Hybrid Performance (Hyper) Project:
Controlsfor Fuel Cell Integration
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Objective

Provide solutions to the problems associated with coupling a fuel
cell and a gas turbine in a hybrid power generation facility.

* Public Domain Facility
Stack

- Model and Process Validation &
Power Steam
: Conditioner
b Integratlon Issues _&_> Exhaust l
Gases
Heat . Reformer
Exchangers Pressurized
\ Preheated Air
H H
Compressed Expanded
Air Combustion ol
Rl B )
Products @X 2 % § Fuel
8 <
Slé
ompresso]7 Turbine Generator
Fuel Cell

Pressurized
Combustion
Products

A 4

Air

=TL

Startup
Combustor

Exhaust and

Unutilized Fuel

2K- 5/00



Power Generation Issues Facing the
Utilization of Fuel Célls

Energy is the product of power and time.

Few practical methods to store electrical energy in alternating current form.

Power is current flow as a stiff function of mechanisms of voltage and phase.

The economic desire is to maintain a base load on the most cost effective units

The greatest source of problems stem from material properties.

Reality: faults happen on the grid and within generating unit components.
Processes designed for steady state, base loading have dynamic constraints.
Spinning reserve power demands a premium price.

Inevitably dynamics happen, and controls must protect safety and integrity of
equipment and systems.
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Transient Events. Testing and Analysis

. Start-up and Shut-down

. Load changes on the fuel cell
- Load changes on the turbine/generator

- Fuel cell load following
. Gas turbine load following

. Compressor stall and surge
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Fuel Cell Load Shedding: Excess Fudl to Turbine
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Hybrid Base L oading Operating Condition:
Turbine Over-Capacity to absorb transient
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Experimental Simulation Facility
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Change

Time Scales and

Dynamics Characterized

Absorbing Thermal

Research Plan- Phase |
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Turbine Power Unit Start-Up Dynamic
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Turbine/Generator 45 kW Load Shed Transient:
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Process Control Facility
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Resear ch Plan- Phase ||
Integration of Alternative Fuel Cel I Sl m UI atl On
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Secondary Combustion
System for Independent
APU Speed Control

Load Following
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Resear ch Plan- Phase |V
|ntegration of a Commercial Fuel Cdll
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N=TL

Control System Evaluation:

Mitigating Cross Purposes
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Related NETL Fud Cdl Research

Development of MEMs distributed oontrol Validation of predictive fuel cell models,
for PEM fuel cell flows including dynamic current effects
(with University of Pittsburgh) (step & ripple loads).
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