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The!Needfor Energyalransition

o Why do we need renewable
energy resources?

02 Ké OFyQi ¢S 2
use nonrenewable resources?
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TheNeedfor Energyalransition: Climate Change

o CQis at 415 ppm (2021)
o0 Global warming ~ 1°C in the past 200 years
. gepr . current level —»
0 Ocean acidification
O RISIﬂg Sea |eve| —_ 3 2mm eaCh year For 650,000 years, atmospheric CO, has never been above this line ... until now
o0 Decreasing ice sheet mass F
owWSUNBFEUOAY3 JfFTOASNR o!f LlAzZHE
. .. o
o0 Decreasing Arctic ice at a rate of 13% each decade (418 (&
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o The climate challenge is no longer a scientific debate ! R e s
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TheNeedfor Energyalransition:nClimate Change

o FaceBookost of BjornMoerman(friend and captain/instructor on Airbus A380 overflying the North ol
route from Dubali to Los Angeles at the end of July 2021):

Dt 26t I N¥YAY3 YR OfAYI(GS OKFy3aS KIS 06S02YS LI
on both a political an a personal level. | am not here to say who is right or wrong, but want to share a recent ae
image shot over the North Pole, whiclgiat leasttomeclj dzZA 6 S G St f Ay 3 HE

Extensive studies show that t
extent of the arctic sea ice has
been on a steady decline since
the first reliable satellite data
have become available in 1979
The 2021 spring and summer
melt till now, shows that this
year unfortunately could be
breaking the previous 2012
Czord for the lowest amount of

The climate challenge is no longer a scientific debate !

polar sea ice.
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TheNeedfor Energyalransition:nClimate Change

o Massive floods in Germany, Belgium, The Netherlands in July 2021

Since 12 July 2021, several European countries have been affected by floods, some
catastrophic, causing deaths and widespread damage. The floods started in the Unites =g
Kingdom as flash floods causing some property damage and inconvenience. Later flc
affected several river basins across northern and central Europe including Austria, Bes
Croatia, Germany, Luxembourg, the Netherlands, Switzerland and Italy. At least 228 j
have died in the floods, including 184 in Germany and 41 in Belgium. Belgian Ministe
Home Affairs Anneliegerlindendescribed the events as "one of the greatest natural
disasters our country has ever known." In addition to the confirmed fatalities, the flooc
led to widespread power outages, forced evacuations and damage to infrastructure ajgs
agriculture in the affected areas. The damage to infrastructure was especially severe %

St 3AdzY YR DSNXIyed ¢KS Ff22Ra I NB --Y.
losses, with the total damage costs being much highéne aftermath, scientists, activistf..
and reporters all highlighted the connection to global trends in extreme weather,

especially more frequent heavy rainfall caused by climate change

,l/, .‘ . .- :
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The/Needdor EnergyafransitionhWorld: Green Haouse Gasi Emissions

Global Anthropogenic GHG
Emissions (2018)

" Energy
(gas based) hAf 9 DF&a F nJE:?
. Energy n
(oll based,)
J Erergy
55 Gt CO,, — :ﬂngﬂu:;ﬂﬂdl
Agriculture 10% generated 90% associated
during with the use
Other ) :
production & (combustion)
refining of products

Most emissions are coming from the
Source: combustion of fossil fuels at consumer level

Adapted from CO, Emissions from fuel combustion 2016 IEA report and
UNEP emissions Gap report
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Climate:The Challenges

PublicAuthorities T‘lll‘-'ﬁ'T

0 Regulatory environment
o0 International coordination

o Tax policy (social equity, border
adjustment, etc.)

