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Abstract: Fuel cells are an environmentally clean, quiet, and a highly
efficient method for generating electricity and heat from natural gas and
other fuels. In fiscal year 1993 (FY93), the Engineer Research and
Development Center, Construction Engineering Research Laboratory
(ERDC-CERL) was assigned the mission of managing the DOD Fuel Cell
Demonstration Program. Specific tasks included developing turnkey PAFC
packages, devising site criteria, screening candidate DOD installation sites
based on selection criteria, evaluating viable applications at each
candidate site, coordinating fuel cell site designs, installation and
acceptance of the PAFC power plants, and performance monitoring and
reporting.

CERL selected and evaluated 30 application sites, supervised the design
and installation of fuel cells, actively monitored the operation and
maintenance of fuel cells, and compiled “lessons learned” for feedback to
fuel cell manufacturers. At the conclusion of the demonstration period,
each of the demonstration fuel cell sites was given the choice to either have
the fuel cell removed or to keep the fuel cell power plant. This report
presents a detailed review of a 200 kW fuel cell installed at Edwards Air
Force Base (AFB) and operated between July 1997 and July 2002.

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. Citation
of trade names does not constitute an official endorsement or approval of the use of such commercial products. All product
names and trademarks cited are the property of their respective owners. The findings of this report are not to be construed as
an official Department of the Army position unless so designated by other authorized documents.

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR.
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Preface

In fiscal years 93 and 94, Congress provided funds for natural gas utiliza-
tion equipment, part of which was specifically designated for procurement
of natural gas fuel cells for power generation at military installations. The
purchase, installation, and ongoing monitoring of 30 fuel cells provided by
these appropriations has come to be known as the “DOD Fuel Cell Demon-
stration Program.” Additional funding was provided by: the Office of the
Deputy Under Secretary of Defense for Industrial Affairs & Installations,
ODUSD (IA&I)/HE&E; the Strategic Environmental Research & Devel-
opment Program (SERDP); the Assistant Chief of Staff for Installation
Management (ACSIM); the U.S. Army Center for Public Works (CPW); the
Naval Facilities Engineering Service Center (NFESC); and Headquarters
(HQ), Air Force Civil Engineer Support Agency (AFCESA).

The work was performed by the Energy Branch (CF-E), of the Facilities
Division (CF), Construction Engineering Research Laboratory (CERL).
The CERL Principal Investigator was Franklin H. Holcomb. Part of this
work was done by Science Applications International Corporation (SAIC)
under General Services Administration (GSA) contract No. 5TS5703C166.
J. Michael Torrey and John F. Westerman are associated with SAIC. Dr.
Thomas Hartranft is Chief, CEERD-CF-E, and L. Michael Golish is Chief,
CEERD-CF. The associated Technical Director was Gary W. Schanche,
CEERD-CVT. The Director of CERL is Dr. llker R. Adiguzel.

CERL is an element of the U.S. Army Engineer Research and Development
Center (ERDC), U.S. Army Corps of Engineers. The Commander and Ex-
ecutive Director of ERDC is COL Richard B. Jenkins, and the Director of
ERDC is Dr. James R. Houston.
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Unit Conversion Factors

Multiply By To Obtain
acres 4,046.873 square meters
cubic feet 0.02831685 cubic meters
cubic inches 0.00001638706 cubic meters
degrees (angle) 0.01745329 radians

degrees Fahrenheit

(5/9) x (°F - 32)

degrees Celsius

(5/9) x (°F - 32) +

degrees Fahrenheit 57315, kelvins

feet 0.3048 meters
gallons (U.S. liquid) 0.003785412 cubic meters
gz(rjs)epower (550 ft-Ib force per sec- 745.6999 watts

inches 0.0254 meters

Kips per square foot 47.88026 kilopascals
Kips per square inch 6.894757 megapascals
miles (U.S. statute) 1.609347 kilometers
pounds (force) 4.448222 newtons
pounds (force) per square inch 0.006894757 megapascals
pounds (mass) 0.4535924 kilograms
square feet 0.09290304 square meters
square miles 2,589,998 square meters
tons (force) 8,896.443 newtons

tons (2,000 pounds, mass) 907.1847 kilograms
yards 0.9144 meters




ERDC/CERL TR-06-19

1.1

Introduction

Background

In fiscal year 1993 (FY93), the U.S. Congress appropriated $18 million to
advance the use of phosphoric acid fuel cells (PAFCs) at Department of
Defense (DOD) installations. An additional $18.75 million was appropri-
ated in FY94 to expand the program. The Engineer Research and Devel-
opment Center, Construction Engineering Research Laboratory (ERDC-
CERL) was assigned the mission of managing the DOD Fuel Cell Demon-
stration Program. Specific tasks included developing turnkey PAFC pack-
ages, devising site criteria, screening candidate DOD installation sites
based on selection criteria, evaluating viable applications at each candi-
date site, coordinating fuel cell site designs, installation and acceptance of
the PAFC power plants, and performance monitoring and reporting.

Thirty DOD fuel cell sites were selected based on the following criteria:

1. Geographic diversity
2. Application diversity
3. Fuel cell utilization at site
4. Energy cost savings.

The first two criteria are related more to overall program goals; the last are
typical criteria for most fuel cell evaluations. It was important for the DOD
Fuel Cell Program sites to represent a cross section of both “base” (includ-
ing climate) and “building” applications. It was also important to identify
applications where a high percentage of the fuel cell thermal and electrical
output could be used at the site to demonstrate the greatest benefits.

Energy savings were less important in this Program than is typical with
commercial applications since fuel cells purchased by the DOD were given
to the Program sites. The economic criteria for each application was to
generate at least $25,000 per year in energy savings, which would essen-
tially cover annual maintenance costs. This would enable the fuel cell to
pay for itself once the responsibility for maintenance was turned over to
the base (after approximately 5 years).

The program followed a consistent approach for selecting sites, designing
and reviewing installation plans, installing and maintaining the fuel cells,
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collecting fuel cell performance data and project decommissioning. This
involved:

1.

Preliminary Screening. Base energy data from the Defense Energy In-
formation System (DEIS) were used to rank DOD sites by utility rates
and potential fuel cell energy savings. DOD base personnel were con-
tacted to identify their interest in hosting a fuel cell demonstration unit
and identify a preliminary list of potential building applications. The
Navy and Air Force provided an initial list of candidate sites for consid-
eration.

Site Visits. ERDC/CERL and Science Applications International Corpo-
ration (SAIC) representatives visited each base, evaluated potential fuel
cell application sites and discussed possibilities with site personnel.
Data on energy consumption and rates, hours of operation, availability
of space, etc. were collected during the site visit.

Site Evaluation Reports. SAIC prepared a site evaluation report*
documenting site information, presenting conceptual fuel cell installa-
tion plans, estimation of electrical and thermal energy savings, and
projected fuel cell energy savings. Based on the viability of the pro-
posed fuel cell application, the base was accepted as a program site.
Kick-off Meetings. ERDC/CERL, SAIC, United Technologies Corp.
(UTC) Fuel Cells (formerly ONSI Corp. and International Fuel Cells)
and site personnel met to review the site evaluation report, discuss
relevant issues, schedules, and any other concerns. UTC Fuel Cells col-
lected site data for use in preparing the detailed site installation draw-
ings.

Design Review Meetings. Detailed design drawings were submitted by
UTC Fuel Cells for review by ERDC/CERL, SAIC, and site personnel.
Specific issues related to the design were discussed and UTC Fuel Cells
would incorporate changes to the drawings based on the input re-
ceived.

Acceptance Tests. Installation of the fuel cells was the responsibility of
UTC Fuel Cells. After the fuel cell installation was completed, a series
of tests were performed to validate fuel cell performance. On successful
completion, the fuel cell was turned over to the base, but operation and
maintenance remained the responsibility of UTC Fuel Cells for ap-
proximately 5 years. Appendix A includes a copy of the acceptance test
report.

* Michael J. Binder, Franklin H. Holcomb, and William R. Taylor. (March 2001). Site Evaluation for Appli-
cation of Fuel Cell Technology: Edwards AFB, ERDC/CERL Technical Report (TR) 01-60/ ADA395031,
paa. Champaign, IL: Engineer Research and Development Center, Construction Engineering Research
Laboratory (ERDC-CERL).
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1.2

1.3

7.

Dedication Ceremonies. Many of the fuel cell sites held a fuel cell dedi-
cation ceremony as part of their program participation. Often, dignitar-
ies such as Generals and State Governors were in attendance.

Fuel Cell Operations. The fuel cells operated for 3 to 5 years. UTC Fuel
Cells was responsible for maintenance of the power plant as well as col-
lection of fuel cell performance data.

Fuel Cell Decommissioning. At the conclusion of the demonstration
period, UTC Fuel Cells was responsible for removing the fuel cell and
returning the site to the its condition before to the fuel cell installation.
Each of the FY93 fuel cell sites, including Edwards AFB was given the
opportunity to keep the fuel cell power plant at the end of the demon-
stration and take responsibility for all costs and issues related to opera-
tion, performance, and decommissioning.

This report presents a detailed review of a 200 kW fuel cell installed at
Edwards Air Force Base (AFB). The base is located in near Palmdale, CA,
approximately 60 mi north of Los Angeles. The fuel cell was installed at
the hospital as part of the DOD Fuel Cell Demonstration Program. The fuel
cell operated between July 1997 and July 2002.

Objectives

The overall objectives of the Fuel Cell Demonstration Program were to:

demonstrate fuel cell capabilities in real-world situations
stimulate growth and economies of scale in the fuel cell industry
determine the role of fuel cells in DOD'’s long-term energy strategy.

The specific objective of this part of the program was to give a detailed re-
view of the PAFC fuel cell demonstration at Edwards AFB.

Approach

The review process involved:

1.

w

Collecting data from stage of the Fuel Cell Demonstration Program at
Edwards AFB

Analyzing the data in terms of the technology’s capabilities, perform-
ance, and potential for a continuing role in the DOD’s long-term energy
strategy

Compiling lessons learned from the demonstration experience

Making recommendations for continued/improved use of the technol-
ogy at DOD installation.
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1.4 Mode of Technology Transfer

Results of this work will be forwarded directly to the funding sponsor and
to the participating installation. This report will be made publicly accessi-
ble through the World Wide Web (WWW) at URLSs:

http://www.cecer.army.mil

http://www.dodfuelcell.com
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2.1

Project Overview and Participants

Project Timeline

The first formal activity related to the fuel cell demonstration unit at Ed-
wards AFB was a site evaluation meeting held in August 1996. (Appendix
B contains notes from this meeting and from the meeting of 25 March
1997.) The fuel cell was started up in June 1997 and, over the next 5 years,
it operated for over 28,000 hours and generated more than 5 million kwh
of electricity. The demonstration unit remains at the Edwards AFB, al-
though it is not currently operational. Table 1 lists the major events and
milestones for this fuel cell demonstration unit.

Table 1. Time line of major events and milestones.

Date Event

15-16 August 1996 | Site Evaluation Meeting held at Edwards AFB

29  January 1997 | Site Evaluation Report submitted by SAIC

5 February 1997 | Project Kick-off Meeting held at Edwards AFB

18 February 1997 | Draft design drawings submitted by UTC Fuel Cells

25 March 1997 | Fuel Cell Design Review meeting held at Edwards AFB
25  April 1997 | ERDC/CERL authorizes UTC Fuel Cells to commence construc-
tion.
23-25 June 1997 | Acceptance testing performed
16 July 1997 | Acceptance Test Meeting; Form DD250 signed by Edwards AFB
25 October 1997 | 1,000 hours of operation milestone
26  October 1997 | Fuel cell shut down due to failed cooling coil and cell sub-stacks.

Cell stack removed and sent back to UTC Fuel Cells for repair.

4 February 1998 | Repaired cell stack installed

11 March 1998 | Power plant restarted after 3,203 outage hours.
12 October 1998 | 5,000 hours of operation milestone
4 July 1999 | 10,000 hours of operation milestone

17 February 2000 | 15,000 hours of operation milestone

November 2000 | 20,000 hours of operation milestone

1 July 2002 | Fuel cell shut down for final time

Chapter 4 of this report gives a more detailed analysis of the fuel cell op-
eration and performance history.

There was an approximately 10-month period between the initial site
evaluation meeting and the fuel cell acceptance test. It took approximately




ERDC/CERL TR-06-19

2.2

3 months to install the fuel cell following acceptance of the installation de-
sign. UTC Fuel Cell was responsible for the installation of all 30 fuel cells
installed as part of this program. GBC Electrical Services installed the fuel
cell at Edwards AFB as a subcontractor to UTC Fuel Cells.

Project Participants

The successful demonstration of this fuel cell unit required the efforts of
several organizations and individuals:

ERDC/CERL had overall responsibility for the DOD Fuel Cell Demon-
stration Program unit installed at the Naval Hospital. ERDC/CERL was
responsible for contracting with the fuel cell manufacturer, identifying
all sites, managing all site evaluations, and overseeing all design, in-
stallation, operation, and maintenance activities.

UTC Fuel Cells manufactured the PC25B and PC25C fuel cells used at
the bases. They were responsible for manufacturing the fuel cell as well
as the detailed design drawings, fuel cell installation, opera-
tion/maintenance and, if necessary, fuel cell removal.

SAIC was responsible for evaluating potential building applications at
each site, developing fuel cell conceptual designs, performing a pre-
liminary economic analysis and submitting the site evaluation report
for review by all parties. In addition, SAIC was involved in the detailed
design reviews and participating in the design review meetings. For
this demonstration unit, SAIC also conducted independent perform-
ance monitoring of the fuel cell.

GBC Electrical Services was the installation contractor for this fuel cell.
In addition, they performed the maintenance on the fuel cell and were
involved in its removal.

Edwards AFB Hospital was directly involved in the review and ap-
proval of the fuel cell project.

Edwards AFB Personnel provided review and approval for various as-
pects of the project including fire and utilities interfaces.

Table 2 lists the individuals involved in this demonstration project at the
Hospital. Figure 1 shows the fuel cell installation.
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Table 2. Principal project participants.

Organization

Name

Project Role

ERDC/CERL Dr. Michael Binder | Manager, Fuel Cell Demonstration Pro-
gram

ERDC/CERL Franklin Holcomb | Fuel Cell Project Manager

ERDC/CERL William Taylor Fuel Cell Project Manager

UTC Fuel Cells Joseph Staniunis | Installation Designer

UTC Fuel Cells Douglas Young Technical Representative

UTC Fuel Cells Thomas Pompa Installation/Maintenance Coordinator

Science Applications Int’l Gerry Merten Principal Technical Manager

Corp.

Science Applications Int’l Mike Torrey Project Manager

Corp.

Edwards AFB Ken Munson Base Point of Contact

Edwards AFB Lt. Matt Sufnar 95CEG/CEO

Edwards AFB Jose DelLavega 95CEG/CECV

Edwards AFB F.P. Woodland 95MG/SGAF

GBC Electrical Services

George Collard

Installation/Maintenance Contractor

Figure 1. Fuel cell installation.
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3.1

3.2

Fuel Cell Design and Installation

Fuel Cell Building Application

The Hospital, built in 1955, is a 65,000 sq ft building with an emergency
room, several clinic facilities, and 30 hospital beds. Additions were made
to the hospital in 1966. The average occupancy for inpatients was ap-
proximately 10 beds per night. Two back-up generators, rated at 300 kW
and 500 kW, provide backup power to the facility. Space heating and do-
mestic hot water is provided by the two steam boilers located inside the
mechanical room. The steam distribution system operates throughout the
year and provides for instrument sterilization and also to control building
humidity levels. For space cooling requirements, there are two 200 ton
chillers that operate throughout the year to provide space cooling and to
control humidity. More details about the site can be obtained from
ERDC/CERL TR-01-60, available through URL:

http://www.cecer.army.mil/techreports/Hol SE Edwards/Hol SE Edwards TR.pdf

Conceptual Installation Design

A preliminary conceptual design for the fuel cell installation was prepared.
based on the initial site evaluation meeting in August of 1996. Figure 2
shows the layout of the mechanical room, fire system pump room, existing
chillers, and the proposed fuel cell location, including proposed fuel cell
interface connections.

