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Module description

Environmental issues
& Thermal Engine

Worlwide market

Europeen market Hybrid vehicle

Digital Design

PSA Groupe Full Electric Vehicle
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Design process

Smart Car

Project managment

Platforme & modules
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Air pollution

Carbon dioxide (CO,)
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Sulfur oxides (SO,)

Nitrogen oxides (NO,)

Carbon monoxide (CO)

Particulates
(Particulate Matter)

By chris - This file was derived from: Luftverschmutzung-Ursachen&Auswirkungen.svg



Air pollution - transport part

Fuel combustion :
Non road
for other uses transport
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Manufacturing Road

& Construction | Transport
-- (Cars, Trucks & Buses)

Other non
transport

Electricity Generation
& Heating

World Resources Institute, Climote Anclysis Indicators Tool




Air pollution — Transport part
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Thermal Engine

Why a reminder about thermal Engine
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= Because it is not completely the end
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Thermal Engine

» To change chemical energy of gazoline in mechnical energy :
= Combustion Engine

» To to that, we must have in the combustion chamber at the
same moment :

= Fuel (Gazoline, Diesel ...)
=» Combustion air
=» Heat source.

11



Thermal Engine

Oxygen (air)
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Oxydation
+
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Thermal energy

|

Chemical Energy

(fuel)
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Thermal Engine

N oo [

Components
Immx

Fresh air Hot air
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Injector T Timing chain
In line
movement

L\

Connecting
rod

\/

Crankshaft X

cular
( \ O &vement
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Thermal Engine
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Thermal Engine

Timing circular diagram (Theorical)
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Thermal Engine
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Thermal Engine

Injection
Air / Gazoline metering

=>»Ideal combustion (complete) of hydrocarbons in the engine should release only
CO2 + H20 + N2
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e A good metering :
— Leads to burn completely the mixture

e A gaz mixture:
— Allows a fast burning

e An homogenous mixture :
— Allows a fast and complete burning of the mixture -

17
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Thermal Engine

Pollution / richess

Emmissions polluantes

A

Nitrogen Oxides
Hydrocarbures
Carbon monoxide

»

0,7

038 09 ' 1 11 12  Richesse
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Thermal Engine - Depollution

Depollution at the source
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 Injection : to minimize the consumption of gazoline (comon rail) [FF

J Advance admission / Retarded exhaust >l
1 EGR : exhaust gaz combustion »l

1 But also : Friction, mass, SCx optimization ...

19



Thermal Engine - Depollution

Exhaust gaz depollution
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U Catalytique convertor (HC & CO)

 Particule filter (particulates)

d SCR (Nox)

20
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Summary

1- Air Pollution

2- Thermal Engine

3- Hybrid vehicles

4- Electrification of vehicles

5- Other solutions
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Hybrid vehicles

Regeneration of braking
energy
Switch off thermal engine during stops a the
vehicle.

Searching for the best
energetical use between
thermal and electricity.

22
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Hybrid vehicles

Stop

)

Driving

SOURCE
D'ENERGIE
THERMIQUE

SOURCE
D'ENERGIE
ELECTRIQUE

SOURCE

D'ENERGIE

ELECTRIQU
/
/
s
-

Charge on grid

SOURCE
D'ENERGIE
ELECTRIQUE

Pur electric

s>
a

SOURCE
D'ENERGIE
THERMIQUE

SOURCE
D'ENERGIE
ELECTRIQUE

SOURCE
D'ENERGIE
THERMIQUE

SOURCE
D'ENERGIE
ELECTRIQUE

SOURCE
D'ENERGIE
THERMIQUE

D'ENERGIE
ELECTRIQUE

Acceleration

Decelération

Recharge
Optimisation
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Hybrid architectures

Series hybrid
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Batteries= Inverter =
- mlpenerator
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The engine operates the
generator, and electric motor
drives the wheels with the
generated power

Parallel hybrid Series parallel hybrid

' g Batteries 07 {
Transmtssmn

. Inw.ru&rter_l"'I
Batteriesw inverter=— NMotor W

; #
- |""’ ' i—Generata_f

Toyota Hybrid System

m .
3 g
: 3
The engine and electric motor Depending on driving conditions,
drive the wheels. the engine and the electric motor
The system added assist motor to can work together, or the motor
conventional system alone can propel the vehicle

. (engine + transmission)

== Mechanical power route === Electrical power route



Hybrid vehicles — Energy optimization

* Intest of optimization :
e ZTEP characterize the interes of an engine to be hybrided
e The limit define the most enegerticaly profitable zone between thermal and electric driving.
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Hybrid vehicles — Consumption decrease

Gains consommation UH et STT, motorisation DW10C

0,50
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Summary

1- Air Pollution
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4- Electrification of vehicles
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Electrification of vehicles - Is it for you ?

Do you use your car to go to work ?
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Any week-end with more than 100 km ?
Traffic jam during holidays ?
How many km per day / week / year ?

What is your driving distribution ? City / roads / highw

ay ?