Businesses h

o Energy efficiency
o Innovation, R&D
0
0

Development of lovcarbon products
Carbon sequestration

C ©C O O
ST

o Sustainable lifestyle
o Energy efficiency
0 Responsible consumption
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Reducing
Emissions

0 A society challenge
o0 A corporate responsibility
o0 An opportunity as much as a constraint

- - | /
Providing affordable /
energy to an additional
3 billion people
1 '/
2 /-
2 )4
'E /—\\
/ N
E
//
World population estimates from 1800 to 2100, based on "hi¢ff,
bYSRAdzYh YR bt2gd ! YAGSR bdlip2ysd LINR2SQG M2y &l Ay L u nlly
Census Bureau historical estimai@s black). Actual recorded A
population figures (as of 2010) are colored in blue. According to the —’—/7
highest estimate, the world population may rise to 16 billions by 21007
according to the lowest estimate, it may decline to 7.2 billiong— ] P e — S



Climate:(GHGrEmissionsfrom Production; fransformation and Custome

Liguefaction

Renewables

CCGT

Electricity

Solar panels, Batteries
I I |

Emissions of energy used

Emissions from our operations
by our customers

Scopes 1 &2 Scope 3
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Climate:(Qur Ambitioniof Getting to-NetZero

On May 5, 2020 TotalEnergiesannouncedits ambition to reach carbon neutrality for all of its operations, from

e

TotalEnergies

productionto the energyproductsusedby its customers(Scoped+2+3), by 2050togetherwith society

THREE MAJOR STEPS Realized
TO GET TO NET ZERO
TOGETHER WITH SOCIETY 2020

1. Net Zero acros&otalEnergies
J -15%

worldwide operations by 205®r sooner Scope 1 & 2 emissions Reduction of neScope 1&2 emissiom
(Scope 1 + 2) operated oil and gas facilities (incl. carbon sinks)

3. Net Zero acrosall its production and

- -15%
energy products used by its customers Score 1 2&3in
in Europe by 205@r sooner FI)Euro’pe Reduction in scope 1,2 &3 emissions in Europe
(Scope 1+2 + 3) compared to 2015
-8%
Carbon Intensity . Or more reduction in the aver
ez | menshy SR Blo0icl D Wordhigd by
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Climate:./Activity: Areas

/
C Setting upbusiness structures TotalEnergies @

to develop renewable energy sources:

@ ToTAL @

& o

e

TotalEnergies
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Climate:./Activity: Areas

= O
1 LN

Intensiom ax

Ammonia

e
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Safety/Aspects:related to-New Energies

Some safety aspects related to the development of new energies are given in the following slides:
o Hydrogen
0 LNG/CNG
o Batteries
o Wind

LNG Plants

225
LN

Intensiom Mak

s
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Thecolors of hydrogen

Green Grey Other colors:
CO,

:(-\. H H2 Pink H, produced byelectrolyzers

NG 2 ®® powdered by electricity from
% nuclear power plants

Black H, from gasification of coal

Blue Turquoise Naturally occurring K

H H, produced byelectrolyzers
2 powdered by electricity from
nuclear power plants
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Accidents relatedtoHydrogen

Hydrogen accidents marking the public opinion

6 may1937
Hindenburg zeppelin -
(200.000 m3 ohydroger) e

b

28 january1986
Challenger
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Properties-of - Hydrogen: Flammability :Characteristics

Property Hydrogen
Molar mass 2.016 g/mol
Flash point <-253°C
Auto-ignition temperature 585°C ‘ In practice this is a range
LFL (Lowdflammable Limit) in air, standard conditions 4 vol% Flammable in very wide
T -, ‘ concentration range
UFL (Upper Flammakllémit) in air, standard conditions 75 vol%
Minimum ignitionenergy in air (1 bar, 2&) 0.019mJ ‘ Ignites very easily
Hydrogen I 0,019 Hydrogen 1
Benzene 0,22 Propylene =
Ethane 0,24 Propane s
Propylene 0,28 Pentane
Propane 0,25 n-Octane .
Methane 0,29 r':lﬁz];nnee __
n-Hexane 0,24 n-Heptane ~ mmm
n-Heptane 0,24 Gasoline (100 octane) mmm
Ethylene 0,12 Ethylene I—
Cyclohexane 0,22 Ethane
n-Butane 0,25 Diesel fuel  m—
1,3-Butadiene 0,13 I:;ett:ane =
n- ane .
Acetylene 0.02 13—Butaudiene I
0 0,05 0,1 0,15 0,2 0,25 0,3 0 20 40 60 80 100
Minimum Ignition Energy in Air (mJ) Concentration in Air (vol.%)
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Propertiescof-Hydrogen: Flame: Visibility

o The flame of a hydrogen fire emits predominantly radiation in the UV region and few in the visible region.

o Hydrogen flames are not (or difficultly visible) in daylight!