The proposed fuel cell location was adjacent to the fire system pump room
and the mechanical room at the end of an asphalt driveway. This location
was close to the facility steam lines located inside the pump room, and ap-
proximately halfway between the electric transformer and main natural
gas line for the hospital.

Initial plans were to connect the fuel cell electrical interface into the low
voltage side of the 12,000/480V transformer (1,000 kVA) that supplied
electricity to the hospital facility. This connection would allow the electri-
cal wiring distance to be approximately 60 ft. No grid-independent mode
operation was proposed for this application.


http://www.cecer.army.mil/techreports/Hol_SE_Edwards/Hol_SE_Edwards_TR.pdf
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The proposed thermal interface was to take the fuel cell’s high grade heat
exchanger (a fuel cell option) and tie into the space heating loop to add
heat on the return side. Figure 3 shows the proposed fuel cell thermal in-
terface where 180 °F return water is heated up by the fuel cell prior to en-
tering the steam heat exchanger. The thermal piping distance was esti-
mated to be approximately 15 ft.

Mechanical
Room

Building
l:':l Gas Meter
1
1
1
1
1
1
: Fire
System
1 NERIrsl Gas - oo e e J’fmp
i Room
: : Existing HEX
i ]
/: | ||/HighGradaTharma!
Ga; ! Asphalt Driveway 1 Make-up Water
Main to 1 ' i o B = ,
Building 1 - e A = |
| i Electric |
' ! i = | 1,000 |
. Fence | . Lo 11
. —— i Trans- | |
: ! . former | |
. ' . |
b i ! i
Open Dirt Area 4 ! Chiller Chiller ;
Cooling ! X
Module I \
! ]
! 1
! 1
! 1
! 1
! 1

Figure 2. Conceptual design fuel cell location and interfaces.
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3.3

Space Heating

Supply (200°F) = .
- —( SEt aarr]n o -«—— From Boiler
Return £ xchanger To Boil
(180°F) Y\ : rer

25 gpm

L.

Lol Lt

Low High
Grade Grade

Fuel Cell

Figure 3. Conceptual design fuel cell thermal interface.

Detailed Designh Drawings

UTC Fuel Cells submitted an original set of design drawings on 18 Febru-
ary 1997. The drawings were reviewed by base personnel, ERDC/CERL,
and SAIC. A design review meeting was held 25 March 1997 at Edwards
AFB, at which the following drawings were submitted:

S-1: Site Foundation Plan

ME-1:  Mechanical/Electrical Layout Plan

M-1: Mechanical Piping and Instrumentation Diagram
M-2: Mechanical Piping Details

E-1: Electrical Wiring Diagrams

E-2: Electrical Details.

The orientation of the fuel cell was rotated 90 degrees from the initial con-
ceptual design layout to accommodate maintenance activities. Thermal
piping was run above ground on the new fuel cell cement pad located in-
side the fenced area. Reviewers submitted comments based on the initial
drawings. (Appendix C includes copies of these comments.) Table 3 lists
the changes made to the detailed site drawings, both before and after the
design review meeting. Figures 4 through 10 show the final installation
drawings.
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Table 3. Changes to design drawings based on comments.

Drawing Changes
Provide standard wall penetration detail.
Note that equipment pad will have #4 rebar on 2-ft centers instead of 1-ft cen-
S$1 ters.
Provide dimension of power module frame wide, fence width (short side) and
clearance between fuel cell fence and open grate area.
Extend arrow for #7 polygon (electrical connection) note to indicate the make-up
water line.
Add “boxed M” to symbol list.
ME-1 Note the #3 and #5 mechanical connections are not used.

Move the nitrogen bottles 2 ft closer to hospital (Bldg. 5500) so that it is fully
supported by the wall of Building 5700.

Disconnect labels changed (reversed grid-connected and grid-independent.

Correct the note for the source of natural gas to indicate the interface is at the
existing gas piping under the parking lot (as noted in Drawing ME-1)

Indicate the gas meter should be installed with a bypass (as noted on M-2, gas

M-1 piping detail.
In the Equipment Schedule List, change the P1 pump specification to 1-1/2AA,
1/2 HP. (This was incorrectly listed as 1-1/2A, 1/2 HP).

M-2 No changes.

E-1 Change the conduit size for the telephone conductors to 1-in. to match power
module interface opening size.

E-2 No changes.




ERDC/CERL TR-06-19 12

s Tl
PC2oC CN SITE
FUsL CouLL POWE= TL“‘]

BASE HOSPITAL, BULELING 5500, |
b BP“‘M Y 17, 1997

QES E CORPORATION

195 GOVFRNORS HIGHWAY
SOUTII WINDSOR, CONNLCTICUT
(860) 727-2237

Figure 4. Final installation drawings — cover page with code information.
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DRAWING LIST

NO. TITLE
B SITE FOUNDATION PLAN
ME-1 MECHANICAL/ELECTRICAL LAYOUT PLAN
M1 MECHANICAL PIPING AND INSTRUMENTATION DIAGRAM
M-2 MECHANICAL PIPING DETAILS
E 1 ELECTRICAL WIRING DIAGRAMS
E 2 ELECTRICAL DETAILS

CODLE INI'ORMATION
INSTALLATION SHALL COMPLY WITH THE FOLLOWING CODES:

THE BOCA NATIONAL BUILDING CODE 1980
THE BOCA NATIONAL MECHANICAL CODE 1990
THE BOCA NATIONAL PLUMBING CODE 1990
TIIE NATIONAL ELCCTRICAL CODE 1993

TIIE NATIONAL FIRE PRCTECTION CODE 1993

1T NS AL_AT.ON
SDWARDS ARB, CALIFORNIA

"COPYRICHT NOTICE"

"This unpublished work Is protected uncer the U.S. Cooyright laws cnd the laws
of olker coun.ries lhroughoul Llhe world. Reproducl'on, dislribulior, elc., ir whole
or in part, without the exoress consent of ONS Corporation is prohibited.
Copyright 1997, ONSI Corporatior, ALL RIGIITS RCSCRYCD.”
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4.1

Fuel Cell Performance, Outage History
and Maintenance Activities

Operating History

The fuel cell was started up in mid-June 1997. Acceptance tests were done
between 23—25 June. (Appendix A includes the Acceptance Test Report.)
Official data recording for the demonstration began on 17 July. The formal
acceptance test meeting was held on 16 June, with title to the fuel cell
transferred to the Edwards AFB using Form DD250. The power plant con-
tinued to operate until an event on 18 July 1997. A total of 27 power plant
shutdowns were recorded between 17 July 1997 and the final shutdown on
1 July. 2002. There were 16 forced outages and 11 non-forced outages.

Performance data were collected via UTC Fuel Cells’ RADAR data acquisi-
tion system. Using a modem and telephone line, the power plant was
called daily to retrieve a “snapshot” of the current status. Included in the
metrics collected were cumulative totals for hot time, load time, MWHrs,
input fuel, etc. Thermal heat recovery was not monitored. These data re-
cords were then used to generate the various performance parameters dis-
cussed in this report.

A total of 28,358 operating load hours were recorded for the Hospital fuel
cell. Of the 27 separate operating periods, eight had continuous fuel cell
operating hours of more than 1,000 hours. The longest continuous operat-
ing period was 4,507 hours (~ 6 months) and occurred between 21 July
1999 and 25 January 2000. Table 4 lists the distribution of continuous pe-
riods of operation for this fuel cell.

Table 4. Distribution of continuous hours of operation.

Hours of Operation Occurrences
Over 3,000 hours 3
2,001 - 3,000 hours
1,001 - 2,000 hours
751 - 1,000 hours
501 - 750 hours
250 - 500 hours
Less than 250 hours

N[OOI N]W
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Hours

Figure 11 shows the hours of operation and outages on a monthly basis for
the entire demonstration period.

840 -
720 ||| allallfallafl l|I| II
600
480 -
360 -
240 - H HHHHHHH HHHHHHHHHHHHHHHHHHHHHHHHH HHHHHHHH

120 +

0 T T T T T T Ty T T T T T T T T T T T —

S NP SIS °3> o ® P oga o S & @ P ST SIS S
Q % ) °.\ % Q 9 Q N N 9 Q S
» 9‘79 éo & @’0 \@* N 9‘29 %0 & @’0 V@\ N %%Q eo & @'Z’ \@* N %Q,Q éo & @'0 Q'o* W (529 éGA & @'Z’ \@* N

Month-Year
‘D Oper. Hours m Outage Hours ‘

Figure 11. Fuel cell operating hours by month.

The fuel cell generated over 5.1 million kWh of electricity for the Hospital
during the demonstration period. Average output of the fuel cell during
operation was 179 kW over the 5+ year period. Table 5 lists data related to
annual fuel cell electrical operation during the demonstration. The average
output represents the fuel cell’s average rate of electrical generation while
the fuel cell was operating. The average rate of generation through 1999
was 194 kW, 97.2 percent of the fuel cell’s nominally rated electrical output
of 200 kW. For the period of 2000 to the end of the demonstration, the
average generation rate was 164 kW, 82 percent of the fuel cell’s nominally
rated electrical output.

Table 5. Fuel cell electrical performance characteristics.

Year Operating Hours | Generation (MWh) | Average Generation. (kW)
1997 1,024 192.8 188
1998 5,630 1,100.3 195
1999 7,340 1,426.5 194
2000 7,326 1,243.7 170
2001 2,823 447.2 158
2002 4,215 670.9 159
Total/Avg. 28,358 5,081.4 179
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The RADAR system did not measure thermal utilization. Table 6 lists the
input fuel data. The fuel cell consumed natural gas at an average rate of
1,744.3 cu ft/hour of operation or 9.7 cu ft/kKW during the course of the
demonstration.

Table 6. Fuel cell input fuel characteristics.

Year Input Fuel (cu ft) | Input Fuel (cubic ft/hr)

1997 1,200,000 1,788.4

1998 9,811,327 1,742.7

1999 13,824,858 1,883.5

2000 12,845,496 1,753.4

2001 4,713,880 1,669.8

2002 7,068,103 1,677.1
Total/Avg. | 49,463,664 1,744.3

Table 7 lists the fuel cell electrical efficiency based on higher heating value
(HHV) for each year of operation. The average electrical efficiency over the
course of the demonstration was 34.0 percent (HHV).

Table 7. Fuel cell electric efficiency.

Year Generation (MWh) Input Fuel (cu ft) Electrical Efficiency (% -HHV)*
1997 192.8 1,200,000 34.9
1998 1,100.3 9,811,327 37.2
1999 1,426.5 13,824,858 34.2
2000 1,243.7 12,845,496 321
2001 447.2 4,713,880 31.4
2002 670.9 7,068,103 31.5
Total/Avg. 5,081.4 49,463,664 34.0
*Higher Heating Value (HHV) is based on a natural gas heating value of 1,030 Btu/cubic foot.
Efficiency =([MWhrs x 1,000,000 Watt-hrs/MWhrs x 3.413 Btu/Watt] / [cu ft x 1,030 Btu/cu ft]) x 100

4.2 Fuel Cell Outage Summary

Between 17 July 1997 and 1 July 2002 (43,419 hours), the fuel cell had 27
outages resulting in 15,061.5 hours of down time. The fuel cell’s availability
was 65.3 percent:

65.3% = ([43,419 - 15,061.5] / [43,419]) x 100

Figure 12 shows the fuel cell’s monthly availability.
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Monthly Fuel Cell Availability - Edwards AFB

0%

Figure 12. Monthly fuel cell availability.

The outages were identified from the RADAR performance monitoring
system data. Because data records are collected on average once per day,
outage times had to occasionally be interpolated. Sometimes the modem
did not respond or the phone line was down, which prevented collection of
a full complement of data records.

The longest outage was for 6,193 hours and occurred between 19 January
and 14 October 2001. The next longest outage period occurred between 19
October 1997 and 12 February 1998 (2,556 hours). Table 8 lists the distri-
bution of outage periods by hours of duration.

Table 8. Distribution of non-operational hours by duration.

Outage Hours Occurrences
Over 3,000 hours 1
2,001 - 3,000 hours 1
1,001 - 2,000 hours 1
751 - 1,000 hours 1
501 - 750 hours 1
250 - 500 hours 7
Less than 250 hours 15

Table 9 lists, in chronological order, the start and end dates/times, the
outage duration hours, and the outage type for the 27 individual events.
Appendix D has the complete list of outage codes for the PC25C fuel cell.
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Table 9. Fuel cell outage periods.

Total Outage Hours to
Outage No. Off Date Stamp On Date Stamp Hours Next Outage | Type | System Part
7/17/97 09:34 25.93

1 7/18/97 11:30 | 7/31/97 07:00 307.50 630.40 N

2 8/26/97 13:24 | 9/13/97 16:00 434.60 5.00 N

3 9/13/97 21:00 |9/22/97 12:58 207.97 70.53 F ™S

4 9/25/97 11:30 | 10/15/97 18:45 487.25 323.97 F ™S TCV830

5 10/29/97 06:43 | 2/12/98 18:35 2,555.87 269.00 F T™S

6 2/23/98 23:35 |3/11/98 18:35 379.00 56.03 F ™S

7 3/14/98 02:37 | 4/21/98 17:13 926.60 91.70 N

8 4/25/98 12:55 |5/2/98  14:23 169.47 1,344.87 N

9 6/27/98 15:15 |7/1/98  15:00 95.75 243.57 F WTS LT450
10 7/11/98 18:34 | 7/13/98 21:00 50.43 881.28 N
11 8/19/98 14:17 | 8/21/98 11:50 45.55 473.75 F OTR
12 9/10/98 05:35 |9/18/98 15:15 201.67 2,264.75 F OTR
13 12/22/98 00:00 | 2/16/99 17:03 1,361.05 3,326.38 F FPS REF300
14 7/5/99 07:26 | 7/6/99  17:50 34.40 96.67 N
15 7/10/99 1830 | 7/21/99 12:00 257.50 4,507.42 F OTR CRL
16 1/25/00 07:25 |2/1/00  23:00 183.58 656.33 F APS FCV140
17 2/29/00 07:20 |2/29/00 16:47 9.45 708.72 N
18 3/30/00 05:30 | 3/30/00 14:30 9.00 328.67 N
19 4/13/00 07:10 | 4/27/00 21:21 350.18 636.00 F ™S TE431
20 5/24/00 09:21 |5/26/00 13:00 51.65 2,953.67 N
21 9/26/00 14:40 | 10/17/00 21:25 510.75 327.05 F WTS LT450
22 10/31/00 12:28 | 11/1/00 16:30 28.03 259.08 N
23 11/12/00 11:35 | 11/14/00 19:30 55.92 520.50 F OTR CRL
24 12/6/00 12:00 | 12/8/00 15:30 51.50 1,007.25 F NPS CV720
25 1/19/01 14:45 | 10/4/01 16:07 6,193.37 4,189.30 N
26 3/28/02 05:25 |4/3/02 11:48 150.38 2,137.20 F OTR CRL
27 7/1/02 13:00 | Final Shutdown F WTS LT450
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Table 10. Forced outage categories.

