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In December 2015 (@ CoP21 in Paris), 161 member states agreed upon the 2DS

A For the first time in December 2015, 161 states officially adopted in Paris at the CoP 21 the target of max
temperature increase 2AC by 2100.

A The CoP 21 agreement includes 3 goals :

A Containing the rise of gl ob aCabovemer ntdeunspterriaatiu rleesv efilwse,| la nbde [toow p2ur s u e
to limit the warming to 1.5AC.

A Alncreasing the ability to adapt to the adver s-ebonmpacts of <climate
development.

A Making financi al f | o-wasbomdevelo 40 IPCC +2°C trajectory by sector

35

Source: ENGIE Corporate Strategy CODIR 20/07/2015 scenario for a 30
+2°C target - Adapted from IPCC, AR5-WG1 and AR5-WG3
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A Scenario from the IPCC shows
that the power sector should
become CO, negative by 2060 if
we are to achieve the 2°C target
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More than half of the emission reduction will have to come from technologies that are
today not mature: Innovation and R&D are crucial and need to speed up!

Clean energy technology progress hinges on innovation 1ed

Cumulative emissions reductions relative to baseline trends by technology maturity

Net-zero emissions by 2070 Net-zero emissions by 2050

Heavy industry &
long-distance transport

Mature

Early adoption
Large prototype

Small prototype/lab

Almost half of the emissions reductions required to reach net-zero by 2050 rely on technologies that are not yet
commercial today. The share jumps to three-quarters for heavy industry and long-distance transport.

Fatih Birol, | EA September 2020: paeCod&y wheBedPV wasrl|i e s
10 years ago. GOVERNMENT need to support




We must prove the alarming roadmaps wrong!

Emerging Sustainable Technologies

Microsoft wants to capture all of the carbon dioxide

GOOd News. it's ever emitted

The company wants to be carbon negative by 2030

By Justine Calma | @justcaima | Jan 18, 2020, 12:30pm EST

f W (O share

() Some companies are taking the

lead (today mostly digital
o
¥,
L }

companies) ¢ ‘ %

(i) All current alarming roadmaps do
not take breakthrough technologies
into account!

Amazon and others commit to
using zero-carbon shipping
fuels by 2040

So research & innovation can help
prove these alarming roadmaps
wrong!

Apple commits to be 100
percent carbon neutral for its
supply chain and products
by 2030

0 vy = 2

Already carbon neutral today for corporate emissions
worldwide, the company plans to bring its entire carbon
footprint to net zero 20 years sooner than IPCC targets

L

LONDON, Oct 19 (Reuters) - Amazon.com Inc (AMZN.O) and IKEA are among

commercial users of container shipping that will opt for zero-carbon marine

oves,
2021 fuels by 2040 in a new initiative aimed at speeding up decarbonisation in the

maritime sector, executives said on Tuesday.
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And what about the war?

Fath. ANBt 6L9! Qa 9ESOdzi Will war fast-track the energy transition?
24 February 2022:

The sudden push to reduce Europe's dependence on Russian gas and oil could trigger a
paradigm shift to clean energy sources that might be quickly sealed up.

G ¢2RlIe Oly 06S UKS RI
historic redesign of its energy priorities & policy w]S
build its own(ed) secure, affordable and clean EU

energy future!s INFO EUROPE 1 - Le gouvernement envisage de

EeY Loskomian o Russhhiacat repousser la fermeture de la centrale a charbon de
r zit een reukje aan Amerikaans

schaliegas: goed voor portemonnee, Saint-Avold
¢ x niet voor mens en milieu

In het huidige conflict in Oekraine belooft de VS om de EU
dit jaar 15 miljard kubieke meter méér LNG (liquid natural
gas oftewel vioeibaar aardgas) te leveren zodat we voor
onze energie minder afhankelijk zijn van Rusland. Maar dat
zal niet voldoende zijn om echt onafhankelijk te worden
van de Russen. Bovendien bestaat dat Amerikaanse LNG
voor 80 procent uit schaliegas. Dat schaliegas wordt niet
bepaald milieuvriendelijk ontgonnen én het is niet
ongevaarlijk: bij de ontginning zijn al tientallen doden
gevallen.

