no intermediate checks
S
" . . o 3. startups don’t have resources to
Loare 5 o el s - “We realise that the requirement list is P .
=\ s ;m WQ Lo ﬁ: a . " go through requirements
e k, A et too long and too complicated . .
nan pousdy o g f — . —» 4. engineers realise that
e redise W“w" ‘“‘"Mﬁl\} * Perhaps we need to guide the requirements lists are too long
35 Voo lory ad oo com (e suppliers in the creation of the 3
BT m\xuw . and complicated
2} viriag i requirements . : . :
0t craskion 5. idea to guide suppliers during
— orgwis mslcﬁf ¥o A B:}M Engineers are ‘scared to remove creation of the requirements
W‘"jﬁw‘ 't \} requirements from requirement list 6. engineers “scared” to remove
reilia \m"” because in the end it could come back to requirements

them if it turns out something should
have been required.

Figure 16: Written Team and organisational meetings (TOM2) field notes (left) typed out (middle)
and the first cycle codes (right).
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Technical review meetings field notes

The technical review meetings were often conducted in an online ‘forum’ with engineers from
different departments in the project and company. In these meetings, Airbus engineers review
technical information produced by the suppliers to understand the proposed equipment and
assess the feasibility and viability of the proposals. The notes from these meetings are
structured in the same way as the previous two types of notes. Therefore it was also analysed
using initial coding. See an example below in Figure 17.

2.0 Take over responsibility
Proc:

+ Quite challenging for Supplier 5, no experience in
commercial aircraft program, not really aware
which work they really have to do, “I think they will
struggle” with everything we want of them, also for
sub-tier (C15) might be challenging, idk

+ | wonder if we can take some of the responsibility

over from them, DOA 2.1 Codes
- Do you see a chance to take over the responsibility . .
quality? 1. supplier not aware which
work they have to do
Quality: 2. “| think they will struggle”

3. take some responsibility
from supplier

4. general issue that nobody
has hydrogen test facilities

+ It's possible... *hesitant*
+ Issues that have come up with this project, nobody
has a hydrogen test facility

v

Proc: 5. beneficial to us to help
» For all of us it's new supplier test with tier 2
Quality:

+ It would be beneficial to us to help them with
anything they do with C15

Proc:

+ Think about a strategy on how it could work out in
the future

Figure 17: Excerpt from a technical review meeting and the associated first cycle codes on the
right (TRM2).

Internal supplier selection meetings field notes

The field notes of the Internal supplier selection meetings were analysed in a similar fashion
to the other types of notes mentioned above. Hence, they were also analysed using initial
coding. In these meetings, engineers together with procurement officers present to experts
and procurement managers their analyses of the suppliers’ proposals. The goal of these
meetings is to down-select which suppliers to continue with into the next phase. See an
example below in Figure 18.
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2.3 Equipment
Equipment

+ In scouting phase
+ C13just sent a 3D drawing — Eng.: “It was a joke.”
+ Proc: They said we can easily adjust it to hydrogen use

- We pushed it from this week to december. To give 2.3 Codes
suppliers a bit more time for in-depth analysis to get more 1. supplier response “was a
responses. > joke”
+ How many responses by mid-december 2. give suppliers a bit more
* C16and C17,C18 time for in-depth analysis
+ Best case 5 respondents, perhaps 6 if Supplier 6
responds

+ Worst case, 4 with 2 bad quality
« If we push it back even more, then people will go on
Christmas holiday and we won't get any good responses
anymore.

Figure 18: Excerpt from Internal supplier selection meeting notes and the associated codes on
the right (ISSM1).

Post first cycle coding

As the interpretative content analysis of the interview transcripts yielded interpretations of the
participants’ answers, the data needed to be further summarised and condensed. To do this, |
used initial coding (a first cycle method) on the interpretations. As the interpretations included
many direct quotes from the interview transcripts and | wanted to remain open to all of them,
this method was deemed appropriate. It also aligns with the method used in the first cycle of
the other interaction types yielding the same types of codes across the full dataset.

Second cycle

For the second cycle of coding, | followed a focused coding method. As my goal is to uncover
overarching categories and eventually themes in the data while not paying attention yet to
other properties such as frequency counts, this coding method seems applicable (Saldafia,
2021). As the first cycle coding method was initial coding (which is very open), doing
frequency counts would not yield any meaningful results yet as there were too many unique
codes. Furthermore, the total code base after the first cycle had about 1314 codes with on
average about 37 codes per data instance (observational study or interview). Reviewing all
these codes per data instance and clustering them would be hard to do while giving each
code from each data instance the same amount of consideration. Therefore, | randomly took
three codes from each data instance (see Randomisation method in Appendix A). Data from
one of the technology review meetings had just two codes and both were included. This left
me with 107 codes to do an initial round of clustering with. With this method, data instances
with a larger amount of codes were relatively underrepresented and data instances with a
lower amount of codes were relatively overrepresented. As | will go through all of the codes
after this initial clustering, | do not believe this will be a problem. This is supported by focused
coding where the newly constructed preliminary categories can be compared to the other data
(in this case the other codes outside of the random sample). Additional information on the
clustering approach can be found in Appendix A under Clustering approach.
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Post second cycle coding

During the second cycle of coding, ten broad categories were identified, some with
subcategories. Strong links were found between two groups of categories. Other categories
were loosely related. As the codes used for the second cycle were just a sample of the
complete dataset, information could still be hidden in the dataset which could add to,
reinforce, alter, or disprove the categories and links found.

To focus the analysis and converge towards major themes, | went through the dataset and
looked for supporting and/or disproving codes for the two groups of categories mentioned
above. These results and the results of the second cycle of coding are detailed in the next
section.
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Results

This section details the results of the second coding cycle and the analysis that happened
after it. The goal is to find patterns in the data that might lead to the identification of themes.
Additionally, the analysis should point to patterns in the data that are actionable to design for.

Second cycle coding results

The focused coding with the randomly selected codes yielded ten tentative categories in total,
some with sub-categories. Table 3 lists the categories and subcategories. The full table with
corresponding codes can be found in Appendix B, Table 1. Many codes are positioned in
between two categories or even outside of a category during clustering. The codes that
seemed to have the least connections to a category were examined further and either placed
in a (new) category or were discarded.

Table 3: Preliminary categories and subcategories.
Category name Sub-category name

Responsibility & power

Seeing opportunity

Engagement enablers

Certainty General
Technological
Commercial

Uncertainty General
Technological
Commercial
Organisational

Interacting

Process frustrations
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Barriers Safety focus
Challenging requirements
Overly cautious
Asking for the impossible

Fear-of-missing-out

Upon shuffling, placing, re-placing the codes, and naming and renaming the (sub-) categories,
patterns and links emerged among the preliminary categories. Some categories are closely
linked while others seem more distantly related. Figure 19 shows the ten categories and their
subcategories mapped. Two groups of categories seem closely linked. Group 1: Certainty &
confidence, Engagement enablers and Seeing opportunity all seemed linked to each other with
Interacting. The second group (Group 2) is Uncertainty and Barriers with a small link to
Interacting through Fear-of-missing-out. To illustrate the connections found, the next sections
cover these groups.

Group 1
Technological
Engagement
: —» enablers
opportunity
Commercial /
Interacting

Process

frustrations / ;?:Il;;(sn;'g}g
Fear-of- Challenging
issing- . requirements
issing Barriers 0
out f
Responsi- Safety
bility & focus —— ngrly
power cautious

Technological

Uncertainty

Lack of
capabilities

9L
. G‘O\N
Commercial Organisational

Figure 19: Map of the categories and subcategories with links.

35



Group T

In this first group, Certainty & confidence, Engagement enablers, Interacting and Seeing
opportunity were identified as preliminary categories of codes (see Figure 19). Within the
category Certainty & confidence, codes such as “very surprised with CFD calculations as it's
costly” were placed. This example code came from an Internal supplier selection meeting
where an engineer went through the response of one of the suppliers to Airbus’ request for
technical information (RFTI). An RFTI can be seen as a pre-tender phase where Airbus is
trying to gather information on what potential suppliers are able to produce based on a set of
requirements (see Figure 8 in Background). This information is then used to formulate a
tender which is sent out to suppliers who can bid. This code came from an instance where a
supplier had included computational fluid-dynamics (CFD) calculations in their proposal to
validate the design choices of the equipment. The Airbus engineer sending out the RFTI had
not asked for such calculations and was positively surprised by them. They gave the engineer
more confidence and certainty in the proposal of this supplier as it showed that the supplier
was motivated and technically capable to put resources into it.

“Motivation + technical abilities” is a code in the Engagement enablers category that came
from an interview with a project manager when asked about their dream scenario when
working together with a supplier. They mentioned that suppliers need not only to be motivated
for the project but they should also have the technical capabilities to answer Airbus' requests.

When both these conditions are met, usually it is a supplier who understands the potential of
the project and wants to be part of the product. The Seeing opportunity category holds two
codes relating to that.

The Interacting category hosts various codes related to how the interactions take place
between Airbus and its suppliers. Some codes are positive, some negative, others describe a
process. In this case, the code “Open and honest discussions” relates to several codes in the
Certainty & confidence category as the discussions with the supplier that provided CFD
calculations were more open than with other suppliers. Due to resource constraints, the
ZEROe engineer had to take over some of the communication with the supplier from the
procurement officers. Thanks to this, the supplier requested an intermediate meeting to clarify
questions and to show their progress. It helped the ZEROe engineer assess and give feedback
which in the end resulted in a positively surprising and impressive response to the RFTI.

In the example with the supplier providing the impressive RFTI response there was certainty
and a positive interaction which enabled both parties to see the opportunity in an
engagement. The relations between these categories seem to be a positive feedback loop
where if one is positive, it also creates a positive in the other categories. Figure 20 shows the
links between the preliminary categories in a diagram.
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Figure 20: Links between four preliminary categories of codes in Group 1.

Engagement enablers & Interacting

As the interaction example mentioned above showed positive engagement between Airbus
and a supplier, it is worth looking for other codes related to Engagement enablers and
Interacting to find actionable items. | went through the codes from the ten interviews as |
asked about positive (and negative) experiences in them, and identified 89 codes in total
relating to the two aforementioned categories. | compared these codes and found five
actionable subcategories. Table 4 shows these actionable subcategories ranked based on the
number of codes associated to each subcategory. The full list of codes identified relating to
these actionable subcategories can be found in Appendix B, Table 3.

Table 4: Actionable subcategories of codes based on Engagement enablers and Interacting

Category Number of codes Exemplar code

Finding an efficient way of collaborating 46 intermediary meeting very helpful in assessing
supplier progress

Defining the right incentives and fit 15 don' force a supplier to engage if they don't want to

Having a clear strategy 13 make sure suppliers know Airbus' plans

Learning with suppliers 10 learn from suppliers with less fit

Defining needs clearly 5 suppliers should understand better the Airbus

needs
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Group 2

The second group of preliminary categories sees a strong link between Uncertainty and
Barriers. There is again a link with Interacting (see Figure 19).

Uncertainty is the category with the highest number of codes in this cycle, 30 out of the 107
randomly selected codes. | identified four subcategories: General, Technological, Commercial,
and Organisational. These last three subcategories relate to Melander & Tell (2014) who
identified eponymous types of uncertainty in collaborative new product development.

Within the Barriers category, | found four subcategories, namely: Safety focus, Challenging
requirements, Overly cautious, and Asking for the impossible. These subcategories are all
linked in a chain starting with Safety focus.

At any aircraft manufacturer, safety is the highest priority. Unsafe aircraft will not be tolerated
by passengers and might cost the company its licence to operate. Therefore, there are many
safety protocols in place at Airbus, one of which is around “sensitive novelties”. Hydrogen
technology is seen as a sensitive novelty as it is not yet well understood (subcategory
Uncertainty). Hence, there is an additional safety layer (subcategory Safety focus) that
engineers should take into account when creating their designs compared to the design in
legacy aircraft programs. This links to the subcategory Overly cautious. Due to the extra safety
barriers, engineers add additional safety margins to their designs and they are “scared’ to
remove requirements”. This leads to “crazy requirements” that are transferred down to
suppliers and make it very challenging to create the requested equipment. “Scope was 150%
which was overwhelming suppliers” is a code that illustrates this in the Asking for the
impossible subcategory where Airbus knew it was demanding too much from the supplier to
see how far they would go.