28



Electrification of vehicles — Battery sizing exercise
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3 groups
1- Define the needs = T
a- Range -
b- Power o ¥
£ o A
. - Pt
2- Sizing of the battery for: i _,,,;:/"
a- 70 % of uses (P, E) §imo -
b- 100 % of uses (P, E) .

15 oy 5 £ 35 a0 a5 = =5 B0 BS mTE

3- Charging time St

29




Electrification of vehicles — Customer use
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Questionnaire

A gquelle fréquence conduisez-vous sur
Gl plus de 100 km?

Moins d'une fois par mois
24%

) ! ! ! Au meins une foiz par mois
10% === 0%

24%
Plusieurs fois par
semaine

2% —
148 2 fois par semaine

France
35km/h

Pourcentage en temps [%]
=

45 % des utilisateurs effectuent plus d’un trajet
dépassant les 100 km par semaine = la
S possibilité de réaliser sans souci les parcours
de longue distance est un des avantages du
Vitesse moyenne [km/h] VHR 30
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Electric vehicles
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U |50 L ofgazoline ~ 450 kWh x 0,3 =150 kWHh .

150 kWh / 0,9 = 160 kWh < 640 kg of cells
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Hybrid vehicles - Plug-in

Réservoir carburant
40L (impact coffre 110L)

Batterie de puissance
96 cellules 28Ah - 8,8kW.h 90L

Batterie 12V

maintien tension
réseau de bord

Onduleur DC/DC

proximité prise de charge
circuit de refroidissement local

1.4 TFSI
110kW
250N.m
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Train AR

multi bras

Prise de charge
proximite chargeur

eDCT6
75kW
330N.m

Chargeur
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Electrification of vehicles — Charging

Electric network characteristics :
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220-240V/50Hz
220-240V/60Hz v

100-127V/60Hz
100-127V/50Hz

7
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Electrification of vehicles — Charging

Plug types :

1
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B TypeA&B O )
B TypeC,E&F B Typed
B TypeD&M B TypeK
B TypeG 8 TypelL
B TypeH O TypeN
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Electrification of vehicles — Charging time

Ex = France:
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Everybody’s plug 8-10 A 1,7-2,2 kW
Green-up 220V 14 A 3 kW
Wall-box 32A 7 kW

Tesla SuperCharger 120 kW

Ultra Rapid Charge 350 kW

37



Electric vehicle

The way the electricity is product has a direct impact on global
pollution of a vehicle :
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Intensité d’émission de CO2 (gCO2/kWh) Emissions de CO2 du puit 2 la roue d’un
véhicule tout électrique

et rnitel % Intensité | Emissions du puit &
gCO2kWh g/km d'électricité| d'émission |la roue d'un véhicule
Eolien 55 0.9 sans CO2 | (gCO2/ kWh) | électrique * (g/km)
F 9 7 2
Hydro-électrique 18 29 i i 2 e
otl
P—— 80 9.6 Canada 599 267 43
Californie 44%, 470 75
Gaz naturel 4 461 74
Cycles Combine Etats-Unis 3% 710 114
Gaz naturel 653 104 Chine 20% 950 160
eimensini 1078 172 * Equivalent & un véhicule thermigue consommant = 91/100 km == 244g/km

- Les Etats-Unis, I'Allemagne et la Chine utilisent surtout le charbon pour produire de
I'électricité avec respectivement 40%, 45% et 70% de leur production électrique

-Le nucléaire et les énergies renouvelables (y compris I'hydroélectricité) sont les seules

alternatives pour produire de I'électricité sans émettre de CO2
38




Electrification of vehicles - Li-Ion limits
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1600
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1000
800
600

400
200

Power, W kg™

- Cold battery performances
=>» Battery heating syst ?

0 20
Temperature, °C

40

60

e \/RLA (W kg™") (11)
e NiIMH (W kg™") (11)
s Li-iON (W kg™")
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Electrification of vehicles - Li-Ion limits

- Hot performances / safety
=» Battery cooling syst

Tabs—
80°C . e -
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40°C - o ————— -———
Optimum / | . "
Tempera_ty Reduced energy [power
Range " capacity

0°cC
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Electrification of vehicles - Li-Ion limits

- Battery ageing
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25
20 ; :
= End-of-Life Criterion |
g nd-of Iff: riterion |
& 15
&
oy |
3]
— . ; i i
« ; | i i i
= Sl .l * 90% cycle depth, 5% - 95% SOC ||
_ﬁf" = 80% cycle depth, 10% - 90% SOC
70% cycle depth, 15% - 85% SOC
0 ] L T 1 I
0 20 40 60 80 100

Time [Months]
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Electrification of vehicles - Li-Ion limits

- Battery recycling
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COLLECTION

LEAD-ACID
Large volume

Established
transportation
infrastructure

REUSE

LEAD-ACID
Lead used in
new batteries

Plastic used in
new battery
cases

LITHIUM ION
Smaller volume

Ad hoc collection
system

Hazardous
material transport
regulations

LITHIUM ION

High value
metals reused in
other
applications

Mixed plastic
more difficult to
reuse

LEAD-ACID VS. LITHIUM ION

COMPARISON OF BATTERY RECYCLING:

4

LEAD-ACID

Relatively
uniform shapes
and materials

Batteries
crushed to
separate
components

LITHIUM ION

Nonuniform
shapes and
materials

Plastic cases
crushed

Some manual
disassembly
required

Lead melted to
form ingots

Plastic formed
into pellets

Lithium currently
not recycled

High value
metals (such as
cobalt, copper,
and aluminum)
captured

Plastic captured
as plastic fluff
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Electrification of vehicles — Conclusion

Forces :
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Wicknesses :

Electric vehicles are a part of the solution
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Other technologies - Fuel Cell

Principle

Hydrogen + Oxygen = Water + Heat + Electricity
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17 Electrolyte

Hydrogéne Oxygéne ou air

Hy = ZH* + 2e-
e
2/ Anode

e
- Récepteur
eélectrique

ZH* +2e-+ 1/2 O3 = H0
-
Eau

3/ Cathode




Other technologies - Fuel Cell

Vehicle achitecture
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Par nature, les véhicules équipés
d'une PAC fonctionnent a I'électricité.
lls disposent donc d= moteurs
électrigues et de batteries destinées
a stocker de I'éectricite.

Global vision

sources d'hydrogéne

carhurant fossile _
gaz naturel
hiomasse
aleool
eau
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Other technologies

Air ~ Full hybrid alternative
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Thermal Engine

Injection
Titre - Indice d’air - Richesse

TITRE = Masse Essence / Masse Air

F ¥ F

1525 1/20 115 110 145
" 1/18 1/12,5

| | 1 | 1 | |

< P
Dusage de Uti"satiﬂn du moteur Dosage de
rendement maxi Essence puissance maxi

INDICE D'AIR = Dosage stoechioméfrique f Dosage réel
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|1,b‘6 |1,33 |1,m:) |D,b‘b‘ |u,33
| | | | |

RICHESSE = Dosage réel f Dosage $toechiométrique

0,60 0,75 1,00 1,50 3,00
| | | | |
| | | | |

Mélange pauvre Mélange riche
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Real circular diagram

Timing circular diagram (Real) 5°

‘\ Intake opening

45° Ignition advance X008 - hee

N

% Ignition
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COMPRESSION

PRESSURE RELEASE

EXHAUST
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Injection

To define the right quantity of gazoline to inject and the good time
to light the spark plug, some sensors are necessary
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e Admission pressure, position of the throttle.
e Engine speed/ camshaft position

e Engine water temperature

o Admission air temperature

* Noise sensor (cliguetis)

e Lambda sensor or O, sensor

* Etc.
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m - -
=3 Injection
=
i -
m 1 Calculateur de contréle moteur
> f_ - 1T — 2 Electrovanne purge canister
> | I 24 — — 1; 77777 S R 3 Boitier papillon
m 1 ~: 4 Moteur pas-a-pas réegulation ralenti
I © ': 5 Connecteur diagnostic
m { | I N 6 Capteur de température d’air
: | ’Q d’admission
i T2 N 7 Résistance de réchauffage du boftier
LLl 1 | 25 | ‘t papillon
k 1 :: 8 Capteur position papillon
; i I\ 9 Voyant test injection allumage
o N 10 Relais double multifonctions
d N 11 Batterie

o

12 Relais climatisation

13 Interrupteur a inertie

14 Capteur vitesse veéhicule

e
ST

15 Capteur de pression de direction
m—‘E_ assistée

16 Centrale de protection de I'habitacle

17 Ensemble pompe et jauge a carburant

18 Réservoir carburant
19 Régulateur de pression d’essence

20 Réservoir canister

21 Filtre a carburant
22 Sondea oxygene aval

23 Sonde a oxygene amont

24 Pompe a air secondaire

25 Rampe alimentation injecteurs

26 Injecteurs essence
27 Capteur pression air admission
28 Capteur de température d’eau

29 Capteur régime moteur

30 Compte-tours

31 Motoventilateurs

32 Capteur de cliquetis

33 Clapet d’admission d’air

34 Capteur de position arbre a cames
35 Electrovanne EGR (*)

36 Bobine d’allumage

37 Bougies d’allumage



Catalytic convertor
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Essence
3 Voies

Diesel
2 Voies

Platine + Palladium

CO+HC [ ] H20 + CO?

Rhodium

o | |«

Platine + Palladium
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Homologation cycles

Speed (km/h)

140
120
100
B0
60
-
20 - n_ﬂ
o WL | |
1] 200 400 &00 800 1000 1200 1400 1600 1BOO
Time {s)
Cycle NEDC

(jusqu’a septembre 2017)

Speed (km/h)

120 -

iyl

g

[+4]
(=3

8

s
(=]

=

200 400 800 1000

Time (s)

1200

1400

Cycle WLTP

(a partir de septembre 2017)

1600
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Low Energy Vehicle
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