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AVL Powertrain —
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Enterprise Development Automotive

RESEARCH 10% STAFF

of turnover in-house R&D 9.400 employees

INNOVATION 1500 659%b engineers and
granted patents scientists
GROWTH
2000,0 SALES
X 1995:
1500,0 b 0.15 billion €
2017%*:
1000,0 1.55 billion €
Plan 2018:
500,0 1.71 billion €
OdO+——T"TTT"T"TT T T T T T T T T T T T T T T T T T T
1995 2000 2005 2010 2015

*Preliminary

GLOBAL FOOTPRINT

40 engineering locations

21 of them with own test fields
>220 testbeds
Global customer support network

EXPERIENCE POWERTRAIN

70 years ! and its Integration
in the Vehicle

ONE
PARTNER
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= Boundary Conditions and CO2 Emissions Targets

= Improvement Potentials of Vehicle Powertrain
Technology - View of EU Technology Platform ERTRAC




European CO, targets for transport
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Transport White Paper 2000
200 EUZ8 activity projection
EUZE all transport GHG (COy-equivalent) 1000  Data source: lIAsA, TsAP
Data source: Eurapean Environment Agency, 2015 update
For Road transport this means a reduction from 700 MtCO, to
less than 280 MtCO, p. a.

There is a need to significantly reduce transport CO, whilst demand is

projected to increase
To reach the overall European CO, targets for transport, a system
approach is needed

ERTRAC
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Agreements ERTRAC CO,
Evaluation Group

Only technical measures are addressed

Fleet calculation is done by simulation tool “DIONE” by JRC
Effects are based on reduction factors (WLTP, RDE etc.)
Ranges (optimistic and pessimistic approach)

3 main types of measures:

technologies”
(load optimization,...)

(powertrain, aerodynamics,
weight,...)

(“green traffic light,...)

ERTRAC
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Vehicle kilometers

2050 Fleet Activity by Powertrain

5% 6% ok
(] (]
Advanced
X Advanced Advanced / Advanced / o
Combustion Combustion Combustion Engine
Engine Engine Engine
___ 16% 2%
PHEV PHEV 34%
L 9% PHEV
= Fuel Cell
\ Electric
‘ Vehicle
| 34%
| i : PHEV
| |
‘ I |
i 79% ! 78% 60%
Battery ' Battery | Battery
i Electric * | Electric* | Electric*
| ! 30%
| ! Battery
| Electric*
L itﬁ,
>
Highly Electrified (HE) Highly Electrified & Hydrogen Partly Electrified (PE) Mix Scenario

(HEH)
* Remark PHEV: First 50 km of driving-cycle always in electric mode
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Projected Fleet Activity by Vehicles 2050

(Vehicle km, DIONE Baseline)

Delivery Vans Two-Wheelers
2% 4%

Mild Duty Trucks
1% Heavy Duty

Trucks

Long Distance Busses 7%

1%

City Busses
<1%

o .
Rising activity

with
rising vehicle size

Light Commercial Vehicles
12%

\_ _4

Small/Medium Size Cars
62%
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CO2 (Mt)

2050 Total CO2 Emissions Road Transport EU
Potential of Fleet Mix Change only (TTW)

732
621

350

<281 |
| 270

Conclusions:
1. The change of the fleet mix has the most important effect.

Remark: R&l is needed to develop the functionality of electrified vehicles and to create
customer acceptance (Range, Charging, Costs, ....)

2. The partial electrified and mixed scenario without further efficiency measures will not
achieve the CO2-Targets.

>
Road Transport EU Target 2050 HE Scenario (HE) HE-H-scenario PE-scenario MIX Scenario
EU 2016 (min. 60% Reduction of Only Fleet Mix, Only Fleet Mix, Only Fleet Mix, Only Fleet Mix,
1990) 2015 state-of-art 2015 state-of-art 2015 state-of-art 2015 state-of-art
technology, technology, technology, technology,
no further technical no further technical no further technical no further technical
improvement improvement improvement improvement
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CO2 (Mt)

2050 Total CO2 Emissions Road Transport EU
Fleet Mix scenarios + all efficiency measures

732
435

Conclusion: ‘

1. In combination with all efficiency measures also scenarios with lower
electrification can achieve the CO,-reduction.
Remark: economical/societal impact is not considered !
2. With lower electrification the influence of efficiency measures is more
important.
3. The “Mix Scenario” only offers a critical chance to achieve the CO, targets (TTW)
4. With lower electrification or lower system efficiency the need for
decarbonized fuels is becoming more important (Well to wheel, WTW)