Category |Description

APS Air Processing System

Cvs Cabinet Ventilation System

ES Electrical System

FPS Fuel Processing System

NPS Nitrogen Purge System

OTR Other

PSS Power Section System

T™MS Thermal Management System
WTS Water Treatment System

Table 11. Forced outage statistics.

Min. Outage Max. Outage
Number of | Total Outage Time per Time per Avg. Outage Time

Category Occurrences Time Occurrences Occurrences per Occurrence
APS 1 183.6 183.6 183.6 183.6
CVs 0 0 0 0 0
ES 0 0 0 0 0
FPS 1 1,361.1 1,361.1 1,361.1 1,361.1
NPS 1 51.5 51.5 51.5 51.5
OTR 5 711.0 45.6 257.5 142.2
PSS 0 0 0 0 0
T™MS 5 3,980.3 208.0 2,55.99 796.1
WTS* 3 606.5 N/A 510.8 303.3

16 6,893.9 430.9
*Includes the final outage which has no time associated it.

The fuel cell experienced a total of 15,061.5 hours of outage time consisting
of 16 forced outages (F) and 11 non-forced (N) outages. Table 10 lists the
forced outages, broadly classified by the major fuel cell sub-systems. Table
11 lists the forced outages by major system category, along with statistics
related to frequency of occurrence and time duration.

Most of the forced outages were classified as Other (OTR) or Thermal
Management System (TMS). (Each had five occurrences.) The most fre-
quent number of Other outages were three, which were attributed to the
controller (CRL) for a total of 463.8 hours of outage. The longest outage in
the TMS category was 2,555.87 hours between October 1997 and February
1998 due to a problem with the sub stack. This occurred early on in the
demonstration. Similar characteristics were also observed in other fuel
cells installed in the southwestern region of the country, which included
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Camp Pendleton, Twentynine Palms, Davis-Monthan AFB, and Fort Hua-
chuca. It was concluded that the hard water characteristics of the water
supply was contributing to the water conductivity in the fuel cell. Hard wa-
ter is water that contains a high level of dissolved minerals, most notably
calcium and magnesium. The degree of hardness increases with increased
levels of calcium and magnesium. When hard water is heated, the dis-
solved minerals come out of solution (precipitate) and attach to plumbing
and heat exchangers. Water treatment systems were installed to control
the water chemistry of these systems.

Figure 13 shows a graph of force outage occurrences. The cabinet ventila-
tion system, electrical system, and power section system did not contribute
to any forced outages during the demonstration. An outage associated with
the water treatment system was the final outage in July 2002, which was
not resolved.

Number of Outages

Frequency of Forced Outages by Major System Type

‘" mm

APS CvVs ES OTR PSS ™S WTS*

Major System Category

* Includes final forced outage that was never resolved.
Figure 13. Forced outage occurrences by major system types.

Figure 14 shows the average duration of forced outage hours by major sys-
tem category. The fuel processing system was associated with the highest
average duration per outage (1,361.1 hours). (Note that this represents just
one outage.) The next highest average duration per outage was associated
with the thermal management system, with an average of 796.1 hours per
occurrence over a total of five outages. The longest TMS outage was attrib-
uted to problems with the cooling-side of the fuel cell stack and occurred
for 2,555.87 hours. The shortest duration TMS outage lasted for 208 hours
and was attributed to a failure of a steam ejector.
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Average Duration of Forced Outages by Major System Type
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* Includes final forced outage that was never resolved.

Figure 14. Average forced outage durations by major system types.

The outages that occurred most frequently for a specific fuel cell compo-
nent were due to an alarm triggered by the water level transmitter
(LT450). The three outages associated with this were for 95.75 hours in
June 1998, 510.75 hours in September 2000 and for final outage in July
2002.

These data show that forced outages have a significant impact on the
availability of the fuel cell. The shortest duration outage lasted for 45.6
hours. Five of the outages had a duration between 1 and 7 days. There were
two outages that had a duration longer than 30 days, of which one was
greater than 90 days. Figure 15 shows the outages by duration, which
demonstrates that there is a high risk of not achieving the monthly de-
mand savings in the economics for the fuel cell due to forced outages.



ERDC/CERL TR-06-19 34

4.3

Duration of Forced Outages

Number of Outages
w

T T T T T T T
less than 1 day 1to 7 days 7 to 14 days 14 to 21 days 21to28days 30to60days 60to90days greater than 90
days

Figure 15. Number of forced outages by outage duration.

Figure 16 shows the distribution of forced outages by major system catego-
ries. The major system category contributing to most of the outage hours
was the thermal management system (57.7 percent). The next highest
category was the fuel processing system with 19.7 percent of the forced
outage time.

Typical non-forced outages were due to the natural gas supply being
turned off, site operator error, or scheduled maintenance activities. The
longest non-forced outage occurred between January and October 2001
for a total of 6,193.37 hours. This outage was due to site personnel shutting
off the natural gas supply to the fuel cell and opening the maintenance dis-
connect switch. This resulted in a hot shutdown of the fuel cell. UTC Fuel
Cells informed Edwards AFB that this event could have a permanent nega-
tive impact on the fuel cell performance, specifically affecting the fuel cell
stack. This outage occurred with approximately 22,000 stack load hours of
the total 28,358 load hours for the fuel cell. Fuel cell electric efficiency as
shown in Figure 17 shows a variation in efficiency occurring around
22,000 hours, but not a significant step change in the performance of the
fuel cell after the time of the event.

Fuel Cell Stack Degradation

The trend of the fuel cell electrical efficiency based on the lower heating
value of natural gas was analyzed based on the hours of fuel cell operation.
The data were acquired through the UTC Fuel Cells’ RADAR system. Data
records are for fuel cell operation when the electrical output was greater
than 50 kW to eliminate data from fuel cell testing and startup operation.
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Forced Outages by Major Equipment Category
CVS =0.0 hours
0.0% FPS =1,361.1 hours
— 19.7%
Aps_lzsgg)z hours NPS =51.5 hours
0.7%
WTS = 606.5 hours
8.8% OTR =711.0 hours
10.3%
ES=0.0 hours
0.0% PSS*=0.0 hours
0.0%
TMS =3,980.3 hours _
57.7% Total Hours of Forced Outages = 6,893.9 hours
Figure 16. Total forced outage hours by major system types.
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Figure 17. Fuel cell stack electrical efficiency degradation over time.

Note that the data records were not recorded on regular intervals and
1,435 data points were used for this analysis. The individual data points
are plotted with hours of operation in an X-Y plot (Figure 17). The average
electrical efficiency for the data is 37.2 percent.

A linear regression was conducted on the data to characterize average effi-
ciency trends for the fuel cell. The regression equation is:

Electric Efficiency % (LHV) = ([Load Hours] x [-3.03424 x 104]) + 41.28840 Eq 1
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The linear curve fit shows that the trend is a reduction in electrical effi-
ciency with increasing hours of operation. Table 12 lists the resulting effi-
ciencies at 5,000 load hour intervals.

Table 12. Trend of electrical efficiency with fuel cell load hours.

Load Hours Electrical Efficiency (%)
0 41.3%

5,000 39.8%
10,000 38.3%
15,000 36.7%
20,000 35.2%
25,000 33.7%

The data in Table 12 show that the fuel cell electrical efficiency decreased
1.5 basis points for every 10,000 hours of operation. The regression shows
that the average initial electrical efficiency of the fuel cell was approxi-
mately 41.3 percent and that it decreased at a rate of approximately 7.9
percent per 10,000 hours of operation. For example, the average decrease
between 10,000 hours (38.3 percent) and 20,000 hours (35.2 percent) is:

7.9% = ([38.3% — 35.2%] / 38.3%).

The R Square statistic for the above regression is 0.22. This means that 22
percent of the variation seen in the trend of electrical efficiency can be at-
tributed to load hours. Thus other factors in the system are significantly
affecting the changes observed in electrical efficiency. The efficiency data
(as shown in Figure 9) indicate sub-trends in electrical efficiency within
the life of the fuel cell’s operation. Figure 10 shows the outages and identi-
fication of major system changes. Each of the 27 outages is represented as
a circle on the 45 percent efficiency line. The figure identifies regions of
operational trends that are attributed to a major change to the system or
lack of data. The number identifier presented for the change corresponds
to the outage number listed in Table 8. The most significant changes were
the installation of a new cell stack and the installation of an external re-
verse osmosis (RO) water treatment system (#5), and the installation of a
new reformer (#13). For a period of approximately 4,000 load hours, the
natural gas meter failed which resulted in the inability to determine the
efficiency during this period.

The five operational regions shown in Figure 18 were analyzed to deter-
mine the electrical efficiency trend by major system change. The trend in
efficiency for each region was determined by a linear regression and the
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slope is reported in terms of percent change per 10,000 hours of opera-
tion. Note that the unit of percent change per 10,000 is presented for con-
sistency and only one of the regions evaluated (E) consists of 10,000 hours
of data. Table 13 lists the dates, fuel cell load hours, system changes and
electric efficiency trends for each of the time frames. For the regions ana-
lyzed, the R Square statistic is less than the 0.22 for the entire data set
(B=0.05, C=0.02 and E=0.02). This indicates that the major system
changes identified did not have a significant impact on the fuel cell per-
formance and that this approach does not improve on the original effi-
ciency trend model.
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Figure 18. Electric efficiency trends with major system changes.
Table 13. Major system changes and electrical efficiency trends.
Fuel Cell Load Hours Change to System Slope
Range Date at End of Period at Start of Period (% / 10000 hrs)
A 7/17/97 - 2/12/98 1,769 Initial system -41.8%
B 1/12/98 - 2/16/99 7,407 Install new reformer -15.0%
Install new cell stack and
C 2/16/99 - 12/31/99 14,747 Install RO water treat- -4.9%
ment
12/31/99 - 6/29/00 18,168 Gas meter failure No data
E 6/29/00 - 7/1/02 29,055 Gas meter repaired -3.1%
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Figure 19. Fuel cell stack cell voltage degradation over time.

The trend of the fuel cell stack cell voltage based on the lower heating
value of natural gas was analyzed based on the hours of fuel cell operation.
The data are based on the same readings acquired through the UTC Fuel
Cells RADAR system as the electrical efficiency data in the previous sec-
tion. The individual data points are plotted with hours of operation in an
X-Y plot. Figure 19 shows that the data fall into the typical operating range
of 0.55 to 0.70 volts. The average cell voltage for the data is 0.623 volts. A
linear regression was conducted on the data to characterize average cell
voltage trends for the fuel cell. The resulting equation is:

Cell volts = ([Load Hours] x [-1.7694 x 10-6]) + 0.645519 Eq 2

The regression shows a reduction in cell voltage with increased hours of
operation. Table 14 lists the resulting cell voltages at 5,000 load hour in-

tervals.
Table 14. Trend of cell voltage with fuel cell load hours.
Load Hours Cell Voltage (%)
0 0.646
5,000 0.637
10,000 0.628
15,000 0.619
20,000 0.610
25,000 0.601

The linear curve fit shows that the average initial cell voltage was ap-
proximately 0.646 volts and that it generally decreased at a rate of 2.8 per-
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cent per 10,000 hours of operation. For example, the average decrease be-
tween 10,000 hours (0.628) and 20,000 hours (0.610) is:

2.8% = ([0.628 — 0.610] / 0.628)

This is equal to a cell voltage reduction rate of 0.018 volts per 10,000
hours of operation. The R Square statistic for the above regression is 0.61.
This means that 61 percent of the variation seen in the trend of cell voltage
can be attributed to load hours. Thus, other factors in the system are af-
fecting the changes observed in cell voltage. The cell voltage data shown in
Figure 11 indicate sub-trends in cell voltage during the life of the fuel cell’s
operation. Since the cell voltage is affected by the electrical output of the
fuel cell, an additional analysis was conducted. The data were sorted by the
fuel cell electrical output for the most frequent operating levels of 200 kW,
175 kW, and 150 kW. Then a linear regression was conducted for load
hours greater than 5,000 hours (i.e., for the fuel cell after the stack was
replaced). Table 15 lists the results of the analysis.

Table 15. Cell voltage analysis by electrical output.

Fuel Cell Output 200 kW | 175 kW | 150 kW
Data points 950 256 110
R Square statistic 0.54 0.95 0.42
Slope (%/10,000 hrs) -3.41% | -5.44% | -2.67%

The analysis shows that the curve fit was very good for the 175 KW regres-
sion with an R Squared value of 0.95. This indicates that 95 percent of the
decrease in cell voltage can be attributed to load hours for this data set.
The 200 kW and 150 kW regressions have R Squared values that are lower
than the original regression model, indicating that this approach does not
improve the model for these two data sets. The slopes of the lines for the
three power levels range from —2.67 percent to —5.44 percent per 10,000
load hours. Figure 20 shows the regression lines of the analysis for each
data set projected over the entire fuel cell operating range.

While the efficiency remains relatively constant along the various fuel cell
power levels, power plant cell voltages tend to increase at lower electrical
output levels. This is most evident for fuel cell operation between 10,000
and 20,000 load hours. There is no data to indicate why the slope of the
data varies at the different power levels.
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Cell Voltage Trends by Electric Output
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Figure 20. Cell voltage trends by electrical output.

4.4 Fuel Cell Maintenance Activities

UTC Fuel Cells had overall responsibility for maintenance on the fuel cell
during the 5-year demonstration period. GBC Electrical Services, as the
maintenance contractor, performed most maintenance activities under the
guidance of UTC Fuel Cells. Invoices from GBC Electrical Services were
obtained to assess maintenance activity levels. Table 16 lists the number of
maintenance days at the site and total labor hours by year. No mainte-
nance records were available for 2002.

Table 16. Maintenance days and labor hours by year.

Year |Days at Site |Labor Hours
1997 39 323
1998 42 344
1999 21 193
2000 29 222
2001 9 30
Total 140 1,112

Tables 17 through 21 present the date, labor hours, and a brief description
of the maintenance activities that were billed between the years 1997 and
2001. Appendix E includes detailed cost and maintenance summary in-
formation.
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Table 17. Maintenance activities in 1997.

1997 Labor Hrs |Description of Activity

10-Jun 10.0  |Worked with UTC Fuel Cells at site.
11-Jun 9.0 |Worked with UTC Fuel Cells at site.
12-Jun 11.5 |Worked with UTC Fuel Cells at site.
13-Jun 2.5 |Worked with UTC Fuel Cells at site.
16-Jun 8.0  |Worked with UTC Fuel Cells at site.
17-Jun 10.0  |Worked with UTC Fuel Cells at site.
18-Jun 10.0  |Worked with UTC Fuel Cells at site.
19-Jun 8.0  |Worked with UTC Fuel Cells at site.
20-Jun 3.0 [Worked with UTC Fuel Cells at site.

23-Jul 8.0 [Worked with UTC Fuel Cells at site.

24-Jul 5.0 |Worked with UTC Fuel Cells at site.

25-Jul 6.0 |Worked with UTC Fuel Cells at site.
27-Aug 9.0 Changed nitrogen bottles.

5-Sep 6.0 Changed out resin bottles.

8-Sep 2.0 Changed nitrogen bottles.

9-Sep 0.0 Travel

20-Sep 13.0 Changed ejector assembly.

22-Sep 7.5 Restarted power plant.

26-Sep 3.5 Troubleshot ancillary cooling loop.

29-Sep 9.5 Replaced TVC830.

30-Sep 9.5 Started power plant.