The Uncertainty category links to Barriers and specifically to the subcategory Safety focus as
the extra safety measures stem from a general uncertainty about hydrogen aviation at Airbus.
Then, through Asking for the impossible, Airbus gets more uncertainty back as suppliers have
difficulties satisfying the requirements and the demands imposed on them. The code
“different components quoted between supplier offers” is a testament to this showing that
suppliers’ proposals differ, making it hard for Airbus to compare apples to apples. Figure 21
highlights the links between Uncertainty, and Barriers and its subcategories.
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Figure 21: Relations between the categories Barriers and Uncertainty, their subcategories, and a
selection of the categorised codes (Group 2).

Link to Interacting

A link between Uncertainty and Interacting was identified through the category Fear-of-missing-
out and its single code “not able to follow in the serial aircraft” (see Figure 19). This code
originated from a Meeting with a supplier where the supplier expressed their concern of not
being able to follow the developments on Airbus’ side. They were afraid that they would miss
something which would lead them to fall behind and not be considered for the serial aircraft.
A form of uncertainty was present on the supplier's side which they linked to the way Airbus
was interacting with them.

Post second cycle results

After the second cycle of coding, | went through the full dataset of Meetings with suppliers
codes to find supporting and/or contradicting codes related to Group 1 and Group 2. As Group
1 showed a successful engagement with a supplier and Group 2 showed examples of more
difficult engagement, | focused my further inquiry into these two groups. Between Group 7 and
Group 2, the categories of Certainty & confidence and Uncertainty seemed to be related but in
juxtaposition. | took these two categories and went through the code dataset identifying
codes that related to either category.

| identified 71 codes that related to certainty and/or uncertainty. In every meeting with
suppliers, there were codes relating to certainty/uncertainty giving a clear indication that this
was a recurring theme of discussion within the engagements with suppliers. Following
Melander & Tell (2014), | tried sub-categorising these codes into Technological, Commercial,
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and Organisational uncertainties to see if any codes would be left that would not fit within
either of these categories and to see which subcategory would contain the most.

The Technological uncertainty subcategory had the highest number of codes: 35. Which is
almost half of all of the identified certainty/uncertainty codes within the Meetings with
suppliers interaction type. For Commercial and Organisational uncertainty, there were less
codes, 16 each. Four codes were left uncategorised but all of them mentioned uncertainty in a
general manner such as “margin of uncertainty is high” and “uncertainty on every axis”.
Therefore, these were ignored.

In examining the subcategories further, | found several codes that were similar to each other
and pointing to recurring topics within the subcategory. Figure 22 shows a tree-diagram with
these recurring topics. The full code list related to these topics can be found in Appendix B,

Table 2.
Uncertainty
Technological Commercial Organisational
Changing Changing Quoting Future  Development Reusable Common
architectures  timelines the risk market roadmap P Transparency knowledge understanding

New
technical
knowledge

Requirements

Figure 22: Tree-diagram of the Uncertainty category, its three subcategories and their recurring
code topics.

On the Technological side, | identified a link again between Uncertainty at the abstract level
and the difficulties dealing with Airbus requirements at the concrete level. On the other hand, it
was not directly clear from this breakdown that the safety focus (as mentioned above in
Group 2) is driving these difficulties with requirements. This does not necessarily mean that
the safety focus is not a driver but it shows that there are potentially more drivers.

Within the Organisational uncertainty subcategory there were many codes relating to
interactions between the supplier and Airbus. It supports the links identified earlier between
Interacting and Certainty & confidence in Group 1 and between Group 2 and Interacting through
Fear-of-missing-out. The same code from Fear-of-missing-out was also categorised under the
Organisational uncertainty subcategory.
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Discussion

This chapter discusses the results from the exploratory phase of this research. It is the
transition from the exploratory into the identification phases. From the results, it is clear that
the supplier engagement landscape within Airbus and more specifically within ZEROe is broad
and complex. There are many different (internal) stakeholders, perspectives, and challenges.
This section details the general findings and defines a way forward in the form of three design
challenges and two analysis challenges. At the end of this section, a choice is made between
these challenges.

General findings

At the highest abstraction level, it is the uncertainty surrounding hydrogen technologies for
aviation that drives the supplier engagement challenges. There are technological
uncertainties regarding the development pathway of new hydrogen equipment such as liquid
hydrogen pumps, tanks, valves, etc. There is commercial uncertainty on the demand for
hydrogen aircraft, on the prices of the equipment, and on when the development milestones
are supposed to be met. And of course, there is organisational uncertainty around how Airbus
and its suppliers should organise themselves in order to create the needed technologies.

In comparing Group 1 and Group 2, it became clear that one was highlighting positive
engagements with suppliers and the other was highlighting the more difficult engagements.
Within the groups there were relations between the categories that reinforced each other in
positive feedback loops. Figure 23 gives a schematic overview of these relations and the high
level themes that were uncovered in the analysis.

Enablers Interacting Uncertainty
+ + .
P 4 \ /v
i +
Opportunity Successful Unsuccessful A
interactions interactions
~
*  Certainty ol '\+ Barriers

Figure 23: Overview of the main themes and the interactions between them.

These feedback loops are the main high-level finding of this analysis. In Group 17, the positive
feedback loop leads to positive engagement while in Group 2 it leads to no or negative
engagement. As was found, there were many more instances of the uncertainty driving the
negative engagements. It seems as if Airbus is unable to break the positive feedback loop
leading to bad engagement in many interactions. However, as was seen with the example in
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Group 1, it is possible to break it and create momentum that reinforces itself.

Research questions

The exploratory phase of this research is characterised by trying to understand the context of
the supplier engagement within the Tank systems teams of ZEROe. My goal was to
understand how the different stakeholders interact currently in supplier engagements. | asked
myself the following research question: What are the stakeholder perspectives on supplier
engagement within the ZEROe project?

Although each of the stakeholders have complex perspectives on the matter of engaging in
hydrogen propulsion technology development, | briefly summarised the perspectives per main
stakeholder:

1. Tank systems engineers & project managers: their main goal is to adhere to the
technological roadmap and deliver the required equipment to meet each Technology
Readiness Level milestone up until Entry Into Service. Of course, these developments have
to remain within budget. Supplier engagement is the way to reach those goals as suppliers
develop sub-systems and components, feeding into the complete aircraft architecture.

2. Procurement officers: procurement is supposed to get the best offers from suppliers
possible with respect to Time, Cost, Quality, and Performance. This is easiest to do when
there are many suppliers able to deliver the same equipment. To make sure the IP
conditions are favourable for Airbus, procurement officers orchestrate the interactions
between the suppliers and the engineers.

3. Suppliers: suppliers are willing to engage in R&D activities when the product fits their
strategy and product line-up, and when the development costs are clear. Selling products
to Airbus could mean high revenues for prolonged periods of time. That is what makes
R&D worthwhile for suppliers.

For the identification phase, | asked myself the following research question: What challenges
do the stakeholders face in engaging in joint early stage hydrogen propulsion technology
development for aircraft? Again, | have summarised the main points per stakeholder in the list
below:

1. Tank systems engineers & project managers: Supplier engagement is mainly difficult for
them as they do not feel comfortable with what they are requesting from the suppliers
currently. (Top-level) requirements are not fully defined making it difficult to write
Statements of Work and Product Technical Specifications which will not constantly
change. They feel restricted and bottlenecked by the commercial processes around
supplier engagement. There is a need to learn and implement the learnings effectively.

2. Procurement officers: Compared to procurement processes in legacy programs, procuring
equipment for the Tank systems teams is difficult due to the technological and
commercial uncertainties. There are no strong ‘carrots’ or ‘sticks’ that can be used to
entice suppliers to engage, leading to slow interactions and a small supplier pool.

3. Suppliers: At the start, many suppliers are enthusiastic about ZEROe and want to engage.
Once the relationship develops, it becomes clear how uncertain all of the developments
are. Suppliers are not able to properly calculate the risks of engaging in developments.
Even when the risk is clear, the suppliers are usually required to self-fund most of the
development costs, forcing them to raise their commercial offers. This is especially the
case for hydrogen propulsion technology development as there is currently no big market
with other customers available.
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For the design phase, there is no research question. Instead, the goal is to design an
intervention around an identified challenge and test/deploy it within the ZEROe Tank systems
teams context. The next sections discuss the identified challenges.

Towards a design challenge

The high level findings offer an intuitive view to supplier engagement: the more uncertainty in
the to-be-designed equipment/systems, the less successful the interactions with suppliers
will be. However, this abstract notion does not offer a concrete avenue for a design solution.
For that, we should consider the actionable insights from the research. The identified
actionable subcategories of Group 7 offer an avenue to scope down the design challenge (see
section Engagement enablers & Interacting in Results). This section covers the three identified
actionable subcategories with most codes and highlights the possibilities to improve the
supplier engagement through them as design/analysis challenges. Details on the design
challenge Learning with suppliers and the analysis challenge Defining needs clearly can be
found in Appendix C.

Design challenge: Finding an efficient way of
collaborating

The actionable subcategory of Finding an efficient way of collaborating had the most amount
of codes related to it compared to the others. Interestingly, the codes from the interview with
the external professional had many overlapping points with the codes from the interviews
with internal stakeholders. For example, the external professional explained having weekly
meetings with suppliers to be able to monitor their development progress as closely as
possible (code: suppliers' progress is monitored weekly). From an interview with a ZEROe
engineer, they expressed the need for more frequent meetings and the need to monitor the
progress made (code: intermediate supplier progress reporting needed) even during the
supplier selection phase (code: "exchange freely and build knowledge" in RFTI phase).

Redesigning the progress monitoring process and the touchpoints with the suppliers could be
a fruitful avenue for the engineering teams. As development phases for the equipment are
continuously being started, it would be possible to test whether a different way of
collaborating would improve the supplier engagement.

Analysis challenge: Defining the right incentives and fit

Within ZEROe, many developments requested from the suppliers are self-funded. This means
that the suppliers themselves fund the R&D needed to produce the requested equipment to
Airbus. The R&D needed to define the equipment and test its viability and feasibility often
spans years and requires multi-million dollar investments. For many companies, this becomes
problematic when there is uncertainty about the ability to sell the equipment at scale later on.
The reality is that ZEROe is in a pilot phase while Airbus is requesting equipment from
suppliers as if it was an aircraft program with committed volumes. In the interview with the
external professional, it was clear that during pilots, the energy distribution company pays for
the supplier's development costs creating the incentive for them to join. Many ZEROe
suppliers do not have this incentive currently as Airbus is unable to finance all of the R&D
needed to develop the equipment. Therefore, the challenge is to find other incentives that
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would motivate companies to self-fund the R&D. On top of that, it would be important to
identify the characteristics that define a right fit between a ZEROe supplier and Airbus once
they have chosen to commit to self-funding.

This challenge is geared towards deeper analysis of the incentives a company needs to
engage with ZEROe and what characterises these companies. This analysis could be relevant
in selecting the right suppliers to make sure no time is wasted with suppliers that eventually
will not commit (code: part ways without wasting time). There is not yet an opportunity for a
concrete design without doing deeper analysis first. This makes it less usable in the short
term for the engineering teams.

On the other hand, knowing which suppliers to select, and knowing what incentives to offer
them could be valuable information, also for engineering.

Design challenge: Having a clear strategy

Several codes pointed to the need for Airbus to communicate more clearly what its intentions
are with regards to the hydrogen technologies that it wants to develop. Across several
interviews in the dataset, participants suggest that suppliers are not fully aware of Airbus’
plans. Additionally, it is currently unclear how Airbus views the future hydrogen aircraft
market. Airbus communicates clearly on the ambition to create hydrogen-powered aircraft but
is not naming any prospected market sizes nor are there any customers officially on board yet
even though there is interest (Perry, 2023). For suppliers this brings uncertainty. It leaves
interpretations about Airbus’ commitment open to speculation.

As a design challenge, this topic is not easy to tackle as decisions about strategy and the
communications about those decisions are taken at the (ZEROe) top management or even
Airbus executive committee (CEO) level. Some decisions that would reduce the uncertainty
for the suppliers and ease the engagement are not taken yet. Recommendations that would
flow from the design would most likely not be implemented at the engineering level which this
project is situated in, reducing its applicability.

On the other hand, it could be valuable to create a stronger link between the uncertainties that
the engineers face in their daily work, and the strategic decision making that happens at the
higher levels. This is supported by an engineering interviewee’s perspective that there is not
enough upward feedback within Airbus (code: stronger feedback stream upwards in Airbus).
Streamlining this process could therefore accelerate the decision making which was identified
as being problematic by one of the interviewees (code: engineers afraid to take risky
decisions).

Choosing a design/analysis challenge

All five challenges explained above relate to important topics of supplier engagement within
the ZEROe Tank systems teams. As | have limited time and resources for this thesis, | will
choose a focus for the design/analysis challenge.