EU Target 2050 Optimistic- Optimistic- Optimistic- Optlfm.s“f:-

Road Transport (min. 60% Pessimistic Range Pessimistic Range Pessimistic Pessimistic

e Reduction of HE Scenario, HE-H Scenario, Range Ranee .
2010) All Measures All Measures PE Scenario, MIX Secnarlo;

All Measures
All Measures

. <
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2050 Total Energy Road Transport EU (TTW)
4 Scenarios, Average of opt./pess

2393
" m B Hydrogen |
‘ Electricity
Conclusion:
= 1. Even in scenarios with high electrification
- = more than ~ 50% of total energy demand is
o = . ]
5 = for chemical energy carrier (Fuels, Gas, Hydrogen).
C
u H . L) o . . L)
- _'; 2. Improvement of combustion engine efficiency is important f
C . . o go . i
= é even in highly electrified scenarios. i
I
Q c
© Question (out of ERTRAC scope): |
: bl d h iers i bl ?” |
Are we able to produce these energy carriers in a renewable way: }
- ‘ >
Road Transport HE-Scenario HE-H-scenario, PE-scenario, MIX Scenario,
EU 2016 Average opt./pess. Average opt./pess. Average opt./pess. Average opt./pess.

12 EFTRC
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CONTENT

= Assessment of Various Fuel Options
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OPTIONS FOR ALTERNATIVE FUELS

Natural Gas Biofuels

CNG/LNG

Use of clean burning
fossil or bio gas

Synthetic Fuels

PtX: Fuel
produced from
Renewable Energy

GTL: Liquid fuel
from Natural Gas

Conventional &
advanced biofuels

Hydrogen Electricity

Providing fossil or

ren. Electrons to
charge EVs

Steam methane
reforming or
Electrolysis for H,
production - Fossil
or Renewables

L L ‘




LIFECYCLE GREENHOUSE GAS EMISSIONS
(CO, EQUIVALENTS) FOR FUELS

BIOMASS BASED
Ethanol G2 Straw
9 Ethanol G1 Wheat
Biodiesel

FOSSILE BASED
Diesel
0 Gasoline

ELECRICITY BASED

Hydrogen
0 Power-to-Gas (SNG)

Source: Green hydrogen and downstream synthesis products - electricity-based fuels for the transportation sector, Alexander Tremel, Siemens

Electricity-based fuels are expected to outperform second generation
biofuels in green house gas emissions.

.:l Furter clarification needed

0 20 40 60 80 100
gCO.,eq/MJ




China

United States

4 India
European Union

Southeast Asia

Middle East

Africa

Electricity demand by selected region

. 2016

The additional required Electricity
for China 2040 is more than all of
EU's Electricity

® Growth to 2040




EFFICIENCY CHAIN : FROM PLUG TO FUEL

Electrolysis

Gas
treatment/
storage

CO-Feed
e.g. CO,

Hydrogen n=67%

n=48,7% n = 44%

m—b Syn. Natural Gas

—» FT Diesel n=453% n=40%

i[—» Methanol

—» DME

—» Ammonia

Auxiliary

loads

Chemical
Synthesis

Source:Siemens Corporate Technoloav. Alexander Tremel: ATZ Automotive Konference. Baden Baden Feb. 2017.



H, INFRASTRUCTURE

Netherlands: 80
HRS by 2025 :

by 2020

Japan: 1000 1
HRS by 2025

France: 300
I HRS by 2025

California: 100
HRS by 2023

Italy: up to 10
HRS by 2020 _

South Korea: 200
HRS by 2025

1 B

s
®
N

T
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POWER TO X WITH SOLID OXIDE
CO-ELECTROLYSIS

150 MW
525 GW

mp—
v —p
Py
| s
A\ )
Steam

Electrolysis

co
H,
Gas

treatment/ |
storage

CO-Feed

e.g. CO,

Auxiliary
loads

SOEC
Hydrogen n ~ 80%%*

ﬂ—b Syn. Natural Gas n ~ 85%#¥*
—» FT Diesel

! .{—»Methanol

—» DME

Chemical * Based on AVL project results
Synthesis

Source:Siemens Corporate Technoloav. Alexander Tremel: ATZ Automotive Konference, Baden Baden Feb. 2017.
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E-GAS - PERFECT FUEL FOR SOFC EVS