Image from a video camera Image from a IR thermal imaging camerggss
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Properties-of - Hydrogen: Burning Velogcities

o The laminar burning velocity is the flame front velocdiative to the unburnt mixturgust ahead of the flame wher

burning in a laminar regime.

0 Most hydrocarbongncountered in oil &

gas industry have a maximum burning velociypofit 40 cm/s.

0 Hydrogen has a much higher maximum burning velocity (about 10 times higher).

o High laminar burning velocities indicate a greater tendency for a deflagradtoietonation (DDT) transition to occur

methane/air propane/air Hydrogen/air
40 ~ %5 vol.% hydrogen
1 10 20 30 40 50 60 70
35 a a«'j t PP W PV S . | . 1
i g - 240 | A T T T L T e L A R R
30 - - . e 2 ] =
1 2 .. § ' * e Effect of equivalence ratio -
2s- N : b4 '§ %0 - 3 =] crey P=l1bar, T,,=291-298K ]
E 20 Tﬁ o 2 § . Tm 2.5 i ' -]
+%" ] m  Vagelopoulos, 98 [14] DS £ 0 g ] ]
15 e ® Hassan, 98 [15] S 20 % @ Presentwork s0 ] & 27 i
4 Gu,00[16] = @ O O Zzhaoetal 2004 ) o 1.6 ]
10 4 v Rozenchan, 02 [17] * £ - O Vagelopoulos et al.1994 9] - o
€ Bosschaart, 04 [18] >3 E 10 F a ¢ Vagelopoulos & Egolfopoulos 1998 =N 1— —
® < Lowri, 10[19] - X Dugger, 1952 - -
5 > Park, 11[20] + Metghalchi & Keck, 1980 0.5 —
® Present work Model Qin et al. 2000 ~
°0a o6 o8 1o 1z 14 15 " o8 08 _ 1 1z 14 16 M T L N W S IR WL LN WL N
’ ’ Equivalence ra‘tio ’ ’ O 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6

¢
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Hydrogen: Accidents |Lead Acid Battery Explosion

o Duringexcessive chargirfgigh current) of leaccid batteries, hydrogen gas will be produced by electrolysis of the water in the
electrolyte

o This phenomena also occurs with valve regulated lead acid (VRLA) batteries, that normally recombines hydrogen andmali)gen int
but can accumulate hydrogen during malfunction or overheating

0 In most cases the battery itself will explode. The plastic casing ruptures and acid
Is ejected. Potential damage is thus relatedptashing of the acior impact by
the plastic casing missiles.

o0 However, especially in large battery bank rodmydrogen gas can accumulate
in the room This might lead to more severe impact by explosion in the room.
Pictures of the room explosion show the result of an incident during which a
local hydrogen detector alarm had been sounding for 3 days at a vacated plant.

-._7'.;‘ "f.'/slll. ) ,'

: uEd battery caSilig
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Kjorbo(Norway),”2019 | Hydrogen explosion in hydrogen fueling station

1. Starting condition

e Green bolts torqued properly

e Blue bolts not torqued properly

2. Red sealing fails
e Starting with small leak on red sealing area
e Small leak wears red sealing out and escalates
e Large leak exceeding capacity of leak bore, caus

increases inside blue sealing area

3. Bushing with Plug lifts and the blue seal fails

e Insufficient pre-tension of bolts leads to lift of the plug and blue

sealings fail immediately

e Spread of Hydrogen leaks out in uncontrolled way
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Associations onhydregen

o TotalEnergies an active member of sevelgidrogen dedicated initiatives and professional associations:
» The Hydrogen Council
o The Hydrogen Council is a global ¢iOnitiative of leading companies with a united