Bloomberg

Germany May Extend Coal Use to Replace Russian =
Gas 00006

m Invasion of Ukraine sparks push toward energy independence
‘ . . - Maud Descamps, édité par Thibault Nadal - 06h27, le 24 mars 2022, modifié & 12h41, le 24 mars
» ‘A warmonger is not a reliable partner,’ vice chancellor says 5

By Angela Cullen and Birgit Jennen LIVE ON BLOOMBERG : == En raison de la guerre en Ukraine et de la hausse du prix de

-‘-? 1z s e .
February 28, 2022, 9:21 AM GMT+ Updated on February 28, 2022, walonLve TV > ‘ bl I'électricité, le gouvernement envisage de reporter la fermeture
11:33 AM GMT+1 Listen toLive Radio > — de la centrale de charbon de Saint-Avold en Moselle, comme

celle de Cordemais, dont l'arrét a été repoussé a 2024.
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ENGIE announced to be carbon neutral on all 3 scopes by 2045:

O, SF, CHy N HFCs PFCs

SCOPE1
DIRECT

SCOPE 2 SCOPE 3
IHRIRECT THDIRECT

Emiployes
Bugingss Travel

Purchased
E LRty Prodwction Od
For Dwon LFse Furcharsed
Matenals

Contractor Ceened

Wehiclas
) Dutlsourced Actrbes e

Fuiel Combiustion
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ENGIE’s ambition covers all 3 scopes, including direct
emissions as well as all indirect emissions

ENGIE carbon footprint in 2019 )
192 Mton COy,

Upstream emissions ”

Purchased goods &

services, buildings Scope 1
54 (28%)

Scope 3 Gas infrastructure
135 (70%) Scope 2 _
Energy Sales 3(2%) A¥E Power, steam, heating,

(Use of sold products) cooling consumption

(*) power sales emissions are not included. A POWGF generation

first assessment of power sales emissions -
estimates these at ~38lton CO2e in 2019. (non COﬂthlled assets)

Proposed net zero ambition by 2045 covers all scopes including procurement and upstream emissions, but
intermediate targets are limited to energy generation and sales, the two most important sources of emission
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Pilot projects with academic, industrial and government
partners are important to co-develop, test and demonstrate

new solutions
Pilots are key for ENGIE and a large part of the research budget

/ Biomass \ / Battery / BifaciaISoIar\ /Decentralized\ / H, co- \ / High \ /Supercritical \

gasification Storage testing Energy System combustion in
Gaya for Islands

(-dEs -

gaya

temperature CO, cycle
gas turbine SOEC/SOFC

k France j Belgium k Chile j Singapore Belgium /

/ Solar-H, / OPV for / Floating Wind \ / High Altitude H, injection in\

Builqmgs turbine Airborne Wind natural gas grid
Heliatek

HeliaFilme

K France K Portugal / K Germany / France France




3 pathways towards
Carbon neutrality
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From waste TO green GAS : clean, local, circular...
...but the challenge is to achieve volume production at scale

1 COI |eCtIOn Organic waste are collected and

transported to the methanization site

2. Anaerobic Digestion

cmmmemee>

Co,

- -
- Organic waste goes
through an anaerobic

fermentation process
which produces
digestate and biogas.

%
Carbon
neutral

~~— "

Digestate

-
“
~
-
e >

h h Is used as natural fertilizer '/ )
' Biogas
" ) A renewable fuel to
() %+ Qenerate heat (hot water s s
“ l' or steam) and electricity B iom et h anels
\ 3 (CrPonsie considered carbon-
(N
, K neutral
s
CO, from the atmosphere is
k .
1 RGGO = 1 MWh green > - captured by organic waste used
&Y gas injected to produce biomethane
~—— e '_. Its combustion produces
T remmm=="" biogenic C0, emissions
Compensation effect: almost
: : - . : : no impact on greenhouse gas
Biogas is purified to be injected into the gas grid for St
4. end -USGS industrial and domestic uses, such as heating or 3 . U pg I’ade CHISSIONS:
cooking

©Engie BU GEM
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3 pathways towards Carbon neutrality

() Increase energy efficiency and increase
circularity where waste becomes a feedstock
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We have proven the roadmaps wrongé

Annual PV additions: historic data vs IEA WEO predictions

In GW of added capacity per year - source International Energy Agency - World Energy Outlook

