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Introduction

« TRUMA Geréatetechnik is a leading European supplier of comfort
equipment for recreational vehicles such as heating and air conditioning
systems, hot water generation devices and shunting equipment.

 Truma is already Europe’s largest manufacturer for LPG based heating
systems for recreational vehicles, the company decided to develop a
LPG-based PEM fuel cell system.

» Plate heat-exchanger technology of IMM allowed for a compact and
efficient system design for the fuel processor.

A cooperation between Truma and IMM was started.
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Business Conditions

Recreational vehicles are an ideal market for fuel cell systems because:

Increasing customer demand for comfort and thus increasing power
consumption

Higher customer demand for autarky
High price achievable, customers technology-driven
Moderate life cycle duration (»5,000 h)

Application as hybrid system in combination with the vehicle battery
(battery charger)

End user benefits concerning: - autarky
- noise
- emissions
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Basic Flow Scheme of the VeGA System
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History of Fuel Processor / System Development

2003: Catalyst development and system studies

2004 Catalyst stability tests and single component (reactors,
heat-exchangers) development and testing

2005: Set-up of a first laboratory prototype and te  sting
Re-design and set -up of a second generation prototype

(including tests)

2006: Re-design and fabrication of third generation prototypes
2007: Re-design and fabrication of a-series systems

2008: Re-design and fabrication of 60  b-series systems;

2009: Field trials

2010/2011: Advanced tests with additional 50 units:
pilot production (100 units)
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Fuel Processor Basic Flow Scheme
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Fuel Processor Basic Flow Scheme (2)
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Why microreactors?

Microstructured Reactors
Chip-like Microreactors

Improved heat and mass transfer

Catalyst coating techniques similar to automotive e xhaust clean -up
Low pressure drop (laminar flow regime)

System integration — integrated heat-exchanger react  or design
Compactness — miniaturised heat-exchangers and evapo rators
Improvement of system dynamics — fast start-up

Safety issues (microchannels act as flame arresters )

Hessel V., Lowe H., Miller, A., Kolb G., 2005

'Chemical Micro Process Engineering- Kolb G., Hessel V, Review
Processing, Applications and Plants’, Wiley, Weinheim Chem. Eng. J. 98, 1-38 (2004)
p.281 ff.
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Steam Reforming in Integrated Microstructured
Heat-Exchanger Reactors

Reformer
Hydrogen from

Reformate Anode off-gas

Combustion-
gases

Demonstrated by IMM
for Methanol T » 300C;
Ethanol (T > 600C);
LPG and Diesel

(IMM: T 750C)

M O’Connell, G Kolb, K-P Schelhaas, J Schirer et al, Int. J. Hyd. Energy, 34(2009) 6290
Y Men, G Kolb, R Zapf, M O’Connell and A Ziogas, Appl. Cat. A 380(2010) 1-2, 15-20

G Kolb, Y Men, K-P Schelhaas, D Tiemann, R Zapf and J Wilhelm, Ind. Eng. Chem.Res
50(2011)2554-2561
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Conversion [%)]

Kolb, G.; Zapf, R.; Hessel, V.; Lowe, H.,
2004, Appl. Cat. A: General 277, 155.
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Propane Steam Reforming in Microstructured Reactors
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1000 Hours Durability Testing

Catalyst: Proprietary

Feed: C3Hg/H,O

S/C: 4.0

WHSV, - 375 Ndm3/(h g )

Temp.: 750C

Pressure: Ambient
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4.0

¢ (H2, H20, CH4) / vol%

Conditions of Testing

Catalyst: 4 wt.% Rh 4 wt.% Pt
24 wt.% CeO,
on galumina

Feed: 80 Vol.% N ,;

20 Vol.% C 3Hg/H,0
WHSV;oq4: 375 Ndm3/(h g o)
Pressure: Ambient

BH2 ¢ CO eH20 o CH4 aCO2
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Test of a Combined Steam-Reformer/ Catalytic Afterb  urner

1,000 h Test at IMM
Fully Automated Test Rig with Safety Installations

© IMM, 2011

for Unattended Operation
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Test of a Combined Steam-Reformer/ Catalytic Afterb  urner
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Reactor Appearance After Tests (1,000 h at 750C)

Catalyst Coating
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Complete b-series System 2008
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Fuel Processor Prototype

Fuel Processor On
Display at Booth 203!
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Complete system in
operation at IMM
Open Day, May 2011
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Practical Tests in Recreational Vehicles
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Systems Ready for Field Trials

Until end of 2011
fabrication and test
of about 200 units
In-house and in RVs
of customers and
OEMs
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System Specifications

Power output
Charging current
Voltage

Weight
Dimensions

Gas consumption
Start-up time
Operation mode

Control panel
*technical data subject to change
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220 - 250 W

upto 20 A
12.0-14.4V

40 kg

71.7 x46.2 x 29 cm

90 — 100 g/h

15— 20 min

fully automatic

4.3" colour touch screen
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Practical Tests in Recreational Vehicles

A fuel processor which had been operated for 1,350 h in a compl ete
system with fuel cell was cut out and tested separately, full
conversion of the LPG feed observed and only 50% higher
concentration of CO in the purified reformate at full load

«Systems were operated for up to 3,500 hours

*VeGA systems were tested at a test course for vehicle vibrati on and
proved durable for a simulated 170,000 kilometres

*Field trials units were tested between 9 and 18 months in RVs a Cross
Europe, one system even in Africa
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Fabrication Issues — Mass Production of Microreactor S

How to make 1,000 — 10,000 reactors / year ?

o Laser Welding of Reactors; Speed: » 360 m/h
Screen Printing

of Catalyst Coatings

Laser welded Plate Stack
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Awards

The VeGA System gained the f-cell Award in silver and the
Bavarian Energy Award
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Order forms available
at Booth 203
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applications

5 Fuel processor design concepts

6 Types of fuel processing reactors

7 Application of fuel processing reactors

8 Balance-of-plant components

9 Complete fuel processor systems

10 Introduction of fuel processors into he market pl ace —

cost and production issues

ca. 420 pages

about 650 references

more than 280 figures and tables
ISBN 978-3-527-31581-9
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