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Def in it io ns &  ca ut io na ry  no t e
The companies in which Shell plc directly and indirectly owns investments are separate legal entities. In this presentation “ Shell” , “ Shell Group”  and “ Group”  are sometimes used for convenience where references are 
made to Shell plc and its subsidiaries in general. Likewise, the words “ we” , “ us”  and “ our”  are also used to refer to Shell plc and its subsidiaries in general or to those who work for them. These terms are also used 
where no useful purpose is served by identifying the particular entity or entities. ‘ ‘Subsidiaries’ ’ , “ Shell subsidiaries”  and “ Shell companies”  as used in this presentation refer to entities over which Shell plc either 
directly or indirectly has control. Entities and unincorporated arrangements over which Shell has joint control are generally referred to as “ joint ventures”  and “ joint operations” , respectively. Entities over which Shell 
has significant influence but neither control nor joint control are referred to as “ associates” . The term “ Shell interest”  is used for convenience to indicate the direct and/ or indirect ownership interest held by Shell in an 
entity or unincorporated joint arrangement, after exclusion of all third-party interest.
This presentationcontains forward-looking statements (within the meaning of the U.S. Private Securities Litigation Reform Act of 1995) concerning the financial condition, results of operations and businesses of Shell. All 
statements other than statements of historical fact are, or may be deemed to be, forward-looking statements. Forward-looking statements are statements of future expectations that are based on management’s current 
expectations and assumptions and involve known and unknown risks and uncertainties that could cause actual results, performance or events to differ materially from those expressed or implied in these statements. 
Forward-looking statements include, among other things, statements concerning the potential exposure of Shell to market risks and statements expressing management’s expectations, beliefs, estimates, forecasts, 
projections and assumptions. These forward-looking statements are identified by their use of terms and phrases such as “ aim” , “ ambition” , ‘ ‘anticipate’ ’ , ‘ ‘believe’ ’ , ‘ ‘could’ ’ , ‘ ‘estimate’ ’ , ‘ ‘expect’ ’ , ‘ ‘goals’ ’ , ‘ ‘ intend’ ’ , 
‘ ‘may’ ’ , “ milestones” , ‘ ‘objectives’ ’ , ‘ ‘outlook’ ’ , ‘ ‘plan’ ’ , ‘ ‘probably’ ’ , ‘ ‘project’ ’ , ‘ ‘ risks’ ’ , “ schedule” , ‘ ‘seek’ ’ , ‘ ‘should’ ’ , ‘ ‘ target’ ’ , ‘ ‘will’ ’  and similar terms and phrases. There are a number of factors that could affect 
the future operations of Shell and could cause those results to differ materially from those expressed in the forward-looking statements included in this presentation, including (without limitation): (a) price fluctuations in 
crude oil and natural gas; (b) changes in demand for Shell’s products; (c) currency fluctuations; (d) drilling and production results; (e) reserves estimates; (f) loss of market share and industry competition; (g) 
environmental and physical risks; (h) risks associated with the identification of suitable potential acquisition properties and targets, and successful negotiation and completion of such transactions; (i) the risk of doing 
business in developing countries and countries subject to international sanctions; (j) legislative, judicial, fiscal and regulatory developments including regulatory measures addressing climate change; (k) economic and 
financial market conditions in various countries and regions; (l) political risks, including the risks of expropriation and renegotiation of the terms of contracts with governmental entities, delays or advancements in the 
approval of projects and delays in the reimbursement for shared costs; (m) risks associated with the impact of pandemics, such as the COVID-19 (coronavirus) outbreak; and (n) changes in trading conditions. No 
assurance is provided that future dividend payments will match or exceed previous dividend payments. All forward-looking statements contained in this presentation are expressly qualified in their entirety by the 
cautionary statements contained or referred to in this section. Readers should not place undue reliance on forward-looking statements. Additional risk factors that may affect future results are contained in Shell plc’s 
Form 20-F for the year ended December 31, 2020 (available at www.shell.com/ investor and www.sec.gov). These risk factors also expressly qualify all forward-looking statements contained in this presentation and 
should be considered by the reader. Each forward-looking statement speaks only as of the date of this presentation, April 12, 2022. Neither Shell plc nor any of its subsidiaries undertake any obligation to publicly 
update or revise any forward-looking statement as a result of new information, future events or other information. In light of these risks, results could differ materially from those stated, implied or inferred from the 
forward-looking statements contained in this presentation. The content of websites referred to in this presentation does not form part of this presentation.
We may have used certain terms, such as resources, in this presentation that the United States Securities and Exchange Commission (SEC) strictly prohibits us from including in our filings with the SEC. Investors are 
urged to consider closely the disclosure in our Form 20-F, File No 1-32575, available on the SEC website www.sec.gov
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SHELL’ S RO LE IN  E-M O BILITY