6-Oct 16.0 Installed new controller. Restarted power plant and installed retrofits.
13-Oct 1.0 |Worked with UTC Fuel Cells at site.
14-Oct 7.5 |Worked with UTC Fuel Cells at site.
15-Oct 12.5 |Worked with UTC Fuel Cells at site.
16-Oct 12.5 |Worked with UTC Fuel Cells at site.
27-Oct 3.0 [Worked with UTC Fuel Cells at site.
28-Oct 9.0 [Worked with UTC Fuel Cells at site.
29-Oct 8.5 |Worked with UTC Fuel Cells at site.

7-Nov 9.0 [Worked with UTC Fuel Cells at site.

8-Nov 2.5 |Worked with UTC Fuel Cells at site.
11-Nov 6.0 Worked with UTC Fuel Cells at site to go over wet-up procedure.
13-Nov 2.0 |[Worked with UTC Fuel Cells at site.
14-Nov 9.5 Started wet-up process.

17-Nov 9.5 Started wet-up process.

18-Nov 12.0 Started wet-up process.

19-Nov 7.0 Started wet-up process.

7-Dec 12.5 Prepared cell stack assembly for removal.
8-Dec 32.0 Removed and shipped cell stack assembly.
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Table 18. Maintenance activities in 1998.

1998 Labor Hrs |Description of Activity

10-Jan 22.0 [Worked with UTC Fuel Cells on retrofits

12-Jan 7.5 |Worked with UTC Fuel Cells on retrofits

13-Jan 5.0 |Worked with UTC Fuel Cells on retrofits

2-Feb 4.0 |Installed new strainer.

4-Feb 24.0 [|Installed new cell stack assembly.

5-Feb 9.0 |Worked with UTC Fuel Cells at site.

10-Feb 3.5 |Worked with UTC Fuel Cells to trouble shoot short in inverter.

11-Feb 9.0 |Troubleshot, disassembled and re-assembled inverter.

12-Feb 2.0 |Started power plant.

22-Feb 6.5 |Worked with UTC Fuel Cells personnel on phone. Restarted power plant.
24-Feb 6.0 |Checked ejector and FCV012 for proper movement. Started power plant.
5-Mar 3.0 |Took measurements on old inverter drawer.

6-Mar 8.0 |Removed and replaced inverter drawer No. 3 and attempted to start power plant.
11-Mar 6.0 |Removed and replaced FCV110 and restarted power plant.

7-Apr 15.0 |Worked on high grade heat exchanger skid retrofit.

8-Apr 17.0 |Worked on high grade heat exchanger skid retrofit.

9-Apr 5.5 [Worked on high grade heat exchanger skid retrofit.

13-Apr 18.0 [Worked on high grade heat exchanger skid retrofit.

14-Apr 23.0 |Worked on high grade heat exchanger skid retrofit.

15-Apr 20.0 |Worked on high grade heat exchanger skid retrofit.

16-Apr 27.0 |Worked on high grade heat exchanger skid retrofit.

17-Apr 5.5 [Troubleshot and repaired short in power conditioning system.

20-Apr 2.0 |Replaced pop out fuse for UPS.

21-Apr 8.0 |Started power plant.

28-Apr 3.0 |Worked with UTC Fuel Cells at site.

29-Apr 6.5 |Worked with UTC Fuel Cells at site.

30-Apr 6.5 |Worked with UTC Fuel Cells at site.

30-Apr 1.0 (Travel

18-Jun 3.0 [Tested water, burner air and cathode air. Completed new checklist.
30-Jun 6.0 [Plugged reverse osmosis unit back in. Replaced fuse in cooling towers.
1-Jul 5.0 |Restarted power plant.

8-Jul 3.5 |Took amp readings on cooling tower.

13-Jul 4.5 |Took override off LCV452. Changed nitrogen bottles. Started power plant.
10-Sep 4.0 |Tested fuses in the cooling tower.

11-Sep 5.0 |Troubleshot tripped breaker No. 33.

12-Sep 5.0 |Putin new Ground Fault Interrupter (GFI) and new breaker. Breaker still tripped.
17-Sep 6.5 |Tested circuit breaker No. 33.

18-Sep 8.5 [Installed six temperature testers. Started fuel cell and left running at 200 kW.
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1998 Labor Hrs |Description of Activity
12-Oct 5.0 |Changed resin and charcoal bottles.
11-Dec 6.0 |Recorded water treatment system and pump 400 data. Cleaned filters 100 & 150.
22-Dec 5.5 |Took stack voltage readings. Fixed leak on water bottles. Removed humidity sensor.
Checked pump 451 on/off times. Checked R/O unit power on.
28-Dec 3.0 |[Tested TE's on reformer.
Table 19. Maintenance activities in 1999.
1999 Labor Hrs |Description of Activity
8-Jan 2.0 Reset lockout relay. Filled accumulator. Filled tank 450 to 30 in.. Left power plant in
P30-S30.
12-Jan 24.0 Prepared reformer for removal.
13-Jan 10.0 |Completed reformer preparations.
24-Jan 2.0 |Started taking doors and frame apart.
26-Jan 12.0 |Removed old reformer and put in new reformer.
28-Jan 5.0 Began quarterly maintenance on power plant.
1-Feb 16.0 |Started annual maintenance. Set up for welders.
2-Feb 16.0 Continued with annual service. Assisted/supervised welders. Installed retrofit.
3-Feb 16.0 Insulated reformer piping. Continued annual service.
4-Feb 13.0 [Completed piping insulation and annual maintenance activities. Did hydro test.
9-Feb 10.0 |Conducted hydro test on ancillary loop.
10-Feb 6.0 |Completed site cleanup, seals on door and changed fans.
15-Feb 4.0 |Worked with UTC Fuel Cells in troubleshooting ejector.
16-Feb 10.5 Installed ejector. Started power plant while doing reduction on reformer.
17-Feb 8.0 [Conducted gas analysis and brought power plant up to 200 kW.
15-Apr 3.0 [Built rack for nitrogen bottles.
6-Jul 6.0 |Changed nitrogen bottles and tested all three legs of electricity coming into P/T. Started
power plant.
12-Jul 4.0 Updated controller software to 4.1 and attempted to start power plant.
20-Jul 8.0 |Started power plant. Updated software on Base's laptop computer and explained to site
coordinator.
21-Jul 8.0 |Traveled to site to retrieve data.
1-Sep 10.0 |Changed out water treatment system bottles.
Table 20. Maintenance activities in 2000.
2000 Labor Hrs |Description of Activity
1-Jan 11.0 Changed brake on FT140 and |I/0 modules for FT140.
3-Feb 2.5 Flushed charcoal bottle out and troubleshot pump 450.
29-Feb 8.0 Replaced pump 451 & fan 800 motor. Started power plant, left running at 150 kW.
30-Mar 8.0 Replaced Multi Source Discovery Protocol (MSDP) card & microchips for another
MSDP card.
18-Apr 6.0 Changed out electronic card underneath inverter and boost cards on white panel. Re-
moved #3 motor from cooling tower.
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2000 Labor Hrs |Description of Activity

20-Apr 11.0 Removed #2 and #1 fan blades and motors from cooling tower. Replaced relay card.

26-Apr 6.0 Installed new motors and fan blades back into cooling tower.

27-Apr 6.0 Replaced relay card again with correct relay card. Started power plant and left running

at 125 kW.

10-May 3.0 Changed master Digital Signal Processing (DSP) card and restarted power plant.

12-May 4.0 Changed slave DSP and CB rating module. Restarted power plant.

3-Jul 3.0 Back flushed charcoal bottle.

21-Sep 4.0 Troubleshot long feed water cycle and tried to repair leak.

28-Sep 6.0 Tri-annual maintenance.

29-Sep 5.0 Tri-annual maintenance.

2-Oct 18.0 Tri-annual cleaning.

3-Oct 20.0 Tri-annual cleaning.

4-Oct 16.0 Tri-annual cleaning.

5-Oct 14.0 Tri-annual cleaning.

6-Oct 8.0 Cleaned condenser and attempted to start power plant.

11-Oct 7.0 Replaced air conditioner.

12-Oct 10.0 Rewired air conditioner. Attempted to start power plant.

16-Oct 6.0 Attempted to start power plant.

17-Oct 10.0 Troubleshot failed attempted to start power plant. Purchased UPS battery.

18-Oct 4.0 Installed UPS battery. Started power plant.

23-Oct 4.0 Tuned up power plant.

24-Oct 2.0 Changed brake.

1-Nov 6.5 Troubleshot process flame off and restarted power plant.

14-Nov 6.0 Installed new controller and started power plant. Left running at 175 kW.

8-Dec 7.0 Restarted power plant and took sub stack readings.

Table 21. Maintenance activities in 2001.

2001 Labor Hrs [Description of Activity

23-Jan 1.0 Turned power on and put power plant in water conditioning.

5-Mar 5.0 Checked thermal management system and water treatment system for leaks. Preformed
pressure test on TMS loop.

6-Jun 1.0 Checked on modem - no communication.

8-Jun 2.0 Applied power to power plant. Extended TE350 to CSA. Cleaned heaters 310A & 310B.

16-Jul 2.0 Reset motor controllers for pumps 400, 450 and 830. Put power plant back in water
conditioning. Rewired TE350.

4-Oct 7.0 Checked and started power plant.

5-Oct 7.0 Changed WTS bottles. Tuned power plant at all power levels, checked heat recovery sys-
tem.

9-Oct 4.0 Rebuilt circulating pump for heat recovery system. Reset parameters for heat recovery
system.

15-Nov 1.0 Removed and replaced TCV400.
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4.5

Fuel Cell Retrofits

As part of the fuel cell demonstration and overall fuel cell development,
UTC Fuel Cells refined the fuel cell design based on operational experience
gained through the operation of the fleet of fuel cells. These improvements
and modifications were classified as retrofits. Once a retrofit was devel-
oped, it would be incorporated into the production of new fuel cells or ret-
rofit in the field for installed fuel cells. The details of the retrofits are con-
sidered proprietary information by UTC Fuel Cells and are not available
for this report. The data in Tables 17 through 21 indicate that five retrofits
(Table 22) were added to the fuel cell in the field.

Table 22. Summary of fuel cell retrofits.

Date of Retrofit | Retrofit Description

Oct. 1997 Install new controller and software

Jan. 1998 Upgrade base drive in inverter

Jan. 1998 Install strainer and filter in TMS

Apr. 1998 Replace high grade heat exchangers (redesign)
Feb. 1999 Replace breakers with higher grade version

Fuel Cell Operation and Outage Summary

Figure 12 shows the operational and outage periods for each hour within
the 62 months that the fuel cell was active (June 1997 to July 2002). The
outage times are highlighted in gray along with a listing of the outage
number, duration in hours and minutes, and a brief description of the
shutdown. Days where on-site maintenance was performed is shown
graphically by an 8 hour box. GBC Electrical Services, the maintenance
contractor, provided maintenance activity records.
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Fuel Cell Economics

Hospital Energy Costs

The Base purchases electricity from Southern California Edison (SCE) un-
der a time of use rate schedule, TOU-8. This rate has summer and winter
seasons consisting of on-peak, mid-peak and off-peak time periods with
associated demand and energy charges. The Base also purchases electricity
from the Western Area Power Administration (WAPA) for a percentage of
its total electricity requirements. Because the WAPA portion of the elec-
tricity was assumed to be significantly smaller than the SCE portion as dis-
cussed in ERDC/CERL TR-01-60, the focus of the economics will be based
on the SCE TOU-8 rates. This rate has a summer and winter season con-
sisting of on-peak, mid-peak, and off-peak time periods. Table 23 summa-
rizes the structure of the TOU-8 tariff.

Table 23. SCE TOU-8 rate structure.

Summer Winter
Months June - September October - May
On Peak Period |Noon - 6:00 pm None

Mid-Peak Period

8:00 am - Noon
6:00 pm - 11:00 pm

8:00 am - 9:00 pm

Off-Peak Period

All other hours and holidays

All other hours and holidays

Charges

Facility Charge ($/meter)

Energy Charge ($/kWh)

Facility Related Demand Charge ($/kW)
Time Related Demand Charge ($/kW)
Excess Transformer Capacity ($/kVA)
Power Factor Adjustment ($/kVA)

Facility Charge ($/meter)

Energy Charge ($/kWh)

Demand Charge ($/kW)

Excess Transformer Capacity ($/kVA)
Power Factor Adjustment ($/kVA)

The Base purchases the natural gas commodity from the Defense Fuel
Supply Center (DFSC) and the natural gas transportation is provided by

the Pacific Gas and Electric Company (PG&E).

The Base did not provide Base-wide or Hospital energy usage or cost in-
formation for the fuel cell demonstration time period. To estimate the fuel
cell economics, the average electric and natural gas rates used from an-
other customer involved in the DoD Fuel Cell Demonstration Program
(Twentynine Palms, CA) were used to approximate cost savings. Both fa-
cilities purchase electricity from SCE under the same rate schedule, but
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5.2

purchase natural gas through different suppliers. Table 24 lists the annual
average electric and natural costs used for the fuel cell economics analysis.

Table 24. Annual electric and natural gas costs.

Average Energy Costs 1997 1998 1999 2000 2001 2002

Electricity ($/kWh) $0.1040 [$0.1017 [$0.1017 [$0.1017 [$0.1500 [$0.1500

Natural Gas ($/therm) |$0.5800 ($0.4080 |$0.4080 ($0.4810 |$0.9500 [$0.7000

Note that electric and natural gas costs were extremely volatile and high
during the years of 2001 and 2002 when California was experiencing the
energy crisis brought on by deregulation.

Fuel Cell Maintenance Costs

Table 25 lists maintenance costs from GBC Electrical Services between
1997 through the end of the 2001. Although the fuel cell was restarted once
in 2002, invoices for that service call and others were not available for this
report.

Table 25. Summary of fuel cell maintenance costs.

Category 1997 1998 1999 2000 2001 Totals
Labor Hours 323 342 193.5 218 30 1,107
Labor Costs $16,788 | $18,025 $9,970 $12,208 | $2,020 | $59,010
Nitrogen Costs $2,072 $2,128 $836 $885 $135 $6,057
Charcoal (cu ft) 0 2 2 2 2 8
Charcoal Costs $0 $186 $206 $186 $186 $764
Resin (cu ft) 24 8 9 8 8 57
Resin Costs $6,490 | $1,808 | $2,420 $2,160 $2,240 | $15,118
Other Costs $9,512 $6,217 $4,752 $2,079 $1,721 | $24,282
Travel Costs $6,413 $8,238 | $4,868 $9,141 | $3,934 | $32,594
Shipping Costs $309 $205 $25 $23 $0 $562
Totals $41,583 | $36,808 | $23,077 $26,682 | $10,237 |$138,386
Note:. Maintenance data was not available for 2002.

The cost of maintenance over the entire operating period is estimated at
$138,386. Again, the maintenance costs for 2002 are not included as the
information was not available. These costs correspond to an average main-
tenance cost of $27,677/year or 2.72 cents/kWh ($138,386/ 5,081,500
kWh) for all the electricity supplied to the Hospital. Note that the mainte-
nance costs presented do not include the cost of any parts or labor pro-
vided by UTC Fuel Cells to repair or modify the fuel cell.
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Figure 21 shows that labor was the highest cost category at $59,010, repre-
senting 42.6 percent of total maintenance costs. Labor hours averaged 221
man-hours per calendar year. The highest number of man-hours in a cal-
endar year was 342 in 1998. Nitrogen costs totaled $6,057 and represents
only 4.4 percent of the total maintenance costs. Spread across the 27 out-
ages that occurred, the average cost of nitrogen was $224 per outage.
While charcoal used in the water treatment system was a relatively minor
cost (~$150/year), resin was a moderate program cost totaling approxi-
mately $15,000 or 10.9 percent of the maintenance costs. Resin costs were
$533 per 1000 operating hours. The second highest cost category behind
labor was travel costs, at 23.6 percent. Appendix E presents maintenance
costs by invoice date.

