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PORTABLE 100 W POWER GENERATOR BASED 
ON EFFICIENT PLANAR SOFC TECHNOLOGY 

 

 eneramic® system concept 

 Stack testing 

 Performance 

 Long-term stability 

 Thermal cycling 

 Performance in system 
environment 

 Summary 
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Objectives 

Infrastructure fuel 

Water free operation 

Lightweight and s imple 

IKTS planar SOFC technology   

 Portable LPG system 

 100 WDC electric power @ 12 V 

 Fully grid independent operation 

 

Target applications   

 Caravan integration  

 Outdoor applications 

 Security / traffic / 
environmental monitoring 

 Remote power supply  
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Life time targets  

 > 3,000 h long-
term stability 

 300 thermal cycles 

Objectives 

Infrastructure fuel 

Water free operation 
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 Portable LPG system 

 100 WDC electric power @ 12 V 

 Fully grid independent operation 

 

Target applications   

 Caravan integration  

 Outdoor applications 

 Security / traffic / 
environmental monitoring 

 Remote power supply  
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eneramic® System Concept 
Process Flow Diagram 

 Extremely simple process layout and component design 

 Exhaust gas cooling for safety reasons  

 Commercial blowers, valves and electronic devices 
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Thermal insulation 

eneramic® System Concept 
System Core 

 Compact system design 

 High thermal integration for 
maximum efficiency 

 Robust system configuration 

 Multilayer technology based 
design  

 Integrated manifolds 

 Reduction of piping and pressure 
losses 

 Ease of fabrication 

SOFC stack 
After- 
burner 

CPOX 

Media supply 

Process air 
pre-heater 

Start-up 
burner 
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eneramic® System Concept 
System Core 

 Compact system design 

 High thermal integration for 
maximum efficiency 

 Robust system configuration 

 Multilayer technology based 
design  

 Integrated manifolds 

 Reduction of piping and pressure 
losses 

 Ease of fabrication 
Media supply 

SOFC stack 
After- 
burner 

CPOX 

Process air 
pre-heater 

Start-up 
burner 

5 cm 

Thermocouples 
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eneramic® System Concept 
Stack Design 

 Planar stack technology 
featuring 

 Crofer22APU 
interconnect 

 3YSZ based electrolyte 
supported cell 

 SiO2-Al2O3-BaO sealing 
glass 

 Stack design with focus on 
fabrication 

 Laser cutting 

 Screen printing 

 Dispensing 

Top plate 
Inter- 
connect 

Cell 

Sealing 
frame 

Sealing 
frame 

Nickel 
meshes 

Contact ribs 

Bottom plate with current plug 
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Stack Testing 
Experimental Setup 

 Gas supply: H2, N2, 
H2O, CO, CO2, CH4 

 Cycling + long-term 
testing 

 Impedance 
spectroscopy 

 

Hotbox testing Furnace testing Prototype system 

 Gas supply: H2, N2, 
H2O 

 Pre-heated gases 

 Long-term testing 

 Fuel supply: 
propane, butane, 
LPG 

 System operation 
with CPOx reformer 
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Stack Performance 
Current-voltage Characteristics 

 Current densities at: 

 865°C, 
nominal stack 
operating 
temperature  
= 375 mA/cm² 

 765°C, 
start-up 
temperature  
 = 210 mA/cm² 

 Stack operation at 
lower temperatures 
accelerates system 
start-up 

 

40-cell stack with Ni/GDC anode 

Simulated reformate, H2/N2/H2O = 48/48/4, Vgas = 280 sl/h 
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Stack Performance 
ASR Measurement 

 Cell with Ni/8YSZ 
anode 

 ASR = 
0.65-0.75 Ω*cm² 

 

 Optimization 
through further 
development at 
cell & stack level 

 

 Cell with Ni/GDC 
anode 

 ASR = 
0.55-0.61 Ω*cm² 

40-cell stacks at 852°C, j = 312 mA/cm² 

Simulated dry reformate, H2/N2 = 50/50, Vgas = 250 sl/h 
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Long-term Stability 
5-cell Stack in Furnace 

 Stack @ 855 °C 

 j = 250 mA/cm² 
and = 312 mA/cm² 

 

 Stack activation 
during first 260 
hours: 
Pmax = 14.9 W 

 Power degradation 
< 1 %/1,000 h 

 Emergency stop 
after 3,000 h caused 
rapid voltage drop 

5-cell stack with Ni/8YSZ anode 

Simulated reformate, H2/N2/H2O = 48/48/4 
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Long-term Stability 
5-cell Stack in Furnace 

 Stack @ 855 °C 

 j = 250 mA/cm² 
and = 312 mA/cm² 

 

 Stack activation 
during first 260 
hours: 
Pmax = 14.9 W 

 Power degradation 
< 1 %/1,000 h 

 Emergency stop 
after 3,000 h caused 
rapid voltage drop 

5-cell stack with Ni/8YSZ anode 

Simulated reformate, H2/N2/H2O = 48/48/4 

0.93 %/1,000 h 0.89 %/1,000 h 

Shut 
down 
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Long-term Stability 
Impedance Spectroscopy of 5-cell Stack 

 Impedance spectra 
were taken 

 At initial state 
(24 h) 

