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Introduction

Part of M-C Power's Technology Development Program1, this Molten Carbonate Fuel
Cell (MCFC) power plant is designed to supply 250kW of electricity to Naval Air Station (NAS)
Miramar.  It also cogenerates steam for the district heating system.  The power plant is a fully
integrated unit incorporating an advanced design fuel cell based on years of laboratory tests and a
prior field test.  This demonstration incorporates many innovative features,  one of which is the
plate type reformer which processes the natural gas fuel for use in the fuel cell.  This project has
been made possible through the technical and financial contributions of many organizations.
Including,  The Advanced Research Project Agency, Bechtel Corporation, Electric Power
Research Institute, Gas Research Institute, Institute of Gas Technology, Ishikawajima-Harima
Heavy Industries Co., Ltd,  NAS Miramar, San Diego Gas & Electric, Stewart & Stevenson, and
The U.S. Department of Energy.

M-C Power Corporation has completed the design, fabrication and conditioning of a—
250-cell— fuel cell stack. The stack has been shipped to the site were it will be installed, tested
and evaluated as a 250kW Proof-of-Concept MCFC Power Plant.  The plant was originally going
to be located at Kaiser Permanente's San Diego Medical Center in San Diego, CA.  However,
after thorough investigation of the costs involved and the advantages and disadvantages that this
site had to offer the site was relocated to the Miramar Naval Air Station (NAS) in San Diego,
which offered significant advantages, including an anticipated cost reduction for the installation
and operation of the power plant.  Also, the Navy personnel at the Miramar NAS are very
enthusiastic and cooperative about this project, which M-C Power feels has been a great benefit
during the construction and installation stages of the project.  We anticipate that their enthusiasm
will carry over and prove beneficial during plant start-up and operation as well .

Objectives

The objective of this project is to demonstrate that the expected benefits of fuel cell
technology—high efficiency, very low environmental impact, and cost effectiveness—can be
achieved under commercial operating conditions and capacities.  Supporting development
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programs involved systems integration, control automation, fuel cell component design and
manufacturing improvement, factory testing of the fuel cell , and modular (skid mounted)

construction offsite.  Additional activities concerned the shipment of plant modules to the site,
installation, and systems testing prior to plant startup.

 The power plant has been designed for compatibility with the SDG&E electrical
distribution grid.  Design goals for this power plant incorporate the results of product definition
work and market research performed over the past few years.  Design goals for the PDT
demonstration unit include:

(1) High electrical and overall efficiency
(2) Cogeneration acceptability
(3) Environmental acceptability
(4) Size Acceptance (size, aesthetics)
(5) Ease of operation (start-up, shutdown, unattended operation)
(6) Reliability, availability, maintainability and safety.
(7) Potential for cost competitiveness

Approach

The project, defined as MCFC Product Development Test (PDT), has been developed in
accordance with DOE guidelines under the cooperative agreement established between M-C
Power and the DOE.  DOE is funding the design, manufacturing and fabrication of the 250kW
stack for the SDG&E power plant.  All costs associated with the necessary BOP are funded by
GRI. Funds for testing  of the demonstration power plant are being provided by the DOE. The
DOD's Advanced Research Projects Agency (ARPA) has funded the site relocation to Miramar
and a 20kW stack test. The remaining funding is being supplied by Bechtel Corporation, the
Electric Power Research Institute (EPRI), Gas Research Institute (GRI), San Diego Gas &
Electric (SDG&E) and Stewart & Stevenson (S&S).

  M-C Power is managing the overall project, working closely with their sponsors.
Bechtel Corporation is responsible for the design, detailed engineering, construction management
and start-up of the MCFC PDT power plant.  Stewart & Stevenson, Inc. (S&S) has fabricated the
balance of plant (BOP) on equipment skids, including all the equipment skid's internal piping and
required valves.  SDG&E has performed some site construction work with its own staff, with the
remainder of the construction activities completed by craft labor under subcontracts with
SDG&E.  This organization structure was formed for the specific purpose of combining the
professional, technical, and managerial resources required to successfully complete the PDT
demonstration project and to move MCFC technology  toward commercialization.

Project Description
The MCFC PDT Demonstration is an integral part of the M-C Power Team's

comprehensive commercialization program aimed at bringing on-site MCFC power plants to the



commercial market by the late 1990s.  A key element of the commercialization effort involves the
design and field verification of on site power plants.  This is the main objective of the 250kW
demonstration at the Miramar NAS.

The project has been divided into seven separate tasks,  most have already been completed
at this stage of the project.  A break down of the tasks is as follows: Management Plan;
Demonstration Design; Stack Manufacturing;  Balance-of -Plant Fabrication; Site Work; and
finally, Power Plant Testing.  Each task has been further subdivided with responsibility for
completion of each sub-task being delegated to the appropriate team member.  A seventh Task
"Site Change and Verification of Improvements"  was made when the project site was moved to
NAS Miramar.

