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In the industrial cycle, supporting the industry implies supporting research

Scientific Advancements
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Various Industrial
Application Fields
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Higher Production Rates

Reduced ManUfaCturlng Costs The more needs a technology satisfies:

FCC integrated project cost estimate # Demand
# Economies of Scale & Scope

Construction cost phase1 (FCC-ee) is 11,6 BCHF
- 5,4 BCHF for civil engineering (47%)
- 2,2 BCHF for technical infrastructure (19%)

|- 4.0 BCHF accelerator and injector (34%) |

Construction cost phase 2 (FCC-hh) is 17.0 BCHF.
- 13,6 BCHF accelerator and injector (57%) bined mode
- Major part for4,700 Nb;Sn 16 T main dipole magnets; pm—
totalling 9,4 BCHF, targeting 2 MCHF/magnet. A
- CE and Tl from FCC-ee re-used,
0,6 BCHF for adaptation
- 2,8 BCHF for additional Tl, driven by cryogenics

(Cost FCC-hh stand alone would be 24,0 BCHF.) .70k,
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From 2017- 2021, we analyzed the potential of selected FCC Technologies o

Analyzed FCC Technologies

Rutherford Cable Vacuum epoxy impregnation Thermal treatment oven
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From 2017- 2021, we analyzed the potential of selected FCC Technologies o

Analyzed FCC Technologies

High power impulse magnetron sputtering (HiPIMS)

* Coating of copper cavities with thin layer of Niobium

Rutherford Cabl| [hermal treatment oven

*  Costs: Niobium: 42,000 USD/t vs Copper: 5,700 USD/t
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How to trigger finding innovative application fields o

Technology Competence Leveraging*

Systematic, proactive & crowdsouring-based method to identify and evaluate innovative
application fields (AF) for (existing) technologies

2

Identification Search for Assessment of
of Benefits of Application Application
the Technology Fields (AF) fields

3 4

Valorization
Strategies

Approximate Analysis

Analysis from user perspective 1 : Search for

* Solved problems * Customers that might
1 profit from the technology
I

I
I
I
11 « With regards to their Benefit
I
I

/ its benefits [
I
I
I
I
I

+ Use benefits Relevance & Strategic Fit

Detailed Analysis

* Limitations * How to generate revenue?

I« Potential analogous

Abstraction of use benefits . problems " Adaptation needs

* Which partnerships are
needed?

I
[
I
[
e For whom? :
I
[
I
[
I

* Pioneered by Keinz, P & Prigl, R. (2010)
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Secondary & primary research helped to make informed assessments o

* Scanning of scientific articles, patents, expert online communities, databases

* 18 in-depth expert interviews were conducted to evaluate the potential of the techology in various application fields

The Tool Coating
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Benefits of HiPIMS o

Classification of Coating Procedures Comparison of Coating Procedures

HiPIMS

oroPes

CVD!

4um

High compress

1
)

Advantages

@ Possibility to coat complex 3D-structures ﬁ Thinner, more precise coatings Longer lasting coatings

1Chemical vapor deposition, 2Physical vapor deposition
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HiPIMS application fields o

e Automotive Industry o Aerospace Industry @ Medical Industry

» Engine components » Drones » Implants

» Gears > Satellites > Prostheses & Stents
» Plainbearings > Spacecrafts » Catheters

» Ballbearings

@ Electronic Devices @ Clothing Industry Glass Industry

» Touchscreens » Shoes » Windowpanes

» Electronics (e.g. chips) » Gloves » Solar panels
>  Active wear > Optical glass

@ Other Industries @ Sports Equipment Engineering

» Rails » Helmets »  Gripper

»  Drill heads (oil & tunnel drilling) » Sport balls » Stampingtools

» Food manufacturing machines » Climbing equipment » Cable car drive pulleys
»  Skiing equipment
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Expert Technical Feasibility Voting

Current and potential application fields

20
15
10
5
0

HiPIMS application field feasibility assessment

Introduction — Method — Results
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Introduction — Method — Results

EASITrain
Application field I: Communication Equipment o

* Coating of frames of smart devices is emerging application field of HiPIMS

» offers outstanding advantages compared to conventional PVD coating methods (against corrosion, sticking and wear)
* Major mobile electronic production firms (e.g. Apple, Samsung) increased their R&D efforts

* Potential to expand to further use-cases (e.g. luxury products)

Apple’‘s IPhone 12 Pro Gold is

GLOBAL PROTECTIVE COATINGS MARKET 2021-2025 less prone to fingerprints &
more durable due to HiPIMS
Market growth will ACCELERATE Growth Contributed by coating

ata CAGR of about j APAC
5 \ 4 - .
o o °
Incremental growth ($B) Growth for 2021 . ®
1! 1409 ¥ 9127 ;
The market is FRAGMENTED Market impact:
g T vr:;f;:;verol players occupying the NEUTRAL w
Source: Technavio (2021)
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Application field ll: Glass Manufacturing

Currently: HiPIMS Coating of architectural glass due to thermal insulation
properties
Especially solar panels and windows are promising application fields
e Limits stress from environmental influences
Fastest-growing glass products:
* solar control glass (low-emissivity glass, reflective glass and "smart" glass)
* heads-up display windscreens; self-cleaning glass & ultraclear glass
HiPIMS coating allows glass to be curved for consumer electronics

(smartphones, tablets, ) Curved ITO coating on glass following a

tempering and bending process at 650 °C
(Fraunhofer IST)

Benefits of curved displays

@ @) USD 115.8 billion*

*Global flat glass market 2019

More visible in ambient light Produces less reflection and glare Improves battery life

Sources: First Research Industry Profiles (2019): Glass & Glass Product Manufacturing; Fraunhofer IST (2017)
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Application field lll: Automotive Parts Manufacturing

e HiPIMS can be utilized for functional and aesthetic coating in automotive
industry
* Functional: Engines, injectors, gears and other parts of motor vehicles
e Decorative coatings of external car parts
e Trends:
* E-mobility: Decreased weight due to thinner, yet durable HiPIMS coating ->
reduced fuel consumption -> increased driving range
 Governmental pushes towards new coating technologies due to

environmental threats of volatile organic compounds (VOCs) in current With HiPIMS, Bosch achieves higher component
. quality with increased process reliability in the
coatings production of common rail injectors

e Haptic interactions: increased demand of functional coatings that facilitate
haptic interactions, such as high scratch & mar resistance, easy to clean,
anti-fingerprint, anti-glare

USD 69.28 billion*

*expected OEM coatings market size in 2022

Sources: Allied Market Reseach (2019): Automotive OEM coatings market; CemeCon (2004)
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Introduction — Method — Results — Key Learnings
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Take Aways

(1) Consider not only the final product but knowledge, processes & technologies
involved in manufacturing the product when assessing market potential

(2) Anticipate dead ends & unexpected turns in finding suitable & valuable application
fields = Iterative process

(3) Work together. Exchange of knowledge & interdisciplinary collaboration between
scientists & industry is crucial
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O
Thank you!

Feel free to reach out

Linn Kretzschmar
WU - Wirtschaftsuniversitat Wien
Vienna University of Economics and Business
[e] linn.kretzschmar@wu.ac.at

[www] http://www.wu.ac.at/entrep
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