®
vision and longerm ambition: for hydrogen to foster the clean energy transition H yd ro ge n Co u n CI l

for a better, more resilient future.
=» Hydrogen Europe

o Hydrogen Europe brings together diverse industry players, large companies and SMEs, ﬂ
who support the delivery of hydrogen and fuel cells technologies in order to enable the ‘ Hydrogen

 R2LIGA2Y 2F |y lFodzyRIyG YR NBfALFo6ES SVSNJW Europe "FAOASY(f @
economy. Hydrogen Europe represents the European hydrogen and fuel cell sector

(260+ companies and 27 National Associations).
®» The European Clean Hydrogen Alliance

o The European Clean Hydrogen Alliance has been established by the European Commission
to support the development of a clean and globally competitive hydrogen mdustry in Europe European Clean
and to help the continent to transition to a carbon neutral economy by 2050, in line with the
European Green Deal. The Alliance brings together industry, natihkdcal public authorities, Hydrogen Alliance
civil society and other stakeholders asdtrongly anchored in the hydrogen value chain, covering

renewable and lovearbon hydrogen from production via transmission to mobility, industry, energy,
and heating applications.

» FranceHydrogene
o France Hydrogene (@&HYPAC) est une association régie par la Loi du ler juillet 1901. EIIe federe
£Sa FOUSdNE RS €I FAtASNE FN}yoekiasS RS Mﬂyg& ﬂzOuch@
RS& 3IN)IYR&a 3INRdzLISA AYyRdzAGNRASTE a FR’@IQSfamms]LJI y QSYy @
AYyYy20lyiSa a2dziSydzSa LI NI RSa fl1Fo2Nr02ANBa SG OSyuNBa I“QS NB O K
poles de compétitivités et des collectivités territoriales mobilisés pour le déploiement de solutions hydrogene.

w» (D) Q¢

N
N.
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R&Dprograms
Basis for identifying knowledge gaps
O HySafe Research Priorities workshops (last in Buxton 2018)
O Conferences & workshops (ICHS, CEREARS hy
O/ Ftfa F2NJ NBASINDKXZ RA&OdzaaAz Yy o . TAUR
» Air LiquideGRTgasShell, EDF
®» DNVGexconSINTEF

O H2related projects initiated byotalEnergiet!

®» HyRISEmitigation/inhibition of hydrogen explosionsing chemical inhibitors (partnetalEnergiesSHELL, University of
Bergen)

®» |EFE)Xigh fidelity numerical simulation of explosiarssng CFD codes, with priority on H2 (partners: CERFACS, AIR LIQUI
TotalEnergieslGRTGgz

[1] Cerfacss a basic and applied research center, specialized in modeling and numerical simulation. Trough its facilities anid ékgkerBsgformance Computir@erfacgeals with major scientific
and technical research problems of public and industrial inte@Gestacsosts interdisciplinary researchers such as physicians, applied mathematicians, numerical analysts, software engineers w
design and develop innovative methods and software solutions to theaieeds of the aeronautics, space, climate, energy amlammental fieldsCerfacss involved in major national and
international projects and is strongly interacting with its seven shareholders : Airbus GnegfsDFMétéo France Onera Safran and Total. It is also associatéth partners like CNRBssociated
Research Unit)rit (common laboratory), CEA almtia(cooperation agreements).

[2] More informationonf HYRISBNnd LEFEX can be found in the slides in backup
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Topics:covered in-research-programs

Explosion prevention/mitigation, transitidéd-detonation (DDT)
®» Aslight changén conditions can trigger a severe explosion up to detonation
» OEGNILREFIGAZ2Y dzy OSNI I Ay (A Sa 2 maghifiedwithiHey 3 ¢Sy 3IAyYySSNAyYy3IE¢ Y2RSt a
®» DDTwould defeat any venting strategy and increase drastically safety distances
®» No active mitigation technique availabtemitigate H2 explosion
®» Debris hazarérom H2 explosion is a concern and not entirely predictable