Task 1 Management Planning

Overview.  The major focus of Task 1 is the Management of the overall project.  This
includes the gather information regarding permitting and environmental requirements  relating to
the project.  The project organization is led by M-C Power Corporation as the prime contractor
with the Department of Energy and the Gas Research Institute.  Bechtel Corp. is responsible for
system design along with procurement and construction management.   Stewart & Stevenson is
responsible for skid assembly and shop testing  while SDG&E is responsible for site-related
construction  and interfacing activities.

M-C Power and SDG&E have prepared an environmental assessment which contains the
information necessary to allow DOE to prepare documentation to support a request for a
categorical exclusion.  A categorical exclusion has been received.

Task 2 Design

Overview.   The focus of Task 2 is the design of the demonstration power plant unit.
This work includes both the stack design and balance-of-plant.  The goal is to have an integrated
system which can verify preliminary design concepts for the market entry unit. This task has been
completed.

Stack Design.  The stack design is based on established technical, environmental, and cost
goals for the integrated MCFC power plant system.  The design takes into consideration
manufacturing simplicity, stack cost, reliability, safety, maintenance requirements, and overall
performance necessary to achieve MCFC power plant performance goals.  A HAZOP  analysis
was completed as part of this task.

Overcoming cost penalties associated with transitioning product and process requirements
from R&D toward commercialization is being addressed.  The stack design has been upgraded
using data from applied research, component development studies, pneumatic and structural
analyses, and data analysis from the operation of sub-scale, short stack, and full size stacks.



BOP Design.  The goals of the PDT demonstration include producing a compact and
highly integrated plant.  To help achieve this, the construction concept for the plant is to shop
fabricate and minimize field erection.  This concept will promote efficient packaging and allow for
significant pretesting, while improving quality of construction while saving time and  reducing
costs.

Stewart & Stevenson was responsible for the detailed engineering of the skids including
the design, engineering, and procurement of the piping, instrumentation, controls and structure.
Bechtel coordinated with Stewart & Stevenson for the necessary design interface between the
skids and the rest of the plant.  This was an iterative process.  As the fabricators found out that
the skid configuration demanded process changes, the process design and piping and
instrumentation diagrams were revised accordingly.  All design work has been successfully
completed.

Task 3  250-kW Stack Manufacturing and Assembly

 Stack Manufacturing.  The  250-cell stack is the basic building block for all M-C Power
MCFC power plant applications.   We have developed a manufacturing plan which has guided and
directed the manufacturing of stack components.  Installed and qualified commercial scale tape
casting and sintering equipment are in place to manufacture anodes, cathodes, matrices, and
electrolyte sheets.  Separator plates were stamped by a company that manufactures formed-plate
heat exchanger with plan areas up to 15ft2.  Fabrication variables which affect part quality were
defined and incorporated in a comprehensive QA/QC program.

Testing and Shipping. Stack pre-conditioning is followed by an acceptance test.  The
acceptance test is used to verify that the stack meets performance, leakage, crossover, and
electrical isolation specifications.  The stack is operated to verify performance and demonstrate
mechanical and electrical integrity.  The stack was operated for 200 hours and reached  an output
of 104kW which exceeds the rated capacity of the stack conditioning and test facility. This sub-
task has been successfully completed

Following acceptance testing at M-C Power, the stack was placed into shipping fixtures
for transport to the demonstration site.  Shock and tilt detection devices are attached to the
shipping container to verify that shipping and handling have been completed without exceeding
maximum load specifications.

Task 4  Balance-of-Plant (BOP) Fabrication

Skid mounted subsystems were assembled by Stewart & Stevenson based upon Bechtel's
design.  Stewart & Stevenson participated in review of Bechtel's design for "constructability,
maintenance, and cost."  Stewart & Stevenson  prepared its skid design based on Bechtel's
process design.  The design allows for routine shipment and easy installation and interconnection
at the field site.  Stewart & Stevenson has insured that components are integrated into functioning
subsystems through factory testing prior to shipment to the demonstration site.



Design of the electrical panels and cabinets was performed by Bechtel and assembled by
SDG&E.   The inverter and control panels are located in an electrical and control building. The
reformer, desulfurizer, and gas preheater exchanger are located in close proximity to the fuel cell
stack.  The recycle blowers, and turbo compressor are located on the skid fabricated by Stewart
& Stevenson.  This task has been successfully completed

Task 5 Site Activities

A site construction plan was prepared to guide all plant installation activities.  SDG&E
engineers worked closely with Bechtel to identify the existing site conditions,  define interface
requirements, and develop the site construction plan.  All installation activities were thoroughly
documented through photographs and in writing.  Bechtel  worked with SDG&E to insure that all
subcontractors performed their work in accordance with the bid documents, the construction plan,
and installation specifications.  Prior to turnover of the constructed facility to the Bechtel/SDG&E
start-up team, pressurized components have been cleaned and leak tested, rotating equipment has
been powered and checked for vibration.  Continuity checks will verify component
interconnections.  All instrumentation and control circuits are being checked against the design
specification.