Between the five challenges, | have to take into account the academic relevance and the
relevance for the ZEROe Tank systems engineering teams. These interests are somewhat
conflicting as for the academic relevance, | would ideally design/analyse something that is
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generalisable. For the relevance to the Tank systems engineering teams, the design/analysis
would be most relevant if it is fully tailored to their situation, reducing the generalisability.

With that in mind, the analysis challenges (Defining needs clearly and Defining the right
incentives and fit) are dropped as they depend too much on Airbus’ needs in this specific
project. Nonetheless, Defining the right incentives and fit remains relevant for future research.

With the design challenge Learning with Suppliers, the issues around intellectual property
might become showstoppers in trying to get Airbus ZEROe to learn from suppliers. As | am
not specialised in law, these issues might be hard to find solutions around. Therefore, this
design challenge is also dropped.

Between the last two, the design challenge around Finding an efficient way of collaborating
seems to strike a balance between relevance for the engineering teams (highest number of
codes) and the academic relevance. Regarding the latter, there are still question marks around
the degree of influence of organisational uncertainty (Yepeng et al., 2022) and technological
uncertainty on the involvement of suppliers in new product development (Melander & Tell,
2014, p. 118) (Johnsen, 2009, p. 195). Johnsen (2009) specifically mentions the need to
better understand these characteristics between projects with suppliers. This is precisely
what can be tested within this design challenge as multiple supplier relationships are ongoing.

Additionally, the Having a clear strategy topic touches on an important cause for uncertainty
within ZEROe that is felt daily by the Tank systems engineering teams and their stakeholders.
During one of the team and organisational meetings, a project manager was explaining the
difference between the development streams of the prototypes and the final product to the
engineering team. To distinguish between these streams, each development is marked with
an identifier. When the project manager referred to these identifiers and their sub-versions, the
engineers got confused. There was a misunderstanding on what was a prototype and what
would be the actual product. Upon asking about the use of the identifiers, the project manager
in question explained to me that this naming is based on development trajectories from
legacy aircraft programs. They added that they did not believe that this development strategy/
roadmap fully fits the needs of the ZEROe project currently.

To choose an appropriate design challenge between the last two options, the results of the
identification phase were discussed with both the university graduation committee and the
company's internal stakeholders. | adjusted the challenges slightly after the discussions with
the stakeholders. Figure 24 shows the updated challenges in short.
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Figure 24: The two considered design challenges.

After combining this feedback with the insights gathered throughout the research phase, |
decided to focus on what was initially defined as ‘Finding an efficient way of collaborating’ and
is now “Tailoring way of working”. The exploration and identification phases showed that this
topic has a high relevance to the team as it had the most amount of codes related to it. In an
interview with an engineer working on drafting their first RFTI (Request For Technical
Information), they said:

“Now I get the opportunity to do one of those, an RFTI. Yet | find, as far as | can tell, there is
no process, no template, no methods for RFTI. So now | got to yolo my own way through this
process which will be directly sent to external suppliers.”

So, there is a clear need for more guidance in this process.

The ‘Having a clear strategy’ was renamed to ‘Diffusing strategy’. This topic remains relevant
and was highlighted by the internal stakeholders to be a driving force in supplier engagement.
However, this is not a topic that the engineering teams have direct influence on which makes
it less relevant for this thesis. Therefore, it was chosen to drop this challenge.

In the next chapter, the chosen design challenge is taken as a starting point of the design
phase.
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Design phase

During the exploratory and identification phases, | have provided an overview of the supplier
engagement landscape and | have identified the most relevant challenges related to it for the
Tank systems engineering teams. In the design phase, | will tackle the Tailoring way of working
design challenge jointly with the Tank systems team members.

The chapter starts with defining the scope of the design. Then, the approach to tackling the
challenge is described and carried out. The Results section details the findings. The form of
the deliverables are presented and discussed in the Design form section. Lastly, the design
proposals are iterated on and validated in the Validation section.

Scope

The general findings from the identification phase (presented in Figure 23) lead to an abstract
view on the influence of (un)certainty on the success of the interactions with suppliers. It is
obvious that cases with high levels of uncertainty in the equipment specifications,
requirements, and development roadmaps caused barriers that lead to unsuccessful supplier
engagements. The design must help reduce this uncertainty through tailoring the way of
working in supplier engagements. This section scopes down how the design should
concretely reduce the uncertainty.

With the advent of hydrogen-powered aircraft, Airbus is redefining the basic aircraft
architecture for hydrogen technologies. On the other hand, Airbus’ bread and butter are the
legacy aircraft programs based on decades’ old aircraft designs. These programs are deep
into the specific phase of product development. Established processes make sure that this
productivity and quality is reached (Murman et al., 2000). A part of the issues in the supplier
engagement that | found can be linked back to the tension between the different product
development phases the legacy programs are in versus ZEROe. The development processes
used across them is at the core of this.

One of the established processes that Airbus uses in product development is the Request For
Technical Information (RFTI). As mentioned in the Group 7 section of the Results chapter on
page X, it is used to explore and develop new technologies together with suppliers. The RFTI
is used at Airbus as a sub-part of a so-called ‘stage-gate’ product development process
(Cooper, 2000). Structuring the innovation process in this way is meant to reduce uncertainty
along the way of new product development. Tidd and Bessant (2020) mention that this
uncertainty is reduced “through a series of problem-solving stages, moving through the
phases of scanning and selecting and into implementation - linking market- and technology-
related streams along the way.” Within the ‘scanning and selecting’ part of the process at
Airbus, multiple RFTIs are conducted with suppliers to select the appropriate solutions to the
design challenges defined in the concept phase. Figure 25 shows an outline of the
development process Airbus uses for new aircraft program development and includes the
RFTI as a sub-process within it.
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Figure 25: An Airbus specific adaptation of Cooper’s (2000) stage-gate product development
process combined with Wheelwright's (2011) development funnel (Airbus, n.d.).

This process outline, including the RFTI process, has its origins in the legacy aircraft programs
and has been used successfully in the development of new kerosene-powered aircraft for
decades. Naturally, this process is now being applied to new hydrogen aircraft developments
within ZEROe. Cummings (2020) argues that the “notion of heritage” dictates the choice of
one technology over another in innovation. In the context of this project, | believe the “notion
of heritage” can also be applied to the processes chosen for a new product’s technology
development. Processes such as the RFTI have a proven heritage in the legacy programs at
Airbus. The process is used to procure safe components and systems with incremental
innovation in the propulsion technology of aircraft and has proven to be very successful at
doing so. However, when applying it to radically new propulsion technology development,
there are clearly limitations.

The Group 1 section in the Results chapter demonstrated that a deviation to the usual RFTI
process with one supplier yielded better results than with suppliers with which the process
was strictly followed. In their conceptual model linking creativity, supplier engagement,
performance, and green innovation, Awan et al. (2019) argue that teams at multinational firms
engaged in inter-firm cooperation should have members capable of divergent thinking beyond
the acceptable practices of that cooperation. In other words and applied to the context of this
project, it implies that the engineers in the Tank systems teams should be able to think
beyond the typical processes (= “acceptable practices”) used with suppliers. By doing so (and
demonstrated in the case in the Group 1 section of the Results chapter), the supplier
engagement could potentially be improved. It does beg the question if by doing so, the same
levels of safety and reliability will be achieved. The flexibility to deviate from a development
process to improve the supplier engagement should not compromise the safety and reliability
of the to-be-designed system/equipment. This is a strict requirement for any design solution
developed in the following phases.

Therefore, the scope of the design phase is on the tension between the legacy ways of
working and the needs of the Tank systems engineers within ZEROe. With that, it dives deeper
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into the RFTI process and aims to find improvements to it that reduce the uncertainty for both
Airbus and its suppliers.

Design challenge: Tailoring way of working

This section discusses the approach taken to tackle the “Tailoring way of working” design
challenge. It also discusses how the stakeholders are involved in the design process. Some
possible outcomes that | expect to deliver at the end of the design process are given.

As the topic of collaboration is wide and the problems the team members identified during the
interviews were varied, | deem it important to spend time jointly formulating the problem
statement of the design challenge. A clear problem statement enables the team to come up
with ideas and concepts that are relevant for me to work out into (a) solution(s). Therefore the
design challenge statement is as follows:

Jointly design implementable improvements to collaboration processes between the
ZEROe Tank systems engineering teams and their suppliers.

Approach

To create stakeholder ownership over the design, | am facilitating creative sessions in which
the team goes through several design diamonds. The goal is to converge to a design solution
that is relevant for their context. To achieve this, | am applying techniques from the integrated
Creative Problem Solving (iCPS) model (Buijs & Van der Meer, 2013). More specifically, | am
using an expanded model and approach that builds on iCPS by Heijne & Van der Meer (2019).
Figure 26 shows the approach | am taking which is an adapted version of the triple diamond
iCPS process. Instead of going through the solution finding diamond which iCPS prescribes
as the third diamond, | work out the ideas and concepts from the idea finding diamond
together with the team members in iterative loops spread over multiple sessions. This is more
effective as the ideas that are generated in the idea finding phase are very specific to certain
use cases for the engineering team members. Hosting a third design diamond with all
stakeholders in which a solution is developed in one go would not be enough to work out the
solution to a sufficient degree.
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Figure 26: Approach to the design process based on iCPS (Heijne & Van der Meer, 2079).

Participants

For this design challenge, the main stakeholders are the engineering team members. As it is
about collaboration, the suppliers are also important stakeholders. However, gathering all
internal and external stakeholders together for all design diamonds is unrealistic due to
schedule restrictions. On top of that, a supplier who is willing to participate in such sessions
might not be fully representative of the various different types of suppliers that the engineers
deal with on a daily basis. Therefore, the focus of the session will be on the engineering team
members’ perspectives of the supplier engagement.

The group size is limited to eight members (Heijne & Van der Meer, 2019). Table 5 shows the
sessions’ full participants list.
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Table 5: Participants of the creative sessions.

Name Session Role in session Notes

presence
Jan-Willem van 1&2 Facilitator Remains neutral and only facilitates the
Zwieten participants’ creative process.

Project manager 1&2 Problem owner “Owns the problem and is or feels responsible for
solving it” (Heijne & Van der Meer, 2019). Has
extensive experience with dealing with suppliers, in

and outside of ZEROe.
Engineer 1 1 Resource group Has experience in a previous job as an Airbus
member supplier. Says they are able to put themselves “in
the world of the supplier”. Has RFTI writing
experience.
Engineer 2 1 Resource group Has experience in developing hydrogen equipment
member with suppliers and in writing RFTIs.
Engineer 4 2 Resource group Experienced in dealing with suppliers in ZEROe and
member in writing RFTIs.
Engineer 14 1&2 Resource group Is new to the ZEROe development processes and is
member currently writing an RFTI for the first time.
Engineer 15 1&2 Resource group Relatively new to ZEROe. Has experience with
member problematic supplier engagements and in writing
RFTIs.
Engineer 16 1&2 Resource group New to ZEROe, has little experience with supplier
member engagements. Could bring in an outside
perspective.

Session 1: Problem finding

To carry out the problem finding diamond of the iCPS process, the first creative session with
the problem owner and the resource group is carried out. A total of one hour and thirty
minutes is scheduled for it. As this first session is centred around the problem finding
diamond, the starting point is a problem statement. Together with the problem owner, the
following statement is defined:

“How can we improve the interaction between the engineering teams and suppliers during
the RFTI-phase?”
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Additionally, the problem owner highlights three topics that they believe relate to the problem:
+ The trust between Airbus and its suppliers,
*+ The value proposition of ZEROe towards suppliers,
+ The credibility of the ZEROe project towards suppliers.
These are included as key words next to the problem statement to be used as inspiration for
the resource group.

Within each creative diamond of iCPS, there are three distinct consecutive phases: diverging,
reverging, and converging. The creative tools and methods are chosen based on these phases
from (Heijne & Van der Meer, 2019). Table 6 gives an overview of the tools and methods used
during each of the phases. See Table 1 in Appendix D for an overview of the full session
schedule.

Table 6: The problem finding diamond phases, their methods and explanations of the methods
(Heijne & Van der Meer, 2019).

Phase Methods Explanation
Diverging What When, Participants were asked to answer What, When, Why, Where, Who and How
Why, Where, questions related to the problem statement (see Appendix E for the
Who. How? questions). The goal of these questions is to gain a rich description of the
(5WIH) problem statement that touches on most aspects of the problem.
Reverging Spontaneous Answers to the questions in the previous phase are clustered into groups
clustering with similar themes. These themes emerge spontaneously and enable the
resource group to get an understanding of the main themes in the problem
landscape.
Converging Restating the Based on the emergent themes from the previous phase, participants are
Problem asked to jointly develop a new problem statement. The problem statement

must be Specific, Positive, Ambitious, Relevant and Simple.