1200 =PV History please send comments to:
e WEQ 2018 New Policies Scenario (NPS) a.e.hoekstra@tue.nl

e WEO 2017 NPS (@aukehoekstra
—— WEO 2016 NPS
e WEO 2004 REF
e WEO 2002 REF
e WEO 2015 NPS
~—— WEO 2014 NPS
= WEO 2013 NPS
e WEO 2012 NPS
= WEO 2011 NPS
e WEO 2010 NPS

w— WEO 2009 REF
,
e WEO 2008 REF

0.0 —_— ——

1995 2005 2015 2025




PV ef fil ci

continuing R&D efforts
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W |
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Emerging Sustainable Technologies

t o

A Over the last 4 decades, the PV industry has continued to find ways to increase the efficiency of the photovoltaic effect and
this will not stop. But the real challenge is the cost: even for Silicon-based PV, significant R&D is necessary to reach the
efficiencies between 24 and 26% in a cost-effective way.

Best Research-Cell Efficiencies

2 EINREL

Transforming ENERGY

Multijunction Cells (2-terminal, monolithic)
LM = lattice matched

MM = metamorphic

IMM = inverted, metamorphic

V' Three-junction (concentrator)

'V Three-junction (non-concentrator)

A Two-junction (concentrator)

A Two-junction (non-concentrator)

B Four-junction or more (concentrator)

=] Four-junction or more (non-concentrator)

Single-Junction GaAs

A Single crystal

A Concentrator

V' Thin-film crystal

Crystalline Si Cells

o Single crystal (concentrator)

m Single crystal (non-concentrator)
O Multicrystalline

@ Silicon heterostructures (HIT)
V' Thin-film crystal

S
o

w
(=2}

w
N

1BM O o
(TJ, Watson L= ===
Research Center)

Cell Efficiency (%)

Westing-
house,
Sandia

No. Carolina
Solar
Boeing ok

Matsushita

U.of Maine Mon0s0I2

Thin-Film Technologies

© CIGS (concentrator)

® CIGS

O CdTe

O Amorphous Si:H (stabilized)
Emerging PV

O Dye-sensitized cells

© Perovskite cells

A Perovskite/Si tandem (monolithic)
@ Organic cells (various types)

A Organic tandem cells

4 Inorganic ceils (CZTSSe)

<> Quantum dot cells (various types)
o P ite/CIGS tandem lithi
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Batteries are experiencing similar drastic cost reductions as PV and Wind
In the past;  but remain expensive and business model not always easy

UsD/kwh

Vertical lines show each doubling of cumulative capacity installed.

IEA. All Rights Reserved

© Consumer electronics (cells) @ Utility scale (projects) ©  Automotive (packs)
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Flexibility and Demand side management will be
crucial for a successful electrification

EMS, aggregation i Hybridisation with storage i Vehicleto gridi €&

Operational R&D pilot with 5 Carbon neutral industry i l

different OEM battery solutions  battery, PV, wind, cold process, '

delivering ancillary services EV, EMS, battery health (N —e SMATCH
monitoring

Provide flexibility locally
and in the system

-
%’@a‘@

Sector coupling EM and Energy
markets via smart charging 1 Flexibility

. i pilot for low CO2 energy supply at
B2C LEC with battery and V2G Efgz;‘rlr; n\;wth manure-based Rotterdam for 58 chargers

Oud-Heverlee pilot, local
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Marginal abatement costs differ as a function of the industry
for the different pathways towards carbon neutrality

1. Sectors in which direct ﬁ A
electrification is significantly
cheaper than using e-fuels ® ®
Light-duty vehicles, low/méd-temperature

3 pathways towards L T
carbon neutrality
(order is
important!):

heatng

Omer industry
Pulp and paper

Commexciat space heating

383 | ; ¥
Ui

I

Fraght: kght road

space
Chemicals {enargy)

£
:
F
§

1. Increase
efficiency

Marginal abatement costs i€ 1CO, ") 2020-2025)

Electrify what is
possible

. Need for ammiEl?™ |
mO|ECU|ES - — A " _— Falko Ueckerdt, Christian Bauer, Alois