Im m ersio n 
Co o ling  Flu id
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7 Reduction gear lubrication

8 Differential lubrication

3 E-motor bearing lubrication

4 Wheel bearings

9 Potential direct cooling of e-
motor windings

2 Battery thermal management

1 E-motor cooling

5 Constant Velocity Joints

6 Steering lubrication

LUBRICAN TS AN D GREASES IN  ELECTRIC VEHICLES
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W ha t  is a n E-Fluid : Fluid s &  Grea ses sp ecif ica lly  d esig ned  fo r  elect r ic v ehicle a p p lica t io ns.  W hile t hey p rev ent  
w ea r , red uce f r ict io n, a nd  a re ef f icient , a lso  ensure elect r ica l co m p a t ib il it y  a nd  t herm a l m a na g em ent .
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Complexity of electrification for powertrains

Requirements for E-drive applications

Grea se

Tra nsm issio n
lub es

1 EN GIN EERIN G FO R AN  ELECTRIFIED FUTURE

Requirements for E-drive fluids

Testing and optimization of E-drive fluids

Considerations in e-grease formulations

1.

2.

LUBRICAN TS AN D GREASES IN  ELECTRIC VEHICLES - O UTLIN E
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Therm a l 
f lu id s

Battery cooling concepts

3 .
Key development areas for immersive battery cooling
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Elect r icif ica t io n o f  
t he Po w er t ra in

PHEV
ICE + E-Machine

AT 
Integrated e-drive

DCT
Integrated e-drive

CVT
Integrated e-drive

M T
E-Clutch System

Ax le
Torque Vectoring by EM

Full EV
BEV /  FCEV

Single Speed E-Axle /  E-Drive

Multispeed E-Axle

Direct Drive

DRIVETRAIN  ELECTRIFICATIO N  CO N CEPTS – TECHN O LO GY DIFFEREN TIATIO N

PORTFOLIO DIVERSIFICATION AND SEGMENTATION 

7

O nly  co nsid er ing  a b o v e 
ca n ea sily  lea d  t o  >10 0  
d if ferent  f lu id  o p t io ns

Po w er t ra in t o p o lo g y  ca n a d d  hig h 
co m p lex it y  fo r  select io n o f  t he r ig ht  
lub r ica nt . 
Important technical features to consider:
 Shifting elements, like clutch /  synchronizer?

 Degree of electrifica tion?

 Wet /  dry E-motor?

 Viscosity limiting components?

 Gea r design

 ...
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ADDITIO N AL DEM AN DS FO R E-FLUIDS

+ E-m o t o r  co o ling

Gear 
lubrication

Bearing 
lubrication

Differential 
lubrication

O p era t ing  
co nd it io ns

Gear 
lubrication

Bearing 
lubrication

Differential 
lubrication

W et  e-m o t o r

Dry  e-m o t o r

High 
Torque

High 
Speed

Recuper-
ation

8

Electric motor, transmission and differential integrated into one housing 
for packaging efficiency

Electric motor is separate 
from transmission and 
differential.
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EXAM PLE O F TECHN ICAL CHALLEN GES FO R E-TRAN SM ISSIO N  FLUIDS

9

E-Drive Unit

Rotor of electric motor

Spinning rotor at high speeds
Cracks & damages of insulation

Oil leaking into cracks, contacting 
Cu-windings.
This may lead to any electrical short 
circuits or creeping currents. 

Chemical reaction between lubricant 
and Cu-windings
This may cause corrosion and loss of 
power.
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Copyright of Shell Global Solutions (US) Inc.

