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SPS acquired Atrex Energy and formed a new company including several former LG 
engineers and technicians

2000
SOFC Division started 
at Acumentrics formed 
in Westland, MA  

10 Watts

25 Watts

2001
1st 1kW NG Prototype

2005
5kW NG Prototype

2002
5000W APU Core 
Module

2000                 2001 2005 2011 – 2012                            2016                          2019

2009
1st Remote 
Demonstration on NG

2011 - 2012
1st Commercial Sales & 
SOFC Product Suite 
(2012)

250W to 1.5kW
2016
Acumentrics  SOFC 
becomes Atrex Energy

CSA Certification for NG 
& LPG Systems

2019
Special Power 
Sources purchases 
Atrex Energy 

Enters in Strategic 
Partnership with 
Advanced Tech 
Works (ATW)  for 
Manufacturing 
and Field  Services

Relocates  assets 
to Alliance OH

Special Power Sources, LLC – Privileged and Confidential
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Company History



Radio Network Tower in Alaska

Cathodic Protection Site in Wyoming

Field Installation Examples

Wellhead Controls in New York

• 600+ systems previously fielded across N America

• 6,000,000+ hours of field operations

• Single unit operations of 35,000+ hours (25X)

• 99+% availability…when it must work in high-intensity 
cell applications…it will



Objective

• Develop and optimize a YSZ electrolyte-based solid oxide fuel cell 
(SOFC) technology for low cost, low temperature (550~650°C), 
and high energy efficiency operation. 

• The developed technology will be implemented and 
demonstrated in a high efficiency 2-3kW SOFC with applicability 
to sub-MW system.

• A modular design and cost analysis will be performed.



2.1 Cathode Current Collector Development

• Screen printed Ag current 
collector mesh pattern

• Long-term bundle test shows 
improved and stable performance

• New manufacturing specification 
developed to reduce cost

No loss of voltage for thermal cycles!



2.2 Thin Electrolyte

              

  
  
   
  

 
  
  
  
   
 
  
   
  
  
  
  

                                            

                                            

• Electrolyte slurry formulated with 
different solids loading and applied with 
varying spray parameters

• Clean room installed to minimize possible 
defects caused by the processing 
environment

10µm electrolyte provides improved 
performance and sufficient sealing



• PrOx infiltration initially chosen
• Cathode delamination issues became evident
• Improved barrier layer developed with better densification

• Robust process developed with 100% pass rate on recent batches
• Additional cost is only ~$1/tube for ~3.5% improvement

2.3 Effect of Cathode Infiltration

Delamination
After Infiltration

Avg improvement 
0.027V

Tubes with improved barrier layer



• Ce-Ni and GDC 
showed similar 
improvement

• Results of Cu-wash 
were inconsistent, 
but process kept for 
carbon formation 
considerations

2.4 Effect of Anode Infiltration

2nd Infiltration not helpful



2.5 Internal Reforming Validation

• 53% Dceff at standard 
operating conditions 
with Natural Gas

• Improved performance 
reduces CAPEX or OPEX



2.5 Internal Reformer Validation - LPG 
Carbon Prevention with Internal Recycle

Potential for Carbon Increases with:
• Lower temperature
• Lower Fuel Utilization (FU)
• Lower CPOX O/C ratio

Anode Recycle Ratio must be increased to 
compensate.

Target O/C = 0.6, ARR = 3-4
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2.5 Internal Reformer Validation
CFD Modeling to achieve required ARR

Inlet (Primary)

Entrained (recirculated) anode exhaust (Secondary)

Oxygen flow (all active surface)

    ” O  f c 
Velocity = 72 m/s
ARR = 0.2

    ” O  f c 
Velocity = 830 m/s
ARR = 3.2

US Patent: 9,590,260
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Internal Reforming with LPG – Single Tube

• 44% Dceff at standard 
operating conditions 
with LPG
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ST181/ST262 - 750°C

C7X-343 C9X-62 C13-52

D7X-44 D7X-68

Task 2.6 Result 
of Combined 
Effects

Final Process

• Cells reduced

• Anode/Cathode infiltration

• Thermal treatment to 400C

• Anode Cu wash

• CCC screen print

750°C

650°C

0.836

0.736
Std Production

Higher Power of new tubes at same Vop: 
➔ 54% more at same temperature
➔ 33% more at 100°C lower temp

0.796

0.787

0.801



2.6 Combined Testing
5000-hour Bundle Test

Commercial bundles operation 750-775°C

Targeting low temperature operation 650C-700°C

Test started week of 5/9/2022

Completed 5000 hours Dec 13, 2022

20 tube bundle in a full system

Capable of 625W rated power

DC efficiency > 40%
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Performance Summary – nearing 8000 hrs

• Operation at 650-750°C
• Power from 25 to 140% of 

rated power (500W)

Efficiency degradation: 
1850 to 7700 hrs: 0.21%/khrs
5000 to 7700 hrs: 0.70%/khrs

Test to restart and continue



Task 4.3 – 2.5kW Test Build in Progress



Modeling 1 Megawatt using ChemCad
M d        s d    DOE sys     “Distributed Generation as a Potential Market for SOFC“
Simulate DOE baseline case as benchmark
Use model to simulate similar system with SPS fuel cells for performance comparison

Mechanical Design of 5 to 10 KW Module
Building block for 1 MW system
Use for costing purposes

Task 4.4 – Megawatt Performance, Cost, 
and Reliability Feasibility
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SPS 2.5kW Hot Box Concept

• Original design cost 
estimated

• New concept design also 
being developed for 
comparison
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SPS 10kW System Concept

Concept based on 2 (two) parallel 5kW system, each using 2 (two) 2.5kW modules
Desulfurization on the top, Controls on the side



Desulfurizer Banks

Controls Cabinet

2.5kW Modules (4)

SPS 10kW System Concept



2.5kW Fuel Cell System

Rooftop Solar Power
1-4kW, $3500-14,000

32kW-hr Battery Storage ($15K)

12kW Peak 
Inverter ($3K)

• Batteries sized for 10kW peak load for 4 hours
• Fuel cell can power system without solar
• 24 - 48 hour down-time capacity

Off-Grid, Fuel Flexible Energy System



Summary

• Improved fundamental cell technology has been demonstrated at 
single tube and system scales which has improved power output 
by 33% while operating at 100°C lower temperature, or 54% 
while operating at the same temperature.

• SPS patented internal recycle arrangement is being developed to 
operate heavier hydrocarbon fuels directly in a compact, high 
efficiency system.

• System testing is ongoing to prove out long-term durability of cell 
improvements.

• System designs at 5 and 10kW are being developed for cost study 
as well as toward pursuing commercial opportunities.



Acknowledgement

• Special thanks to DOE project managers Shailesh Vora, Jason Montgomery, Sarah Michalik and 
the entire SOFC program management team

• This material is based upon work supported by the U.S. Department of Energy, National Energy 
Technology Laboratory under Award Number DE-FE0031674.

• Disclaimer: This presentation was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States government nor any agency thereof, nor 
any of their employees, makes any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness or usefulness of any information, apparatus, 
product, or process disclosed, or represents that its use would not infringe privately owned 
rights. Reference herein to any specific commercial product, process, or service by trade name, 
trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favouring by the United States Government or any agency thereof. The 
views and opinions of the authors expressed herein do not necessarily state or reflect those of 
the United States Government of any agency thereof.