Dirnaichner, Jordan Everall, Romain
Sacchi, Gunnar Luderer. Potential and
risks of hydrogen-based e-fuels in
climate change mitigation. Nature
Final energy consumption (EJ), Climate Change, 2021;

non-electric end-use sectors DOI: 10.1038/s41558-021-01032-7
(OECD (2014) incl. teedstocks)



http://dx.doi.org/10.1038/s41558-021-01032-7
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Bel gi ands feder al pl anning bureau estimated
(electrify as much as possible also in industry), molecules and import of renewable Energy
will be important and need new emerging technologies (P2X)

-

Graph 7 Total power demand in both scenarios, Belgium, year 2050
TWh

250 P2X Fuel Cell EV

W P2X Industry
B P2X Remainder Both scenarios do not
o Power demand £V diverge (much) in terms of
their annual net import
W Power demand Industry position in 2050: 29.4
= Power demand HP TWhind Di ver si f
S u p pahdy26.0 TWh in
M Power demand Remainder C,) D e e p E I e c t r |
‘. Total P2X demand
' Total end-use power demand

Diversified Deep Electrification

Power Demand in TWh

Source:  Artelys.
Hote: The direction of the arrows indicates the relative level of the specific (PZX or end-use) electricity demand: upwards (downwards) means a higher (lower)
level compared to the other scenario.

.
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3 pathways towards Carbon neutrality

() Increase energy efficiency and increase
circularity where waste becomes a feedstock

(i) Electrify as much as possible (far beyond
electric cars)
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Hydrogen is a low carbon energy solution with a lot of
potential but &

\
\ i

afl

i o4 ya
1

2

By product H,




but

Has a very low energy density g
and is thus extremely hard

and expensive to store and

move around

a

a 4.2,L
(-250°C, 1 bar), liquid

- Need for synthetic
hydrocarbons!”

é 1.7 Ll_ :\
(-160°C, 1 bar), liquid

a

* Mertens, J., R. Belmans and M. Webber, 2020. Why the carbon neutral transition will Th
the use of lots of carbo&-Journal of Carbon researclé (39), 18

7.

7,L

Emerging Sustainable Technologies

a 13.3, L
(20°C, 350 bar), gas
of '
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iebreich

Clean Hydrogen Ladder: Competing technologies . .

Unavoidable Key: (Nerealatiemaiva) Electriciybatieries |Biomassibiogas | (Other
)\ Oreduels
DD o) i) e (i) i)

Shipping* || Non-Road Mabile Machinery || Chemical feedstock | Steel | Long-term storage

Leng-haul aviation* || Remote trains || Coastal and river vessels | | Vintage vehicles* | | Local CO2 remediation

Medium-haul aviation* J Long distance trucks and coaches  High-femperature industrial heat | Generators

‘ Short-haul aviation Local ferries Commercial heating Island gnds  Clean power imports  UPS

I’ Light aviation Ruwral trains Regional trucks Mid/Low-temperature industrial heat Domestic heating

H Metro trains and buses H2FC cars |rban delivery 2 and 3-wheselers Bulk e-fuels Power system balancing

uUncompetitive
* Mosf kkely via ammonia or e-fuel rather than H2 gas or liquid Versian 4.1, 203 Concepd creadit: ddaan e, Energy Cifies. CC-BY 3.0

B 9 September 2021 Clean Hydrogen Use Case Ladder - Version 4.1a @mliebreich
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Todaydos Gas System Takes Carbon From
It Into the Atmosphere
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Tomorrowds Gas System Could Take Car boc
To Make The Gas

Energy
Source
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The Day After Tomorrowds Gas System
The Atmosphere And Put It Into Products or The Crust

Energy
Source
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Power to Methanol Antwerp pace )

The concept is based on a high level of flexibility both regarding the feedstock input, the process
capability as well as the output and applications.

[N { -

Flexible operated
electrolysis (grid
services)

Baseload waste
stream (process)

)
CO, capturing (flue
gas or process)

Methanol Chemical grade
. Methanol

synthesis

CO,+H,

Distillate

H Methanol
EEEE——)

MeOH

Chemical
feedstock

- MDI

- MTBE

- future: olefins,
BTX, é

A

Fuel purposes
- MTBE

- Direct injection
- Blending
purposes

o

Process Output and applications




Demonstrator host site: INOVYN Lillo

Chlor-alkali process as ideal location to have access to fatal H,

é )

R —..

CNGIC
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INDAVER

inovyn

An INEOS company
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Chemical industry in Antwerp: from fossil-Chemistree to e-Chemistree
implying a huge requirement of green electricity and molecules!