CIRCUIT BO ARD SCREEN ER FO R VAPO R AN D LIQ UID PHASE CO RRO SIO N

10

 Circuit board with four CAM-structures is being immersed in oil 
(half in /  half out)

 Temperature and duration can be modified (here 1000hr/  150° C)
 Electrical resistivity of CAM structures is being monitored
 Monitoring build up of conductive layers and formation of CuSx

ATF Concept E-Fluid Concept DCTF Concept

ATF E-Fluid DCTF

Evaporation Loss
Noack, 200° C, 1h DIN 51581-1 2,5 % 4,7 % 8,7%

Flash Point DIN  EN ISO 2592 222° C 208° C 184° C

 Half of the oil volume has been evaporated
 High corrosion on the circuit board
 Base oil and additive system lead to failure of test

Test  w it h DCTF w a s st o p p ed  a t  6 72hr

April 12, 2022
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BALAN CIN G CU-PRO TECTIO N  W ITH SCUFFIN G PRO TECTIO N

11

ASTM D130 
150° C/ 168h
- Copper in Oil

Copper Wire 
Corrosion Test
130° C /  240hr
EDX: S-Content on Surface

FZG A10/ 16.6R/ 90
- Failure Load Stage 5 >10

Gear Oil TechnologyATF TechnologyShell E-Fluid 
Technology A

S: 4,5% S: 17,5%S: 0,0%

927 mg331 mg12 mg

Shell E-Fluid 
Technology B

S: 0,8%

41 mg

≥107

April 12 , 20 22
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O PTIM IZIN G THERM AL AN D O XIDATIVE STABILITY (CEC L-48-A )

Test parameters Shell E-Fluid ATF Gear Oil (MTF)

180°C, 192h
- KV40 Increase %
- KV100 Increase %
- Delta TAN mgKOH/ g

+4,0
+3,0

+0,55

170°C, 192h
- KV40 Increase %
- KV100 Increase %
- Delta TAN

+ 9,9
+ 7,3
+ 1,6

150°C,192h
- KV40 Increase %
- KV100 Increase %
- Delta TAN

+17,2
+8,6
+4,8

1512April 12, 2022
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IN -HO USE SAFETY ASSESSM EN T O F LUBRICAN TS FO R E-M O TO R CO O LIN G

13
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-4,75% -9,40%
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EFFICIEN CY M APPIN G

14

At 60°C oil tempera ture :

Benefit of a  4  cSt fluid  over a  6  
cSt fluid . 

 Efficiency is not seen a t a ll 
conditions tested.

At 4 0 °C oil tempera ture :

Benefit of a  fluid  with optimized 
ba se  oils a nd a dditives over a  
fluid  of the  sa me viscosity.

 Fluid chemistry ca n be  
optimized for e fficiency a t 
certa in conditions.

.
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CO M PATIBILITY SCREEN IN G O F IN SULATIO N  M ATERIALS

Material A Material B

Material C Material D

 To optimize  insula tion ma teria ls a nd improve  e -motor re lia bility (T/ CEEIA 415 ).
 Different insulation materials respond differently to the lubricant.
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Therm a l 
f lu id s

Battery cooling concepts

3 .
Key development areas for immersive battery cooling
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EV  CO N DITIO N S THAT CHALLEN GE GREASE FO RM ULATIO N S TO  
CHAN GE

Greases 
for EV

Load 
distribution

High 
temperatures

Conductivity

Grease Life 
Expectancy

High speeds

 Wheel 

 Steering

 Electric motor

April 12 , 20 22 17Copyright of She ll G loba l Solutions (US) Inc.

Bea ring size  a nd rota tiona l speed during va ria ble  driving conditions need to  be  
a ddressed in formula ry design .

A high leve l of va ria bility in O EM-to-O EM design a nd pa ra meters is a nticipa ted.
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W it h E-M o b il i t y  k no w n b ut  m o re sev ere fa ilures m o d es a p p ea r

18

 Weld puddles on rolle rs a nd ca ge   Grooves on the  ra ce  outer ring Destroyed lubrica nt

Electrica l Discha rges through high volta ges

… a nd ma ny more
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… d ed ica t ed  fa ilure m o d es req uire d ed ica t ed  t est ing  a nd  k no w led g e

19

Bearing failure due to 
electric current

unique energy efficiency (EE) rig Impeda nce  a nd e lectric conductivity

Lubrica ting film a nd e lectrica l discha rging 
• Eva lua ting the  e ffects of 

non- & Ionic fluids, 
gra phite  a nd a lte rna tive  
solids under tribologica l 
conditions

 Dedica ted product line  for E-Mobility

 Dedica ted opera ting conditions

 Dedica ted test rigs a nd tools
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Copyright of Shell Global Solutions (US) Inc.

Complexity of electrification for powertrains

Requirements for E-drive applications

Grea se

Tra nsm issio n
lub es

1 EN GIN EERIN G FO R AN  ELECTRIFIED FUTURE

Requirements for E-drive fluids

Testing and optimization of E-drive fluids

Considerations in e-grease formulations

1.

2.

