Proton Motor Fuel Cell GmbH
HyRange® 25 for mobile applications

Sebastian Goldner, Hydrogen Days 2016, Prague, 06.04.2016
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Company Proton Motor PROTON MOTOR

Fuel Cells - Power Systems

Proton Motor Fuel Cell GmbH provides Solutions for a clean energy
supply and clean mobility.

German manufacturer of fuel cell stacks and fuel cell systems for
maritime, stationary and mobile applications.

= 1994: Start of fuel cell development

= 1998: Founding of Proton Motor Fuel Cell GmbH

= 2006: Stock market launch of Proton Power Systems
= 2007: Relocation from Starnberg to Munich

= 2015: Integration Spower GmbH into Proton Motor
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CLEANTECH Powersupply FIRDTDMTDR

Fuel Cells - Power Systems

Stack Products Solutions
Technology

NT-PEM Stacks Batterie — UPS Solar Batterie Indoor & Outdoor containerized
Storage Solutions for secure power
Power Range
2 30 KW g Power Range Power Range supply
B elect 1.5 .. 200 kVA 3..10 kW (1-3ph) Drive train solutions for
» city busses and

PM Module HyRange® « light duty vehicles

S5:2..6 kW Power Range «  Boots and ships

S25:10 .. 25 kW 9 ..30 kW
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Technology & Products I M

PROTON MOTOR

Fuel Cells - Power Systems

PEM-Stacks PM Module HyRange®

PM200 PM400

Automotive — Stationary — Stationary applications Automotive applications
Maritime

Developed by Proton Motor UPS applications Range — Extender (electric drive)
Manufactured in Germany Parallel operation possible Logistic and public transport
Power Range Power Range Power Range

2 .. 30 KW ot 5 KW, ot @nd 25 kW ot 25 KW e,

.
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Service package PROTON MOTOR

Fuel Cells - Power Systems

A
y
.

Battery SOC with & without REx \
R -
\
6
x

| : -
- 1 T “ \ Es
' T3 ,":"?’:"_ o \Fz
= o L)
[iETXEaN i: Ny
e m \.
Development Simulation

Feasibility Studies

Integration

Commissioning Service
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Target Markets

PM

PROTON MOTOR

Fuel Cells - Power Systems

Mobility

Urban Applications

* Logistics

* Bus Fleets

» Distribution service
* Municipalities

Airport Applications

« Airport services

e Terminal shuttle

« Towing tractors

« Ground Power Units (GPU)

Power supply

UPS Applications

« TETRA/BOS Broadcast
* Telecom base stations

* Industry

 Datacenters

» Hospitals, Office Buildings

Energy Supply
Seasonal Energy Storage

« Peak shaving

« Balancing energy

» Repowering of process hydrogen
« Onshore power supply for ships

Maritime

Power Train

» Tourist boats
» Sport boats
« Small yachts
* Tug boats

» Coast guard

Auxiliary Power Supply
« Sport boats

« Small yachts

« Coast guard
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Seasonal Energy Storage PROTON MOTOR

Fuel Cells - Power Systems

Energieautarkes Mehrfamilienhaus

Bruetten / Switzerland

A Project of W.Schmid
and Proton Motor

1) H2 — Storage (under ground)

2) Electrolyser (Hydrogen production) w.SCHMlo

3) Fuel Cell (Re-Energizing H2 to electrical power and heat) - ,
4) PV — Solar on roof and walls PRO]EKTE
5) Hot water system and heating system

6) Storage of thermal energy
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Customer Application UPS PROTON MOTOR

5kW DC-EPS with FC

5kW-DC-RPP

with 220VDC

PM Module S5

PM DC/DC-
Converter (Syko)
Bridging time > 10 h
H, consumption:

