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e Public Domain Facility
e Model and Process Validation

e DOE Program Support
e Coal Syngas Systems

® Integration Issues
e Quantifying Transient Effects
e Component Impact

e Operating Envelope
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Cyber-physical simulations (hardware in the loop) using 1D
distributed fuel cell model data; exhibits real nonlinear power
system dynamics.




Cyber Physical Systems for Research of

Advanced Power Cycles

Cyber Physical Systems are used to replace physical systems that:

1. areirreplaceable,
2. are expensive,
3. not technically viable...yet.
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NSF invested roughly $40 million in support of 37 CPS projects in 2015. Since 2008, NSF has invested
more than 5250 million to build the foundational knowledge underlying all cyber-physical systems.
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Cyber Physical Approach in HYPER
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A Large Scale Cyber Physical Platform

leading energy system development
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Testing 'COZ Cépture, materials, pre- and post-processing, controls with
different gasification technologies

Gasification Converting Coal to Syngas without a Gasifier
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Hybrid Applications

Challenges in Controls Development

€ THERMAL MANAGEMENT

@ FUEL CELL DEGRADATION

@ FUEL FLEXIBILITY

Improving efficiency, system flexibility, and
component lifetime
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€ SYSTEM NONLINEARITY
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Thermal Management in Hybrid Systems NE=TL

Cold Air Bypass Valve
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Thermal Management in Hybrid Systems
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Direct temperature control for fuel cell

hybrid systems:

* More flexibility for temperature
distribution control

* |nsignificant effects on hybrid efficiency




Fuel Flexibility in Hybrid Systems

Syngas to Humidified Methane

Impacts of fuel composition transient in hybrid systems:

* Improves the use of fuel resources
* Load following
* Flexibility to meet fuel and energy prices, tax, and environmental policy
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Control Strategies for Degradation

Lifetime Assessment
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Degradation rate [%/1000hr]

SOFC Degradation Uncertainties

Standalone vs Hybrid (Lifetime)

Lifetime of fuel cell systems under design uncertainties
* Limited experimental data in the empirical degradation

model

Degradation rate model:

rd — (q:U;CCTQ (62.64i _1)
1+ exp(%w—og
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Standalone FC constant power: 1.3 + 0.49 yrs

Standalone FC constant voltage: 2.2 £ 0.70 yrs

Hybrid system constant voltage and power: 18.9 +1.70 yrs
Hybrid system constant voltage: 14 + 1.54 yrs




Advanced Control Methods for Hybrid

Power Plants

Collaborative research with Ames Laboratory and U.S Coast s oo
Guard Academy on highly unconventional controls for power £ o
plant applications i vw §
e Multi variable controls development (MISO, MIMO) %m: o
* Multiple model adaptive estimation o o
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Research Partnerships and
Commercial Developers
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Disclaimer
This report 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 therein 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 favoring
by the United States Government or any agency thereof. The views and
opinions of authors expressed therein do not necessarily state or reflect those
of the United States Government or any agency thereof.
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