LUBRICAN TS AN D GREASES IN  ELECTRIC VEHICLES - O UTLIN E

20

Therm a l 
f lu id s

Battery cooling concepts

3 .
Key development areas for immersive battery cooling
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H ig h p er fo rm a nce cha rg ing  w il l  increa se t herm a l st ress t o  b a t t er ies

The b a t t ery  sy st em  is o ne o f  t he m o st  v a lua b le co m p o nent s in  BEVs

Charging times for 80 % battery capacity lift

21
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Ba t t ery  co o ling  co ncep t s 

Air cooling Evaporative Liquid Liquid Phase change
Type active /  passive indirect indirect immersive direct
Working media Air Refrigerant Water/ glycol Dielectric fluid Phase change material

Cooling - 0 0 + 0

Heating - - 0 + -
Design complexity + - 0 0 +
Fast charging - 0 + + 0
Safety /  Abuse
performance - + 0 + 0

Examples

Source a ) 

Source  a ) F.Schoewel, E. Hockgeiger, BMW, AABC 20 14 , Februa ry 3TH- 7 TH, Atla nta
Source  b) Applied Therma l Engineering, Volume 94 , 5  Februa ry 20 16 , Pa ges 84 6 -854 , Da fenChen JiuchunJia ng Gi-HeonKim Chua nboYa ng Ahma dPesa ra nb

Source  c) https:/ / a llce lltech.com/ #section-a bout2

Source b) Source b) Source c) 
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https://www.sciencedirect.com/science/journal/13594311
https://www.sciencedirect.com/science/journal/13594311
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Key  d ev elo p m ent  a rea s fo r  im m ersiv e b a t t ery  co o ling  

23

Durability

Safety

Thermal 
management
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Co m p a r iso n o f  co nv ent io na l a nd  im m ersiv e co o ling  b y  CFD 
M o d ell ing  

20
21
22

23

24

25

26

Conventional
Water/ glycol (50/ 50) 

Immersive
Shell Thermal Fluid E5 TM 410

Battery module with prismatic cells and 2W per cell

T [° C]

Thermal Management

24

22

42

32

27

37

Conventional
Water/ glycol (50/ 50) 

Immersive
Shell Thermal Fluid E5 TM 410

Battery module with cylindrical cells and 2W per cell

T [° C]

Advantages of immersive cooling: Better cooling and better temperature homogeneity within cell and module
Can enable faster charging & can extend battery life
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Ab use t est  GB 380 31-20 20  w it h Pr ism a t ic Cell Im m ersio n Co o ling

Immersed with Shell Thermal Fluid E5 TM 410No fluid (air)

T = 0
Thermal Runaway

0 < t < 5 mins t > 5 mins

国内某 / Tier 1 O EM

Prisma tic ce lls Pa ra meter
Anode Gra phite

Ca thode NMC 622

Energy density 17 6  Wh/ kg

Ra ting volta ge 3,7  V

Test conditions
 Sta tic conditions

 No thermal insula ting materia l

 No flame reta rdant

Collabora tion

T = 0
Therma l Runa wa y

0  < t < 5  mins

Module

Sa fe ty

25April 12 , 20 22
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Lifet im e a ssessm ent o f Kreisel b a t t ery &  Shell Therm a l Flu id

Test Unit Fresh fluid Used fluid Result Limits

Visual inspection Clear & bright Clear & bright pass Dark & 
turbid*

Break down 
voltage

kV >30 58 pass <30*

Tan delta @ 90° C <0,005 0,025 pass >0,5*

Resistivity @ 90° C GOhm* m 12000 20 pass <4*

Acidity mg 
KOH/ g

<0,01 0,1 pass >0,30*

Water mg/ kg 5 11 pass >40*

KV 40 mm2/ s 9,8 9,9 pass +/ - 5%

Data source: Kreisel Electric

Durability

Parameters
 Different modes (driving, loading, on- and off-grid parking

 Coffin-Manson equa tion taking into account sta tistica l significance

Compa rison of key fluid da ta  before  a nd a fte r test 

*  From IEC 60 4 22  ma intena nce  guide  26
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APPLYIN G O UR SHELL E-FLUIDS AN D E-GREASE PO RTFO LIO

27

Shell E-Flu id s a nd  E-Grea ses are based 
on our extensive lubricants expertise. They 
have been developed according to 
requirements of OEMs a nd  t est ed  in  
Fo rm ula  E.

We have p a r t nered with leading 
OEMs who are developing their next 
generation of EVs

April 12, 2022
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