
Moderate-Temperature Fuel-Flexible Fuel Cell (TRL-4)
Expanded Utility through Manufacturable Processes and More Fuel Options

$$$

$$$

$$$

≥1000°C

≥1000°C

≥900°C

900°C

≥1600°C

≥1100°C

6 hrs.

6 hrs.

6 hrs.

10 hrs.
10 hrs.

10 h
rs.

6 hrs.

6 hrs.

6 hrs.

Today's manufacturing
6 high temperature steps, 10 times the cost for 
raw materials, and over 40 hours to fabricate 
(even when running steps in parallel)

900°C

5 hrs.

$

$

6 hrs.

6 hrs.

≤1400°C

12 hrs.

$ 6 hrs.

Our SSRS process
2 high temperature steps and less than 24 hours 
to fabricate (when running steps in parallel)
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Commercial product prototype for 
remote DG applications (~1-3 kW)
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Estimated Stack Costs*

*10kW stack, 10,000 units/yr
(assuming comparable per-cell power densities)

Estimated System Costs**
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Why not low temperature below 300°C ?
● Very expensive materials
● Expensive platinum catalyst
● Complex and expensive fuel purifying process

Why not high temperature above 600°C ?
● No need for expensive catalyst
● Wider range of fuel flexiblity
● Increase in complexity of system
● Need for materials resisting high temperatures
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What does it take to operate at moderate temperatures ?
● Use of a new proton transport electrolyte,

-> allowing lower-temperature operation (FlexPCFC)
-> not suitable to oxygen transport electrolyte (SOFC)

● Our new patent-pending cathode material enables such opera�on
● End product is a fuel cell that:

-> can run as low as 350°C,
-> outperforms typical SOFCs by a factor of nine at 500°C,
-> is reported in Science magazine.

Duan C. et al., 2015, "Readily processed protonic 
ceramic fuel cells with high performance at low 
temperatures." Science, 349(6254), pp.1321-1326.

An artisanal baker could never make a million cookies. Lab-scale fuel-cell production is no different. 
The entire process is ill-suited to scale-up; from the expensive precursors to the slow, time-
consuming, energy-intensive multi-step processes. Mass production requires cheaper ingredients and 
simplified procedures. Solid-State Reactive Sintering (SSRS) does just that. Combining SSRS with 
proven fabrication techniques used in many other ceramics applications, cheap raw materials can be 
quickly transformed into the main building block of a fuel-cell stack at a fraction of the cost of 
conventional methods. The illustrations below provide a comparative look at the two processes.

PCFC stack cost is lower than SOFC under:
● Hydrogen: PCFC stack has a 45% lower cost than SOFC
● Natural Gas: PCFC stack has a 40% lower cost than SOFC
● Low-temperature operation enables cheaper balance-of-stack

PCFC System has a 40% lower cost than SOFC mainly due to:
● High power density at lower operating temperatures
● Lower cost balance-of-plant components

- Lower heating duty, smaller heat exchangers

Many applications are possible! This fuel cell has multiple options for the types of fuel it can use. A 
single design and set of scalable manufacturing processes can be easily expanded to a number of 
product lines. For example, while propane is a useful fuel for off-grid use in rural or remote locations, 
and backup generator systems, it does no lend itself to applications such as air travel or stationary 
power for buildings in urban areas. By running on methane, it is easily adaptable to distributed power 
generation or even replacing wellhead flaring. It also runs on liquid fuels, which means it can be 
integrated with transportation systems to provide auxiliary power in addition to or lieu of other 

Butane

Propane

Low-degradation on hydrocarbon fuels

FlexPCFC remarkable features:
● LONG stabilities (>1000hrs)
● Fuel-flexible (>10 fuels)
● High-perfromance with HCs
● Wide range of conditions
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