 During long-
term operation 

 Reduction of anode 
resistance during 
stack operation 
 further activation 

 Increase of ohmic 
resistance after 3,000 
hours 
 post-test analysis 
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Long-term Stability 
Post-test Analysis of 5-cell Stack 

 Increase of ohmic resistance due to 
oxide formation at cathode side 

 Thickness increased to 10-18 µm 

 Emergency stop caused spelling of 
cathode contact ribs of cell 1 and 5 

 Rapid degradation of cell voltages 

 

Cross cut through embedded stack after 3,300 hours 

 x x  x  

x 

x x  x  x  

Contact rib 

Cell 

IC 

Protective 
coating 

40 µm 
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Long-term Stability 
40-cell Stack in Hotbox 

 Stack @ 859 °C 

 j = 312 mA/cm² 

 Pmax = 140.2 W 

 

 After 2,200 hours 
and 4 cycles: 
Pend = 133.8 W 

 Rapid degradation 
of 1st cell package 

 Calculated overall 
power degradation 
 2.1 %/1,000 h 

40-cell stack with Ni/8YSZ anode 

Simulated reformate, H2/N2/H2O = 48/48/4, FU = 69 % 
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Long-term Stability 
40-cell Stack in Hotbox 

 Stack @ 859 °C 

 j = 312 mA/cm² 

 Pmax = 140.2 W 

 

 After 2,200 hours 
and 4 cycles: 
Pend = 133.8 W 

 Rapid degradation 
of 1st cell package 

 Calculated overall 
power degradation 
 2.1 %/1,000 h 

40-cell stack with Ni/8YSZ anode 

Simulated reformate, H2/N2/H2O = 48/48/4, FU = 69 % 

2.1 %/1,000 h 

Power output > 130 WDC is still enough for 
the user and the parasitic BoP components 

of the eneramic® system! 
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Thermal Cycling 
5-cell Stack in Furnace 

 5 K/min heating rate 

 11 cycles 

 Always after 20 h 

 Cell voltage 
distribution 
0.75-0.76 V 

 Initial state after 
cycling 

 Decreased cell 
voltages 

 Re-activation 
due to reversible 
contact losses 
at the anode 

5-cell SOFC stack with Ni/8YSZ anode 

Simulated reformate, H2/N2/H2O = 48/48/4 
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Performance in System Environment 
40-cell Stack in Prototype System 

 Stack @ 859 °C 

 j = 288 mA/cm² 

 Pmax = 133.9 W 

 

 After 200 hours: 
Pend = 131.9 W 

 Overall power 
degradation 
 4.1 %/1,000 h 

 Observed voltage 
drops of upper cells 

 ΔP/P0 for U1-U8 
 2.3 %/1,000 h 

40-cell stack with Ni/GDC anode, CPOx reformate, FU = 71 % 
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Performance in System Environment 
40-cell Stack in Prototype System 

 Stack @ 859 °C 

 j = 288 mA/cm² 

 Pmax = 133.9 W 

 

 After 200 hours: 
Pend = 131.9 W 

 Overall power 
degradation 
 4.1 %/1,000 h 

 Observed voltage 
drops of upper cells 

 ΔP/P0 for U1-U8 
 2.3 %/1,000 h 

40-cell stack with Ni/GDC anode, CPOx reformate, FU = 71 % 

2.3 %/1,000 h 

Insufficient compression of stack during 
system operation caused voltage drops of 

upper cells! 
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Summary 

 Portable µ-SOFC system based on ceramic components and multilayer 
technologies fueled with LPG 

 Planar SOFC stack technology with Ni/8YSZ and Ni/GDC anode 

 150 W power output of 40-cell stack 

 ΔP/P0 < 1 %/1,000 h @ long-term testing 

 ΔP/P0 = 2.1 %/1,000 h @ hotbox testing 

 ΔP/P0 = 2.3 %/1,000 h @ prototype system 

 Next steps 

 Long-term testing of Ni/GDC anode 

 Real-life cycle testing with harsh gradients 
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Thank you for your attention! 

 The                             project team. 

 

 Thanks for financial support of the 
Fraunhofer Future Foundation 

 

Contact 

 Andreas Pönicke 
andreas.poenicke@ikts.fraunhofer.de 

 Dr. Christian Wunderlich 
christian.wunderlich@ikts.fraunhofer.de 

Stay tuned @ www.eneramic.de 
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For the latest update on the eneramic® system join us at: 

Lucerne, Switzerland 
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Project Approach of the Fraunhofer Future Foundation 

Significant project volume 

 Project start January 2007 

 Total budget > 10 Mio. €  

 Formation of engineering team (20+) 
and test infrastructure  

 Scope from preliminary design to commercialization  

 Development of patent clusters 

Foundation 

mp3-Royalties 

IKTS 

Development 
Manufacturer 

Turnover 

> 10 Mio. € Design, IP 

Benefit 

Return of investment 
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eneramic® by Fraunhofer 
Technical Status  

 μ-SOFC is technically feasible  

 System core in operation > 3,000 h  

 Extremely compact system 
( < 8 kg, system core < 1.5 liter) 

 Operation on commercial propane 
(DIN 51622), bio-ethanol and 
propane/butane mixtures 
demonstrated  

 Extreme T-cycling demonstrated 
up to 20 K/min 

 Cost-efficient production due to 
multilayer concept  