The final deliverable of this first session is a reformulated problem statement that captures
the essence of the problem at hand. This statement is then used as a starting point for the
second session.

Session 2: Idea finding

The second session focuses on the idea finding diamond of the iCPS process. It uses the
reformulated problem statement from the problem finding diamond as the starting point.
Similarly to the first session, session 2 is structured in three phases: diverging, reverging, and
converging. A total of one hour and thirty minutes is scheduled for the session. | selected
applicable methods for each phase based on the recommendations in (Heijne & Van der Meer,
2019). A summary per phase and method is given in Table 7. The schedule of the full session
can be found in Appendix D, Table 2.
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Table 7: The idea finding diamond phases, their methods and explanations of the methods

(Heijne & Van der Meer, 2019).
Phase Methods

Diverging Brainwriting
6.3.5

Criminal
round

Forced fit

Reverging Spontaneous
clustering

Converging UALo analysis

Explanation

Participants are each given a sheet with a 3 x 5 matrix on it. They are then
tasked to generate three ideas to the problem statement and write them in
one of the rows of the matrix sheet. In the next round, the sheet is passed
on in clockwise direction to their neighbour and this continues until all five
sheets contain 15 ideas. By transferring the sheets, participants can build
onideas of others to generate new ones.

Participants are asked to think of ideas that are criminal in nature. This
method unlocks ideas that participants are usually not willing to share. By
creating an environment where it is safe to share illegal ideas, they step out
of this restricting mindset. Participants reassured by the facilitator that
these ideas are destroyed at the end of the session and will not be recorded
in any way.

In force fitting, participants are asked to turn the illegal ideas from the
previous round into tamed versions that would be legall. It tries to capture
the ‘good’ aspects of the criminal ideas which are often very out-of-the-box.

All of the ideas from the previous phases (excluding the criminal ideas) are
clustered based on emerging common themes. It gives the participants an
understanding and overview of the idea/solution landscape. Once the
clusters have emerged, they are each given a fitting name.

UALo stands for Unique, Advantages, Limitations, and Overcoming
limitations. Participants are asked to evaluate each of the idea/solution
clusters based on these four aspects. The order is important as
participants use affirmative judgement to analyse the ideas. The positives
(Unique and Advantages) are discussed before the Limitations. In the end,
through evaluating the pros and cons, the idea/solution cluster with the
highest potential is chosen for the next phase.
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Results

The two creative sessions were conducted together with all of the participants. The sessions
took place with six days in between, making sure that the outcomes of the first session were
still fresh on the minds of the participants. This section details summarised findings per
session and elaborates on the debrief with the problem owner following session 2. A full
report on the sessions including the procedures and pictures can be found in Appendix G.

Findings session 1

Session 1 showed strong evidence that the RFTI process needs reworking. There are three
quotes from participants worth highlighting: “RFTI not adapted for complex R&D, set new
grounds”, “Suppliers quit RFTIs/RFPs [Request For Proposal]”, and “No document RFTI process”.
These findings support the need to tailor the process more towards the engineering team’s

needs.

Another aspect that was striking is summarised well in a Post-it® note from the Knowledge
cluster: “Lack of experience outside of ‘comfy’ legacy supplier exchange”. This shows that the
supplier engagements that the engineers currently face are less straightforward than they
were used to in the legacy programs.

The resource group converged to the following reformulated problem statement:

“How can we tailor the supplier engagement processes for ZEROe?
* lessons learned
« communication”

The participants included two additional topics (lessons learned and communication) into the
statement as pointers for the idea finding phase.

Findings session 2

The second session started with the reformulated problem statement from Session 1. After
going through the program of the session (see Appendix G for additional information), the
resource group came up with four ideas. The two ideas with the largest potential are
explained below. See Appendix H for explanations of the other two ideas.

1. Prototype (DMU)

The need to be better able to explain technical aspects to suppliers sparked this idea. The
participants believe this could be accomplished if they could show a (3D-printed) prototype or
DMU (Design Mock-Up). The DMU is a 3D drawing of a system or component that interfaces
with the to-be-designed component or system (see an example in Figure 27). One of the
participants reflected on an instance when they were stuck in discussions with a supplier. It
was only when they showed them (part of) the prototype that all of a sudden it clicked and the
discussions successfully continued. It enables suppliers to “see” what Airbus has been
working on. It shows the “subconscious assumptions” that the Airbus engineers made during
the design process which are not always clear on paper. Specifically on the integration aspect
of a supplier's equipment into Airbus systems, it is very helpful for complex components such
as hydrogen pumps.
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The resource group identified IP issues as the main limitation to this idea. Sharing a prototype
or a DMU with a supplier would put Airbus at risk of exposing confidential information. It could
be overcome by not including sensitive parts (“black boxes”), by showing a different scale, or
by only showing it on a need-to-know basis. See Appendix F Figure 1 for the outcomes of the
UALo analysis for this idea.

BB

Figure 27: 3D drawing of the Fast Make tank prototype which could serve as a boundary object.
(Airbus, n.d.)

2. Define the process clearly

The fourth and last idea selected by the resource group relates to defining the RFTI/RFP
processes more clearly. The participants expressed that there is some standardisation
missing related specifically to the use cases within ZEROe. Having a clearer definition of the
RFTI/RFP processes would lead to clearer Statements of Work & Product Technical
Specification and increase the overall efficiency of the development process.

The greatest limitation to this idea relates to the alignment needed of the many different
stakeholders to create a clearly defined process. Nonetheless, this could be overcome by
identifying and collecting input from the various stakeholders. See Appendix F Figure 4 for the
outcomes of the UALo analysis for this idea.

To come to a conclusion on which idea should be worked out further, | asked the participants
one after the other which of the four ideas they believe to be the most relevant to their daily
work. | gave each of the participants two votes they could place on two ideas. In the end, the
Prototype (DMU) idea and Defining the process clearly tied with three points each while the
Way of working got two points and Public awareness received one point.

Problem owner debrief and conclusion

The findings were debriefed with the problem owner. Having an overview ‘on the wall’ of the
relevant topics the engineering team members face daily with regards to supplier engagement
was greatly appreciated. Nonetheless, we both reflected on the fact that many of the topics
that came up in the session were already identified at large during the identification phase of
this research. On the one hand, this is a positive validation that the research highlights the real
pain-points for the engineering teams. On the other hand, it feels like we have not made any
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progress on creating solutions to these pain-points. Nonetheless, the ownership of the
problems is now shared more than ever among the team members which was one of the
goals of these creative sessions. The Sessions section in the Reflections chapter details more
reflections on this topic.

What became clear from the sessions is that the RFTI process needs reworking to fit the
needs of the engineers. Therefore, it was decided that this would be the tangible deliverable
that the engineers will use on a daily basis. Additionally, since there is an interplay between so
many topics influencing supplier engagement, it was decided to map the evolution of these
topics to two roadmaps, one strategic and one tactical. The next section goes over the design
deliverables of this thesis.

Design form

From the exploratory, identification, and design phases, many different topics related to
supplier engagement have become clear. One of the most relevant of these topics for this
thesis is the processes that engineers use to be guided through the development of the
different equipment needed for hydrogen-powered aircraft. These processes and the way they
are followed highlight the mindset at Airbus and dictate the behaviour of the stakeholders
within supplier engagement at ZEROe. Through the creative sessions, it has become clear that
this mindset, combined with unfit processes are hindering (mostly slowing) successful
technology development with suppliers. Therefore, the design should tackle both these
problems.

This section details a strategic roadmap and a tactical roadmap. These roadmaps have the
goal of helping (project) managers shift the mindset of the internal stakeholders to better fit
the needs of the ZEROe engineers within supplier engagement. Additionally, this section
highlights the improvements to the RFTI process by tailoring the communication materials
that the engineers use when requesting technical information from suppliers.

Roadmaps

Roadmaps are commonly used in internal collaborations to map out resources and strategies
when developing a new product/service in line with a company’s vision. They serve to connect
stakeholders of the collaboration around a plan (Kim et al., 2018, p.50). The Tank systems
teams are mostly used to technological roadmaps with short- and long-term goals of reaching
certain TRLs for the to-be-designed equipment. In the project management of ZEROe, there
are also high level roadmaps, mapping the resources to the TRLs and the business objectives.
However, as far as | have seen, there are currently no roadmaps taking into account explicit
user needs within ZEROe, whether those ‘users’ are the suppliers, engineers, or future
passengers. This is most likely due to the strong focus on the technological side of the
developments, as is reflected by the extensive amount of internal technological roadmaps.
Nonetheless, Airbus might benefit from implementing user/stakeholder centric roadmaps to
complement their technological roadmaps and inform their engineering management
strategies. Design Roadmaps can help display user needs and have shown to help firms
embed an understanding of emerging user needs to technology development and
management strategies (Kim et al., 2022).

If we consider the Tank systems engineers as ‘users’ of the various development processes, it
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seems natural that their (evolving) needs should be considered. In making these needs
explicit and visual in roadmaps, it could help Airbus identify when certain processes are
limiting the developments and find ways to improve them.

As a first proposal, this section details two roadmaps, one strategic and one tactical. They
detail the Tank systems engineers' needs in an embedded way in what | have labelled as a
‘mindset’. This mindset shifts based on the context throughout the three horizons as the
hydrogen technologies mature (adapted from Van der Linden et al., 2023). The roadmaps are
meant to be used as ‘talking pieces’ within Airbus. It could be compared to the function of the
aforementioned ‘boundary object’ that serves as a way for two parties to discuss the
constraints and needs around an ‘object’, in this case the roadmaps (Star & Griesemer, 1989).
It is a way for (project) managers to connect to internal stakeholders and discuss the
challenges around an abstract topic such as supplier engagement in relation to the
engineering teams’ needs. | believe the design roadmap serves this purpose as it allows to
contextualise the challenges in a broader picture away from the strictly technological focus
that the usual ZEROe roadmaps have. Therefore the ‘use’ of the roadmaps is not necessarily
altering the timelines or shifting the components within them through time, but rather using
them as supplier engagement guidelines during projects and discussions. They can serve as
reminders of the importance of the engineering needs within supplier engagement in early
stages. Additionally, these roadmaps serve as a visual summary of the most important
findings from this research which makes it easier to handle than a long thesis report.

The following sections detail the strategic and tactical roadmaps.
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Strategic roadmap

The strategic roadmap details three horizons from 2025 up until 2030 towards a future vision
(see Figure 28 and Appendix 1). The goal of the strategic roadmap is to link the desired
mindset (with embedded engineering needs) to the support (project) managers can give to
enable successful supplier engagement. Therefore, the target users for this roadmap are
(project) managers.

The future vision is to have more confident supplier engagements thanks to a regained
confidence in aircraft development; green hydrogen-powered aircraft development. See
Appendix | for the full strategic roadmap.

FUTURE VISION

CONFIDENT SUPPLIER < -

ENGAGEMENTS 1 Jr
-

Confidently lead component and
gﬁ

system development for
hydrogen powered aircraft. Be
the authority with regards to
green hydrogen powered aircraft
development.
As was found throughout the research, engineers are not fully comfortable with the current
equipment development due to the many uncertainties around the technology and the lack of
expertise on hydrogen systems for aviation. Their present needs revolve around learning and
developing capabilities. The future vision is to have regained the confidence in this type of
development specifically for green hydrogen-powered aircraft.

Figure 28: Future vision.
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Figure 29 shows part of the strategic
roadmap, namely the first horizon. This
horizon spans approximately two years
until 2027. It highlights the desired
mindset in this horizon: being humble.
The mindset is not only relevant as a
way to convey the engineering needs, it
should also be regarded as desired for
the other internal stakeholders involved
such as procurement and quality
managers. As Airbus does not yet have
the required expertise to develop high
performance liquid hydrogen fuel
system equipment, it is crucial to focus
on learning in this horizon. Learning
can only be achieved through acquiring
information from entities and experts
with more knowledge. In this case,
hydrogen equipment suppliers are
these entities. In this horizon, it is also
crucial to avoid conflicts. Conflicts are
detrimental to trust building (Bstieler,
2006) and should therefore be avoided
in the fragile early stages of the
relationships with suppliers. This is
especially important as the supplier
pool is so small that

The lower section details the support
(project) managers can give to the
internal stakeholders to achieve the
desired mindset. It suggests the
(project) managers to continuously ask
themselves the following question:
‘How can | make my engineers learn as
much and as quickly as possible?’ and
adjust their management strategies
accordingly.

The other two horizons are structured
in a similar way to horizon 1. I invite the
reader to Appendix | to explore the full
strategic roadmap.

