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Introduction to OWI

- Research Organization in 
the Euregio

- Associated Institute ofAssociated Institute of 
Aachen University (RWTH)

Liquid fuels:

- Mixture preparation (e. g. Cool Flame 
Technology)

- Reforming and fuel cells

This is a file from the Wikimedia Commons. This file is licensed 
under the Creative Commons Attribution ShareAlike 3.0 License. 
Author: San Jose.

- Small scale combustion technologies
- Process technologies up to 10 MW
- Materials: high temperature applications
- Fuels
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The application …

One day they 
will improve 
golf caddiesgolf caddies …
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Fuel Cell Systems

Fuel Cell Systems

Portable Systems/
Stationary Systems

Portable Systems/ 
Small Mobile Systems 

< 500 Wel

Mobile Systems

Combined Heat and 
Power Generation

Applications

Uninterrupted Power 
Supply  (UPS)

Power Generation
Aux. Power Unit 

(APU)
Examples

Range Extender Consumer 
Electronics

Range Extender/ 
Hybrid-Systems

Diesel-Generator

Decentralized Power 
Supply

Requirements

Very High Lifetime

Low Costs

Efficiency

High Lifetime

Low Costs

Dynamics

Moderate Lifetime

Moderate 
requirement: target 

costs
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Methanol as an energy carrier for fuel cells

 Liquid fuels are advantageous
 Main requirements: energy 

density, flexibility, comfort
F l C ll B tt

Diesel
Gasoline

 Fuel Cell vs. Battery
 Energy density of Methanol 

lower than Diesel
 However, Methanol has many 

Gasoline
Butane (200 bar)
Propane (200 bar)

Pure Methanol
Methane

H2 (liq.)

LPG (200 bar)
H2 in metal hydride

W
h/

l , y
advantages in view of technical 
implementation:
 H/C-ratio
 Direct conversion in DMFC

LPG (200 bar)

H2 (200 bar)

Methanol
el. energy density

H2 in metal hydride
el. energy density

Ni MH
Li-Ion-
AccumulatorEn

er
gy
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ty

 in
 W

Direct conversion in DMFC
 Reforming: operating 

temperature, soot formation
 DMFC vs. Steam Reforming of 

Methanol

2 ( )
Ni-MH-
Accumulator

Ni-CD-
Accumulator

Accumulator

Methanol
 Development of a fuel 

processor for a HT-PEM has the 
potential for high energy density 
and a maximum of thermal

Comparison of Energy Densities [Hebling 04]
Energy Density in Wh/kg
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and a maximum of thermal 
integration
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MIMEMIZ: Targets

Development of a micro fuel cell system based 
on a HT-PEM fuel cell and methanol steam 

reformingreforming
- Net Electric Power: 30 W
- Lifetime 300 h, 100 cycles
- Hybrid concept with lithium battery

St t ithi 5 10 i t- Start-up within 5-10 minutes
- Designed space: ¼ battery / ¾ fuel cell system  1 l
- Weight battery / fuel cell system < 1.1 kg
- Angular offset of  20° tolerated in operation

Modular and scalable system design

g p
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Topics 

Microreformer:
• Compact reformer and 

burner in a heat 
h

Fuel cell:
• Bipolarplate from metal

sheets (Hydroforming)
C t d i t iexchanger

• Integration of BoP 
components

• Thermal Integration

• Coated against corrosion
• Minimal use of material
• Compact fuel cell with

high energy densityg
• Hydroforming

high energy density

Hybrid system / Control:
• Concept for the control of 

Manufacturing / 
Packaging : 

• Modular conceptp
hybrid system

• Reduction of control 
elements

• Simple circuit board

p
• Optimised hydroforming 

with short cycle time
• Assembly line for 

manual production

Ziele:
Volume
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• Simple circuit board manual productionWeight
Cost
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The partners

MIMEMIZ: Development of a micro fuel cell system based on a HT-PEM fuel cell 
and methanol steam reforming

Haseke GmbH & Co. KG 

Gesellschaft für Energieverfahrenstechnik mbH

IMT TU Braunschweig 

Schuler Hydroforming GmbH 

borit Leichtbau Technik GmbHborit Leichtbau-Technik GmbH

Oel-Waerme-Institut gGmbH

BASF Fuel CellBASF Fuel Cell
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Design of fuel cell system

