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Chapter 1 H2 ENGIE’S VISION

Chapter 2 HOW TO BOOST R&D BY INNOVATION AND BUSINESS

Chapter 3 WHAT’S NEXT...

12 Sept 2018 ENGIE BU H2



H2 ENGIE’S VISION

12 Sept 2018 ENGIE BU H2



ENGIE’s Positioning on Hydrogen

Renewable hydrogen is the “missing link” to unlock the full potential of renewables and drive
carbon free energy solutions

Renewable H2 ..TO

FROM...

Full REN integration in the power mix enabled by

Intermittent REN production hindering their
full deployment large scale H2 storage

= Pollution, noise and C02 emissions in O O Zero emission and quiet mobility solutions
- cities

Fd f i t H2
I High CO2 emission by industry Carbon free industry processes based on
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l Multi-usage green offer ]

o Massive green H2
production through
cheap RES

Transport of green
energy to regions with
limited RES potential

Local multi-usage
business : elec, heat,
cold, process, transport
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CRI

To Support this Vision, ENGIE has key competencies throughout the value chain

Established skills related to Hydrogen

Engineering & project Renewable energy Tranzport & Services &

Innovation e Fuel cells e Storage mobiiity end-uses Off grid
Rl | Upstream ———————f  af—— Dowlr_'lnsfreq >
— TRACTEBEL @ solairedirect storen eLengy o
eNGie e @ e | Storengy "9Y  encie  ©@€ps
Lab -
. W la compagnie a——
CNGiIie = Qe - -
Foicom eme | eNGie  GNGie
ENGIE research Laborelec
CNGIC
Energy
architect
Engie’s organisation Partnerships
,"‘ Close to .cllen’rs vtfl’rh Technology . . Financial
o 34 Business Unit ommercia
( o
An ecosystem favoring hydrogen innovative partnerships )
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HOW TO BOOST R&D BY INNOVATION
AND BUSINESS
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Key Bricks to Achieve H2 Revolution

H_| Value chain | p

Transportation &

Production Conditioning 0 Storage n Distribution - Conversion End Uses
Water - - E—
1,700 m*fhr ~ WY _ IPp— Eﬁv g
"// st . d End uses technologies
Solar PV HT Electrolyser Hydrogenation Storage DBT Hydrogen StorageDBT  Dehydrogenation C
1 ship (100 kt) per week Turbine

[ R R RN

Mobility 55. Hydrogen
H, & H, carrier —EH.iI.GﬁI.Iﬁ;—‘] Gas
Storage technologies I Hydrogen turbines Liquid fuel
Hydrogen carrier
LH2 technologies l Stationary Fuel
Cells J

Water electrolysis J
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Compression /
Refueling station

The main drivers are the following: technology

k - Efficiency - CAPEX

- Safety - Scalability
o L ] [ BN



The Future has to be Prepared now by Innovative and Disruptive Approaches at
Scale

“From a desirable future
backwards
to new business today”

1

Back-casting
Vision

Solutions

Co-creation
13 H H
Expertise in power, offe ustomer

gas & services
along the value system”

3

“Joint creation - every entity

ENGIE reinvents itself,
Leverage together, further”
L .. . eaa»;>y R W 09090909
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2 R&D Initiatives on H2 Transportation and H2 Production (SOEC) to Reach Large Scale

‘ H2 TRANSPORTATION H2 PRODUCTION

The goal is to reach massive H2 production and competitiveness at scale

<</’) 1 - Focus on Long Distance Sea 2 — Prepare a game-changer

Transportation : technology - SOEC

pre-feasibility studies on Fos Tonkin Public Research Center on Energy)
for long distance sea Transportation : and other academic and industrial
players

O e Open Innovation Challenge and e Partnership with CEA (French




Innovative process to Study H2 Sea Transportation using LNG site Conversion case

Aug ‘17 Oct ‘17 Nov ‘17 Dec 17 June ‘18 Dec ‘18 2020
Q@ © ) ) © ) ©
A 3-month inception FABCAMP Pre feasibility studies Open Innovation Contest to End of
study on LNG Tonkin Sitei Open Innovation conducted on the options develop a Pilot Project on a short potential
with Engie’s subsidiaries Challenge on 30 Nov and to transport H2 (LH2, distance (100-150 km) to assess Pilot
and key partners. 1st Dec with >100 experts LOCH and Ammonia). feasibility. Project
to brainstorm on business
2 scenarios: and technical issues in Extensive risk analysis
50 and 500 ktpa Marseille near Fos Tonkin.
eNGie eLengy —
CNGIe CNGiC
Lab Lab
TRACTEBEL M 5 TRACTEBEL__
e Riicto enee 2020
CHIYODA S >
CORPORATION KEY take Away : @
: - Identification of R&D
§ & Kawasaki needs ™ A large scale approach would be adopted
© hydrogenioos Logistic chain E RSy for longer distances
modeling to optimize 3 dx
transport choices




“The FabCamp”: How does Engie pilot an Open Innovation Challenge?

Open Innovation Challenge “FabCamp” held in
Marseille on 30 Nov & 1 Dec 2017

International exposure : 50+ experts invited from
international companies, startups, labs,
Authorities, financing institutions...

.

,,,, 3
o Montoir-de-
Bretagne

. 27%

..... Panigaglia
FosTonkin 5%
43%

: Co-organized with Metropole Marseille- Aix-en-
1 @‘°“°""'"! ) o Provence and the Region PACA and Elengy
eLengy ENGIEFab
* F Région {PaRseiLLE iic o \' Boost of the H2 ecosystem j
- 4 @AGADIR @(Ctrl)' * PACA ?PR,P‘LE‘N_SS Rymnmn-ros .

S

R&D targets:
Identification of the best H2 carrier

Feasibility study of the conversion of a
LNG terminal to H2 terminal

\ - Modeling of H2 transportation )

12
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Innovative approach on H2 Production by back-casting and business modeling

Today

Mature
Technologies

Alkaline

PEM

By 2030... game
changer? 7

Efficiency <A > 95%

Durability =1 = >50 000h

SOEC/FC game changer

technology ?

CAPEX X1 >200€/Kw

Developed now large scale
Solution

Cost parity with oil
and gas
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A 4-steps Approach to Innovate in Widescale Hydrogen Infrastructures

Performance projections of @
technologies in the future

Design Large scale solution to &
confirm projection (BoP & core tech)

Parameters Optimization to define
R&D actions Vs acquisition costs f

Engage partnerships to share Igz"\
development .

Engie is adopting a back-casting approach to ensure the business needs match
R&D actions and investments.
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WHAT’S NEXT
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What are the Next Steps...

Invest in new technologies through real
projects at scale

& ,‘\ Develop partnerships_to amplify effgrts and
>, share risks on academic and industrial levels
Combine an approach of modeling and
experiments by a back-casting approach




Thank you for your attention,

Olivier Machet
olivier.machet@engie.com
+33 661 12 22 42
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