Summary of Maintenance by Category
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Figure 21. Summary of maintenance costs by category

Figure 22 presents the trend in annual maintenance costs for the fuel cell.
Note that the costs for 1997 are for less than 6 months of the demonstra-
tion as the fuel cell data collection started on 17 July 1997. The fuel cell
concluded operation on 1 July 2002. The high costs on 1997 and 1998 are
attributed to the hard water problems which resulted in the replacement of
the cell stack and the installation of an external water treatment system.

Fuel cell maintenance costs for the 5-year demonstration period were in-
cluded in the original purchase contract with the fuel cell manufacturer.
First year maintenance costs were included in the original fuel cell pur-
chase price. The final 4 years of contract maintenance paid by
ERDC/CERL was $98,223, at an average of $24,556 per year.
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5.3

Edwards Air Force Base Fuel Cell
Annual Maintenance Costs
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Figure 22. Annual trend in fuel cell maintenance costs.

Fuel Cell Energy Savings

Energy savings from the fuel cell were calculated based the annual per-
formance data collected through the UTC Fuel Cells RADAR system and
the assumed electric and natural gas costs presented in Table 25. Note that
the RADAR system did not monitor the thermal heat recovery loop on the
fuel cell. Therefore, no data are available to estimate the value of the heat
recovered by the Hospital from the fuel cell. Notes from the fuel cell accep-
tance test indicate that an artificial thermal load had to be established to
demonstrate the heat recovery functionality because there was insufficient
load at the Hospital. It is inferred that the level of heat recovery was not
significant. Table 26 lists the fuel cell energy savings. Net energy savings
without heat recovery over the entire program were $304,145.

Table 26. Annual energy savings at hospital.

1997 1998 1999 2000 2001 2002 Total
Electric Savings
Thermal Savings* $20,053( $111,896| $145,079| $126,488| $67,076| $100,640| $571,232
Total Savings $20,053| $111,896| $145,079| $126,488| $67,076| $100,640| $571,232
inéi‘sra' Gas $7,169| $41,191| $58,041| $63,601( $46,125| $50,961| $267,087
Net Savings $12,884| $70,706| $87,038| $62,888| $20,950| $49,678| $304,145

*Thermal heat recovery data was not monitored by UTC Fuel Cells’ RADAR system.

Overall electric savings were $571,232 with a maximum annual savings of
$145,079 occurring in 1999. The cost of natural gas to operate the fuel cell
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5.4

totaled $267,087 over the course of the demonstration and corresponds to
a fuel cost for electrical generation of $0.0526/kWh ($267,087/ 5,081,400
kWh). Figure 23 shows the trend in annual energy savings.

Edwards Air Force Base Fuel Cell Energy Savings
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Figure 23. Annual fuel cell energy savings.
Fuel Cell Lifecycle Costs

The fuel cell lifecycle cost analysis is presented for the operational life of
the fuel cell at Edwards AFB. The installed cost of the fuel cell was
$1,260,727. The lifecycle cost analysis uses the utility rates presented in
Section 5.1, the maintenance costs presented in Section 5.2 and the savings
presented in Section 5.3. Note that the analysis is based on the average
cost of electricity that the Hospital is charged. That is to say that demand
savings are not calculated separately in the analysis. A review of the data
shows that demand savings would have been realized in only 20 of the 59
full months of operation and that the average demand reduction for the 20
months would have been 184.8 kW. In 1999, demand savings could have
been realized in 9 of the 12 months. In 1998 and 2001, demand savings
could have been realized in 2 of the 12 months. The criterion for determin-
ing demand savings is that the fuel cell was operational during all hours of
the peak period hours for the calendar month. Table 27 lists the months in
which demand savings could have been attributed to the fuel cell and the
average output of the fuel cell during the month.
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Table 27. Fuel cell demand savings.

Month of Fuel Cell
Demand Savings Demand Savings
Oct 1998 200
Nov 1998 200
Mar 1999 200
Apr 1999 196
May 1999 200
Jun 1999 186
Aug 1999 200
Sep 1999 197
Oct 1999 200
Nov 1999 199
Dec 1999 200
Jun 2000 125
Jul 2000 200
Aug 2000 200
Nov 2001 175
Dec 2001 175
Jan 2002 173
Feb 2002 170
May 2002 150
Jun 2002 150
Average Demand: 184.8
Number of Months: 20

The data listed in Table 28 summarize the lifecycle cost analysis. The
analysis allocates the capital cost of the fuel cell in the 1997 calendar year.
In addition, values are actual costs and are not adjusted to a base year. The
analysis shows that the operational costs exceeded the savings in 2001 and
that the cumulative operational savings were $158,545.
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Table 28. Lifecycle cost analysis.
1997 1998 1999 2000 2001 2002
HOURS OF OPERATION
Operation Hrs/Yr 1,024 5,630 7,340 7,326 2,823 4,215
Total Operation Hours 1,024 6,654 13,995 21,320 24,123 28,358
Hours Since Overhaul 1,024 6,654 13,995 21,320 24,123 28,358
OPERATION VALUES
Electrical Eff (%) 34.9% 37.2% 34.2% 32.1% 31.4% 31.5%
Thermal Eff (%) 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Demand Disp. (kW) 0 400 1,778 525 350 643
Electrical Output (MWh) 192.8 1100.3 1426.5 1243.7 447.2 670.9
Thermal Displ. (MMBTU) 0.00 0.00 0.00 0.00 0.00 0.00
Fuel Input (MMBTU) 1,236.0 10.105.7 14,239.6 13,320.9 4,855.3 7,280.1
AVERAGE ENERGY RATES
Demand Rate ($/kW) - - - - - -
Electrical Rate ($/kW) 0.1040 0.1017 0.1017 0.1017 0.1500 0.1500
Facility Gas Rate ($/MMBTU) 5.80 4.08 4.08 4.81 9.50 7.00
Generator Gas Rate ($/MMBTU) 5.80 4.08 4.08 4.81 9.50 7.00
GENERATOR SAVINGS / ENERGY SAVINGS
Demand - - — — — —
Energy $20.051 $111,901 $145,075 $126,484 $67,080 $100,635
Displaced Fuel $0 $0 $0 $0 $0 $0
Subtotal ($) $20.051 $111,901 $145,075 $126,484 $67,080 $100,635
COSTS
Fuel Cost $7,169 $41,231 $58,098 $63,641 $46,125 $50,961
Maintenance $2,222 $53,823 $27,428 $28,485 $26,470 $7.029
Generator Overhaul $0 $0 $0 $0 $0 $0
Subtotal ($) $9,391 $95,054 $85,526 $92,126 $72,595 $57,990
Annual Savings $10660 $16,846 $59,549 $34,359 ($5,515) $42,645
Cumulative Savings $10660 $27,507 $87,056 $121,415 $115,899 $158,545
Installed Cost $1,260,727
Net Cash Flow ($1,250,067) $16,846 $59,549 $34,359 ($5,515) $42,645
Cumulative Cash Flow ($1,250,067) ($1,233,220) ($1,173,671) ($1,139,312 ($1,144,828) ($1,102,182)
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6.1

Summary and Conclusions

Review of Fuel Cell Demonstration at Edwards AFB

The 200 kW phosphoric acid fuel cell operated for 28,357.9 hours which
corresponds to an availability of 65.3 percent. A total of 27 outages were
recorded, 16 of which were classified as a “Forced Outage(s).” The fuel cell
delivered more than 5,081 MWh of electricity to the Hospital facility at an
average rate of 179 kW. The fuel cell electrical efficiency averaged 34.0
percent (HHV) over the course of the demonstration. Thermal heat recov-
ery was not monitored for this fuel cell. The data listed in Table 29 sum-
marizes the performance of the fuel cell operation.

Table 29. Summary of fuel cell performance.

1997 1998 1999 2000 2001 2002 Totals

Fuel Cell Operation

Hours in the Period 3.998.4 8,760.0 8,760.0 8,784.0 8,760.0 4,357.0 43,419.4

Fuel Cell Operation Hours 1,024.3 5,630.0 7,340.2 7,325.9 2,823.0 4,214.6 28,357.9

Fuel Cell Outage Hours 29742 3,130.0 1,419.9 1,458.1 5,937.0 142.4 15,061.5

Availability 25.6% 64.3% 83.8% 83.4% 32.2% 96.7% 65.3%
Electrical Generation

Total Generation (MWh) 192.8 1,100.3 1,426.5 1,243.7 447.2 670.9 5,081.5

Average Rate of Generation (KW) 188.2 195.4 194.3 169.8 158.4 159.2 179.2
Natural Gas Consumption 1,236.0 10,105.7 14,239.6 13,230.9 4,855.3 7,280.1

Total Consumption (cu ft/hr) 1,200,000.0 | 9,811,327.0 |13,824,858.0 |12,845,496.0 4713,880.0 | 7,068,103.0 | 49,463,664.0

Average Rate of Generation (cu ft/hr) 1,788.4 1,742.7 1,883.5 1,753.4 1,669.8 1,677.1 1,744.3
Heat Recovery

Total Heat Recovered (MMBTU) 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Average Rate of Recovery (MMBTU) 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Efficiencies

Electrical (%) 34.9% 37.2% 34.2% 32.1% 31.4% 31.5% 34.0%

PURPA* (%) 34.9% 37.2% 34.2% 32.1% 31.4% 31.5% 34.0%
* Public Utility Regulatory Policy Act (PURPA).

The longest continuous period of operation was 4,507.4 hours, or about 6
months. The fuel cell stack had to be replaced once during the demonstra-
tion period and an external water treatment system had to be retrofit to
the fuel cell due to high conductivity of the water. In addition, five fuel cell
design retrofits were installed on the fuel cell which included a new con-
troller and software as well as a new high grade heat exchanger system.
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At the completion of the demonstration, the fuel cell was down due to a
forced outage associated with the water treatment system. Edwards AFB
has elected to keep the fuel cell and plans to restore operation at the cur-
rent facility or to move it to another facility.

Lessons Learned

Based on the experience of installing, and operating the fuel cell, the fol-
lowing lessons learned can be considered:

High conductivity of water, particularly due to the hardness of the wa-

ter in the Southwest region of the U.S., must be addressed to prevent
negatively impacting the performance of the fuel cell stack.
Installation of the fuel cell is a relatively straightforward process with

Nno major concerns at this site. The installation took 2 months from the

authorization to commence construction to the completion of the ac-
ceptance testing (25 April 1997 to 25 June 1997).
During the course of the demonstration, the fuel cell operation result-

ing an a cumulative savings of $158,545 or $31,700/yr. The level of en-

ergy savings was less than the anticipated $72,500/yr to $108,400/yr

due to the following:

o0 The average fuel cell electrical output was 179 kW and not the an-
ticipated 200 kW

0 The fuel cell availability was only 65.3 percent instead of 95 percent.

0 The level of heat recovery was not measured and therefore not in-
cluded in the savings values.

0 The fuel cell was able to potentially reduce the demand of the Hos-
pital in only 20 of the 59 months of the demonstration.

The fuel cell experienced a total of 8,167.6 hours of non-forced outages
attributed to due to the natural gas supply being turned off, site opera-

tor error or scheduled maintenance activities. The longest non-forced
outage occurred in January to October 2001 for a duration of 6,193.37
hours due to site personnel shutting off the natural gas supply to the
fuel cell and opening the maintenance disconnect switch.

Most of the forced outages were categorized as Other and Thermal
Management System issues. The total duration of forced outages was
6,893.9 hours or 46 percent of all outages.

The average duration of a forced outage was 430.9 hours, or approxi-
mately 18 days.

The maintenance costs averaged $27,677/year, which represents an
average cost of 2.72 cents/kWh. This does not include the equipment
cost of the replacement cell stack, the reverse osmosis system, the re-
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design high grade heat exchanger system, or the other hardware pro-
vided by UTC Fuel Cells.

The average fuel cost to generate electricity was 5.26 cents/kWh.
($267,087 / 5,081,500 kwh).

The average operating and maintenance costs to generate electricity
was 7.98 cents/kWh (5.26 cents/kWh [fuel cost] + 2.72 cents/kWh
[O&M costs]). Note that this does not include the value of the heat re-
covered from the fuel cell. Over the same period of time, the average
cost of electricity purchased from SCE is estimated to be 11.8
cents/kWh.

Issues for Further Analysis

The review and analysis of the 200 kW phosphoric acid fuel cell that was
installed at Edwards AFB. resulted in the identification of several issues
appropriate for further analysis:

Water Quality Requirements. UTC Fuel Cells has identified
through the demonstration that the hardness of the water impacts the
fuel cell operation. The Edwards AFB fuel cell required the installation
of a reverse osmosis water treatment system. The hardness level at
which the fuel cell will require an RO system should be identified.
Fuel Cell Electrical Efficiency Trends. The analysis of the electri-
cal efficiency trends showed that in addition to the number of load
hours, other factors affect the efficiency degradation. The secondary
analysis that was conducted based on evaluating the trends between
major system changes did not substantially improve on the ability to
better quantify the electrical efficiency degradation. Further evaluation
of trends of other demonstration fuel cells might provide more insight.
Cell Voltage Trends. The analysis of the cell voltage trend showed
that the trend for operation at the 175 kW output had the best regres-
sion with an R Squared value of 0.95. The 200 kW and 150 kW regres-
sions have R Squared values that are lower than the original regression
model indicating that this approach does not improve the model for
these two data sets. The slopes of the lines for the three power levels
range from —2.67 percent to —5.44 percent per 10,000 load hours.
These trends should be further analyzed with additional C models to
see if better characterizations can be developed.

System Design Improvements. As part of the fuel cell demonstra-
tion and overall fuel cell development, UTC Fuel Cells refined the fuel
cell design based on operational experience gained through the opera-
tion of the fleet of fuel cells. These improvements and modifications
were classified as retrofits. The details of the retrofits are considered
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proprietary information by UTC Fuel Cells and are not available for in-
clusion in this report. Investigation of maintenance activities for a lar-
ger number of C type fuel cells may provide greater insight into the
modifications to the fuel cell design that can be attributed to the dem-
onstration program.
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Acronyms and Abbreviations

AFB
AFCESA
ANS
CEO
CERL
CPW
cvs
DEIS
DFSC
DOD
DSP
ERDC
FPS
GFI
HHV
HPLC
HQ
/0
ILIR
KW
LHV
MSDP
N/A
NFESC
NPS
ODUSD
OMB
PAFC
PG&E
PO
PSS

Spellout

Assistant Chief of Staff for Installation Management

Air Force Base

Air Force Civil Engineer Support Agency
American National Standards Institute
corporate executive officer

Construction Engineering Research Laboratory
U.S. Army Center for Public Works

Cabinet Ventilation System

Defense Energy Information System
Defense Fuel Supply Center

Department of Defense

Digital Signal Processing

Engineer Research and Development Center
Fuel Processing System

Ground Fault Interrupter

Higher Heating Value

high performance low chromatography
headquarters

input/output

In-house Laboratory Independent Research
Kilowatt

lower heating value

Multi Source Discovery Protocol

not applicable

Naval Facilities Engineering Service Center
National Park Service

Office of the Deputy Under Secretary of Defense
Office of Management and Budget
Phosphoric Acid Fuel Cell

Pacific Gas and Electric Company

purchase order

Power Section System
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Spellout

Public Utility Regulatory Policy Act

reverse osmosis

Radio Detection And Ranging

Science Applications International Corporation
Southern California Edison

Strategic Environmental Research and Development Program
Systeme Internationale

Thermal Management System

Table of Contents

time-of-use

Uninterruptible Power Supply

Universal Resource Locator

United Technologies Corp.