Higher efficiency
compared to

Alkaline and PEM \

+ Synthesis

H,O0 ==
Coz # 77 -

Electricity

_ _ Heat coupling with
Heat coupling with waste heat from

exothermic synthesis industry

Separation of
electrochemistry
and vaporization



PATHWAYS TO ULTIMATELY CLEAN VEHICLE
DRIVETRAINS

QEC

RENEWABLE
ENERGY SOURCES

CO, NEUTRAL
WIND SOLAR BIOMASS

*Under development as part of SULEV (Super Ultra Low Emission Vehicle)

Peter Prenninger | AVL | April 2018 | 21



PATHWAYS TO ULTIMATELY CLEAN VEHICLE
DRIVETRAINS

WELLTO-WHEEL WTW -
WELLTOTANK WTT

4
................................ -

ELECTRIC
POWER /
RENEWABLE . . /
ENERGY SOURCES : | 0] /"
CO, NEUTRAL : o° B
WIND SOLAR BIOMASS . H,0 \,
ELECTROLYSER HYDROGEN /
"""" POWERTO-GAS /
POWER-TO-LIQUID /
-ﬂ
GASEOUS FUEL  *
UQUIDFUEL  /
BIOFUEL 5

*Under development as part of SULEV (Super Ultra Low Emission Vehicle)

Peter Prenninger | AVL | April 2018 | 22



PATHWAYS TO ULTIMATELY CLEAN VEHICLE
DRIVETRAINS

WELLTO-WHEEL WTW
WELLTOTANK WTT ‘ TANKTOWHEEL TTW .
r r
/ BATTERY ,
.................................................. ====| ;
: ELECTRIC v /
. POWER / /
/ /
....... : ELECTRIC MOTOR ﬂ% :
: ’ Air FECRIC L :
RENEWABLE : & POWER . /
ENERGY SOURCES . | Og) N0 o ====| BATTERY ’
CO, NEUTRAL : . > /
WIND SOLAR BIOMASS : HO /
: ELECTROLYSER HYDROGEN / FUEL CELL
: :
: / /
Egggg}gﬁéam : CATALYSTS & FILTERS :
‘ - -
HC ™ Fuel Tank ’
GASEOUS FUEL 7 Air /
UQUIDFUEL  / N, O, /
BIOFUEL / ENGINE & GEARBOX /
/ 1

*Under development as part of SULEV (Super Ultra Low Emission Vehicle)

Peter Prenninger | AVL | April 2018 |



PATHWAYS TO ULTIMATELY CLEAN VEHICLE
DRIVETRAINS

WELLTO-WHEEL WTW
; BATTERY ; BEY
/ ZERO NO, BATTERY
ELECTRIC
L B B BN BN N BN BN BN BN BN B BN B BN BN BN BN BN B N L B BN B N BN BN BN N L B N B B B BN BN B BN B N N NN NN ====I : ZEROPART|CULATES(PM) VEHlCI.E
ELECTRIC : /I
POWER / . T J  ZEROHC
ceeeres : ELECTRIC MOTOR H%I— :
’ Air ELECTRIC L : ZERO NO, FCEV
RENEWABLE : . N, O POWER /  ZEROPARTICULATES (PM) ELLJE%TCR%
ENERGY SOURCES : | o0 eel oo MANM pATTERY / VEHICLE
e : % , EEIEI / ZERO CO
WIND SOLAR BIOMASS . H.0 ) IEROHC
: ELECTROLYSER HYDROGEN / FUEL CELL H,O WATER
: : f
. POWER-TO-GAS / : . IcE
e CATALYSTS & FILTERS ZERO IMPACT NO, INTERNAL
POWER-TO-LIQUID / /
f am y— ZERO IMPACT PM* gﬁg}%sno"‘
HC ™ il /  ZEROIMPACT CO*
GASEQUS FUEL Air /2RO IMPACTHC*
UQUIDFUEL  / N, O, /
RIOFUEL ! ENGINE & GEARBOX ‘

*Under development as part of SULEV (Super Ultra Low Emission Vehicle)

Harvesting Generation Powertrain Emissions

Peter Prenninger | AVL | April 2018 |
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EFFICIENCY CHAIN : FROM PLUG TO WHEEL AVL 5

Electricity 100%

90%

80%

BEV,
PHEV

70%
60%
50%

40%

Efficiency - %

FCV (H,)