0,4 kg/h

Fuel Cells - Power Systems

Emergency Power Supply UW Bachhausen

» Pilot project of Bayernwerk AG prove functionality of
fuel cell replacing power plants
» Proton Motor supplier of Fuel Cell System
» Scope of delivery by Proton Motor for this project:
« PM Module S5
« DC/DC-Converter
« Concept for visualization, data logging and
remote monitoring
* Engineering support during conception phase,
buildup and initial start up of the system
> In operation since 05" of November 2012

bayernwerk
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Customer Application UPS/EPS I M

PROTON MOTOR

5 kVA - 250 kVA FC EPS

Fuel Cells - Power Systems

Cooperation with DB Bahnbau Gruppe GmbH

Proton Motor provides fuel cell based emergency power
supply units to the customer. DB Bahnbau Gruppe will
utilize the FC EPS systems to replace their diesel
generator EPS systems based on the commercial aspect
in near future.

Proton Motor will deliver containerized fuel cell EPS
systems with different power outputs:

« 5KkVA
« 25kVA

50 kVA

« 75kVA | :] :I

« 100 kVA -

- 2s0kva  Bahnbau Gruppe
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FCS “Alsterwasser” — Maritime Application PROTON MOTOR

Fuel Cells - Power Systems

ZEMSHIPS project, Hamburg

Zero Emission Fuel Cell Ship.

Capacity for approx. 100 passengers.

ZEMSHIPS project partner: ATG, Linde, German Lloyd, Stadt Hamburg, Proton Motor.
Proton Motor was responsible for the complete propulsion system of the Ship.

In use since summer 2008. In approx. 4000 operating hours more than 50.000.
passengers were transported (01/2014).

1,7 kg hydrogen consumption per operation hour.

YV V V VYV V
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Automotive Systems — Target Markets PROTON MOTOR

Fuel Cells - Power Systems

Urban Applications Airport Applications

« Logistics » Airport services
* Bus Fleets « Terminal shuttle
» Distribution service « Towing tractors
* Municipalities « Ground Power Units
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Product HyRange®25 PROTON MOTOR

Fuel Cells - Power Systems

HyRange®25

Stack Module Air Module Cooling Module

Dimensions: 687 x 590 x 413 mm Dimensions : 562 x 776 x 414 mm Dimensions : 423 x 542 x 241 mm
Weight: 95 kg Weight: 44 kg Weight: 15 kg
Nominal power 25 kW Output voltage 35t0120V DC
Peak power 30 kW (< 10 min per operating hour) Ambient operating 550 15 + a5°C
Temperature
A EEE [POTET 81y Ambient storage -30°C to + 75°C
il Temperature
AUAIESY F_’ower 3.5 KW @ nominal power _
consumption Comm. interface CAN v2.0A
Output current 0to 500ADC Conformity 79/2009/EC, 72/245/EEC, ECE100-01

I = s
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Interfaces HyRange®25 PROTON MOTOR

-------------- - Fuel Cells - Power Systems
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Additional PM Scope of Supply I '

PROTON MOTOR

Fuel Cells - Power Systems

Air cooler assembly

» Ambient temperature up to +40°C
» Cooling liquid: BASF FC G 20-00/50

H2 Tank assemblies

» Storage capacity @ 350 bar
» Integrated pressure reducer to 6 bar
» Homologated acc. 79/2009/EC

Power electronics (DC/DC & Voltage Distribution)

> Output voltage range 48-750 VDC
> Water cooled
> Protection class IP 65
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Electrical Integration of HyRange®25

P

PROTON MOTOR

HyRange®25

Fuel Cells - Power Systems

I L 2 . 2 :
L |
Battery
Auxiliary Auxiliary
Consumers Consumers
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Inner City Bus Application PROTON MOTOR

Fuel Cells - Power Systems

TriHyBus®

12m Bus for 45 passengers
Triple Hybrid propulsion system
Configuration and testing since 2008/2009

Future Award for Alternative Propulsion Technology
2010 of the ,Innovationsvereinigung der deutschen
Wirtschaft IDWI*

