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Outline

� Cell & stack development

� PowerCore, system activities

� Test & demo activities

� Manufacturing
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� Manufacturing



SOFC Stack Generations
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� Well proven 
baseline 
performance

� Wärtsilä 20kW 
systems

12x12 & 18x18 � Increased  
performance
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� National m-CHP 
programme
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Open air manifold 
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� Increased 
robustness,  
performance and 
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TOFC near term products 

� 1kW m-CHP NG powercore

� 7.5kW DG NG stack module
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� 2-4kW APU ULSD stack module

� 3kW  UAV LW stack module



TOFC technical scope

Stack:

Hot air

Hot gaseous fuel

� DC power

PowerCore:

Hot components 
to handle fuel and 
heat

System:

End-user interface

Control system

Power electronics

Blowers / pumps
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Blowers / pumps

: TOFC part of the value chain

Stack module:

Includes 
compression

Gas tight 
interface



Stack performance vs time

Stack with 2.5G cells
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• Natural gas, internal reforming; moist air
• 20 full start up / shut down cycles

- Low degradation
-0.8%/1000 hr
-(7.5 mV/1000 hrs)

-Real operating 
conditions
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• Anode supported cell; LSCF –CGO cathode
• Thin commercial steel interconnect

conditions
-750 deg C
-2.5% humidity
-0.22 mA/cm2

- Low cell ASR
- Durability proof for 
manufacture



New stack design and performance

– 50% lower 
DPcathode

– Higher cell 
voltage
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– 30% increased 
power

Stack voltage @ 0.23A/cm2
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• Anode supported cell; LSCF –CGO cathode
• Thin commercial steel interconnect



OAM stack design - Robustness

� Robustness testing:

– 36 + 30 load cycles

– Max Power 3.5 kW

– 3 SU/SD cycles

Load cycles H2 and CH4     Power  Durability    SU/ SD      Durability     

Voltage

Temperature
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� 500+ cycles with alpha 
stacks

Current

• Anode supported cell; LSCF –CGO cathode
• Thin commercial steel interconnect

No change in 
performance



Metal supported cells & stack
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Large increase in MSC stock Cell improvements

Near ASR limit of stacked MSCs

UI at 680°C
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mCHP natural gas PowerCores™

3rd PowerCore generation2nd PowerCore generation
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� DC power: 1440W (80V at 18A)

� LHV DC efficiency: 52%

� AC efficiency: 43% with 170W bop & 94% 
DCAC inverter efficiency

� Built-in water evaporator & start-up burner

� 148 liters - 90kg

� Tested in various labs for >3000h

� DC power: 1455W (58.2V at 25A)

� LHV DC efficiency: 60%

� AC efficiency: 50% with 170W bop & 94% 
DCAC inverter efficiency

� Anode recycle concept with external start-up 
heater

� 35 liters - 30kg

� Tested in-house for >100h



3rd generation PowerCore™

� Natural gas fueled powercore

� Reformer, Heat exchange, stack, 
afterburner, start-up components, 
insulation.

� Easy start-up and controllability

� Specs:
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� Specs:

2011 2013

1kW EOL 1kW EOL

16000h life time >20000h life time

50% net efficiency 55% net efficiency

40l, 30 kg cost reduced

� A system to be installed within 
next 3-6 months, within the 
DKmCHP project

HEX-burner 
module

Pre-reformer

Stack module



APU  applications

Two SOFC stacks specific developed for mobile applications:
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The Light Weight Stack The APU Stack

Each stack provides unique features
The specific application will determine which stack is the right choice



APU specifications

Robust APU 
stack

• Rugged design in cast casing.

• Bolt-on-and-play. Easy installation.
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APU light weight stack

• Light weight, compact design

< 200x200x200mm, all inclusive

> 3kW demonstrated

> 500W/kg demonstrated

> 500h operation demonstrated

• Delivered for UAV demonstrator

• Picture shows a stack from 2009 

• Compact, flat interface.

• Designed for 10g vibration.

• Designed for +5000h operation. 

• 2-4kW power depending on fuel.

• Low pressure drop.

• Seven units built Oct 2011.

• Results from the tests are 
promising.

• Will be the work horse in the 
DESTA project



DESTA JTI project proposal

� Partners
– AVL, TOFC, Eberspächer, Volvo Truck, FZ Jülich

� Main objectives
– 1 year thorough testing of AVL and Eberspächer APU prototypes both with TOFC stacks 

(2012/13)

– Accelerated test of the final DESTA SOFC APU systems to assess the lifetime potential

– Truck integration and demonstration on-board of a Volvo US type heavy duty truck (2014)
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� Technical Targets
– Electrical power � 3kW

– Operation on conventional road diesel fuel

– Lifetime >20,000h (20,000h lifetime is equal to ~5,000 APU operating hours in a typical 
truck operating profile)

– System electrical net efficiency around 35%

– CO2 reduction of 75 % compared to engine idling of a heavy-duty truck

– Start-up time of ~30min

– Noise level ~65dB

– € 1,000/ kW (Cost analysis)



SOFC Stacks for large stationary
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� New Energy
20 kW, landfill gas

� Proto-II
20 kW, methanol, lab unit

Large Stationary: An overview

24 alpha stacks operated by Wärtsilä for 

16

� Methapu
20 kW, methanol, ship unit

� LARGE SOFC
50 kW, natural gas

� DEMO SOFC
50 kW, natural gas & bio fuel 0
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� 24 alpha stacks operated by Wärtsilä for 
>3000 hrs

� Landfill bio-gas
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SchIBZ

� Main objective 
– The aim of the project is to develop and build a demonstrator of a diesel-powered Marine-

APU that can be scaled to 500kW and industrialized after the project.

� Main Targets
– > 50% electrical efficiency using standard 10ppm road diesel

– Develop, build, certify and test 100 kW Demonstrator (onshore, offshore)

– development of ~50 kW stack module (TOFC)
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– development of 500 kW system concept

� Overall project schedule
– Project start Jan 11

– 1 x prototype 10kW stack module Mar 12 (TOFC)

– Delivery ~15 x 10kW stack modules Mar 13 (TOFC)

– Test 100kW demonstrator unit

� on shore 2013

� vessel 2014

– Final design of ~50kW stack module 2014 (TOFC)

– Project finish Dec 14



Manufacturing priorities

� Stable processes

� Robust design 

� QC

– ISO  9001, 14001 and 

� Systematic analysis of cost structure

� Working methods

� Planning, continuous improvement

Reliability

Cost reduction

Capacity
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– ISO  9001, 14001 and 
OHSAS 18001 certification 
by November 2011 



Thank you for your attention