30%

20% _
& =2-Gz15  e-Fuels

b

0% i

Fuel _ Transport Charging Tank to vgr?iccl:.le ‘

processing refueling wheel . 1y "E-%

Source: Siemens, Alexander Tremel and AVL



RESULT OF EC EXPERT WORKING GROUP

b
RutureransportiFuels

Electric

Grid

Biofuels (liquid)

Svnthetic fuels

CNG

B
|
\
\
|
|
|
\

Road/passengers Road/freight Rail Water Air
med long short med long s &2 5

Peter Prenninger | AVL | April 2018 |
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CONTENT

= Challenges and Solutions for Advanced Powertrains
for Passenger Cars and Commercial Vehicles
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CO, PERFORMANCE OVER SEGMENTS
STATUS 2016

200
¢ Gasoline - EU28 - 2016 .
175 2:Diesel - EU28 - 2016
— A\ Target \_me2°15
£ (._ > Tt
<155 — e E |-
e e e Do
9 I e D |- -
R 125 I / | -
\ --------------- ~~
. 7 Ng— \. N N ‘
< ( \ = : . gl |
\ | d : ine 2020/21
\ / l" ~\ * S/ [ Tal‘get Lin
~__." ' ' EU28 2016 -’
100 - 3 !
AB | e (all fuels)
- CO,: 118 g/km
75
1.000 1.250 1.500 1.750 2.000

Weight [kg]
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CO, PERFORMANCE OVER SEGMENTS
NO DIESEL IN 2016

200
¢ Gasoline - EU28 - 2016
o:@
*xDiesel - EU28 - 2016
175 @ Gasoline - No Diesel 2016
—_ EU28 — no Diesel scenario - target ___2_‘_’_?5_\,
£ 150 fuels (2016) & ) | e
E CO,i128gkm | N T SN
@)
S ol
0 125
]
Z

. Target Line 2020/21
EU28 2016

A/B (all fuels)

- CO,: 118 g/km

100

75
1.000 1.250 1.500 1.750 2.000
Weight [kg]
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CO, PERFORMANCE OVER SEGMENTS
NO DIESEL IN 2016

200
Gasoline - EU28 - 2016
Diesel - EU28 - 2016 Q
175 : .
@ Gasoline - No Diesel 2016
— EU28 — no Diesel scenario target \_ir_\f__z_‘_’f_‘:.’-u
£ 10 fuels(2006) | ) | T
> CO,128gkm | N T E
o | Compensation by
5 2 R o i ‘
8 125 AN e E 7,55/;gEn\::I‘III:’.Sa"
oL N 2 - 4
z or compensation by |
23% PHEVs in all Target Line 2020/21
100 EU28 2016 Segments
A/B (all fuels)
- CO,: 118 g/km
75
1.000 1.250 1.500 1.750 2.000

Weight [kg]
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GASOLINE ENGINE
TECHNOLOGY TRENDS - TODAY

Combustion Engine

Variabilty ICE

« Hybridization enables shift towards
higher loads = high load area and
max. efficiency gaining
iImportance.

* Trade-off between maximum
efficiency and spec. power
becomes the key trade-off

Transmission
Electrification

> c
= o
® =
c ©
© o
g =
o - —
c =
S o
L Q
c L
© @)
n =
AL @
e

o o
c o
® c
ol =
|_




GASOLINE ENGINE
TECHNOLOGY TRENDS - TODAY

— 100

~

2 ol TARGET + Hybridization enables shift

! 1.5 Miller. no EGR. short term towards higher loads = high

2 80t load area and max. efficiency

s gaining importance.

v /0 .

= o  Trade-off between maximum

§ 0 b o efficiency and spec. power

v o © becomes the key trade-off

£ 50 f (ﬁ Y

g « Miller / Atkinson Cycle con-

% 40 | & 0 ° © @ Toyota 1.8 MPI, EGR firmed as most cost effective

g 30 Source: Toyota, (HMC, VW), Vienna Motor Symposium 2016, 2017 COZ SOIUtionS (eg TOyOta-1 AUdi:
32 34 36 38 40 42 44 VW, HMC, etc.)

Maximum Thermal Efficiency - %

Peter Prenninger | AVL | April 2018 | 32



THE "KNOCK FREE SI ENGINE"”

1000 BAR FUEL PRESSURE

Very late injection.

Optimized start of combustion.

Very short combustion duration (approx.

5°CA)
Very low soot emissions.

The flames from the piston top do not
contribute to soot emissions.