> Nominated for the Hermes Award 2010

YV V V VYV

Fuel cell power: 45 kW » Project partners:

Li-lon battery: 27,4 kWh
Ultracaps: 1 kWh, 200 kW PM Q’ﬂ
Propulsion: 120 kw PROTON MOTOR SUJVS
Hydrogen: 20 kg @ 350bar | T

Consumption: 8 kg /100 km @g"ﬂﬂﬂ
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Mechanical Integration Alternatives PROTON MOTOR

Fuel Cells - Power Systems

Power electronics

Supercaps

H,-Tanks

Fuel Cell
System
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Mechanical Integration Alternatives PROTON MOTOR

Fuel Cells - Power Systems

—

H,-Tanks

Fuel Cell
System
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Logistics application

P

PROTON MOTOR

Newton with HyRange®

Fuel cell power: 8,4 kW
Li-lon battery: 80 kWh
Charging current: 400 VAC, 32A

Propulsion: 120 kW
Hydrogen: 5 kg @ 350bar
Consumption: ~0,5 kg H,/h

Fuel Cells - Power Systems

Proton Motor Project

A\

Platform: 7.5 t electric truck from Smith
Electric vehicle plus fuel cell range extender
Configuration and testing since 2011/2012

Approval FC-system and vehicle according to
79/2009

Nominated for Clean Tech Media Award 2012

V YV V
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» With support from:

Gefordert durch:

* Bundesministerium
fiir Verkehr, Bau
@ Nationale Organisation Wasserst

. fasserstoff-
und Stadtentwicklung und Brennstoffzellentechnologie

/".\
/
—-/
Nationales Innovationsprogramm

Wasserstoff- und
Brennstoffzellentechnologie
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Example Integration 7.5 t truck PROTON MOTOR

Fuel Cells - Power Systems

Hydrogen Storage
assembly

Cooling assembly
and DC/DC

Electric
motor

Li-lon Batteries

HyRange ® System
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Van application PROTON MOTOR

Fuel Cells - Power Systems

: TECHNISCHE . s :.'..
MMAGNA PM  Hi:t @ picentn %5
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DEMO VEHICLE TARGETS:

-Electric AWD powertrain

-NEDC pure battery range: ~70km
-NEDC combined range: >400 km
-Acceleration 0 - 100: < 11 sec

Li-loNn HV BATTERY g N >

Stalied

-Acceleration 0 - 80: < 8 sec

-Top speed : > 130 km/h
-Grade ability: >30%
-Refueling time : < 3 min

ELECTRIC 4x4 POWERTRAIN
-EM front: 90kW / 280Nm
-EM rear: 50kW / 200Nm

PEM FUEL CELL SYSTEM

-25kW net
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Special Desighed HyRange ® 25

PV

PROTON MOTOR

: TECHNISCHE
M MAGNA
PROTON MOTOR WIEN

HYRANGE ® 25 SYSTEM:

-Fuel cell system: PEM

-Nominal power: 25 kKW

-Output current range: 0 to 500 A

-Output voltage range: 35 to 120 VDC

-Max. el. System efficiency: 51%

-Hydrogen consumption: 1.5 kg/h

-Air supply: Ambient air

-Communication interface: CAN v2.0A

-Weight: 95 kg (approx.)

-Installation space: 780 x 670 x 330 (mm
HxWxD)

-Lifetime: > 15,000 h

© Proton Motor 2016
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Fuel Cells - Power Systems
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Proton Motor as a Partner PROTON MOTOR

Fuel Cells - Power Systems

» Research and development

» Consulting, solution design, market survey

» Partner in national and European funded projects

» Simulation and design of hybrid propulsion and energy supply systems

» Engineering and mechanical design of fuel cell systems for mobile and stationary
applications

» Testing and validating of system components
» Prototyping and production
» Project management

» Training for customer and operator / service 24/7
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Thank you for your attention!
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