MINDSET

SUPPORT

HORIZON 1 2025

BE HUMBLE

Acknowledge that there is a
knowledge and expertise deficit.
Focus on learning as part of the
TRL3 efforts. Be as transparent
about your architectural
considerations as you can. Start
building relationships. Avoid
conflicts at all costs to avoid scaring
potential partners at the start. Break
away from strict contract dominant
engagements, you will not get the
perfect price and delivery anyway in
this phase.

?-

-

-]

Learn from your supplier’s expertise

Support learning

Enable the engineers to rapidly learn by
encouraging early intensive interactions
with (potential) suppliers. Send them on
visits, have them test and validate very
early prototypes with suppliers.
Compensate suppliers for their efforts.
Keep the technical explorations as open
as possible, shielding the engineers from
unnecessary contractual discussion and
supporting them in simplifying
specifications. Repeatedly ask yourself
the question ‘How can | make my
engineers learn as much and as quickly
as possible?’

Figure 29: Horizon 1

59



Tactical roadmap

The tactical roadmap is meant to dive deeper into the mindset shift by linking and
contextualising it with the development streams, value proposition, development deliverables,
assets and processes, and the interaction balance between engineering and procurement.
The target users of this roadmap are (project) managers and the Tank systems engineering
team members. The roadmap is split into a bottom and a top section. In the top section, the
mindset shift is detailed together with visualisations of the development streams and the
value proposition towards suppliers throughout the horizons. The bottom section shows a
singular equipment development process which is not necessarily linked to the three horizons
timeline of the full ZEROe project. The length of such a development process depends on the
type of equipment so the timeline can not be generalised. As was mentioned earlier, the RFTI
process needs tailoring to the needs of the ZEROe project. The bottom section of the tactical
roadmap summarises the splits in deliverables that were previously ambiguous between the
RFTI and RFP phases. This has been done in several sessions with two Tank systems
engineers. More on this will be discussed in the following section. Refer to the confidential
Appendix J for the full tactical roadmap.

The tactical roadmap details the mindset shift through four key topics from the research
findings: learning, uncertainty, relationship management, and tone-of-voice (see Figure 30).
These topics have their counterparts in the future vision at the end of horizon 3: deep
expertise, certainty, trusting partnerships, and confidence. Throughout the horizons, the
mindset feeding the transition between these topics is highlighted. It starts with a negative
mindset in pink and moves to the blue desired mindsets positioned at different stages of the
horizons, dependent on the developments and context. The goal of this visualisation is to
illustrate the behavioural change that is proposed through the mindset shift.

Mindset shift

Four key topics
influencing supplier

engagement. A shiftin RE L INMR] £ DD MNMOMENT IN | C\/EDANRE KN ENCE
e ndecilianeadedin BE HUMBLLE sUILD MOMENTUM LEVERAGE KNOWLEDGE
each horizon along all
four topics.
Learning ‘First-time-rightt ———» Learn-by-doing —---------=-=----=--; Knowledge accumulation --------; Deep
: : expertise
v v
Uncertainty Secrecy »©- Transparency ————— & Decisiveness Certainty
A
Relationship . . . Trusting
management Contract-dominant —©- Collaborative resAearch and development partnerships
Tone-of- Over-confidence —»® Humbleness ------- Confidence

voice

Figure 30: The mindset shift stream of the tactical roadmap.

As mentioned, the bottom section details the equipment development process in more detail.
Figure 31 shows the assets and processes in the equipment development linked to the
interaction balance with suppliers between engineering and procurement. This visual serves
as a simple generalisation of the development process to illustrate what assets Airbus can
leverage in each phase of the development. Additionally, the visual shows the supplier
interaction balance between engineering and procurement. During interactions with suppliers,
both engineering and procurement are involved. Currently, these interactions are led by
procurement which in some cases leads to an emphasis on the commercial side of the
collaboration. Especially in the early stages where learning is the most important, it would be
better to have the interaction be balanced more towards engineering topics. Then, once the
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relationship becomes more serious and some of the uncertainties have been clarified,
procurement should become more involved to make sure a good commercial deal is created.
Of course, the two departments support each other throughout the development process
which is also indicated in the visual.

Assets and processes

Legacy
procurement
processes

Intrinsic drive & First H2 +

Prototypes, Aviation +
enthusiasm Aviation learnings

Assets test facilities H2 expertise

Fixed architectures

Development
Processes RFTI RFP RCP JDP phase

2 Selection on Create balanced Down-
Igggtin gsﬁhition Fergg;g performance & commercial selection
9 organisational fit offer for product

ﬂ_
Support

Figure 31: Assets, process, and interaction balance linked and visualised.

Sub-processes

Engineering

Procurement

The next section details how the RFTI process has been tailored to suit the needs of the
engineering team members.

Implementation of tailored RFTI process

Next to the two roadmaps aimed at (project) managers, the design deliverables should also
be usable for the engineering team members. To this end, | discussed with two Tank systems
engineers how they would tailor the RFTI process to their needs. They were in the process of
writing the RFTI for equipment in the fuel system which would be sent out to suppliers in the
following weeks. In writing this document, they followed an internal process that details all of
the deliverables that need to be delivered and validated at each development phase (see
Figure 8 in Background). Many of the data that make up these deliverables will come from
suppliers (e.g. durability test data). For the RFTI, the internal process does not detail any
deliverables, it is only at the RFP phase that many deliverables are requested. As we have
seen, requesting many of these data to develop the deliverables at once can overwhelm
suppliers. To smooth the amount of requested data to validate the requirements from the
suppliers over the development phases, we decided to split the deliverable list for the RFP
phase and request some data during the RFTI. To illustrate this split, an example is given of
one of the deliverables: Development plan (see ‘Plans’ under ‘Development deliverables’ in the
Tactical roadmap and Figure 32).
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Plans Development plan Product and Process assurance
Development process up to TRLx
Physical and Functional robustness

Data for Equipment Safety/Reliability Plan
RFTI RFP/CRA/RDA

Figure 32: Split between Development plan deliverables in the RFTI and RFP phases.

As can be seen from Figure 32, the Development plan deliverable (in blue) holds four sub-
deliverables (in pink). The split between what is requested in the RFTI versus what is
requested in the RFP was made based on roughly two aspects:

1. Complexity and workload for the suppliers to deliver the requested data

2. Importance of the data to enable a robust down-selection of the supplier proposals

In the case of the Development plan deliverable, the engineers found it important to ask the
suppliers in the RFTI for a development process, the physical and functional robustness of the
equipment, and data on the proposed equipment’s safety and reliability. It was decided that
the product and process assurance was something that could be requested in the RFP phase
as this is something that is hard to deliver data on and is too time consuming in the very early
stages of equipment development. The Development plan was one of over ten deliverables
that were considered and split between the RFTI and RFP phases. The full split can be found
in the tactical roadmap in confidential Appendix J.

Another aspect of requesting data for these deliverables from suppliers is the form of the data
request. The form of the request is not described in the internal process, resulting in widely
varying descriptions between different RFTIs, and hence widely varying responses from
suppliers. To implement some of the learnings from this thesis into a live RFTI, | was
requested by the aforementioned engineers to go through the document and suggest
changes. The major proposed changes are summarised in the list below:

1. Closed questions: Many of the questions to the suppliers were closed questions. Based on
the research in this thesis, open questions solicit richer responses which enables learning.
This is crucial in early stage technology development. Therefore, the questions were
reformulated to open questions.

2. Sense of influence: Many of the passages of text include commanding language (e.g. “The
supplier shall provide detailed performance figures”). Although this is necessary for the
requirements, it deteriorates the sense of influence the supplier has on the potential
collaboration. Therefore, passages were added emphasising that the supplier has
influence on the architectures and the decision-making process within Airbus: “This is an
opportunity for suppliers to gain a head start and pioneer hydrogen-powered commercial
aviation together with Airbus by developing [equipment] for a hydrogen aircraft fuel system
and influencing the [equipment] architecture of the hydrogen aircraft fuel system.”

3. Follow up meetings: As was highlighted in this research, one of the keys to successful
engagement is regular exchanges (see Results section Group 1). Passages were added to
the RFTI encouraging the suppliers to contact and meet with Airbus throughout the writing
of their proposals to clarify uncertainties: “The supplier is encouraged to request a follow up
meeting with Airbus to ask for clarification of the RFTI, receive further guidance on the
expected technical response and provide initial feedback to Airbus.”
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4. Visualisation of development process: The request to suppliers to deliver a development
process up to a TRL was made in text in the RFTI. This resulted in widely varying
responses. Some proposals included detailed roadmaps while others just included a small
table of expected milestones. This makes it difficult to compare apples to apples between
proposals. | suggested to include a visualised example of what was expected for the
development process. As this was a debated topic, it is discussed in more detail in the
Validation section of this chapter.

The Validation section will go over iterations of the design based on the stakeholder
feedback. Specifically for the tailored RFTI process, this section will clarify the details of the
implementations.

Validation

To validate the designs made, | discussed and tested the design proposals with the relevant
Tank systems team members. Additionally, | implemented the learnings from this research
into a live RFTI document used in supplier engagements. This section rolls back the design
phase and discusses the evolutions of the design proposals. Stakeholder feedback is
discussed and implemented.

Roadmaps validation

The first version of the strategic and tactical roadmaps was presented to the company’s
internal stakeholders to gather their thoughts and feedback. As many of the improvements
have been made in small steps, the validation is described in two major iterations.

'teration

In order for the internal stakeholders to understand the required mindset shift, it is important
to understand the context. This includes aspects that the engineering team members cannot
control but still influence the mindset of the internal stakeholders. To implement this
feedback, an additional row was added to the strategic roadmap detailing the context (see
Figure 33).

A few first movers
showing commitment

No combined H, and

Growing supplier pool
aviation capabilities

including legacy Tier 1s

Supplier
landscape

Mature supplier pool with first-movers having an advantage over laggards

Funded fundamental
H, technology R&D

H, technology for aircraft
capability development

Fixed number of
equipment orders

Maturing of the market

High volume
for H, equipment for aircraft

procurement
TRL 3/4 TRL 6 Entry Into Service (EIS)

Value
proposition

High volume repeat orders

Technology
readiness

- xXm—=4Z00

Figure 33: Context row in strategic roadmap.

In order to use the strategic roadmap in internal discussions in the future, the internal

stakeholders gave feedback on what should be included in the context: ZEROe strategy’,

‘business case’, and an ‘overall supplier landscape’. Additionally, the feedback suggested to

include some of the ‘carrots’ that Airbus has to engage suppliers. | translated that feedback

into three topics:

1. Supplier landscape: describes the evolution of the supplier landscape through the
horizons.
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2. Value proposition: describes what Airbus can offer suppliers (‘carrots’) and which major
opportunities arise throughout the horizons.

3. Technology readiness: describes to what levels the technologies should mature at system
level throughout the horizons.

The mindset shift and the support needed to achieve it are better contextualised by detailing

these three topics within the strategic roadmap.

Regarding the tactical roadmap, the first version detailed specific amounts of requirements
per horizon for simple, moderate, and complex equipment types (see Figure 34). The idea was
to give engineers targets per phase so that they would not create an unnecessarily high
number of requirements which would scare away suppliers at the start. When presenting this
to the internal stakeholders, they agreed that the amount of requirements should be limited,
but putting a number to it could be misleading and counterproductive. Each equipment is
different and requires careful consideration of the required amount of requirements.

Complex equipment (e.o. [INR: ~40
s Maderate equipment (e.o. IR ~30
; B simple equipment (e.o. [: ~25 Complex equipment: ~ 150 Moderate equipment: ~ 100

Moderate equipment: ~ 100 Simple equipment: ~ 70
Simple equipment: ~ 70

Figure 34: Removed row from tactical roadmap.

Nonetheless, the idea of building up the complexity by tailoring the workload throughout the
development was positively received. This led to the idea of splitting the requested data for
the deliverables between the RFTI and RFP phases based on what the engineers deem to be
required in each. This was implemented into the tactical roadmap (see Figure 32 as an
example).

'teration 2

In a second iteration of the tactical roadmap, | added the three major development projects
within ZEROe: ground demonstrators, flight demonstrators, and products. This came from
feedback expressing the need to have a visual high level perspective of what the technological
developments are. This way, it could be easier to align the understanding of the development
steps. Figure 35 shows these development steps. Making them visual in a simple way makes
it easier to relate to the proposed mindset per horizon.

