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Industrial Technology Innovation

Policy Instrument, RD&I Alliances, S&T Consortium building.

1. Sustainable Innovation Partners and key drivers
2. Business Innovation
3. Technology Innovation

4. Case study
Hydrogen as energy source for Transportation
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Industrial Technology Innovation

Policy Instrument, RD&I Alliances, S&T Consortium building.

The challenge :

- being successful in Business / Industrial Technology Innovation
- through successful Scientific & Technology Partnerships

in order to optimize global benefits for all involved parties :
Public and Private.
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Partners of Sustainable Innovation

* Society
* Individuals
* Representative bodies

* Evolution of needs
Changes of life style

* New services
 New products

* Public
* Goverments
 RD&I ‘structures’

* Public Funding Offices

e Business

* Industries, Start-ups
* Banks, Venture capitals

* Policies - Legislation
 Financial resources
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Key Business drivers for Sustainable Innovation

Risk Strateg 1y

KEY
BUSINESS
DRIVERS

 Improve
Profit

* Increase Profitability :
increase revenues ’ decrease costs

 Foster Growth :

.
(5]
%4s fyyapone®*®

increase sales and markets shares

* Mitigate Risks

* Develop Capabilities
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Key Society / Public drivers for Sustainable Innovation

Individuals / Representative bodies

sustainability

Foster Wealth and Growth

b [ J [ ] [ J
.g * Deploy and Preserve « Sustainability »
° [ ]
“ o ° Insure « Safety and Security »
S
S
Q

* Deploy and coordinate Innovation Policies
 Manage finances flows : R&D Funds, Tax incentives, ...

* Develop Education and Knowledge
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Industrial Technology Innovation

Policy Instrument, RD&I Alliances, S&T Consortium building.

2. Business Innovation evolution
 Markets acceptance and needs evolution
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Business Innovation - Market acceptance evolution

Technology rate of adoption is globally increasing !
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MIT report 2009

Speed of development is more and more critical !
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Business Innovation - Market acceptance evolution

Emerging Technologies : HYPE CYCLE critical steps

TROUGH OF
DISILLUSIONMENT

TECHNOLOGY
TRIGGER

Gartner MATURITY
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Business Innovation -
Market needs evolution towards Business offer

Evolution - ~
of market /

needs | — |
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Source: Adapted from Gerry Johnson. Kevan Scholes, Richard Whittington, Exploring Corporate Strategy, 7th Edition © 2005 Prentice Hall, Pearson Education Limited.

Figure 3: Business model innovation during periods of extensive environmentel change.

« Continuous» Innovation process is needed
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Industrial Technology Innovation

Policy Instrument, RD&I Alliances, S&T Consortium building.

3. Technology Innovation
* Process and RD&I Organisations
* Management models
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Technology Innovation - Process evolution

From a Technology push process

Basis Design &
. : . Sales
Science Engineering

To a Market pull approach through an innovation process
« Open innovation » based on networks.

Market 5 H Sal
needs esearc ales »

Sixth
« Closed » h.‘th/' generation
e Network
Innovation o STTeraon o on
/ QM(';'{C!DC(\ Eintegraltion
Thizse b2
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Second ; Processing
—- / generation Push -puil
generation Market pol open
Technoiogy .
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Technology Innovation - RD&I Organisations evolution

From in-sourcing (Corporate RD&I) to out-sourcing (Open Innovation)

ating the Innovation Cycle

NINES IGMA=
Accelerating
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Technology Innovation - RD&I Organisations evolution

From in-sourcing (Corporate RD&I) to out-sourcing (Open Innovation)

NINESIGMA~

Accrivrating the Innovation Cycle
Small entrepreneurial
companies

‘Consulunu /

Trusted networks

Large companies Universities

.‘\
~

Private Laboratories

Suppliers

________________ National

Universities Labs

/ University Technology
Your’business ™ .Transfor Offices

Dgvelopment

Global Innovation
Community 2
' Specific on purpose

entities

Individuals ‘
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Industrial Technology Innovation

Policy Instrument, RD&I Alliances, S&T Consortium building.