Plastics. electronic materials,
Fibers, solvents, detergents,
insecticides, pharmaceuticals

Specialty
chemicals

Acetic acid, formaldehyde,
Urea, ethene oxide,

Acrylonitrile, acetaldehyde,
Terephtalic acid Bulk

" chemicals
Ethene, propenr, 1,3-butadiene,

Benzene, synthesis gas, ammonia
Methanol sulfuric acis, chlorine

i N Hydrogen, methanol,
LPG, gasoline, diesel lﬁ " b b e em] ammonia, ethanol,
Kerosene, ... oxygen ...

-run electricity

_Oil, natural gas, coal PYNPSE  Water, waste. biomass.
ALY JiCTIalS (10

Rock, salt, sulfur, air.... air, bio-gas, salt, CO, ...

% K. M. Van Geem and
% é B. M. Weckhuysen,
2021. Toward an
e-chemistree: Materials
for electrification of the

Figure 2. Transition of a fossil-based chemical industry (Fossil Chemistree) to an electrified chemical industry (e-chemistree). ‘éhflmt?cal'léndluitory- MRS
ulletin,40, 1-
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E-fuels high on the agenda of many ENGIE’s BU’s:
From R&D over pilot to demo

Engie ecosystem

BU-GEN, BU-H,, BU-MESCAT
STORENGY AXIMA

ENGIE Impact ENGIE Disruption
GRTgaz TRACTEBEL
ELENGY GEM

GRDF ENGIE Research

R&D

enCOyre AUBIOCON-CO,

Eﬂﬂga'ée K")

C0: VALUE
N:‘ EUROP

PROTEIN

E-methane
-
(2014 -¢é)

Thermocatalytic hydrogenation
H, electrolyser (2 * 0.5 MWe)

6 e FOrmic acid
GNGie  DME
C2FUEL

Thermocatalytic hydrogenation
H, electrolyser (1 Nmg/h -15 bar)

Jfpuoiter

Port of Antwerp E-methanol

Port of
Antwerp

Thermocatalytic hydrogenation
H, electrolyser @ 3 MWe

Hycaunais E- methane
¢ Electrochaea storengy

L —

Bioconversion €M¢E

H, electrolyser @ 1MWe

Methycentre  E_methane
KHIMOD storengy

ALCEN

Thermocatalytic hydrogenation
H, electrolyser @ 250 kWe

Demonstration
CCU Hub Ghent E-methanol

A~ —
s Ge GNGIC a‘
Oianidng  (mamer riuxys ™

S sy GATALISTI S

L. @R E) G e

Thermocatalytic hydrogenation
H, electrolyser @ 63 MWe

HyNetherlands

100 MW (2024/2025)

Charleroi E-methane

Bioconversion
H, electrolyser @ 75 MWe







Loving the Alien

Editorial

How were the technologies selected?
Current efforts to limit global warming to 2 degrees above pre-industrial levels, as agreed in 2015 at the
COP 21 in Paris, are insufficient.

The IPCC 2021 report & like all other forecasting efforts 8 makes no mention of possible breakthrough technologies which could emerge
and speed up our pathway to carbon neutrality. One could consider this a conservative approach, justified by the huge difficulty of
predicting the next technology breakthroughs and their potential.

In this Emerging Sustainable Technologies 2021 document we present topical areas we think will offer non-trivial benefits for this transition.
ENGIE does not only keep a close eye on their development but also has the ambition to help bring some of these technologies to the
market at an increased pace through piloting and demonstrating.

How did we select these technologies? We have tried several methods to pick them inan 6 o b j emannenusiry quantitative indicators
such as the number of publications and of patents, mentions in other reports and in press releases. However, we have not found any one
guantitative method that was satisfying on its own.

In fact, using 6 0 b | equdniitativee éneasures results in mostly digital solutions dominating the selection due to the enormous work being
carried out worldwide on our digital transformation. If ENGIE adopted the same approach we would, in effect, all be reporting the same
and add little value.

Instead, we decided to trust the insights of our ENGIE experts in a wide variety of domains to compile this selection. This approach implies
a degree of subjectivity, reflecting our unique ENGIE expertise in game-changing scientific and technological trends in energy-related
activities.
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