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What the workshop should take home

Not a project chronology: a technical map of what we encountered and how we managed it

Multi-fuel operation changes chemistry, flows and heat
balance

Industrial integration introduces safety, certification and
maintainability constraints

e Critical components are not always commercially
mature

e Controlis part of stack protection — not only plant
automation

The challenge is not only making a stack work.

It is making the entire system operate safely, stably and
repeatedly under real constraints.

Focus on: criticalities @ decisions = solutions
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Why multi-fuel SOFC is difficult

Fuel flexibility is valuable, but every fuel changes the operating equilibrium

: fast dynamics + different thermal balance
0 H, no reforming

B Naturalgas reforming required steam +temperature sensitivity

. Biogas diluted CH, + CO, higher flows + variable composition

keep gradients and utilization within limits

B Switching  transients

Fuel switching changes the entire
thermal and chemical equilibrium.
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The real challenge: system integration

The SOFC stack is only one part of a coupled thermal-chemical-safety system

MATERIAL

A03: PVC

From P&ID to operable plant
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gas mixing and conditioning

anode off-gas recirculation

heat recovery and high-T exchange
startup, purge and safe shutdown
instrumentation, HMI and ESD logic
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SO-FREE ICI
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Patent-protected ICI architecture

The architecture is not a drawing exercise: every line
affects controllability, safety and maintainability.
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Criticality #1 — Thermal management

Thermal stability was the design driver: gradients and transients can damage the stack

What we had to con

e stack gradients

e reforming heat demand

* hot-side recovery

e startup and switching ramps
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Solution: heat integration + con
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rolled ramps + adaptive air/recirculation
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Criticality #2 — Anode recirculation

A key enabling loop for steam management — and one of the hardest industrial components
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Why it is needed Why it was critical How we managed it
Recirculation provides steam for methane Hot, variable, chemically aggressive gas; Adapted available component, operated with
reforming without external water supply. no ideal commercial blower available. strict margins and dedicated control constraints.

Architecture covered by ICI patent

This project has received funding from the European Union’s Horizon 2020 ’

SO-FREE workshop | technical integration view research and innovation programme under Grant Agreement 101006667 POWERING EVOLUTION



Criticality #3 — Multi-fuel control and methane bypass

Controlwas essential for stack protection, not only for automation
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Technical problem

When fuel composition changes, stack temperature control
becomes coupled with reforming, flow rates, utilization and

recirculation.
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Implemented solution

Patented methane bypass concept + supervisory logic to realign

flows, steam balance and thermal conditions.

Architecture covered by ICI patent
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Criticality #4 — Safety & industrial integration

Hydrogen, methane, high temperatures and unavoidable stack leakage must be designed as one system
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Safety directly influenced architecture, layout, component selection and operating sequences.
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Criticality #5 — Stack-agnostic architecture

Standardized interfaces are thermal, operational and safety interfaces — not only mechanical ones

Clamping chain
Tightening torque: 7 Nm

KF flange to module
material: 1.4841 (AlS/ 314)

Mica gasket

Flange to the system
material: 1.4841 (AlS/ 314)

Each pipe has a bellow to
compensate the differences in:
* Xy+8mm

¢ z+15mm

+ angle+30°

Stack 1
Type: elcoStack™ E3000
Serial number: 22002501300023
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Two temperature classes

~600°C and ~850°C stack families require different
margins and controls.

Standardized services

Air, fuel, exhaust, signals, limits, purge and
shutdown philosophy.

Real integration value

The BoP must protect different stacks without
redesigning the whole plant.

Stack interface # only mechanics
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What we built and measured

Functional testing gave positive evidence on operation, control stability and fuel flexibility

>5 kW ~50% ~56% 0-100% 24/7

H,/ CH, fuel range

stack power achieved net electrical net electrical efficiency . : endurance campaign
. tested including S
vs 5 kW target efficiency on H,, LHV on CH,, LHV blends objective
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o SECCIEZiZiELfCTEdEig 5505855586888 4+%
setpoint H2 setpoint CHA4 stack POWER —selpoint CH4  ssstack POWER
H,: power follows fuel setpoint; stable trend during ramp and steady operation. CH,: reforming + recirculation managed while maintaining stable power response.

Numbers are used here only as technical evidence; the techno-economic discussion is covered separately.
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Industrial realities encountered

Some of the hardest problems were not electrochemical — they were BoP, supply-chain and durability problems

High-T heat exchangers Solenoid valves Thermal insulation Integrated plant
pressure, footprint, thermal duty availability, cost, operating range high temperature + mechanical maintainability + access + layout
support

Main lesson: component maturity and supplier ecosystem can dominate industrialization risk.

This is why SOFC industrialization is a system-engineering challenge — not only a stack-performance challenge.
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Final message
The challenge is not only making a SOFC stack work.

Itis transforming it into a reliable industrial energy system.

{ thermal integration J { anode recirculation } { adaptive control J [ safety-by-design J [ component maturity J
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