Western Area Power Administration

Water Treatment System

World Wide Web
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Appendix A: Fuel Cell Acceptance Test Report
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01723795

DoD ACCEPTANCE TEST OF PC25™ POWER PLANT INSTALLATION II

s Pollowing a normal power plant start-up, operate at IDLE for cne hour.
At the completion of the one hour, obtain prints of the following five
(5) display screens.

- KEY PARAMETERS {screen 0%)
- REACTANT SUPPLY SYSTEM (screen 10)
- STACK LOOP, ANC LOOP, & WIS (screen 11)
- ELECTRICAL OVERVIEW (screen 14)
- POWER CONDITIONER SYSTEM (screen 25)

s In the grid connect mode with unity power factor and-no heat recovery,
operate at each of the following powers for one hour. After one hour
obtain prints of the five (5) screen displays outlined above. Also
perform the additional demonstrations at 100 KW and 200 KW listed
below which are accomplished after the one hour hold. The required
display screen prints for verification are shown in brackets {}.

* 50 KW
* 100 KW
- demonstrate leading and lagging power factor for 5 minutes
¥ max leading power factor up to 0.85 within limitiations
imposed by the grid {screen 14}
% 0.85 lagging power factor {screen 14}
* 150 KW .
* 200 KW (Rated Power)
- demonstrate < 3% harmonic distortion [using THD meter
across the output power breaker)
- demonstrate 60 Hz * 3 Hz frequency [using a Fluke Model 87
True RMS Multimeter or equivalent])
- demonstrate leading and lagging power factors for 5 minutes
¥ max leading power factor up to 0.85 within limitiations
imposed by the grid {screen 14}
¥ 0.85 lagging power factor {screen 14}
- demonstrate minimum of 2 hours of heat recovery at time
- of normal site heat usage and consistent with site design
# {screen 09 at beginning and end of demonstration
plus screen 11 at beginning and every hour until
heat recovery demonstration completed}
# confirmation of 1900 SCFH % 100 SCFH natural gas
consumption during this two hour holad
s Grid Independent operation will be demonstrated at those sites where
. such capability is installed, at power conditions consistent with
normal site demand. After one hour of grid independent operation,
each of the five (5) screens displays noted above shall be printed as
verification.
- demonstrate 60 Hz + 3 Hz frequency [using a Fluke Model 87
True RMS Multimeter or eguivalent]
-~ demonstrate 480 volts * 3%




ERDC/CERL TR-06-19

61

STLCK LOOF, ANC LODP, & WIS
67167395 IDC= 239.2 NDRCs 237 EWACHET= Z VTILODEL=> -3,.%1 EVENTS 0O
sE5o:-4l FTa~zapT= 21,2 TE400FT= 370.1 TEQ1ZrT= 1452rﬁﬂx& CWERRIDE
BSfP OG0 F 150 R 184 £ B0 W 20 A 3D ¥ 40 o 5% L 1a NI 25
mE100 SERARATON TEME (FRIMAREY ) 276G.2 DEGF SITPOINT: 370,02
TEa00R ZEFARATOR TEMFP (BACKUE] 369,84 DEGF GSEP TEMF FACTOR [DEGF! 1.4
TE40LDEL  ZET TEME DELTA 7.4 LDEGF
L2455 WATEE TANK LEVEL SWITCH On STH FLOW BEW [F5400] on
ma450 EFOLISHER TEMPE T5,.7 DEGF F/W TEMF SWw [TS451) on
TELLD CONDENWNZOF EXTT TEMF 138 & OREGF
TRAZG ClET HEX HOT I[N TEMFP 153.3 DEGF CUMHEATREC(MMETU) U.6849
TESHD CUST EEX cCOLT IN TEMT 4¢.7 DEGF FTE3L FLOW {FFH| 219470
wEEGL cUhsT HEX CoLD EX TEWMP 102.3 DESF HEAT REC (METU/HE! 27Ta
TE401 STACE COOLANT IWLET TEWPR 261,32 DEBEGF
LT&00 SEFARATOR LEVEL 11.2 1IN
PME4S] WTS FEZDWATER FUME off aX TIME, MIN.(FWDUME): Q
STARTTIHME TEHP FPGE EEF HEATU? isa.0  DBEGE
IDCHNET HET OC CURRENT -42 . & AMES
HTE4G0 SLEMENT "A" O ELEMENT *C" oL
ELEMENT *EB" on ELEMENT D" off
EEY RARAMITERSI (ENGLILH CMLTL G
I - Te T 0 267167495 B3 3T EVERT [ OVERZILE: o
T 230 % Zaf % ed W=E0 A I0 ¥ a0 2 3% L 12 s
DOWER CUTFUT (MET! 2.5 EwWAC CPEFRATING TIME G6.7 TES
TLWZE JOTFULY [ GEDES]) Te.3 EWac FIWER FRLOTOER 0,40
SIACK CURFENRT tE9. . AMES CUMULATIVI ZOWER 2,839 MWRE
STAOR VOLTAGA A3 a4 WOLTE EARLE HTACE VYOLTAGE -0.G9  VIOLTE
VOLUMETREIC XUEL FLOW i1, ACFE FUnl FLOW ZITPCINT 457.4 acTd
KOTUERL FUEBL PLOW Z0.Y PrH
A0S ECZCTOR TOZTTICN la. o % ZTRL0 SETZOINT 1.1 %
Y3 MOETTOR T.0d TLTAL FUEL TONE 32622 SIF
FTlen HUANER AIR FLOW 208 .7 H FT140 SETFO[RT Z1n.0  PFR
TEOI: REFQRMEL TLMP 14932 .7 IJEGF ZT1.0 ToRTTION 4.9 %
TENL2% BACKUF ZZF TEMP 14548.: CETE TENL1Z SEYEOLNT i495.0  DEGE
TEIXZ BDE TEMY 495, 7 LRz TESED ANODE TNLET TIME 39S .6 DJ3GF
TRL00TT ETEAM SEP TEMED i7I.%  LEZF TE420 SETFOLNT 372,15 DEGF
TEgdl TEMR TD CUST 0203 TEEGT RECOVRREID JRAT ld% WHTU/HE
TE4:1 ZOLISHEES TLME T&,7 DE3F
Lr420 SEZARATSE LEVEL 12,5 IH TES.G GLYIZL TEME 145.5% DEZE
DME4aL. ETATUE Ott TE1lE( MITZE COME ALR £&.7 DEGF
TE1ES ROT COWE OATE W EZ.7 NEZF
ZLEUTETCAL RFFICIRACY .00 i press YEXT FAGE: key to view EM dzta



ERDC/CERL TR-06-19

62

I6S1A795
eSS 38
PP owCal

TRu12
TETLER

SRILE/AE
Ng37:53
F/P 9C4EL

SADTIME
HOTTIME
CELY
ASF
THLC
Yy1T3I1OLCEL

EF®INY
I¥IMECK
ETFELEC

KAACNET
BPFACT
EvARNET
RVANET
DAETOWER
KW ACGECS
MWEASER
MWHEENET

EZATTARD Z2UFZLY ZTITIEM

- 24305 wnpo= P57 EWACHZT . V¥UER1LDEL= -0,%1 FRYINTS 0
TTO12IA0T= 25, & LLENZIFT-  3T0 =api2eTe 1494 SYEXHIDE 7
PRI R 1el S BD W 23 A 3T K 40 2 M0 L Ln

LEEF ™MUBE TEMF [ PELMANY 1 *4%4.4 Dkl =2RT20CTHT: 1457 .2
RFZ TUILE TEMP [LACET= 1457 .4 G237 DEFJFURL CONT SUTZUT: 1.13
REF TURE TEME DZLTA 7.4 DZAF

ACTURL MARZE TUTI FLCW 2i.4 2Py BETEOINT: 1.0
UNIORYE, MLE3Z FUEL FLOW N I Ol | TEZ1]1 FUEL ZIMEIDESE) Ga .2
ACTTAT YOLUME FUEL TLOW 475,99 P ZEPLSINT: EY
TOTAL PUEL CONESUMED 12E3T ZIF PTOLZ WENTURL(ZZIAL 7.88
2IZCTO&E POSITIGH 1.0 % ZETFOINT a3
FHAT HOWITCE 1.0z “TERM FLOW =.F./2FPH]: VR |
ARCDZ LHLET TEME 37,5 TERGET

oS ZEL TamE 493 .3 O=2EF HI=002 SZTATYS: orn
REITORMER RFZII2IROY ITE %

FLECTRICAL CWiIRVIZW

IDC= 739 YLz 237 KWACNET= 2.5 VTZ10DZL— -0.%1 EVENTS U
FOOLZAZT 21,1 TE430FT= 369 T3312F1= 1492 OWVEERIZDES u]
F 150 R 160 5 60 % 20 A 32 ¥ 47 o 30 % 19

TOTAL LOAD TIME GE  HR

TOTAL HOT TIME 120 EE

AVE VOLTE FEE CELZ T41 Wi

CUYRAENT NENSITY 42 AST

DC EILOWATTS 567 KW

SELTA HALF STH VOLT —Q.al v vT31% HALF BTE VOLT -0.0C8
INSTANTAREONE STX AMPS 239 R

INVERTER EFTTCTIENCY 93,2 % QELL EFFICIZHIY (%! 5a.3
MECHANICAL EFFICIENCY &, 4 E EEF EFFICLENCY [%) 5.5
ELECTRICAL BFZICIZNIY 1.0 % HEAT EATE [(BTU/EWHE! 19%ChHe3
HET AL PCOWER 2.5 HWAC [DISPATCEED FOWEE: o.o
ACTUAL POWER FACTOR o.%0 - DIZPATCHED F.F.: Z. 00
HET EVAR 1.1 EVAE DISPFATCHED KEVAE: 0.0
HET EWA 2.7 BRVA

FARASTTE FOWEER 53.7 EW

3R0SS AC POWEER 5B.3  HW

GR2EE AU MW TULS 2,369 HWHE

WET AC MW HOUES 0.B42  MWER



ERDC/CERL TR-06-19

63

POWMER CONWNDRTTICKEE SYETEM
TES154%5  IDC=  23%  VDo= 237 TWACHET= 2.5 WTIICDLEL= -0.49% EVENTS 2
O6R58:-40 FPTO12A0T= Z1.1 TB400QF"= 3706.0 TEOLZFT= 1502, ONEERICE 0
SfP 90EL P 142 R 16G S &0 W 20 A 33 N 40 £ 20 L 10 @
PTOOZA THY AN VOLTRASR , DHASE A 4837 W
ZTOC1E THY AZ VOLTAGE ,PHASE B 480.6 W
aTnolc THV AZ VOLTAGE,PHABE C 475,58 ¥
CTORL1A INY AC CUREZRT,FHAZI A 0.5 &
cy041B I¥V ALC CUREEKRT ,"MASE H 0. A
CTGOLE 1KV AC CUREENT .FHASE C 0.1 A CUREZRT UNZEL 1% o0
PTCO3A NET AC VOLTAGE ,PHAEE A 45945 W
*TOQ3E NET AZ VQLTACGE.PHASE B 492.0 ¥
ornGac NET AC VOLTAGE,PHASE C 489.2 W VOLTRGE URBAL (%) H
LIWKVDC LIKE VILTAGE BO3.3d W
PERCFUNL FEECENT FUNDAMIHNTAL 3.8 %
BPERED FHAREE SHIFT AEQUEET 1.0 DEG
MCRD01 G/l BREAKER sTATUZS Dt
MCEOG2 G/% BREAXER STATUS off
MCBOGS IRTER-T:IE BREAKER ETAT [0 41
I¥TCOUNT INTERZRUPT COUNT 4]
L8Y PAEAMETEEZ ‘SNGLISH (ONITS:
FMP O G062 DeF1a/735 0237 :02 EWINTI G CYERRILE: o
' 3p N 4 30 L :D @
1 CPEFATIKC T_HE Rd .4 KBS
VERGES 1At PowWER FACTOR -1.30

STACE CUZEENT 455305 LMEY TURULATCIVE FOWER 0.9i: MWEER
STACE VOLTaizZ 2234 Jyolme  Ha STRCE WOLTAGE J.Ch YALTS
VOLUMERT2TZ ZUcl FLOw L.y SCFH FUEL ZLOW SETZAOTNT B0 7 S0FH
ACTUAL TURL FLIW 40.%F  PFH
BTAZ0 EJELTORE BOSITICK 22,7 % 22010 SETFOINT 23.7 %
ZEI MONITCE b.%& TOTAL TUEL DCHE 1403%  SCF
FTi40 BUZHER ALTR PLIW 282.: FP140 SETRFOLNL zaéz.1 =PH
TEQ.Z REFARMEE TEMF 1985 .4 ET1.0 PCEITIOR 45 .7 %
TEO12E ZACKUFP ZEF TEMP 1522 .2 TEN1Z ZETROLNT 1%1la, 4  LGESF
TROE2 HDE TEMP 00,1 DEIGE 733580 LNOMNE THLET TEME 105 & DEGE
mMTALOTT ZTEAM SEF TTMP 357 .7 EGER TE4O0 SETIROINT I6C A LCEGE
TEsE1 TREMP To ZUsT 1z9.8 ©TIcF EICTWELRED HEAT T MATU/HER

TF42. PILISEERT TIME T4 .5 DEGF
LTAd0 BEIZAYATOR LEVEL 14 IN resl1r GLYCCL TEME 139.2 DEGF
IYE4L, RTATUR ol 3 T3 LADL HMOTOR CoOMP OAIE B4 5% DEGE

PEIL0 MOT JoMZ ATR IN F7.48 DNEGF
ELESTRTCAL SFFTCICHNOY 2.8 4 orezs SNELZT PAGE: Xevy to view EM data



