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Climate change

ace sur les Changements Climatiques 2015

Paris, France

COP21- CMP11

PARIS 2015

UN CLIMATE CHANGE CONFERENCE

California Environmental
Protection Agency

To restore, protect and enhance the environment, to ensure
public health, environmental quality and economic vitality.
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Reducing emissions from transport

>80%0 reduction of GHG emissions by 2050 from 1990 baseline.




Green technologies

BATTERY ELECTRIC VEHICLE FUEL CELL VEHICLE

I Battery > PEM Fuel Cell (Fuel: Hydrogen)

High Energy Efficienc High Energy Efficiency

Hydrogen Infrastructure
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City, Urban Range : . Long Distance Driving Range

Long Charging Time < Short Refueling Time
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For larger & long range vehicles, FCVs will be lower

~3 minutes to refuel cost than BEVs
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Fuel Cell Market

Audi
Global market introduction T —

2013 2015 2016 2017 today 2019 2020 2020+
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Fuel cell for forklifts & trains

amazoncom
N
Walmart
v’ Zero emission for indoor operétion v’ First fuel cell train in Germany in 2017
v 3min refill v’ Speed:140 km/h
v’ 24/7 operation, no battery charging or swapping v Range: 1000 km
v Lower TCO than battery forklifts ALSTOM CEO: We do think that by

) 2030 at least 10% of the whole fleet
15.000 FC forklifts sold will shift from diesel to hydrogen.



Visions of Hydrogen Council in 2030
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Great Wall

= 1in 12 cars in Germany, Japan, and South Korea and California powered by H,

Globally 10 to 15 million fuel cell cars
Globally 500.000 fuel cell trucks

Deployment of fuel cell trains and passenger ships
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E AVL FIRE®

~180 15 years of
engineers experience
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>130 customer
projects

12 PC automotive OEMs 6 CV OEMs

10 non-automotive OEMs 6 tier 1/2 3 SOP programs




Fuel Cell Systems
Two technology options for automotive industry
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Solid Oxide Fuel Cell Polymer Electrolyte Membrane Fuel'Cell
(SOFC) (PEMEC)

Main Propulsion

IR © Extender & Range Extender

can be used for . s
- : passenger cars & 55
Efficiency: up to 55% commercial vehicles

Efficiency: up to 55%
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Fuel Cell Product Lines

PEM
(Emission free)
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PEM Fuel Cell
Engine
20-150 kW

Q

SOFC
(Almost emission free, only CO, emission)
1

SOFC APU/Range SOFC Stationary

Extender Power Generator
3-30 kW kW-MW

’ | 7\ Ethanol
DIESEL| PIITA H,) e-Gas
g Methanol




Fuel Cell Systems
Two technology options for automotive industry
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AVL

AVL PEM Fuel Cell
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AVL PEM Fuel Cell Engine

Fuel Cell Engine Battery
70 kW 10 kWh




Customized High Performance PEM Fuel Cell
Module/ Powertrain

Downscale

ik (e.g. 30 kw)

Customized solution with reasonable development effort




AVL PEM System USPs

High efficiency (High performance stack & compressor,
AVL IP for fuel cell system & vehicle control)

Passive hydrogen recirculation (No hydrogen pump
needed 2> lower power consumption & higher efficiency)

High power density

Diagnostics based system control (AVL
TH DA) - Extension of fuel cell 'system’s lifetime
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SOP, 30 kW Range Extender SOP, 100+ kW
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v Phase 1 finished

Confidential Confidential




Project Examples
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AVL Solid Oxide Fuel Cell




AVL Solid Oxide Fuel Cell

ry low noise

M emissions

Practically emission free
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Up to 60% efficiency

Conventional/Bio fuels

Range Extender/APU







2. SOFC Range Extender/APU
Project Examples

+10 kW Range Extender

Confidential

AVL 3

3 kW APU

[!ESELJ




AVL &

SOFC CHP
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AVL SOFC Stationary Power Generator

FUEL SOFC CHP PRODUCTS

Electricity

Biomass

Natural Gas

Renewable Diesel




AVL SOFC Stationary Power Generator

Power range: kW- MW

Electrical efficiency: 60%

Total efficiency: 95%




Full scale fuel cell system testbed

0

SoA Environmental Simulation &
Test Infrastructure

Test Cell =
Climatic Chamber

FlowSonix

FFEM & CVM —

Adv. Measurement Equipment

Test Automation & Virtual Env.




Test Systems

GREENLIGHT a,®

Customer
Benefit Powertrain & Vehicle Test System

Automation System

PUMA Open for Fuel Cell

&

Cell Test Bed Stack Test Bed System Test Bed Powertrain Dyno Chassis Dyno

.
A T
M wm—s




Thank You

AVL o

www.avl.com
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