Behavior and control of H2 in enclosed/semclosed spaces
®» Experiments and models are availablesfmall releases in naturaigntilated enclosure§dytunne)
®» Ventilation model validation is required &ensor placementobust detection strategy
®» Limited testing related to the behaviorjef flames in enclosed spaeadthermal exposuref vessels, fire partitions
® Lack of studies about flanges, gaskets, hoses, valves under fire attack

Refueling Stations
®» Societal acceptance and barriers for wider deploymeffibpic of SHIFT
®» \Wish to go for simplification, optimization, integrated tools (with mitigatignppic of SHIFT, KPN H2 safety initiative

H, in gas distribution networks
®» Blends with up to 20%: no major impact on safety distancedNatgralHy
® Pure H stream: consequences from large bore releases on pipes as wellasegrithzards are not well supported by experience.

Gas detection

® For hydrogen detection, acoustic based methods are a-haw&. Image based detection can help for reliable detection of hydiegks, especially
since many installations are operated remotely.

®» Discussions are ongoing between TOTAL and Air Liquide to perform testing using the TADI platform.
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Natural Gas((CNG; LNG)

ObSé LK AOFGA2Y & FdzSt F2NJ ONI yaALRNIL FLILX AOFGA2Yya
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Natural Gas((CNG;| LNG)-Hazards

Hazards/Risks

o BLEVIBf cryogenicstoragevessels

o0 Major releaseof LNGIn ports (duringbunkeringof passengeships)
o Flexiblehosesfor cryogenicapplications

0 Releasef CNCGusedin transportapplications

Pressure safety valve opening on CNG storage bottles on top of a bus during a fi@atastrophic rupture of cryogenic storage tank

B
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Natural Gas (LNG)2Hazards

Cryogenic product storage: arourticOacC

0 Severdrost injury to menfrom liquid/ spray/ vapors coldburns
0 Suddenbrittle rupture of non cryogenicmaterials

High expansion ratio: 1 hof LNG generates 600%uf gas at 26C

o BOGmanagement
o RapidPhaseTlransition(RPT)f trapped,in water for example
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Natural Gas! (LNG): ENG-Bunkering

(Lower Manifold Presentation flange )

— J\JT 7]

Leak sources

o0 FromFittings (bunkervessebr receivingvessel)
V Instrumentation
V Linesdamaged

o FromLNGtransfersystemfailure \
V Hosedamage
V Disconnection = e —
V Other ! d

AN ? |
v

LFV Manifold Pressure J

o SafetyZone Consequencé®asedapproach Y

V Predefined credible releases, selected
duringHAZIDsessions

Controlledzones
conceptg ISO 20519

Cloud Height [m]

2F @ 44000 ppm
3F @ 44000 ppm

2D @ 44000 ppm

0 ExternalZone Riskbasedapproach

V Using risk contours, individual and
collective risks to be compared with

1. Hazardous zone . . .

2. Safety zone %} predefinedacceptancecriteria

3. Monitoring and security area
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Natural Gas/ (LNG): ENG Bunkering

Studies

o HAZIOHazarddentification)and HAZORHazardand Operability)

V Brainstormingexercisesusingchecklistto identify potential hazardsof the bunkeringoperationand focusingon
processhazardsand operabilityof LNGtransfersystem

V Participants @ S & Z&fatord,shipyard,Port, GasSystemprovidersX
V RequireBasicVesselPDesign

o0 Gasdispersionstudies
V Analysisof credibleleakscenariogdeterminedby HAZID)to determinethe SafetyZone

V RequireDetailedVesselPesign

o0 QRA(QuantitativeRiskAssessment)
V Assessnajoraccidentalevents(fire, explosion)that mayextent beyondthe safetyzoneandimpactthird parties

V Providesaninput for emergencyesponseplans

o SIMOP&Simultaneou®perations)Studies
V Analysiof the commercialoperationsor maintenancework that could be undertakenduring LNGtransfer

V Doneby/with clientwith LBVinput
V Requiregjasdispersionanalysis
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Lirlon Batteries