ERDC/CERL TR-06-19

64

RIa2ZTANT BT ST AT EN
06/15/35 IDC=  457.€ wDO= 326 J YT310DEL= -0.83 3VENTE O
Nna3g: 24 FTA12ACT= 358.% TE400FT—- 358 TERLIZ2TT= 1524 OWERKEIDE @
B/E 9051 P X80 R 160 3 60 W 20 A 30 N 40 £ 30 I 10
TECZLZ EET TORE TEME (DRIMARY: 1524.3 DEZF SETPRINT: 1514 .4
mRC12R  RE¥ TUBE TEMP {BACKUF| 1522.5 [CSGF RE?/FUEL CGHD OUTRUT:  1.04
"§0120FL REF TUBE TEMF DELTA 1.7 DEGF
YPOLIACT ACTUAL MASS FUEL FLOW 58.3 PPY  SETPCINT: 570
FTO1Z UNCOEE. MASS FUEL FLOW  42.0 PPH  TEDL1 FUEL TEMP(DEGF! 71.1
SCFH ACTUAL VOLUME ¥UEL FLOW B5i.7 CFl  SETPOINT: 300, 4
PUELTCT  TOTAL FUBL CONSUMED 13064 SCF PTOL2 VENTURI{BSIA] 7.29
27010 EJECTOR POSITION 24.5 % SETPOLNT : 23,3
FEIMOI FHI MONITOR 1.12 STEAM FLOW Z.F.(FTPX): 143.8
TEI50 ANODE INLET TEMP 395.5 TEGF
TIC0Z FDS EED TEMP E0C.1 CEGF MTRI0Z STATUS: on
SPFREF  REFGRMER EFFICIZHCY 4.7
STACK, LOGP, ANS LOAT, & WTE
65/15/35 ID0=  45%.8 VIC= 223 VIE10DEL= -0.78 EVENTE O
NE43:06  PTOLZACT- 41,7 TESDOFT= 359.9 TEQLZFT- 151 OVERRIDE 12
p/p G0GL F 160 % 1A0 5 60 W 20 A 30 K £0 C 30 L 13 SO
73200 SIPARATOR TEMP (PRIMARY: 35%.20 DSGF SETBOINT: 358.3
TELOCR LEPARATCR TEMP (BACKJP] 3545 DEGF =3P TEMF FACTOR(GEGY | 1.C
TE4Z0D3L SEF TEME LELTA 0% DEGF
LE45E WATER TARK CEVEL SWITCH  Om STK FLOW 2N (£5400) cn
m3431 FOLIZHIR TEMP 4.6 DEGF F/W TEMP S (TS451} an
TESL1E CGRLGENSCE BRIT TEMFP 139.9 DEGF .
TERZT CUST HEX HOT IN TEMP 173.6 DEGF CUMHEATREC|MMETU) L
TES2D CUST BEX CCLD IN TEMP  172.9 DEGF FTES0 FLOW |[PPH! 2
TESE1 CUST HEX COCLD =X TEMP 123.6 D3ISF HEAT REC [MATV/HE; Qo o
*3401 §TACK COCLANT INLET TEME 33%.0 DEGF
LT400 JEPARATDE LEVEL 11,2 1N
PMP451 WIS FEEDWATER BUMP 5ff ON TIME, MIN.{?WEUMP): b
STARTTEMP TSMP *OR REF HEATUZ 350.0 DEGF
“DCNET  NET D¢ CUSRERT 24.3  AHPS
TTR40C  ELEMEWT "A" 0ff ELEMENT "' on
ELEMEKT "B an ELEMENT “D" Dff



ERDC/CERL TR-06-19

65

5

=)
It & ..
H
[ e TR
AN

o

51

LaEDTIME
HOTTIME
SELY

RS

Ewos
VT2120EL

HFFINV
E-FMECT
SPFELAEC

EWACHET
PEACT
FNARNET
BYANET
AR OWRR
WACGROS

MWARSGR
WY EINST

dBJf1E 35
846 : 35
PSP 490El

PTOOLR
"T0I1B
PTOOLC
STODLA
OTDILE
cCTCo1Z

ETO03A
PT2022
FTCO3Z
LINEVOE

PERCTLHND
FEXEZ
MCORZD0Z
MIBOGE
MZRROZ
INTIOURT

BPLECTES
100=  £73  yhes 714 .33 NPILUDEL= -0L.ET  EVENT: 0
Fonz2acms  37.7  TE4COFT- TeTaoT= 1507 OVEEEIDES 4
2 LED 2 160 @ &0 W 2D A 3T K 43 ¢ 3¢ L ib
MHTAL LOAD TIME §8  ER
TOTAL BOT TING 122 B3
BVE VOLTS FERE CELT TAD VSO
CURRENT JENSTTY G4 AEF
D0 EILOWATTS T06.7  fW
DELTA fAL¥ STE VOL® —n.85 ¥ YT91C HALT STE VOLT  —0.0:
INETANTAHEOUS STR AMPS 465 A
IHVEETER BFFIOIENCY Qg o 4 CELL EFFICIENCY [%3 56-@
WECHARICAL RFFICT2NCY w.c % RE? IFFICTENCY (3] BE 6
ALEICTRICAL EFP-LCENCY 23,0 % HEAT EATI (ETU/EWHR] 14506
WET AC POWER 20,2 we? DIE2ATCHED POWEZR: £Q.a
ACTUAL POWER FAUTOR -1 - DLSFATCHED P.7.: 1.00
NET EVAE -1.1 EVAR DISBATCHED KVAR: 0.4
WET KVH 49,7 EVA
FARASTITE FPOWER 5.0 KW
BREDSE AT POWEE 0B 2 W
GROES AC MW BRS Z2.549 HMWHE
HEY AT MW HOOZI 0,922 MWHE

POWEE_ CONSITIQNER SY=TEK

IDi= 462 WLC= 234 VTELODEL= -0.80 EVENTS
FTO.ZACT= 40.4 TE400FT= 361.5 TECLeFT= 1511, OVERRIDE
FiG0 R 160 2 60 W Z0 R 20 N 40 © 20 L 1D (E:EE}
Iy AC YOLTAGE  FBASE A 457 .5 W
INV AC VOLTAGR,PHASE B 494.2 V
I¥Y AC VOLTAGE, FHASE C  4%3.2 W
INY AC OUREENT,PHASE A 53.7 A
INV AC CUREEZNT,PHASE B SE.E A
IKV 20 CURRENT,PHRSE C 5.2 A (CURRENT UNEAL (%) 7.5
AET A2 VOLTAGE,PHASE A 57,6 Y
NET AC VOLTARE.PHASE B 495 2 ¥
NET A0 WOLTASE,=HZTE (' 492.3 V  VOLTAGE UNEAL (%) L.
LIKE VOLTASE 5%3.7 ¥
FREECINT FUNDMHMENTAL a4, 2 i
PUASE SHIPT REQUEST 4.8 JEG
G- BREAKET STATUS aff
%/C BRERFIRE STATUS on
INTSR~TIE ERERKER STAL om

IKTEERYPT CCOUNT
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EEY PARAMATEES

[I¥GLIZE UNTTS:

F/F  A0E]L DE/LE,/95% 107357 EVENTE: o GYVERETOR: i}
E 160 R 1e0 2 4 W oE0 2 a0 o031 L o1%
PQ:ER CUTROT (K27 1pi, ¢ _FEWACS OPERATING TIHE 7%.3 RS
POWRE 0 T L@RD. 117 .7 KWAC POWEE FACTOR 3. 9%
STACE CUERENT £39.% AMPE CTUOMULATIVE FOWER 1.484 MWHR
STALCE WOLTAGE 2z0.9 WGLTE HALT STACKE VOLTRGE .03 vwoaLTa
YOLUMETRETZ TUEL FLOW 93,2 4SCTH PUEL FLOW SETPOLIRT 1002.5 SCFH
ACTUAL FUSL TLOW 44,7 PF@H
27010 REIECTCRE PFOSITICH 26.5 B IT91l0 ZETCECQINT 25.9 3
FNI MONITCE 1.08 TOTRL FWEL CCOHE 38813 SCF
FT>47% BURNER LTIE FLOW 315.1 FFH FT140 =BTFGINT 11%.3% FPPA
m=2d12 REETPLRMEER TTMF 1822 .2 TEGF ZT_1d POSI™ICN 48,7 %
73017 EACEUP ZEF TEMF  151%.0 TDESF TEDLZ ZETZCIAT 1526 .5 DESF
TEIOZ HDS TEMD? 510.7 CECE TEZ51 ANODDE TWLET TEMF 3%7.3 LEGF
TI4ROTT IZTRAM SEF TEMP 135.3 DEGF TE4DD SETPOINWT 3SRA_8 LEGF
TE3E]1l TEMF T& CUET 102.4% TECT EECOVEREL: HEAT il 1 HMBTU/HR
TE43. DPQALISUZE TEMP 22.23 LEGF
T.T400 SEFAERRTOR LEVEL 11.1 ) TEAIN GZLYCOL TEMF 140.86 DEGF
IMPL5] ETATUE 0ff TE:1G0 MATCE CCGMT ALR 74.4 LEGF
mE150 MOT COMP AIR IN 9 _ B DESF
ILACTEICAL ZFZICIERCY 1.3 0% Fress <NEX? FAGEr key ts view RM data

na/LE/355
10:8: 43
/P 0GRl

TEZ12
TED1EZZR
TEC12LEL
FTOlEACT
FE012
BCTH
TUELTCT

CTG .0
FRIMGH
TEZ30Q

TEC D2

EFFREF

EEACTANT BLrPL

IDC= azZl. 3 WLC= 2z2
FTC1ZACT= 44.4 TE4O0FT=

P 150 B 150 5 B0 W 0 A& 3G
RF2F TUGE TEMF [FRIMAEY) 1522.1
REF TJRE TZMZ [BACKITP) 1526.4
REIF TUEE TEMF DELTA 1.7
ACTUVAL MASSE FUEL FLOW 44,4
VHCOBE., HMASS FUEL FLOW 50.7
BCTUAL VOLUME FUEL FLOW 936.9
ma37al FURL CONIUMED 39624
EJESTOR DOSITION DELE
DHI MONITOR 1.02
ANCQCE IHLET TEMP 395.2
HCE EEDL TEMP Ein_ 2

EEFUEMER EFFILIENCY

VT3L0DEL= —-0.80 EVENTZ: 0
ECTZFPT= 1522 OVEERIDE T
40 2 30 Lllil

CEGF IETFOINT: 151%.6
OFEsF REF/FUEL CONT CUTFUT: 105

DEGF
FFH SETPSINT: 43.5
FFE TEOL1 FUEL TEMF[LEGF} 7RG
CFH SETFOINT: 2I7.4
SCF PTO12 VENTURI:PEIA} 6,85
t SETPZINT: 5.3
STEAM FLOW 2.7, (PPH): 1&1.5

NEET
DEISF HTROOZ ETATDS: tn
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i

F.
b

671
1029

Lo I ]
I e -
[ I

gl

o ka

!

TE400
TEa002
TH£020EL
L3450
-
TEE1D
TEIE2D
TEGEOD
TEBE1
TE401
LT&00

PHE4SL
STARTTEHF
TDCHET

HITa0O

SES1E 95
103241
P/FP 9lcl

LACTIME
HOTTIHE
TELY

ALF

EWLC
VTILONRT

EFFINY
EfFHECH
EFFELZC

EWAIHET
FEACT
EVLRNET
KVANET
FARFOWER
KWACGRCS
MWHEEGR
MWHEENET

STECE LOCE & WIS

Ihi=  E42.1 VDo- 221 LF YTA1DOEL= -0.31 EVENTS 0

FTO1ZACT= 44.5 TI400FT= JB5.8 CEMLZFT: 1524 OVERRIDE 3

F B0 B 1G] & 40 W 20 & 30 W 40 £ 3 L 10

ZEFARATOR TEMP [PRIMAEY: 357,12 LDEGT SATROINT: EET

SEPARATOR TEMD (BACKIP) 357.3 DREGF SEF TEM2 FACTON|DJEGF) 1.0

SEP TEMF DELTA 0.0 GEGY

WATER TANK LEVEL EWITIR on 57% FLOW EW (P2400] on

POILISYER TEMP 81.5 DECF F/W TEMP EW {TS453) On

CONDEKSOR EXIT TEME 139.9 DEGF

CUST HEY WOT iN TEMP 10,6 DEGF CUMHEARTRECMHETU) 1.05%

CUST HEX COLD 1N TEMF 150.0 DEGF FTE80 FLOW (FPH! 0

CUET HER cOLD EX TIMF 103,48 [DEGF 4EAT REC [METU/AR} a0

STACY COSLANT THLET TEMP 325.1 DEGF

ZEPALEATDH LEVEL 1.8 IN

WIS FEEDWATER ZUMP an OF TIME, MIN.{PWEUMP): o

mIMF FOR REF HEATUP 350,45 DRGY

NET 00 CURRENT S44.5 AMPS

ELEMENT “A" Off ELEMENT "g% Off

ELEMENT "3" Off ELEMENT "p® Off
ZLECT

1o0= 535 ¥DC= 222 {JAACYET= . 3B..) VT3ILOGEL= -0.54¢ BRVENTS &

FTC1ZALCT= 44 4 TE4Q}FT= 5396 TEOLAFT= 1524 OWEZRILES y]

150 R 163 § S0 W 20 A 33 N 40 C 30 L 10

TOTAL TGAL TIME 70 HE

TOTAL HEST TIME 123 IR

AVG VOLTS PEER CELL JERE W/C

CUZEENT DENSITY 95  A3F

CC KILOWATTS 119.5 KW

JELTA HALF STK 0.7 .84 W ¥T310 HALP STE VOLT -0.01

INSTANTANEOUE STE AMPS 539 &

THVERTER EFFICIENCY 85,5 & CELL EFFICIENGCY (%) 55.5

MECEANICAL EFFICIENCY 86,3 % REF EFFICLIENCY {%] 19_4

BELE2TRICAL EFFTCIENCY 37.5 % HEAT PATE (BTU/KWHR} 10093

HET AD POWER 100,31  KWAC DISPATCHED POWER: 1001

ACTUAL POWER FACTOR -1.00 - DISFATCEED E.F . : 1.00

NET KVAR -0.5 EYAR DISPATCHED KVAR: a.6

WET KA 100.4  EVA

PARASITE POWER 15,3 EW

CRCZS AT TOWER 11E.5 KW

SECSS AC HW HRS 2,754 MWHE

NET AL MW BOURS 1.001  MWHE
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DE/1E733
1022:44
F/® 9Zi4l

ETOOL1A
FTOL1E
FTOZ1C
CTZO0%A
CTAG1E
CTI0LT

2TI034
FTOG3E
FTOU2C
LINKEYOC

FERCFUWD
“SEED
MCEOOL
MCEOG
MCEQOZ
INTCOUNT

LoflE9E
ifpel:-36
e 9061

LOADTIHE
HOTTIME
ZELVY

AGBFE

Wol
VT31003L0
IFFINY
IFFHECH
EFFELEC

HWACNHNET

EVARNET
EVANET
PAETOWER
EWALDGEDS
MW ARSCR
MWERERET

POWEE, CONJITICNEE SYSTEM

JDC= 539 wDos 221 VT310LEL= -2.50 EVENTS 2
FrTOLZACT= 44,5 TEL00FT= 355.0 0 CHOCIFT= 1323 9 CYERRIDE 1
D O1EQ B 460 8 G0 W IZD A 3D K 40 C 34 L 10§

IKV AC VOLTAGE,PHASE A  432.85 ¥

INV AC YOLTAGE FMASE ©  450.1 v

I[NV AC VOLTAGE FHASE €  45%0.3 ¥

INV LC CURAEYT,.FEASE &  iD8.0 4

INY AL CURRENT,FHASE 7 i6.2 A

THY AC CURZENT.PEASE C 222.3 A  CURRENWT UFBAL (%} 12.3
RE™ AC VOLTAGE,PEASE A  493.1 W

WET AC VOLTAGE,PHAEE E  4490.& W

NET AC VOLTAGE ,PHASE C  258.4 ¥  VOLTAGE UNEBAL i3} 1.0
LINK VOLTAGE 33%.8 W

PERCHNT PUKCAMENTAN 6.3 3

PHASE SHIFT REQUEST 6.5 D3

G/T BREAEER ETATIE aff

&/0' BERERKER STATUS On

IKTER-TIE EBEEAKIZ STAT 0n

INTERERUFT COUNT 9

FLECTEICE;

IDC= 548 WhC= 221 ; YT310PIL= -0.30 EVENTS ©
FOLLZACT=  45.0 TE4OCFT= 2 ETTPFTs  Lh29 OVERRILES D
P 160 B 363 & B0 W 20 A 30 ¥ 42 C 20 Lis
moTAL DAL TIME 70 HE
TH AL HOT TIME 1z4 KR
AV ¥OLTZ PER CELL L5%1  W/C
CURRENT DENSITY 98 A3F
oC KEILOWATTS 121.1 FEW
JELTA HALF STE YOLT -0.8% ¥ Y1310 HALF STE VOLT Cc.o2
[NSTANTANEOUZ aTK AMPS C42 A