3. Technology Innovation

* Management models
* Development steps
e S &T Innovation Platforms
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Technology Innovation - Development steps

Technology Readiness (TRL) - Market Readiness (MRL) Levels

TRL

Industrial scale
manufacturing

Industrial scenario
setup

~

-~

/

Pilot scale
manufacturing

Technical feasibilityf

/
//
—
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Process / Product
experimentation
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Technologies /
Resources
exploration

Emerging concept

Market
investigation
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Technology Innovation - Development steps

Innovation Partners positionning (TRL /MRL)

__—1 Business

TRL | Start-ups
Industrial scale
manufacturing
Industrial scenario (’
setup |

~
Pilot scale
manufacty - Academics . L\ VA'LW

7
Technical feasibilityl” \T\ >\, ~
> ’_— \
Process / Prodyct ) c -
experimentatio EXPI.OMTION v
Technologies / | o
Resources I
exploration I
L/
Emerging concept Xj/r
Testing &
Market Target market  development with Experimental ~ Business scheme MRL
investigation analysis customer market appraisal consolidation Full scale launch

> Evolution of RD&I partners and of types of partnerships
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Technology Innovation - Development steps

Funding Organisations positionning (TRL /MRL)

Industry

Venture Funds

Public Funds -

TRL

Indus%rial scale

manufacturing

gréq[IHFthrial scenario 100 M

mandagtiring VALIDATION
Technical feasibility 1b MEuros

Process / Product

experineniaton” | EXP| QRATION

Technologies /
RESOUNCES 1 MEuros
exploration
Emerging concept
TestiP & ) . .
Market Target market  deve ?]%ment with E)g)ﬁrlmental_ Busmt?_ss scheme MRL
investigation analysis customer market appraisal consolidation Full scale launch

> Evolution of funding partners
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Technology Innovation - S&T Innovation Platforms

Science and Technology Platforms =

Consortiums of Science and Technology based Structures

e that provide synergies
- in the exploration, development and exploitation of expertise and tools,
- allowing breakthrough from multi-expertise collaboration

e with appropriate fundings

» that balance risks and maximize opportunities for all parties
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Technology Innovation - S&T Innovation Platforms

Consortiums of Science and Technology based Structures

e to drive companies entry into new businesses
- providing sustainable market advantage,
- reducing time to market

MARKETS NEEDS
§; §; ]

<~ Produc« ?X\‘r‘v‘.’ ‘wt‘l\;l,'.uX*\N Proc 4.-“‘l">
TECHNOLOGY PLATFORMS
FUNDAMENTAL OR APPLICATION
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Technology Innovation - S&T Innovation Platforms

Platforms are used for complex projects combining a large number
of expertises and resources in/out Industry boundaries.

Key Challenges :

 Competition between the partners objectives
- Industry : priorities/deliverables, timing, IP ownership ...
- RD&l partners : development of expertise, reputation, IP...

* Management
- Industry : strategy deployment, coordination
- RD&l partners : teamwork, communication

 Management of risks
- Industry : costs, timing, competition risks ...
- RD&l partners : excellence, timing
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Example 1: Solvay S&T Innovation Platform OLEDS 2010-2014

Step 1 focus : Knowledge generation to build strong business
foundation , secured by IP.

Wordwide partnerships for enhanced competencies integration
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Example 2 : IBM — S&T Innovation Platforms

Global Evolution of platforms from 2001 to 2012

IBM Technology & Intellectual Property
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Example 3 : HP - S&T Platforms

Partnership model evolution from « traditional » to « holistic»

The Partnership Continuum

Phase One I Phase Two
Traditional Engagement

Phase Four Phase Five

ICITI 2016 — Taipei - L. Demiddeleer




Technology Innovation - S&T Innovation Platforms

Key success factors for long term partnerships :

* Strategy

- Clear, shared objective(s), targeted on market needs
- Supported at highest level, on the long term !