Peter Prenninger | AVL | April 2018 |
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COMBINED HIGH EFFICIENCY & HIGH PERFORMANCE AVL 0)»?(0
AVL 2-STEP VARIABLE COMPRESSION RATIO VCS

5%

Full modularity with conventional ICE

Actuation module .
* Telescope principle &

advanced actuation
enables easy integration
In most existing engines

« Full modularity with
conventional ICE

« Bore pitch, block height,
packaging dimensions,

same production line kept
Conrod base module P P

Peter Prenninger | AVL | April 2018 | 34



DUAL MODE VCS™
BSFC MAP - 2-STEP VCR, CR 9.5/14

30 T T T T
Base power variant

g 30 T T T T T T T T T
% | ' | ' ' : | | i
= Dual Mode VCS engine : ! : :
Z i : Z T
: : ; : : ! | o
2500 3000 3500 4000 4500 5000 5500 6000 1
o
Engine speed - rpm LLl
" je] p! P =
T T T T T T T T T 1 m
Base fuel efficiency variant (Miller w. VVL)
g
Q
L
=
m

Engine speed - rpm

i
1
i
T T T T T T T T
1500 2000 2500 3000 3500 4000 4500 5000

Engine speed - rpm




GASOLINE ENGINE
TECHNOLOGY TRENDS - TOMORROW

= 100

E o0 | AVL 2.0 TGDI Miller, SaGy  Future Potential « Some RDE requirements (e.g.

| TC, no EGR TGDI Miller, stoichiometric full load, no

| . . .

S g | 1.5 Miller, N0 EGR, @ ,--. SCseries TC scavenging, GPF with higher

o &~ | iR iller bgckpressu_re) are in contra-

% VW15TGf>f Miller, no EGR @ @1 1,6 TGDI Miller, EGR, no WL mising thermal efficiency

@ 60 f O N . .

o C’ . D/wm 2,5 TNGA , GDI, EGR « Refined combustion systems +

f} (@ .I \‘ O \\ I 1 _

g 50 d? % W HiuC 16 G, EGR Improved t_urbor_nac_hmery (2_

£ N step charging with intercooling-

"< 40 f - ° @ @ Toyota 1.8 MPI, EGR “Series Compressor Turbo-

(]

z 30 Sourc?: Toyota,(HM.C, VW), Vienna-Motor Symposi.um 2016, 2017. Chal‘g er- SCserieSTC) as en ab|el‘
32 34 36 38 40 42 44 for further efficiency improve-

Maximum Thermal Efficiency - % ments
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TWO SHAFT MACHINE

2 stage

compression Charge air

cooler Efficiency =43 %

TGDI Miller engine,
high CR

—

Cylinders 1 - x
Mech. Power 1

Single stage
expansion

[
»

Charge air
cooler

) t{imes mech. power

Mech. Power 2
(E-Motor)

Peter Prenninger | AVL | April 2018 | 37



CHALLENGES FOR CV POWERTRAINS

Lowest Emissions MUST be fulfilled:
* Inreal driving operation in the vehicle (RDE, ISC)

« Under standard and non standard ambient conditions (NTE)
« Until End of useful life (Aged Conditions)
« Considering Component Tolerances

* Monitored in vehicle operation (OBD, IUPR)

Us 10/13 EURO VI

® EUROV ® USi0and US3 10~ erovi

g  —Legal NOx Limit . —Legal NOx Limit 8 = Legal NOx Limit
z . [ L] )
E 26
< . =
= 0 K
o 4 .. s 4
z . oo z

2 2

0 'i
0 0 L g % w
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
Average Vehicle Speed [km/h] Average Vehicle Speed [km/h] Average Vehicle Speed [km/h]

Only certification at standard
ambient conditions

Strict engine certification limit In Service Conformity

and NTE area, but NTE limits do requirements ensure that low NO,
not apply when EAS outlet certification value can be
temperature is < 250°C maintained under real field usage

Peter Prenninger | AVL | April 2018 | 38



EFFECTS OF CO2 & ULTRA LOW NOX

COMMERCIAL BASE ENGINE

Implementation of advanced
technologies

Requiring R
significant upgrades and new ; 1‘ | .
engines High efficiency charging b EGR