Ground-test equipment Flight-test demonstrators Product

Equipment specifically designed to learn from through Equipment specifically designed to learn from in a Mature equipment and systems carrying all learnings.
testing. There is no need yet for flight-worthy representative setting: flight. Must be flight-worthy Must be reliable, safe, manufacturable and scalable.
qualifications and specifications. equipment. Must comply with all certification requirements

Figure 35: Major development projects visualised per horizon.
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Tailored RFTI process validation

The learnings uncovered in this research were implemented in a live equipment RFTI
document. Together with the engineers working on the RFTI, | discussed possible
improvements and additions as mentioned in the above sections. Most adjustments were
accepted but there was resistance towards implementing visualisations of the development
process. This section discusses this in more detail.

To gather the needed data to make a realistic development process for the to-be designed
equipment, the engineers request the suppliers to propose a timeline/roadmap that aligns
with the TRL timeline Airbus has set. This request is formulated in a short piece of text, see
the example below:

“The supplier shall propose a high level roadmap to develop its technology, with support
from Airbus, up to TRL6. The roadmap should consider key steps required to achieve the TRLs at
the development target dates [...]. The development roadmap to achieve TRL6 should consider
the technical gaps to close and some consideration on how to extend the technology
performances to the aircraft requirements when needed.”

When suggesting to include some kind of visualisation of the start of the development
process as a guidance, the idea was met with resistance. The engineers argued that the text
describing Airbus’ desired TRL milestones and the request to develop a high level roadmap
were sufficient guidance for the suppliers.

Supplier 1 Supplier 2

Milestone Due Date

>
I
»
1
>
I

Request for Information (RF1) Proposal Submittal

Concept Se[ectlan_
Product Selectinn_

Product Design

Entry into Service

Figure 36: Difference between supplier responses to the request of delivering a development
roadmap.

When presenting the difference between the supplier responses to this request from previous
RFTIs, it became clear that the suppliers’ responses varied wildly. Figure 36 shows just two
examples of the response to this request. Supplier 1 delivered a very detailed roadmap that
includes many intermediate milestones and activities while Supplier 2 delivered a simple table
with only basic development information. The engineers acknowledged that giving more
visual guidance could be beneficial to improve the comparability between supplier proposals
and hence enable a more informed down-selection.

Additionally, | suggested requesting information on a ‘usual’ development process for the type
of equipment from suppliers. For example, how does a normal development of a new liquid
hydrogen pipe (e.g. for industrial uses) usually go? This could serve as a reference for the
Airbus engineers to understand how much their request deviates from what the suppliers are
usually able to develop and consequently adjust their expectations. After several iterations, a
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simple roadmap template was made (see Figure 37) and an accompanying text was written
based on the existing text (with adjustments in red) to be included in the request to suppliers:

"The supplier shall propose a high level roadmap to develop the requested equipment
based on its experience from prior development roadmaps for similar equipment. A blank
template is given in section X which serves as an example of what is expected in a response as
a minimum. The roadmap should consider key steps required to achieve the TRLs at the
development target dates stated in section X. The development roadmap to achieve TRL6 should
consider the technical gaps to close and some consideration on how to extend the technology
performances to the aircraft requirements when needed. Does the supplier foresee deviations
from a traditional development roadmap? If so, the supplier is requested to elaborate on these
deviations and explain their causes.”

Activities TRL3 <date> TRL4 <date> TRL6 <date>

Concept
selection

Finalise
design
concept

Prototyping

Testing

Qualification
testing

Figure 37: Development roadmap template to be used as a reference for suppliers.

The roadmap template includes the target TRLs and the dates at which Airbus wishes to
reach them for the requested equipment. On the rows of the template several activities are
mentioned: Concept selection, Finalise design concept, Prototyping, Testing, and Qualification
testing. These activities are deduced from previous supplier RFTI responses and offer a way
to structure the high level roadmap. Suppliers are encouraged to add or remove activities and
fill in the roadmap however they feel is fit. Appendix K details the considerations, feedback,
and iterations | went through to arrive at this final design proposal.

Although many of the design proposals were validated with the Tank systems engineers and
improvements were implemented into live RFTI documents, not all proposals were directly
implemented into the development process. | felt that some suggestions came too early for
the engineers, especially with regards to the visualisation aspects. More reflections on this
topic can be found in the Reflection chapter.
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Conclusion

The goal of the research phase of this thesis is to uncover the drivers of supplier engagement
in early stage technology development in the context of hydrogen propulsion technology
development for aircraft. Through the research findings, it can be concluded that there are two
major forces at play driving supplier engagement:

1. Uncertainty around the development of hydrogen technologies for aircraft. This is mostly
technological uncertainty but commercial and organisational uncertainty also play
significant roles.

2. Legacy ways of working dominate the development of liquid hydrogen equipment which
slows down and hinders supplier engagements in this early stage.

In the design phase, two design interventions are implemented with the aim to improve
supplier engagement. The first intervention consists of design roadmaps which inspire a
mindset shift of the internal stakeholders away from legacy ways of working in early stage
development. The roadmaps highlight the engineering needs of the equipment development
within ZEROe. The second intervention is the tailoring of the communication materials for the
Request For Technical Information (RFTI) process in which Airbus engineers interact with
suppliers in early stages. Through spreading the workload and complexity of the deliverable
requests to suppliers across the early development stages, suppliers will be less
overwhelmed and less likely to quit the engagement early on.

With these two design interventions, a start has been made to improve the supplier
engagement within liquid hydrogen propulsion equipment development at ZEROe.
Nonetheless, the challenges around supplier engagement are multi-faceted. Solving the
challenges related to uncertainty in this domain will require time and behavioural change
within Airbus. The roadmaps will serve as kickstarters for internal discussions around this
topic. Through implementing the findings from this research into live RFTI documents,
tangible improvements have already been made. The topic is now on many of the internal
stakeholders’ radar which makes it more likely that improvements will follow.

67



Reflection

This section details reflections about the research process and the writing of the thesis. It is
written along the way of the project to capture as many reflective moments as possible.

Research execution

Although the research approach was mostly structured, it was not always easy to collect the
data in a fully structured and complete way. This section goes over some of the
inconsistencies that occurred throughout the execution of the research method. As they are
mostly unrelated to each other, the points are described in distinct paragraphs. The reliability
and validity of the research is discussed in the next section.

1

In gathering data from observational studies, there was no plan beforehand on which
meetings | would attend. The meetings were attended based on invitations from the internal
stakeholders. Although this could have impacted the research results’ validity, | do not believe
it did in a major way. Since the body of collected data is rather big and the types of meetings
that | attended covered many different types, | believe that there is sufficient coverage of the
context.

2

Data gathering between observational studies varied slightly. As all notes were taken by me,
some discussions were captured more richly than others. This depended on my focus but
also on the participants in the meeting. Some discussions were easier to follow and to
document than others. For example, discussions with an American supplier were easy to
follow whereas discussions with a Japanese supplier were harder to follow due to a language
barrier.

3

Interview transcripts first included negative formulations of questions. For example,
participants were asked about “pain-points”. After discussions with the university coaches,
these questions were reformulated into more neutral questions.

4

After being in the team for a month and a half, | realised that | had a biassed perspective on
what was going on in the research. | had taken some of the input from the engineering team
for granted and considered it as ‘how it is’. In a meeting with one of my university supervisors,
they asked me if | contested the form and purpose of a graph that one of the engineering
team members showed me during an interview. | had not even thought of contesting it at that
moment as the purpose of the graph seemed totally clear to me. It was only when my
supervisor started asking questions about it that | realised that | lost a bit of the ‘outsider’
perspective which | had at the start of the research project. This moment showed me that it is
important to keep reflecting on this topic to be aware of my own personal biases which
apparently also emerge during the research process. With this increased awareness, |
continued the research being open to the participants’ inputs while staying critical and
reflective to be able to accurately record and process their experiences (Dwyer & Buckle,
2009).
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Validity, reliability and generalisability

| deem the validity of the research outcomes to be adequate thanks to the context in which it
takes place. Due to my integration as an action researcher into an environment where supplier
engagements take place in early stage technology development, the collected data are rich
and ‘real’. Data were gathered from different sources (documents, interviews, observational
studies) and were validated through workshops with the stakeholders. As the same findings
emerged throughout, | deem the outcomes reliable for this context. It does beg the question if
the findings are generalisable to other contexts. For example, the findings relating to the
difficulties of developing equipment due to aircraft requirements is specific to the aeronautics
industry. Nonetheless, there are many other industries with stringent safety requirements
such as the chemical and nuclear industries for which the research outcomes could also be
applicable.

A critique can be given on the sampling for the interview participants. Due to convenience,
four out of ten interview participants were Tank systems engineers which means that this
perspective is overrepresented in the dataset. Since the engineering perspective is the focus
of this research, | believe that this overrepresentation is not necessarily bad. For the
identification phase, it was my intention from the start to identify challenges in the context of
the Tank systems teams. For the design phase, | tested and deployed design interventions
within the Tank systems teams context. Therefore, it was important to have the perspective of
the Tank systems engineers clear.

Sessions

In the debrief with the problem owner, we came to the conclusion that many of the outcomes
of the sessions were already found during the earlier research phases. This could have been
due to the formulation of the first problem statement which was not clear enough in hindsight.
Perhaps a different approach than iCPS could have been taken which would have been more
efficient. | could have presented the results from my research and ideated on solutions
together with the Tank systems engineers. However, there would have been less ownership of
the problems and it would have taken away the possibility to validate the research findings.
Since the sessions gave similar results to the prior research phase, it is a positive
confirmation that what | found was actually happening.

Additionally, the fact that the sessions did not result in one concrete solution is a key indicator
that supplier engagement is multi-faceted. The challenges around engaging a supplier for
early stage liquid hydrogen equipment development are not just technical, they are financial
(e.g. self-funding), commercial (e.g. IP), and even organisational (e.g. communication forms).
This supports the need for behavioural change within the Airbus as a way to tackle these
challenges at once.
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Applying strategic design methods to a
technological context

This thesis project is not a traditional design project. | have not designed a new product or
service concept. However, | have used methods from the strategic design field to explore and
identify challenges to which solutions can be found. The design roadmaps are a concrete
example of this. As far as | have found in literature, using design roadmaps to map
behavioural change in an organisation is novel. There is a large body of literature on design for
behaviour change (Cash, 2022) and a growing body of literature on design roadmapping (Kim
et al., 2015). A combination of both in a technology-centred organisational context has not
been explored extensively yet, to my knowledge. The Limitations & Further research chapter
elaborates more on this topic.

With regards to the implementation of incremental improvements to the RFTI process and its
communication materials, most of the proposed changes were implemented. However, and as
mentioned in the Validation section of the Design phase chapter, | felt resistance towards
implementing more visual tools into the communication materials. Perhaps this highlights a
design-centric versus engineering-centric way of thinking. | found it interesting to reflect on
this topic as it is something | had not yet experienced throughout my studies at Industrial
Design Engineering. Future research could explore how these different ways of thinking
influences supplier engagement in these contexts.
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Recommendations

This section goes over the main recommendations that flow from the research findings. It is
split into three sections covering communication, collaboration, and development processes.

Communication

As good communication is one of the most important factors driving supplier engagement
(Tidy et al,, 2016), and timely, reliable and adequate communication are essential for trust
creation between Airbus and its suppliers (Bstieler, 2006), it is of utmost importance that
managers manage these communication streams effectively. The Airbus ZEROe context is
especially sensitive to ways of communicating due to the Airbus name that is attached to the
project. This name carries expectations and prejudices of which some are detrimental to the
supplier engagement. Take for example Imperative 3 of the Airbus tone-of-voice taken from
the official website (see Figure 38):

Imperative 3 — Influence and Pioneer

As pioneers we are
proactive and use

We are confident in We inspire our
everything we do. We speak with audiences with

language that
celebrates ambition
and drive.

We are authentic certainty and vibrant language,
and say what we commitment. showing our beliefs
mean. and passion.

Figure 38: Airbus tone-of-voice (Airbus, n.d.).

This imperative states that Airbus employees are confident in everything they do and that they
speak with certainty. For the legacy aircraft programs, this might be true. Airbus has been
building kerosene aircraft for decades and knows exactly what works and what does not.
However, in the highly uncertain ZEROe environment, it is very hard for the engineers to uphold
this imperative. In trying to do so, there is a chance of overconfidence (see Tactical roadmap
in confidential Appendix J). This can be interpreted as arrogance by suppliers, especially when
the topic of discussion is not within Airbus’ field of expertise (i.e. hydrogen).