Electricity Storage Syste

4 4 4 4 4

o Pumped
storage

o Compressed
air

o Liquid air
storage

o Flywheels

/

o Therme
chemical

0 Sensible
thermal

o Latent thermal

J

0 Hydrogen
storage

0 Synthetic
natural gas
(SNG)

o Lithiunmtlon
battery

o Leadacid
battery

o NaSbattery

0 Redox flow
battery

J

0 Super
capacitators

Source: World Energy Council, 2016
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Lion Battery/Applications: BESS

About 40.000 Li lon cells are present in a typical BESS

9 ESSA with 14 modules per ESSU

320 Lilon cells per module

Dimensions : 2896 mm x2438 mm x6058 mm
9y SNHE& Y F Hdp a? K
126 Modules (with 5 cells in 64 cell blocks per module)
Power : 1.3 MW
Technology : Li lon NMC
Design life : 20 years

©O O OO0 0O o o o

Total energy: 2.5MWh / 1000V EX500V DC

20 ft container with doors on both sides

Control room with High Voltage disconnect, BMMs, control panels, & FSS

Primary FSS
——— - — e e e s e ey
9 ESSU with 14 modules each (126 modules total) wpe | - - s :
sSaliFy| |
HVAC unit (26 kW) with centralized supply duct & 126 il - I -

e=f LM ak il
Hot /explosive gas panels on the IHE roof . i (F.t'#n =31 ‘ l

Overpressure panel on the door . 1ﬂp | -
W el ﬂn — ’{

Redundant water FSS S -

@0
o

n
-

Impact of the Energy Transition on Process Safety. PSR/HSEIRRUGRSt 2021. All rights reserved. S86e



Lion Battery/ApplicationsrIransport Applications

TGV of the future
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Lirlon Batteries: Hazards

Degradation iithium ion (Ltion) battery cells is the result of a complex interplay of a host of different
physical and chemical mechanisms.

P—
|
I
Copper dissolution and Solvent co-intercalation ' ; Transition metal 4,
dendrite formation _ () and graphite exfoliation : I dissolutic;n and Structural % "’17,,-),
a H P . e 7/
| | dendrite formation disordering 00(;90“76,)0/77
of/ )
O O'S‘.s\ v

O o

Carbon

Anode

Binder

Copper current collector
10}99]|092 JUaLIND WNIUIWN|Y

" | |
Q \
(o) I 4
o D =%, ==
Q \
oo i (N/ANT SN t’ | %@/ Q o O’?}'

Binder de-
X composition
K ; O d contact
o, X : : - ; % %, an
,éof,%/} o gQ Particle cracking, Lithium plating ‘%% "oéo o% %/,) & oss
%%~ SEI decomposition SEl formation  and dendrite % o
and precipitation ~ @nd build-up formation Y 2
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Lirlon Batteries: Hazards

Chain reactions contributing to heat, smoke, and potential runaway

(General Lion case)

Potential risk of thermal runaway with classi
Lrion technology

Energy Contribution

c
2 w v Separator
S =5 3 or electrolyte
0 58
4 =) Negative
Positive
Dissolution
of the
passivation
layer
4 Temperature C)
100 300 500 700 900 1100
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o Thermal runawais a
phenomenon which consists in
a melting of the separator of
the Lithiumlon cell at high
temperature.

o This noAamastered action
results to put in contact the
positive and negative
electrodesof the cell.

o It is followed by &igh increase
of the internal temperature &
pressureof the Lithiumlon
cell.

o It can result into a cell vent
opening and electrolyte,
carbon powder andas
release.

T;arlng Pirorcing

___Internal short ircu




Toxic smoke

Generation of toxic gases upon
thermal runaway of the battery.

Indicative composition

o 30%CO

30 % CO

30% H

10 % CH

Traces of HF and other
components

© O O ©o

Explosion

Generation of flammable gases
generated during thermal runaway
of a Lilon battery

<

Lirlon Batteries: Hazards

~

/
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Fire

Ignition of flammable gases
generated during thermal runaway,
heating of combustible materials
OLX FadAOaz Sf

/

/

(@)

Electrocution

High voltage current. Risk of electri

arc.