FC offgas M th l/W tAir

Cat Comb stion

FC-offgas Methanol/WaterAir

MeOH/
H2O

Cat. Combustion

Vaporizer

Vaporizer/

Reformer

Cat. Combustion
Vaporizer/
Combustion

Reformer/ Optional

Cathode

Anode

Heat Exchanger

Reformer/
Combustion

Offgas Feedback

ϑBr,out

Optional 
Shift

Cathode
Air

Heat Exchanger/
Option:
Shift-Reactor
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Catalyst Options for Steam Reforming

2223 3)()( COHgOHgOHCH +↔+

Cu/ZnO/Al2O3
Noble Metals

23 2)(
HCOOHCO

HCOgOHCH
+↔+
+↔ 233 22

OHCHHCOOHOHHCOOCH
HHCOOCHOHCH

+→+
+→⋅

Cu/ZnO/Al2O3mostly Pd/ZnO

222 HCOOHCO +↔+
22

323

HCOHCOOH
OHCHHCOOHOHHCOOCH

+→
+→+

Properties Cu/ZnO/Al2O3-catalysts
+ low CO-concentrations
+ low cost
+ wide commercial availability

Properties of catalysts based 
on noble metals
+ temperature stability
+ coating on metal sheets + wide commercial availability

- temperature limit 320 °C (sintering)
- pyrophoric

+ coating on metal sheets
+ durability
- tendency towards higher CO-
concentrations
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([Jiang 93a], [Jiang 93b], [Breen 99], [Kolb 08]) ([Takaha. 94], [Kolb 08])
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Steady-state results at Pth = 250 W

 Noble metal catalyst
 Simulation of fuel cell: 
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Fuel conversion at Pth = 250 W
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Effect of space velocity on fuel conversion
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Operating points with HT-PEM

 Higher water content 
(SCR) advantageous
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 One thermocouple for 
fuel processor
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Coatings Reformer/Burner

Vaporizer/Combustion-Unit Reformer/Combustion-Unit

 Stable coating in catalytic burners and reformer (130 h of operation and 
15 cold-start cycles)
 Re-using the same coated metal sheets again gives reproducible results
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Including a Shift-Reactor …

 Coating of heat 
exchanger with Shift 
catalyst
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enough  coupling 
without Shift-Reactor
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HT-PEM for fuel processor 
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Corrosion of metallic bipolar plates
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Current work: Integrated fuel cell system (V0)

El. Heater

Fuel Processor

Fuel Cell

Connector Plate

Fuel Cell 

El. Heater
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System Assembly

Heater 20-cell-stack
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Connector plate with sealing Vaporizer (conbustion layer)
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Summary

 Development so far: Development so far: 
 System design (thermal integration)
 Investigations on Steam Reforming of Methanol and verification of fuel 

processor
V ifi ti f f l ll t k d i t i f bi l Verification of fuel cell stack and experiments on corrosion of bipolar 
plates

 System design:
 Steam Reforming in Microchannel-Reactorg
 Hydroforming as an effective way of manufacturing
 Integration of all fuel processing steps into one component
 Integration of fuel cell and fuel processor possible (interface, connector 

plate)plate) 
 Steam Reforming: 

 Tests with base metal and noble metal catalysts
 Identifed operating points of fuel processor and fuel cell

 Verification of fuel cell design successful (1, 5 and 20 cells)
 Further work:

 Different coatings against corrosion in the fuel cell
 Optional: fuel processor with shift stage and lower SCR (< 1 5)
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 Optional: fuel processor with shift-stage and lower SCR (< 1.5)
 Lab prototypes: microcontroller development, improve control strategies
 Field test systems on the golf caddy in summer 2010
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Thank you!y
“This research and development project is funded by the 

German Federal Ministry of Education and Research 
(BMBF) within the Framework Concept ”Research for ( ) p
Tomorrow’s Production” and managed by the Project 
Management Agency Forschungszentrum Karlsruhe 

(PTKA). The author is responsible for the contents of this 
publication ”

Contact:

publication.”

Daniel Wichmann
Oel-Waerme-Institut  gGmbH
Kaiserstrasse 100
52134 Herzogenrath
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