Therefore, managers should be sensitive to the communication behaviour of not only their
engineers but also the other internal stakeholders towards suppliers. The usual Airbus tone of
voice is not always adequate for the types of early stage engagements that ZEROe is in.
Managers should also be aware of the reputation Airbus has from past experiences with
suppliers from both the legacy programs and the past ZEROe interactions. This reputation
should be compensated for in order to regain suppliers’ trust. This is especially important
while Airbus is in this vulnerable (non-expert) position.
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Open collaboration

Airbus adheres very strictly to fair competition rules to make sure all suppliers are treated
equally. This is extremely important, especially in highly competitive environments to ensure
there is a level playing field for all competitors. However, there is no hydrogen aviation playing
field yet. Airbus (and its potential partners) are in a phase of exploring the ‘field’ of hydrogen
systems for aviation. Once this is established, only then will there be ‘play’ in the form of fierce
competition between companies to win bids for hydrogen equipment and systems.

These fair competition practices take a lot of time and effort which slows down the
development. On top of that, smaller companies in this space are under less scrutiny to
adhere to these same principles, giving them an edge over Airbus in technology development
speed. The ethics & compliance processes regarding supplier engagement should NOT be
discarded, let that be clear. Nonetheless, | do believe it is important to realise that this is an
aspect that plays a role.

A recommendation to this point could be to experiment with more open and collaborative
ways of exploring the field of hydrogen aviation technologies in these early stages. For
example, making use of just an NDA up to a certain TRL level to avoid long IP discussions and
conflicts that could bite back later on. Once the technology is deemed promising enough,
more elaborate contractual obligations with regards to IP can be put in place. This would
enable faster learning for Airbus and lower the threshold for (small) suppliers to explore
opportunities together with Airbus.

Development processes

Many of the technologies that are being developed within the Tank systems teams are at a
low TRL and outside of Airbus’ core expertise. Nonetheless, the TRL development timelines
for these equipment have been set and planned far ahead. In the early phases of the
development process, it seems more logical to have the suppliers define TRL timelines for the
development of the requested equipment, perhaps jointly with Airbus through roadmapping
activities. Of course, Airbus can define the system level TRL timelines but this should be
based on how long the equipment development takes and this cannot be judged without
extensive information from suppliers.

When considering the development processes for the equipment themselves, there should be
clearer definitions of the RFTI and RFP processes. The requested deliverables and the data
that are contained within them should be scrutinised together with suppliers to come to a
generalised Data Requirement List for this type of development. Having this would lead to
clearer Statements of Work & Product Technical Specifications and increase the overall
efficiency of the development process.

This research found that most of the uncertainty in the project relates to technological
uncertainty (see page 40). To lower the uncertainty in this regard, learning should be the
highest priority within this phase. As stated in horizon 1 of the strategic roadmap, managers
should support and facilitate learning potential for their engineers.
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Limitations & further research

The research performed in this thesis has several limitations. This section highlights the most
important limitations and details further research

A first limitation is the generalisability of the results of this research to other contexts. Since it
takes the case of liquid hydrogen equipment development for aircraft, there are some
specificities that might not occur in early stage technology development in other industries.
For example, the research found that the safety focus was one of the drivers of poor supplier
engagement. In a context where new technology is developed without a strong focus on
safety, the findings might not be applicable. Nonetheless, the results are relevant for early
stage radical technology development within the aeronautical industry.

A second limitation has to do with the design outcomes. As Airbus has a successful current
business, there are tensions between the current and the future business (e.g. development
processes used). This tension has driven me to design for behavioural change through
defining a mindset-shift and implementing it in design roadmaps. In situations where early
stage technology development does not take place at an organisation where such tensions
exist, these design interventions might not be relevant.

There are several topics that are relevant for further research. One of them is defining the
incentives for suppliers to engage in joint technology development when there are large
technological uncertainties. This is a topic the Airbus stakeholders have identified as relevant
for future research. Additionally, the use of design roadmaps to solicit behavioural change
within an organisation is something that should be further explored. The roadmaps developed
in this thesis can be used as starting points for this purpose.
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Appendix A

Randomisation method

Randomisation method to sample 3 codes from each interaction.

Excel was used as the main way to store and categorise the codes. By using the RAND()
function, the codes could be sorted in a random order after which the top three codes with the
corresponding lowest random score were selected. See Figure 1 for screenshot of the
spreadsheet.

AH Al Ad AR
Partnerships officer 1 Project manager 1 Fuel cells engineer 1 RANDOM

help small suppliers understand ABDs motivation + technical abilities ' open and honest discussions 0.007598053332
natural caution prevents progress it's obvious that ZEROe is nice crazy requirements 0.01302017249
more commitment from Tier 1s focus on engineering things prerequisite to become aviation supplier 0.03832308796

0.04600988011

Figure 1: Spreadsheet containing the randomly selected codes including the random numbers
from the RAND() function.

Clustering approach

| started by clustering similar codes together. The only predetermined lens | was looking through
was the research question of the identification phase: What challenges do the stakeholders face
in engaging in joint early stage hydrogen propulsion technology development for aircraft? To
facilitate the process of clustering the codes, | wrote them down on Post-It notes and started
sticking them on a whiteboard. Similar codes were stuck together in groups. After about 10
codes, small groups started to form and | was able to give the groups preliminary category
names. This continued until all the codes from the random sample were placed or discarded. By
the end, code groups had overarching category names and sub groups had subcategory names.
Relations between codes and groups were drawn with arrows (see Figure 2). Four codes were
discarded that did not seem relevant to the research question after all.

Figure 2: Whiteboard with initial clusters and relations.
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Appendix B

Table 1: Results of the second cycle coding.
corresponding codes.

Preliminary category and sub-category names with

Category name Sub-category name

Code

Responsibility & power

supplier is responsible for quality of the delivered product

interested in how sub-contractors are controlled

false decision if plan is not delivered to management

very few levers to influence the supplier

Opportunity

it's obvious that ZEROe is nice

being part of the serial aircraft

Engagement enablers

supplier has to be enthusiastic and see commercial potential

vision between supplier and Airbus should be aligned

Supplier 1 collaborates well on topics they are interested in

give suppliers a bit more time for in-depth analysis

Motivation + technical abilities

Certainty & General

understand how it compares to a reference kerosene aircraft

confidence

Knows what will come during testing

Reliability should be leak tight

Very surprised with CFD calculations as it's costly

Can’'t be more down-selected than this

Prerequisite to become an aviation supplier

Technological

Minimum development time based on supplier feedback

“Based on solid evidence”

Kerosene suppliers for non-LH2 equipment

Mostly engineer 7's assessment on supplier selection

Would be interested in if they researched more obscure equipment

Commercial

Products already in service

Uncertainty General

Holistic approach to technical risk management

Afraid to jump in unknown
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Difference in level of interest shown from suppliers

Scared to take decisions

Difficult to estimate when external party is involved

Hard to find suppliers with aviation AND hydrogen knowledge

Low confidence in planning due to issues with supplier 1

Politics don't believe Airbus can build hydrogen aircraft yet

Technological

Need to understand what are relevant future technologies

Clearer picture on use cases later on

One architecture will be selected

wondering if it is sensible to have flame arrestors on an aircraft

Bunch of suppliers will be contacted for RFTI

extra supplier needed for part of the equipment

looking for partners on the demonstrator and the product

different components quoted between supplier offers

what is a significant change and what isn't

Complexity is not clear

Commercial

Unclear for supplier how many prototypes to produce

Unclear what is requested from the supplier

Supplier interested in Airbus commitment

BIP access on tier 2 unclear

Practicality of the development is a risk

Not clear how suppliers can get ROI

The market uncertainty is a problem

Organisational

ZEROe team not very experienced in aviation

will be a bit uncomfortable for some people

over complicating placement of modelling team

Procurement skipped

Interacting

Visit the suppliers IRL

Open and honest discussions
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Help small suppliers understand ABDs

small companies have no resources for documentation

Take some responsibility from supplier

intermediary meeting very helpful in assessing supplier progress

Don't leave suppliers alone

Describe needs instead of going into technical rabbit holes

“This office is a shame.”

Requirement list often thrown over the fence

Is there a priority on the requirements?

idea to guide suppliers during creation of the requirements

Design tailored to Airbus interface

How to talk to supplier 19

Questions asked through procurement

Process frustrations

Focus on engineering things

Things are slow when there is no focus on engineering topics

Frustration about focus on politics rather than engineering

Waiting for contract before testing

Barriers Safety focus

Safe product

H2 technology sensitive novelty

3 extra safety barriers for sensitive novelties

Challenging
requirements

Crazy requirements

Requirements make product development challenging

Biggest problem is compliance with aviation requirements

Overly cautious

Engineers “scared” to remove requirements

All requirements are needed in the end

Natural caution prevents progress

Asking for the
impossible

Airbus needs to be free to use the result

New NDA needed for discussions

First need a formal engagement confirmation
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refuse that the customer holds all the IP

NDA problems inhibiting information exchanges

not technical but contractual problems that delayed the project launch

Low volumes compared to legacy

“They still think we'll steal it.”

Escalation not successful

manufacturing capabilities are there but design space is challenging

scope was 150% which was overwhelming suppliers

Fear-of-missing-out

not able to follow in the serial aircraft

Lack of capabilities

No mention of H2 in cryo experience

not strong in managing lessons learnt

combine space and aviation experiences for development

hard to use suppliers as advisors when we don't know much

Table 2: Uncertainty’s subcategories and their topics with code exemplars.

Subcategory Topic Code exemplar
Technological Changing Requirements requirements depend on the
architectures architecture and scenarios
Changing timelines New technical changing timelines dependent on
knowledge needs is possible
Commercial Quoting the risk not easy to quote the risk of
exposure
Future market the market uncertainty is a problem
Development roadmap requesting procurement strategy to
know what to develop
IP clarify licences
Organisational Transparency transparent technical discussion to
reduce uncertainty
Reusable knowledge supplier learnings from earlier
projects
Common understanding technical workshop to get common
understanding
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Table 3: Actionable subcategories and their codes.

Having a clear
strategy

for some hydrogen aligns
with business strategy

more clear path for ZEROe
needed

need official Airbus view of
hydrogen market

communicate Airbus
strengths

clear communication on
commercial potential

communication material
has gotten better

Airbus end-to-end vision

make sure suppliers know
Airbus' plans

Airbus needs to clearly
demonstrate interest in
techno bricks

Airbus should show whole
strategic view

always having a way
forward

show that supplier's role is
important to us

suppliers are now more
aware of Airbus'
commitment

Finding an efficient
way of collaborating

empathise with supplier

seeing hardware is nice

open and honest communication

open and honest discussions

less focused on established
safety concepts

Airbus tries to help suppliers

feel momentum and spirit

demistify processes

meeting supplier IRL is needed

meet with problematic suppliers

informal communication speed

up contractual process

trustful relationship

united team towards suppliers

more collaborative interaction

would help Airbus

open mindset in ZEROe

weekly supplier meetings

track what suppliers are doing

ask open questions in selection

phase

assess willingness to collaborate

openly

suppliers' progress is monitored

weekly

be very close to the suppliers’

development process

open way of working also a
requirement

physically go to the supplier to
check if sensitive info can't be

shared

Learning with
suppliers

fast paced suppliers

better understanding
of development for
aircraft

more flexible with
first-time-right

change mindset of
non-aviation suppliers

take supplier
feedback seriously

mindset should be
curiosity driven

Airbus is reliant on
suppliers' designs

learn from suppliers
with less fit

willingness to share
information important

learn from them IRL

Defining the right
incentives and fit

ZEROe is hot

hydrogen is hot

being pioneers forever

paying a supplier for pilot
project is good

don't force a supplier to
engage if they don't want to

supplier has to be
enthusiastic and see
commercial potential

known aviation supplier
knows Airbus processes

gauge potential early on

good RFTI response if
worked with Airbus before

"balanced workload"

part ways without wasting
time

advisory work from
suppliers should be paid

suppliers need to have the

ambition to enter aerospace

pleasant with suppliers that

want to enter aerospace

vision between supplier and

Airbus should be aligned

Defining needs
clearly

previously there was a
common expectations

suppliers knew what was
being asked of them

need to understand full
process

nice when suppliers
understand what we want

suppliers should understand
better the Airbus needs
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check and see everything to be
able to think along

keep pushing for open
collaboration, it will work

continuous sharing enables
identification of problems early
on

said that Airbus isn't the expert
here

intermediary meeting very helpful

in assessing supplier progress
adding extra column to ABD100

more open Q&A sessions

"exchange freely and build
knowledge" in RFTI phase

more meetings with "back and
forth"

good feedback is rewarding

intermediate supplier progress
reporting needed

more transparency and
collaboration

visiting suppliers IRL is fruitful

good to show that supplier is
important to us by involving
management

important to align
communication

more transparency in
engagement

need for the ability to gauge if
supplier is engaged

need "clear conversations in
revision with them"

have a partner phase at the start

show interest in the supplier's
business

Visit the suppliers IRL

help them out of the shit

discuss together what would be
needed to bring it on the aircraft
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Appendix C

Design challenge: Learning with suppliers

One of the major points within the current development phase of ZEROe is the need for learning
and building a knowledge base. Hydrogen technology for aviation has many unknowns while
hydrogen technologies for ground-based applications have been operating for decades.
Suppliers from these established ground-based hydrogen technology companies are now being
involved in creating airworthy equipment. However, Airbus mostly learns from suppliers that it
eventually contracts with while there might be an opportunity to learn from those that do not
necessarily want to enter into contracts. This was brought up in an interview with a procurement
officer who said: “...if | could change something I'd do that. I'd spend more time learning from
suppliers.”