* Partnerships criterias

- Excellence in knowledge, expertise and competencies of
S&T partners :

> International network based on high education and skilled teams
- Evolution of partners with steps of development

- Funding resources and partners in line with development
- Ability to perform as a team and proactively
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Technology Innovation - S&T Innovation Platforms

Key success factors for long term partnerships (2) :

* Leadership

Clear and effectively deployed model
Frame and relationship model ensuring proper balance between

partners (contracts)

Fostering evolution of processes, practices and behaviours,
based on project results ( S&T and organisational)

* Management

Objectives , ressources, priorities ... and crisis

From beginning, at each critical step, at key mile stones
Integration of teams specificities, according to partnerships
evolution (ex : S&T: publications /Business: IP —speed)

Specific attention to IP to manage in an open way

Evolution of business structures, in line with development steps
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Technology Innovation - S&T Innovation Platforms

Key success factors for long term partnerships (3) :

e Communication
- Strong communication program between teams
- CELEBRATE and REWARD Innovation and Practices

* Perseverance and (some) Patience !!!
- At least 2-3 years for the positive effects
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Industrial Technology Innovation

Policy Instrument, RD&I Alliances, S&T Consortium building.

4. Case study

Hydrogen as energy source for transportation
* Frame
 Drivers and challenges
e Management model
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Hydrogen Economy for Transportation - Frame

Hydrogen Economy

Packaging
compression, liquefaction, hydrnides

Hydrogen = = = Hydrogen
- —_— Distribution ——ie
Production pipelines. road, rail, ship Use

Storage
pressure & cryogenic containers

Transfer

How is hydrogen stored?
Natural Gas
a8 &

Electrolysis
4%

Coail
1%

FUEL CELL
‘
- ‘

Oil

30% Ex. MOr-5 Lx. BN-methyl Ex. LaNiH, Ex N AlH,
cvcloponinn- o & el ®
* * ~° A L B Catrirte Ehcn sngne
Hydrogen production sources 2013 a‘, ’}I < - _"“.' -::“

Impacting Vehicle Standards ENERGY

Fm et Veeme gy -

Prassure Redial Device |

34 0 3 3003 |
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Hydrogen as energy source for transportation - Drivers

Key Society and Public drivers
* Environment :
Global warming effects, air quality > CO2 emission reduction

* Energy:

Costs and access including to renewable energies
* Mobility :

Need of « improved model »

Global warming and the greenhouse effect
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Hydrogen as energy source for transportation - Drivers

* General Motors coined the phrase “hydrogen
economy”’ during the fuel crisis of the 1970s

Kev Ind ustry drive rs * As fuel prices returned to normal, interest in
hydrogen vehicles diminished

* Rising fuel prices, environmental concerns,
and energy security sparked interest again in

. . the twenty-first century

* Automotive industry :

> Cars for the future and new markets shares

* Fuel / Energy supply companies :
> Costs effective new energy sources, models and processes

* Equipements / Materials / ... Logistic :
> New devices, new products, new technologies
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Hydrogen as energy source for transportation - Drivers

Roadmap for fuels transition

s .
' - -~ ‘
e Improve Displace &
nvironmental Vehicle Petroloum ,
Stewardship Fuel
E
€ nergy diversity °‘;:?’my
©nergy reduction Emissions
ECtficiency ey
Eiectrification IC Engine and
Transmission
€conomic Advancements >
competitiveness
T fctoieum >
Transportation S S
Infrastructure = oo D>
uscoR

ICITI 2016 — Taipei - L. Demiddeleer



Hydrogen as energy source for transportation — Challenges

Business / Public / Societal challenges

- Currently still cost more than fossil fuel \

Dependence on H, infrastructure

» Need more renewable sources

Maturity/Slow Transition

- Deviation from social ideals; people are not use to the /

« Hydrogen cars, fuel cells are not widely used yet \

idea of hydrogen as a fuel source

Government Policy

—

» Without strong govemme_n_talfvsuiib,(’)rt, people will not take

Hydrogen Economy seriously

Car energy report US 2014
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Industrial Technology Innovation

Policy Instrument, RD&I Alliances, S&T Consortium building.