Task 6 Testing Plans

Testing.  M-C Power, Bechtel, SDG&E and NAS Miramar have established technical
objectives and goals for the plant operating period.  These goals have guided preparation of test
plans and procedures for both steady-state and transient testing.  The test plans have been
designed to verify plant operating characteristics at power levels from idle to rated and during
start-up and shutdown sequences.  Each of the components undergoing Proof-of-Concept testing
has been included in the test plan which  identifies expected process flow, temperature and
pressure data, electrical output and fuel consumption, emissions, and other pertinent data.  Special
instrumentation procedures and emission data requirements will be identified prior to start-up.
The plan  includes methods for acquisition and analysis of plant operating data and will specify
post test dismantling and inspection procedures for the stack, reformer, and other equipment.

Task 7 Site Change and Improvement Verification

This task, funded by ARPA, included permitting, site investigation, and site design
activities related to the relocation of the project to NAS Miramar. This task has been successfully
completed.

Results

Project Status. The 250kW MCFC stack was manufactured, assembled and acceptance
tested at M-C Power, prior to shipment to the job site at NAS Miramar.  Shipment of the stack
occurred on August 1, 1996.  The BOP, which includes fuel processing, thermal management/heat



recovery, controls and power conditioning systems, has been integrated into a power plant system
that was shop tested at Stewart & Stevenson's manufacturing plant in Houston, Texas.  The BOP
skid was shipped at the beginning of this year.  It has since been installed and field tested, to
ensure that all systems have been checked thoroughly, prior to the fuel cell stacks arrival.  The
reformer completed factory testing last year and was subsequently shipped to the site where
installation took place earlier this year.  It too, has undergone field testing to verify that it did not
sustain any damage during shipping.

Control and startup procedures for the SDG&E power plant have been reevaluated based
upon the lessons learned during the Unocal process and control test and initial runs. The 250kW
PDT power plant will be operated for approximately a one (1) year test period.  Data gathered
during the power plant operation and maintenance will be analyzed by M-C Power, Bechtel and
SDG&E personnel.  Conclusions and recommendations drawn form this analysis will be used to
define future natural gas fueled MCFC power plants that are fully responsive to the needs of
potential customers.

Applications and Benefits

Applications.  Power generation applications range from central station power plants
through small on-site cogeneration systems to transportation applications.  Each application has
specific technical and functional requirements, which determine the feasibility of fuel cells. Not
only do these requirements determine the applicability of fuel cells they can also lead to the
selection of a specific type of fuel cell technology.  Based on technology characteristics and
marketplace requirements, M-C Power's efforts are focused on stationary power generation
opportunities for MW-class base-loaded and intermediate-loaded distributed generation
applications.  This market niche is best served with fuel cell systems.  Other systems, such as
advanced turbines and engines, are not as competitive because of their lower efficiency and high
pollution characteristics.

The following table illustrates the application options by function of facility and the market drivers
for several broader market segments.

Segments/Groups Application Options Market Drivers

Distributed
Generation

Substation Sites
Customer Facilities
Business Parks
Resid./Com. Developments

T&D Benefits
•  T&D Deferrals & Losses
•  Reliability/Quality
•  Environmental Credits
•  Spinning Reserve Credits
•  Reserve Margin
Customer Retention
Enhanced Customer Services



Commercial Buildings Hospitals
Large Hotels
Large Office Buildings
Computer Centers
Retail Sales Complexes
Multi-family Residential
Correctional Facilities

Lower Cost Energy Service
Cogeneration Opportunities
Environmental Offsets
Improved Quality/Reliability
Energy Independence

Industrial Facilities Electronics Equipment Mfg.
Food Processing
Plastics & Rubber
Textiles
Chemical Processing
Petroleum
Stone, Clay, & Glass
Metal Fabricating Mfg.
Manufacturing Plants

Environmental Offsets
Lower Cost Energy Services
Improved Quality/Reliability

Opportunity Fuels Water Treatment Facilities
Landfill Sites
Industrial By-product Fuels
Bio-Mass Fuels

Low Cost Alternate Fuels
Environmental Offsets
Waste Product Fuels

Compressor Stations Auxiliary Power
Primary Power

Environmental Offsets
Energy Independence

Benefits. Fuel cells in general have several inherent benefits over conventional power
generation technology.  They have been envisioned as an alternate technology for almost all the
applications currently served by conventional equipment -- such as reciprocating engines, combus-
tion turbines, combined cycle gas turbines and steam turbines.  The primary drivers behind fuel
cell development are high efficiency and minimal environmental impact.

Future Activities

 Future work for the Product Development Test includes the completion of site installation
and power plant integration activities. The stack will arrive at the NAS Miramar on August 7,
1996.   Upon integration of the system the plant will under go process and control testing. These
activities are expected to be completed in the fall, with power plant start-up immediately
following.  Operation and testing is anticipated to last for approximately one year.
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