Designing a way to engage with existing hydrogen technology companies to learn from them
without necessarily engaging in multi-year development contracts could be beneficial for Airbus.
This could build the relationship between the companies in a more collaborative way (code:
have a partner phase at the start) which could eventually even lead to a contract in which both
parties see the opportunity and want to continue (code: keep pushing for open collaboration, it
will work).

On the other hand, this design challenge could be problematic as many collaborations hinge on
which party owns the intellectual property rights at the end of it. Many suppliers could be
reluctant to share information needed for Airbus to learn (from a procurement interviewee:
“that's their IP and they want to protect it”).

Analysis challenge: Defining needs clearly

One of the main issues identified by the interview participants and recognised during the
meetings with suppliers is the need to be clear in what Airbus wants towards the suppliers. This
relates to the unknowns within Airbus where the engineers are not sure about their designs. Due
to the changing architectures and the specifications being updated constantly, it is hard to know
what to request and how to define these needs in a clear way.

In this analysis challenge, the goal would be to define the needs at a high level which could give
the engineers the handholds to define the lower level requirements further. Then, it would be
important to understand how these high level needs would be transferred to the suppliers so
that they understand the lower level requirements in a larger context (code: nice when suppliers
understand what we want).

This analysis could be challenging as | would need to dive deeper into the equipment’s
requirements which are different per equipment. Also, the root cause of these issues is most
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likely the lack of clear Top-Level Aircraft Requirements (TLAR) (code: no cascading from TLAR)
which is something | will not be able to change as it hinges on strategic trade-offs between
architectures.
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Appendix E

WWWWWH Questions based on Heijne & Van der Meer (2019)

What:

What is the actual problem?
What is the root cause of poor interactions between engineering and suppliers?
What if this problem was solved?

When do the problems occur?
When do you feel most affected by the problem?

Why does the problem exist?
Why isn't it solved yet?

Where does the problem occur?
Where does the problem have the highest effect?

Who is affected by the problem?
Who can solve the problem?

How was the problem dealt with before?
How should a new solution be implemented?
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Appendix F

Figure 1: UALo outcome of idea “Prototype (DMU)”
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Figure 2: UALo outcome of idea “Way of working”

0

96



Figure 3: UALo outcome of idea “Public awareness”
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Figure 4: UALo outcome of idea “Define the process clearly”
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Appendix G

Findings session 1

The first creative session went smoothly and the participants were actively engaged. In total,
there were seven participants in the resource group (including the problem owner). The session
yielded interesting results, both in terms of observations and in the actual content that the
participants produced. During the session, | used a notebook to note down any observations |
made. The participants discussed among themselves and wrote down their ideas on Post-it®
notes and on large flip-over paper. Figure 1 shows a picture of the session and the materials
that were used in it.

Figure 1: Picture showing the participants and the setting of session 1.

Clusters

The goal of the session was to come up with a reformulated problem statement. Nonetheless,
some of the intermediate steps also yielded interesting results such as the clusters that the
participants came up with. After the diverging phase, the participants had answered the SW1H
questions and were tasked to cluster all of their answers. Figure 2 shows the flip-overs with the
cluster names in red above the corresponding Post-it® notes.
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Figure 2: Flip-overs with Post-it® notes from 5W1H and (sub-)cluster names in red.

The resource group came up with seven clusters in
total: Process, Willingness, Knowledge, Requirements,
Pain-points, Stakeholders, and a miscellaneous
cluster. Of the clusters, Process had the most
amount of Post-it® notes and | observed that this
cluster also stirred up most of the discussion within
the group. There are three notes worth highlighting
within this cluster: “RFTI not adapted for complex
R&D, set new grounds”, “Suppliers quit RFTIs/RFPs
[Request For Proposal]”, and “No document RFTI
process”. These findings support the need to tailor
the RFTI process more towards the developments

the engineering teams are doing currently.

Another aspect that was striking is summarised well
in a Post-it® note from the Knowledge cluster: “Lack
of experience outside of ‘comfy’ legacy supplier

Figure 3: Individually formulated
problem statements on Post-it® notes
and the consolidated problem
statement written on the whiteboard.

exchange”. This shows that the supplier engagements that the engineers currently face are less
straightforward than they were used to in the legacy programs. A participant added verbally
during the session that there is “no need to create relationships in legacy”. They meant that the
mindset in the legacy programs is different. The supplier engagements are transactional and
therefore do not necessitate extensive relationships to get good results. This implies that for the
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participants, there is now a need to create relationships with suppliers and that the supplier
engagement processes in place do not allow for that currently.

Problem statement

With the clusters and discussions in mind, the participants were asked to discuss and write
down a reformulated problem statement on a Post-it® note. Each participant wrote down one
reformulation. All reformulations were gathered and stuck on a whiteboard together for all to
see (see Figure 3).

After discussing the statements, the resource group together with the problem owner and me as
the facilitator formulated the following consolidated problem statement:

“How can we tailor the supplier engagement processes for ZEROe?
- lessons learned
- communication”

The “supplier engagement processes” refer in a joint term to the RFTI and RFP processes that
the engineers use to engage with suppliers. The RFP process was added to the scope as it has
components in it that are sometimes used in the RFTI and vice versa. “Tailor” refers to the need
to adapt the old processes to the current needs of the stakeholders. “ZEROe” refers specifically
to the Tank systems engineering teams to which the participants belong. Then, the resource
group requested to add two additional terms to the phrase: “lessons learned” and
“‘communication”. “Lessons learned” refers to the need to capture the lessons learned in the
good/bad engagements that the teams have had with suppliers and implement them in the
tailored process. “Communication” refers to the way the engineers communicate with the
suppliers in the processes. The participants expressed that the way of communicating is not
always adequate for their engagements. This could be related back to the legacy ‘mindset’ that
is not fit for the Tank systems equipment developments. As it was a recurring topic during the
earlier phases in the session, the participants believe that a tailored process should also give
guidance on this topic.

In the end, the resource group reached consensus over the problem statement in its current
form. All participants including the problem owner felt that this was a relevant starting point for
the second session.

Findings session 2

The second session used the problem statement formulated at the end of session 1 as a
starting point: “How can we tailor the supplier engagement processes for ZEROe?” and the two
additional topics “lessons learned” and “‘communication”. The session was held one week after
the first session and was set in the same setting as the first session (see Figure 4). Due to time
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constraints, three participants could not attend the second session. As these were all
experienced ZEROe engineers, | decided to invite another engineer with similar levels of
experience who was not present at the first session. In total, there were five participants in the
resource group (including the problem owner). The new resource group member was briefed
before the session on the outcomes of session 1. Since the outcome is a clear problem
statement, it was easy to get them up to speed.

Figure 4: Picture showing the participants and the setting of session 2. The fifth participant is
standing outside of the frame.

Idea generation

Before the session, | was expecting the participants to come up with incremental improvements
to the existing RFTI/RFP processes. | was expecting them to draw out new timelines or new
templates of the process deliverables for example. To this end, | had selected the Brainwriting
method as it is geared towards incremental improvements to a problem (Heijne & Van der Meer,
2019). | was surprised to see participants come up with ideas varying widely in the level of
abstraction. One of the ideas generated during the Brainwriting phase with a high level of
abstraction read “Provide as much info to suppliers as possible”. An example of a very concrete
idea generated during the same phase was: “Increase the number of face to face workshops”. As
the goal of this session was to identify one or two concrete ideas for further development, | had
to adjust my facilitation slightly and push the participants to come up with concrete ideas away
from the high abstraction levels. Luckily, the criminal and forced fitting rounds helped in this
regard. It enabled the participants to step into the bizarre for a moment and come out with a
different, more concrete perspective. It also resulted in concrete ideas such as: “Show actual
hardware or testbeds”.

Figure 5 shows a collage of the Brainwriting sheets that the participants used to generate ideas.
Throughout all diverging phases, about 100 ideas were generated. Although there were varying
levels of abstraction, most of the ideas were concrete enough to take on to the next phase of
clustering.
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Figure 5: Ideas from the Brainwriting exercise.

Clustering

The participants were asked to cluster their ideas onto a whiteboard and come up with cluster
names. Ten clusters emerged: Way of working, Public awareness, Sharing, Support, Defining the
process, Prototype, Funded projects, Bottlenecks, IP and a miscellaneous cluster (see Figure 6).

Figure 6: Whiteboard with idea clusters.

As mentioned before, some of the ideas were highly abstract and this transferred into the
cluster names: “Sharing”, “Way of working”, and “Support”. It posed a challenge for the next
round, as UALo analysis needs concrete ideas to judge and analyse. Therefore, | asked the
resource group to pick their favourite four concrete ideas from the clusters to take on to the next

round.
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Appendix H

Additional ideas from Session 2:
1. Way of working

This idea relates to defining the way of working between the Airbus engineers and the
suppliers. The resource group found that by defining the way of working more clearly, it
could increase the trust between both parties as the suppliers will see that Airbus cares.
It would also force Airbus to give appropriate feedback to the suppliers at each
deliverable which currently does not always happen. The resource group found that it
could possibly build better relationships. The participants also expressed a desire to
meet the suppliers more in face-to-face meetings. However, this also highlights one of
the major limitations of improving the way of working as the travel budgets will have to
be increased to allow for more face-to-face meetings. See Appendix F Figure 2 for the
outcomes of the UALo analysis for this idea.

2. Public awareness
The third selected idea is related to increasing the public awareness of ZEROe. The
resource group selected this idea as it could attract more suppliers which Airbus is
currently not reaching. Companies could more easily benefit from the PR potential of
working with Airbus if ZEROe would gain more public awareness. It would also increase
the credibility among suppliers that Airbus is committed to developing
hydrogen-powered aircraft. Concretely, the participants mentioned the need to be
present at relevant conferences presenting ZEROe or even “Organise [an] Airbus ZEROe
supplier conference”.
The greatest limitation to this idea is that it could backfire should Airbus’ plans change.
A mitigation to this risk could be to set clear boundaries about what can and what
cannot be presented publicly while still showing the developments. See Appendix F
Figure 3 for the outcomes of the UALo analysis for this idea.
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Appendix |

Strategic roadmap (see next page)

105



Appendix K

Iteration 1

This first version of the tailoring includes rows in the roadmap in which suppliers can add the
Possible deviations of the equipment’s development process compared to a normal
development process they are used to.

“The supplier shall propose a high level roadmap to develop the requested equipment
based on its experience from prior developments of similar equipment. The roadmap should
consider key steps required to achieve the TRLs at the development target dates [...] and highlight
where this development deviates from the usual equipment development process in the roadmap
(see a template below). The development roadmap to achieve TRL6 should consider the technical
gaps to close and some consideration on how to extend the technology performances to the
aircraft requirements when needed.”

Activities & TRL3 <date> TRL4 <date> TRL6 <date>
deviations from

normal
development
process

Concept
selection

Possible
deviations

Finalise
design
concept

Possible
deviations

Prototyping

Possible
deviations

Testing

Possible
deviations

Qualification
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testing

Figure X: Development roadmap template to be used as a reference for suppliers.

Iteration 2

In discussing the proposed adjustments to the RFTI process and documentation, the engineers
gave feedback about the roadmap template and the accompanying text. It became clear that
the proposed template was trying to include two aspects into one design: the request for a
development process and the request for information around a usual equipment development
roadmap. Based on this feedback from the engineers, | decided to simplify the roadmap
template. Instead of adding rows for possible deviations in the template, an open question was
formulated in the accompanying text. This leaves it up to the supplier to choose the form of
communication to convey their development experience with the type of equipment. This was a
compromise between me wanting to make things visual versus the engineers wanting to define
everything in text. Nonetheless, the engineers emphasised the need to show suppliers a
reference of what Airbus expects as a minimum of the roadmap. The roadmap template serves
this purpose. See Figure X in section Tailored RFTI process validation for the finalised roadmap
template and the accompanying text with adjustments in red.
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