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• Premier developer of stationary fuel 
cells with >40 years of experience

• Headquarters and R&D in Danbury, CT 
(USA), with 65,000 ft2 manufacturing 
facility in Torrington, CT (USA)

• Delivering Direct FuelCell® power 
plants to commercial and industrial Danbury, CT – Headquarters,

Company Overview

plants to commercial and industrial 
customers

• 90 MW of production capacity currently
• Expansion plan to achieve 150 MW 

capacity at Torrington facility
• Established commercial relationships 

with major distributors in the Americas, 
Europe, and Asia

Danbury, CT – Headquarters,
R&D, Stack Conditioning

Torrington, CT -
Manufacturing Facility



Direct FuelCell ®

Operating Principle



Features
• Large area (~9000 cm2)
• High utilization of geometric area

Full Size DFC ® Stack

Full-size DFC ® Stack
• High heat capacity (metallic

hardware)
• Robust to thermal variations during

load cycles and trips
• Mass manufacturability



Core Product:
DFC® Cells and Stack Modules
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Product Line 
Based on Stack Building Block
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High Electrical Efficiency
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Grid-Support Applications
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•  Generation Dispatch Previously Market-Based
• Industry Evolving Toward Smart Dispatch-Based
• Distributed and Renewable Resources Involved
• Desired Control Features:

Generation Dispatch & Smart Grid

Smart Grid Dispatch

• Desired Control Features:
- Forward Vision
- Intelligence

FCE has Developed a Novel Dispatch Paradigm 
Incorporating Forward Vision and Intelligence



• Integrated Advanced Control Module (ACM) 
Developed for Control of Power Plant Processes

Advanced Control Module 
Background

ACM Background

Developed for Control of Power Plant Processes
• ACM Adapted for Grid-Connected Load 

Maneuvering of Hybrid Fuel Cell/Gas Turbine 
Systems

• Utilizes Model-Based Dynamic Feedforward
Control and Feedback Control

• Applied to DFC/T and SOFC/T Processes



Advanced Control Module Comprising Neural Network 
Supervisor and Feedback Controller

Supervisor

ACM Control Structure
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• Dynamic Modeling of Fuel Cell/Turbine

Advanced Control Module 
Development Tools

ACM Development

• Decentralized and Centralized Feedback 
Control Design

• Optimal Dynamic Scheduling
• Neural Network Design and Training
• Implementation and Simulation



DFC®/T and SOFC/T Dynamic Modeling
 

Anode

Cathode

Anode

Cathode

HRU

Humidifier

Oxidizer

Ambient Air

Natural Gas

Water

Exhaust

DC/AC
Inverter

Dynamic Modeling

Generator

HRU

~

Direct FuelCell/Turbine (DFC ®/T) Solid Oxide Fuel Cell/Turbine (SOFC/T)

• Lumped-Parameter, Zero-Dimensional, Dynamic Representations
• First Principles-Based Integro-Differential Nonlinear Algebraic Equations
• Matlab/Simulink Platform
• Included: Fuel Cell, Balance-of-Plant Equipment, and Microturbine



Feedback Control Design

Decentralized Control
• Input/Output Pairing via Relative Gain Array Analysis
• PID Type Control
• Iterative Approach to Gain Selection

Feedback Control

• Iterative Approach to Gain Selection

Centralized Feedback Control
• Develop Linearized Model
• Develop Reduced-Order Linear Model
• Linear Quadratic Regulator (LQR) Design
• State Estimation via Kalman Filter
• Evaluate on Nonlinear Plant Model



 Load
Profile
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Optimal Dynamic 
Scheduling

Dynamic Optimization
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Neural Network (Supervisor) 
Development

Neural Network Approach
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Neural Network (Supervisor) Development

Neural Network (Supervisor)
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Dynamic Neural 
Network Structure
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Training Procedure for Neural 
Network Supervisor

Neural Network Training

Load
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Performance is 0.00261283, Goal is 0 NN 2

Neural Network Training Performance

Neural Network Training
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Evaluation of ACM for DFC ®/T 300 (2 kW/min Ramp)

ACM Results
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