1. Sustainable Innovation Partners and key drivers
2. Business Innovation

3. Case study

Hydrogen as energy source for Transportation
* Frame
 Drivers and challenges
*  Management model examples
* Regulation, Fundings, Organisations
 Platforms
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Hydrogen for transportation - Management model

1 - Regulation frames in Countries and Regions

Examples :

Japan

E uropean Union
Germany /France

California

Korea

==2/) HEADWATERS | »n

Hydrogen identified asa key element of energy mix going forward could lead the way
Target of S0-70% of the new car fleet by 2030 to be non KCE

HRS: SBOmMmM* commitment for 100 stations by 2015
RE&D: For 2013, Japan increased its R&D budget for fuel cells by 2.0xto $363mm
Tradtional strength in residential CHP & being leveraged in to HRS and back-up

The EU renewed FCH JU from 2014 to 2024 with a 45% increase to $1.8 billion or €650 over seven years
Fuel cells and H2 identified as a key component of energy strategic mix

Germany, France and UK have HRS and mobility incentives in place

Leveraging PPP modelks as well as national demonstration projects

RE&D: at Fed level, DOE leads with $35mm and S42mm in 2013 and 2014, respectively

*  HRS: CA sees FCEV as a major component of its 250k ZEV by 2025

$20mm/year funding for 100 HRS

Adds to CECgrants

CA ARFVTP looking to add 100 HRS

SGIP also provides incentives for fuel cell based on-site generation
First Bement Fuelwon a $27.6mm contract from CEC to install 19 HRS

CT,NJ, NY, MA, MD, OR, Rland VT have joined CA to set 3a$3.3mm ZEV target by 2025

Changes in regulation allow HRS to be located in non-industrial areas

Substantial regulatory incentive which companies like POSCO Energy, KION and LG are hoping to take
advantage of
Traditional strength in large-scale stationary installations (hence AFC's joint venture)




Hydrogen for transportation - Management model

HORIZON 2020

2 - Fundings frames
Example 1 : European Union - H2020 Funding program

Horizon 2020 is the biggest EU Research and Innovation programme ever
with € 80 billion of funding available over 7 years (2014 to 2020)

Funding for Societal Challenges calls

. 1. Health demographic change and wallbeing
€658 million

2 Food seanity, sustanable agnoufture and forestly, marine ane
mantime and niand water research and the bioeconomy

2016 - 2017

Total
€3978 million

for 2016-2017*
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Hydrogen for transportation - Management model

2 - Fundings frames B oo ovnon
|- e

Example 2: European Union - Hydrogen program

Since 1986 the EU has funded some 200 projects on hydrogen and fuel cell
energy technologies with a total contribution of over EUR 550 Mio.

Fuel Cells and Hydrogen Joint Technology Initiative.

e Hydrogen production, including from renewable sources;

* Hydrogen distribution;

* Hydrogen storage;

* More durable and cost-effective fuel cells;

* Integration of fuel cell technology in stationary power applications;

* Hydrogen-fuelled vehicles;

* Best policies to promote a transition to a cleaner energy system benefiting from
hydrogen technologies.
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http://ec.europa.eu/research/fch/index_en.cfm

Hydrogen for transportation - Management model

3 - Organisation frame at Country level
Example : JAPAN

Framework for R&D of Hydrogen and Fuel Cells under

2015 METI in Japan
proposal ey
— METI Other
(Hydrogen & Fuel Cell Promotion Office ) Ministries
Information Pdlici Eunds
exchange \U,, olicies, Funding

NEDO

New Energy and Industrial Technology Development Organization

SOFC | Hydrogen Demonstrative
programs ‘ program Research
Collaborative interaction

Funding, operation
& management

) Companies ( National lab

Collaborative interaction

ICITI 2016 — Taipei - L. Demiddeleer



Hydrogen for transportation - Management model
4 - Platforms examples

EU Public/Private project: H2ME2 € 100 million

* Objective : to confirm the technical and commercial readiness of vehicles,
fuelling stations and hydrogen production techniques.