°~ ﬁ! N N
Light welght structure | 0}“ Friction reduction

o &

High peak firing
pressure




FUTURE ENGINE TECHNOLOGY
WASTE HEAT RECOVERY

® @ D & = Measurement

Distance [km] = Simulation

E 800 .
o 650
3 50 A 1w .wf A N
= 350 R 7 VA
< 200 =
100 g
|'i”“" " e L75 E
I 50 o
- 25 3
® = o
28 ° o
el I
1 n
[) E 30 A \
T 5 i |
% g %g' u\iu., !l H&}'&,\J’f*”i\.l- 5}
S0 of ° B
s \ 2%0 2%
[ g Ry J2% 2 3
&) ] y 150 @ T
- / 100 @
2 o 2o
c = 50 g x
— 2 450 o W
o ® A A F A B =
S = 350 A\ Tl A0 W o
T 3 250 14 Yyt ‘N Y
S E 150 |
(]
§|_ 50 S
I'U.C
B
(i

The WHR system developed by AVL
has proven following fuel savings:
« 2.5% in EU real world cycle

« 3.1% in US real world cycle

« 3.4% in RMC

Peter Prenninger | AVL | April 2018 | 40




FUTURE ENGINE TECHNOLOGY
GHG & NOX CHALLENGES

TECHNOLOGY ASSESSMENT AVL:
50% BREAK THERMAL EFFICIENCY IS FEASIBLE WITH LOWEST FUTURE EMISSION NORMS

1200 rpm—- BMEP 18 bar

210 | - - i i
= <175 g/kWh BSFC (48,5% BTE) @ Euro VI/ Euro VIl similar
205
= <170 g/kWh BSFC (50% BTE) @ Ultra Low Nox (CARB) will
200 additionally require adv. technologies like WHR, etc.
'g 195
= 190 | -
20 Baseline Euro VI (w/0o EGR)
Y o185 e ———
m T —
@ .20 L - Optimized
- Thermodynamlfs (w/o FGR)
175 tinﬁ% Optimized Thlfrmodynamlcs
170 + Friction Optimization with Miller (w/o0 EéR)

9 11 13 15 17

NOXx [g/kWh]
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MOTIVATION FOR FUEL CELL

DAIMLER

FCEV and BEV
Comparison of cost per kWh electrical energy source

[

\ Minimum Range for full
\ ZEV credits beyond 2018

Cost for Fuel Cell propulsion:
Include FC-stack plus FC-system, HV-
battery and hydrogen storage system
similar to function of EV-battery for
comparison.

EV battery 2017

EUR /kWh

S~

EV battery 2025 N\ _ FC 2017/18

» Higher volume
A

4 - » More mature supplier market
0 200 400 600 800 1000 » Technology improvements

Range / km (NEDC)

» At approx. 350 km Fuel Cell propulsion is less expensive than EV-battery propulsion

For larger & long range vehicles, FCVs will be lower

~3 minutes to refuel cost than BEVs




FUEL CELL OPTIONS

PEM SOFC
(Emission free) (Almost emission free, only CO, emission)

<
.‘\\—.%

! = > !

r:(: f\_‘ |

[ g #
-~

ol
v o QQ L3 {

PEM Fuel Cell SOFC APU/Range SOFC Stationary

Engine Extender Power Generator
20-150 kW 3-30 kW kW-MW

H ’ | /- .\ Ethanol
y) DIESEL| FETH e-Gas H,
Q Methanol




NISSAN e-Bio Fuel Cell

APU Development Vehicle Integration

The first solid oxide fuel cell vehicle in the world

(The first generation of the vehicle was directly presented by Nissan’s CEO in 2016
at Rio Olympic in Brazil)

Extension of the range of BEV from 150 to 600+ km by Ethanol Fuel Cell.
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BEV TECHNOLOGY CHALLENGE

Vehicle

.+ network Denmark

~400 ~90 > 10 H2Station® country

bl e ot o e mesopor P
e o 0 /
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AVL 800 V PIONEER

Followers

Winner in the category
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COMPARISON:CONVENTIONAL LITHIUM-ION CELL

VS. ALL-SOLID-STATE CELL

— — — — — — — — — —
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porous cathode | I Liquid electrolyte in porous electrodes replaced by |
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40 % increase of gravimetric energy
density
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SUMMARY

= CO, nevtral tfransport needs CO, neutral/ CO, free energy carriers (syn-
fuels incl. H, and electricity)

= Very slow , natural“ market penetration of zero-emission vehicles (BEV
and FCV) = fast penetration needs EU- or global legislation (zero-
emission zones)

= All powertrain technologies including ICE can provide environmentally
sustainable solutions — depending on legislative boundary conditions

= Ultimately, massive efficiency improvements are needed to safeguard
global mobility requirements

Peter Prenninger | AVL | April 2018 | 48
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