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The National Innovation Programme
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Transportation Sector

Market Preparation for Hydrogen Infrastructure and

Fuel Cell Vehicles
% Bundesministerium
fur Verkehr und

digitale Infrastruktur

Research and Development

cost reduction

volume and weight reduction
increase of durability
Increase in efficiency

* Federal Ministry for Transport and digital Infrastructure (funding for all sectors)

funding 2008-2016*:
A 188 projects
A 408 partners

Demonstration and System Validation

day-to-day operation of pre-commercial fuel cell
vehicles and hydrogen infrastructure
create customer acceptance and consumer
awareness
jointly address safety, permitting, standards, etc.
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National Innovation Programme Hydrogen
and Fuel Cell Technology (NIP)

Partners from Industry and Academia
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* Clean Energy Partnership mit 19 Industriepartnem: Air Liquide, BMW, Bohlen & Doyen, Daimler, EnBW, Ford,
GM/Opel, Hamburger Hochbahn, Honda, Hyundai, Linde, Shell, Siemens, die Stuttgarter Stralenbahnen SSB, Total,
Toyota, OMV, Volkswagen und Westfalen
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Fuel Cell Vehicles

Research and Development lead to substantial performance increase and

cost reduction

source:
Daimler
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HyMotion4
(Volkswagen)
day-to-day testing of FCV

(picture: BMW) HyLight (BMW)

purpose design
vehicle architecture
with integrated
hydrogen tank
(green) and fuel
cell system above
the rear axle

Wasserstoff-
tank

Brennstoffzellen-
system
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component and system development and
testing

vehicle concepts

vehicle testing and demonstration
involving supply industry

production technologies and processes

¢
P
»
7

Dr. Klaus Bonhoff, Managing Director (Chair), NOW GmbH 4



Fuel Cell Vehicles are Hybridized

fuel cells, batteries and electric motors are integrated into a dynamic and
flexible drivetrain with brand-specific performance

HyMotion4 — 2 Fahrzeugkonzepte mit 1 Brennstoffzellensystem
Vierte Generation Brennstoffzelle der Konzernforschung prasentiert bei L.A. Autoshow 2014

Volkswagen NMS HyMotion
Leistung E-Maschine: 100 kW
Fahrleistung 0-100 km/h: 12 sec
Reichweite: 420 km
Traktionsbatterie: 1,1 kWh

source: Volkswagen AG

—rd Bremstoalanischologe. April 12, 2016

Audi A7 Sportback h-tron quattro

. Leistung E-Maschine: 2 x 85 kW
HyMotion4 Fahrleistung 0-100 km/h: 8 sec
BZ-System Reichweite: 460+30 km
Traktionsbatterie: 9,5 kWh
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Cost Advantages of Electric Vehicle Concepts

Depending on range requirements
- fuel cell vehicles (FCV) at higher range
- battery electric vehicles (BEV) at lower range

energy = power =
range performance
battery system
fuel cell system

EUR / kWh

hydrogen tank

EV battery 2017
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EV battery 2025

Minimum Range for full
ZEV credits beyond 2018

FC 2025

FC 2017/18

0

.---"---___
200 400 600 800
Range / km (NEDC)

Quelle: Daimler
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Systemkosten
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Systemkosten EV - FCV 1%\;2
Vergleich

Vorteile

Vorteile "
fur FCH EV

Reichweite

» Higher volume

» More mature supplier market

» Technology improvements

Cost for Fuel Cell propulsion:
Include FC-stack plus FC-system, HV-

battery and hydrogen storage system
similar to function of EV-battery for

> Beyond a range of approx. 350 km Fuel Cell propulsion is less expensive than EV-battery propulsion

comparison.
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Hydrogen Refueling Stations
Research and Development lead to technology improvements
and cost reduction
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Clean Energy Partnership

. . . CEP
Technology validation with more than 100 fuel cell =
vehicles (passenger cars and busses) I

including hydrogen infrastructure
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Vehicle Performance efficiency, cold start, range
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Fast Refueling 700 bar technology

Safety standards defined and tested

Sustainable > 50% green hydrogen
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