Outcomes : recommendations and identification of gaps that may prevent
commerciaisation, as well as collating results to support future investments

>4

Hydrogen
. ‘ \ Mobility Europe

elementenergy AIR LIOUIDE AGA JTM H J , = The most ambitious hydrogen mobility initiatives in Europe have joined
LoV iR conoy LT forces to support the introduction of hydrogen-fuelled transport
@ DAIMLER ppevancen  %&

- THE LINDE GROUP n - 1 =
(<)

= = 3 $ Hydrogen
N:N?E‘u" Donish Hydeogen Ha Logic o -E‘-‘ l N Mobili Ry Ewope
e _— . e
[EP II m - B /=!-I [ndorse
wSTE] e H(Phl/ HDF . . 0 H ‘ -i‘*i - - oY |
HQNDA J -— 0, H
et C ey GNVERT  fenks i v | o 7 =
Nissan [STEOINT (D05 Ve Vanwigoa OPENENGNY Gnnﬂancy hamimad I~ -

Aud

ge AL m OMV '"d-u'ﬂsownnnsfnr..

I 12t main demonstration areas

HIME observer patners

w— EUrOpesn road corridon (selection TINT.T )
W HIME statiom
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Hydrogen for transportation - Management model
4 - Platforms examples

N _ B T P
H,USA: Public-Private Partnership ENERGY | fenwwseio Enory
Fael Celi Technologles Office | n
Hx USA
Partners Mission
@ viscy @ —) i GE) T s To address hurdles to establishing
e = A S & hydrogen  fueling infrastructure,
: E e~ A enabling the large scale adoption of
g Cacmoom apeee® EDTA B iomcen fuel cell electric vehicles
© oocomen BB = NCS
HINREL sanems : m‘mﬁ: Structure
AT e TRl o — Do T
PE:. @M Gscra v wue FCA 4 Working Groups coordinated by the
< 45 Partners in 2015 Operations Steering Committee

H,USA’s Working Groups

Coordination .

e Locations Financing Market Support &
. Roadmap Infrastructure Acceleration

ZHoFIRST oAb a
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Hydrogen for transportation - Management model

4 - Platforms examples

O~ .HELIoN

EIAP;O\NI‘
Sy AIR LIQUIDE
=

INERIS

omes

19 partners, 150 FTE
7 years, 2009 - 2016

H2E: Horizon Hydrogen Energy

An ambitious deployment program of 200 M€ coordinated by Air Liquide
A Public-Private-Partnership federating national competencies

Funding: Private - 123 M€ & Public via Oseo Innovation- 67 M€

France

Prenormative platform
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.1 HyTransfer

Pre-Normative Research on Gaseous Hydrogen Transfer

Comtnaton | oty [ Begietians, Loty | Aunding

& tervie =

e -
=9 1P =0 | ¢ | @




Hydrogen for transportation - Management model

4 - Platforms examples

European transversal Innovation exchange platforms

EUA is the largest and most comprehensive organisation
representing universities in Europe 850 members across
47 countries,

>
-
4
= EUA

P’ European University Associa tion
om—

EARTO represents the interests of about 350 RTOs from
across the EU and “associated” countries (91 direct
members, some regrouping several RTOs)

E

EIRMA is an independent, member-led and non-profit
cupen sl e e .| OFganisation involving around 100 major companies
B from a wide range of sectors : peer-to-peer learning
organisation for R&D and Innovation professionals.

.ﬁ.....w"ng':

Bl FU Scientifc and Technology platforms EU - STP : exchange S&T platforms for strategy,
too0l .
ooF competencies, tools, ressources
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Industrial Technology Innovation

Policy instrument, RD&I alliances, S&T Consortium building.

4. Conclusion
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Conclusion e

Key success factors for Industrial Technology Innovation
based on S&T Innovation platforms :

* Clear and shared vision and objectives among partners

* Sustained and targeted strategy on the long run
... possibly reoriented !

* Excellence of partner’s expertise and competencies !!!

* Appropriate funding according to development steps

at each step of development !
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3 3 3
i )

...Conclusion TS

Key success factors for Industrial Technology Innovation
based on S&T Innovation platforms (2)

 Management of evolution of practices and tools
in line wih development steps for all aspects of the projet :

S &T, funding, management, IP, requlatory, business,...

* Strong communication practices to foster synergies and
networking aiming at saving time and money !

e Celebrate and reward !
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Industrial Technology Innovation
Policy instrument, RD&I Alliances, S&T Consortium building.

Thank you !
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