INVERTEP HFFILIENCY 57,5 % CELL EFFICIENCY (%1 55,4
MECHANICAL EFFICIENCY B4, E & REF EFFIJTIENCY (%) 17.8
ZLECTRICAL EFFICIENCY 35.5 % HEAT RATE [BTU/HWHR] 10685
3T AC POWER 190, 3

ETURL PONER FAGTOR, T LD

ETK 455

HET KEVA 110.5
PAEASITE POWER 18.3

GR088 AC POWEER 118, 4
GI0SE AC MW ERS .13

¥ET A MW HOURS

11067
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ELECTRIC

bs/lE/eE TRC= 542 w2D-s Zi VTILGLEL= -0.80 EVENTS @
_0E1:1Z FOOD_2ACT= 45.5 TE40QFT= 3] : 7= 1531 CYERHRIDES G
/2 5061 F I60 K 1E0 B 60 W 2D A 30 N 40 C ZL L 10@
LOADTIME  TOTAL LOAD TIME 0 kB
AOTTIME TXTAL EOT TIME 124 HE
CELY EVG VOLTS FER CELL a0 w.C
EATE CURZENT DENITTY 47 ASF
KWL O KILOWAZTE 120.1 EW
VT21CCEL  DELTA HALF STHE WALT a.&60 W WTi1ld HALF STE VOLT .02

INETANTANECUS STE EMFPE Ed1 A
IFTTIRY INYERTAER HFFICIENCY EN CELL EFFICIENCY (%] B33
ZFFMETH HECIANTICAL EFTICIENCY 7.3 % REF EFFICIENCY (%} Ta.3
EFFELEC ELECTRICAL EFFICIEHCY B3 % HEAT ERATE [BTU/KWRE) 10415

KMACNET {IET A, RO i
] ?RCI ~ ACTUAL POWEE FACTOR -0.85 -
IYAENET HET AR -5&, 0 FYAR

LISPATCHE
J15FPATCHED

DIS¥ATCHEL

EVMANET TBT #Va i16.5 FEVA

FLRPCWEERE FARASITE ZOWER 18,1 KW

KWACZROE  GRDSS AC PUWEZ 119.0 EW

HWHEZGR SEOZ3 AC MW KEE 2.793% MWER

MWHRENET N3T AC MW HOURG r.124 MwhE

KEEY TARAMETFERS (ENGLIZA THITS:
B/P 9lEl TESLRSQE 1231:57 EVERTE, 7

W20

LAMETZ[Z TUEL
ATZTuaL FULEL KFLCW
AT01w ©JICTSR =0ICTIOO
FHZ MIKITOR

4D BUANER ATR FLOW
TEZ1Z EEFORMAE TEME
TEDTZ3 BACRUF IRF TEMT

FT.OW

TELLRE HTIE TEMWD

TEACOFT Z2TEMRM SEF TEWE
TELRHL TuMp U IUST
LTHID BEFASATOE LEWEL
TMPELLL ZTATUE
RLREOTEICAEDL IFTIZIENCY

% 30

[T L LI L L L

o=

[y

[T

LEGE

DEGET
T:ECF

TH

S oi0n 10 I‘HFP
D) OFEXATING TIHE

POWER FACTOR
CUOHULATIVI 20WEER
HALT STArY VOLTAGE
FOE. FLOW ZZTROINT

2173170
TOTAL
FT242
AT1i0
TEIL1E

ZETPOINT
PHEL CONS
ZETPDINT
POGITIGH
ZETEOINT

TE3EN

TReNQ EETRPIINT
AECOVERET: EEAT

TBe31 PFCLIZEER TEM?
TESil ZLYCOT, TEMF
TELRQ MCTCx COMP AIR
TE1S%0 MOT ZOMP &2H IR
press (NEXT PAGI: Key

W,
F

ARCDE INLET TEME

ONVEERILE: G

1.9 HE=R
-1.00
1.295 MHWHE
2.1k WOLTS
1455.7 SCPH
42,1 %
37925 ECF
435.2 PPH
E3.L 0B
1554 . & DEGF
39%9.5 DEGEF
348 .4 DEGF
0 0 METY/HE
25.F TLTEGT
135.3 ODEGF
74 .7 DEG?
Tz.5 QEGF

o wiew FEM data
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Vo= Z1E

YT2I10LDIEL= -0, BT

EVENTS ©

LR TS4NIET= 33 15369 OVEREIDE [
G0 W 2D A AC 0 4b L 1o
PASTRN I EZ2F TIRE TEME [FRIMERA® ) 2359.4 DEZT SETPLINT: 197 .1
TELLZL EZF TUZE TEZMP [BACHKUE: 130E.E uEGH aLP/FUEL CITHT ZUTRUT: 1.497
TEOLZIAT. REF TUZE TEMF DELTH 5.7 LEZF
FUOLZACT  AUTUAL MASE FUEL #LGW 68,5 PPy SETEDINT: 85 ¢
SRl UHCORE, MASs FUEL FLOW 7.1 PPH  TE211 FUBL THMEPILDREEY ) T6. &
ZCFE ACTIAL VCLUME FUIL ZLOW 1277 .C ZFHd SETPMOINT: 1480, 1
SUBLTCT  TRTAL PUEL CONSUMED 37450 SCF PT312 VENTURIPEIA) T.85
TG LD ZIRCTOR POSTTICK 42,1 % SETEOIRT 41.2
~EIMIN 297 HOMTTOR 1.1 STEAM F_GW X F . I2PH: 242 .2
TEIARD ARQDE INLET TEMP 399,37  DEGF
TI0a7 NS RED TEMP §37.9 DEZF  HTEO0Z 2TATYUS: DfE
EFz%EF FOPCEMIRE SFFICISHEDY 806 %
STACE LOCP, ANC LOOP, & WTH
TE/16/%5 IDC= B06.7 WVDo= 212 (FWATRETS Iy YTI100DEL= ~C.ET EVENTE 0
1205:01 FTOLZAST=  GE.2 CTE4ODFT= 349, SEITIET= 1604 OVEERIDE O
P/p 906l B 160 R 160 § &0 W 20 A 30 N ab ¢ 30 L 10dJ 53
TELDG AEFARATCE T3EMP ‘PRIMARY ) 343.€ LEGF SETPCINT: 3144, 5
TE40CT SEFARIATOE TEMP {BACKUS: 248.7 DBESF SEP TEMP FACTCR(DEGE) n.9
TE402DEL ZEF THMS DELTA 2.k DEGFE
L5450 WATER TARY LEVEL SWITCH on STE FLOW SW [FE400) on
TE431 POLISHER TEMF 24,5 DECGF F;W TEMF ZW [T3451} on
TEELD COHGENSGE EXIT TEMP 157.5  DEGY
TEGZ0 CQUST WEX HGT 1IN TEMP 189,58 DEGF CUMHEARTEEC [HMET) 1.05%
TEE2D CUST HEX COLD IH TEMP 156.5 DEGF FTEE0 FLOW (PFR) 0
TESEL QST HEY CGLD EX TEMF 55,0 DIGF HBAT REC (MBTU/RR) oG
TE4G1 ET&4CE COCLANT INLET TEMP 308.2 DEGF
LT40G SERARATOE LEVEL i0.5 A
FYPr451 WTS FEEDWATER FPUME O ON TiME, MIN.[FWrUMP): 0
STAETTEME TEMD POR REF HEATUP 150.0 DEET
CCNET ¥ET DOC CURRENT 509.4 AMPS
HT=407 ELEMENT "A" 0ff FLEHMENT "o" of £
ELEMENT HB" off ELEIMENT "D" afs
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NEF15/95
L226:0C
FfP ROE6L

LOANTTIME
HOTTIME
TRELY

LZF

AW
WTI10DEL

EFFIEW
EFFMECE
IFYELED

KWACHET
FTROT
EVARNET
EVANET
ARFPOWER
EWACGERCE
MWHRECHE
MWHERNZET

CE/15/95
120649

P/F O S061

TR0 A
PTIO0ZE
FTOZ1C
CTRO1A
CTOL1E
CTOL1C

PTCO3RA
PTALIE
BToO0AT
LIREVLGC

FERCTIND
PEREY
MCBOOZ
MZRIOZ
MCEDQS
IHTZCUNT

BELEC
[LC= YT VDCc= 21
FTG12ACT= 4.1
F 1ed R 140 3 &b

TeUAL LIOAD T_ME

TOTAL ADT TIME

mWE YOLTE PER CELL
CURRENT DENSITY

LT KILCWATTS

LELTA HALF STH VOLT
_HSTANTANECUS STKR AMFS
INVZRTER EFFICIENTY
MECHANTCAL EFFICIERCY
ELECTRICAL EFFLICIERCY

NET AT FOWER
ACTVAL FPOWER FACTOR
NET KVAR

NET #ZVA

OARAZITE FPOWER
GROJS AC POWEER
GROES AC MW HEZS

HET AL Mw HOURS

IDC= 341 VIC=
FOOLZACT= ad. [
2 ied R 1E0 = ED

2112
W oan

1HY AC
IEY R
I OAC
LY AC
JHY AT
IV AC

YOLTAGE . FEASE
VOLTAGE , PHAZE
VOLTACE, FEASE
CURRENT , PEASZ
CVRRENWT , FHASE
CUERENT ,FHASE

o B n = o s

RET AC VOLTAGE, PHAGSE
HET AC VOLTAGE ,PHASE
NET A{ VOLTAGE FHASE

LIKE VOLTACGE

= =

FERCENT FUNDAMENTEL
¥HMEE SHIFT RIQUEST
G/T BREAXER STLTUS

3/C BEEAFELR STATUS
TNTER-TIE BEEAKEE ESTAT
INTEREUPT COUNT

TE4CGOFT

148.8

143_3
)
154 .7

2.93E
1.507

—
h
.

LR 1 Sroom DO ks

.
1)
e

o [

¥T311CDEL=
R =  i607%
40 2 34 L 1D

-0.85 EBVENTS O

i::z OVEERERIDES Q

HE
HE
vic
ASF
K
W YT319 HALF STK WOLT D.1&5
A
A CELL EFFICTIENCY (%) 53.1
% REF EFFICIERCY (%) az2.0
3 HEAT RATE {ETU/KWHR: 5510
FWAT DISPATCHED 2OWEL: 1800
- DISPATCHED F.F.: 1.60
EVLE CISPATCHID XVAR: n.a
KyA
KW
W
MWHE
MWHZE
SYETEM
YTI1l0DEL= -D.£5 EVENTE 0
e FT= 15995 CVEERLLE 0
D40 £ 30 L 10 @
.
v
v
A
A
s CURRENT UNEAL iE] 5.1
)
v
V  VOLTAGE UNBAL {3} 1.0
v
3
DEC
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EF¥ PAIAMETEELS
iT45:14

ER - [oL ] S N&/zZ0/495
= =] n

-oan

{ENGLISH YNITS)

EVENTS; 3

)
QDERATING TLHE 15p.1

QUIERRIDE: i}

! 4 HES

OWEX L1 POWER TACTCR -1.00

TACE CUERENT L0844 AMP3 TUMULATIVE POWEL 11.584 HMHWHER

TACE VOLTAGE 207.0 WVOLTE HALF ATACE VQLTACE b_4o  WILTE

OLUMETRIC FUEL FLOW 1315.1 SCP™ FUEL FLOW Z2ETPOIAT 19%32.6 &CFH

LCTUAL FUEL FLOW 42,5 FPFH

‘T01Q EJECTCE POSITION 86,7 % ETH10 ZETPOINT EE.2 %

A1 MONITOR .o TOTAL FUEL COM3 133444 SCF

‘m140 BUENEE AIR FLOW A5 .®  FPY FT140 SETFOINT 53%.1 PFH

"E0l2 EEFOIMER TEME 1663.2 DR3P ATL1l POSITION 4.0 %

313K BACEUF ZEF TEMP 1E76.0 DEGF TEQ12 SETPOINT 16%5.6 DEGF

TEQCGZ HDS TEMF S581.% DEGF TE350 ANODE INLET TEMP 407.3 TUTEGF

E4CQ0FPT STEAM SEP TEMF 380,58 DEGF TE490 SETFOINT 350.1 DEGF

"EaE] TEMP TO CusT 177.1 DEGF RECCVEREL JEAT 254 MBTU/HR
TE431 POLISEER TEMF 119.0 LEGF

JT400 SERARRTOR LEVEL 1.2 IN TE3ild SLYCOL TEMZD 153.3 DEGP

sMPA4E] STATUS Off TELIGJ MITCR OMF ALR 13,1 OEGE
TELS0 MOT COMF ATR IN 5%.Z TLEGF

‘LECTEICAL EFFICISHCY 3E6.F 0% prass <YEXT PAGZr key to view EM data

REACTANT SUPPLY GYSTEM
0820755 IDC= 10855 VDO= 207 VT3L0DEL= -0.356 EVENTS 0
1746:55 FTO12ACT= 83.3 TE400FT= E0i27T= 1656 OVERRILE &
P/? Y061 P 160 R 160 S 60 W 20 A 30 N 40 € 39 L 10
TED1Z REF TUBE TEMF {FRIMARY] 2657.1 CEGF SETPOINT: 1655.32
TEDLZR  BEF TYSE TEMF [BACKUF: 1670.2 ZEGF GREF/FUEL CONT GUTPUT;  1.02
TE}LZDEL REF TUBE TEMP DELTA 14.5 CE&P
STO1ZACT  ACTUAL MARS FUEL FLOW 83.3 FPE SETPOINT: B89.8
FT012 UWCCRE. MAS3 FUEL FLOW  91.7 2pd  T3fll FUEL TSMB(DEGF} 599.0
ECTH ACTUAL WOLUME FUEL FLOW I96Z.2 CFF  ZETPOINT: 19%9&.0
FUELTCT  TOTAL FUBL CONBUMED 139495 SCF PTO12Z VENTURI(FSIA] 8.70
2T613 BJECTOR POSITION 55.8 B SEYPOINT: 65.7
FHIMON FHI MCNITOR i1.02 STERM FLOW 2.7 [PPH): 322.3
TIISC ANODE INLET TEMP 407.4 TEIGF
TE00Z HDE BEL TEMP 582.8 DECF HTRGOZ STATUS: 0ff
TFFREF  REFCRMER EFFICTENCY 81.2 %
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0a/20/95
ATaTo4l
272 FIeY

TE4a0
TE4Z0R
TE4CGOLREL
LE45d
TE431
TE21C
TESZ0
TEEES
ToRED
TE40]1
LT40D

FM?&5l
ATARTTEME
IDZNET

HTRL0D

06720793
174544
Esz 9081

LOAITIME
ECTTIME
C3ELY

A2T

EWDT

WIESLOCELD

EFFINV
EFFMECH
EFTELEC

EWACKET
PFACT
KUAENET
EVANET
PAEFUWER
KWACGROS
MWEZSGR
MWHESNET

ATACE LOOF . ANC LOODF, & WTS

iho=  1lass. g yDo= 24T VI31GDEL= -0.37 EVENTE O
FTG12ACT= 40.8 TH409FT= 3515 CEOXZ:T= 1652 OVERRIDE G
P 18L R 160 S A0 W 20 & A0 N 40 csc-Lm

SEFARATOR TEMF (PEIMARY] 351.1 LCEGF GSETRPSINT: 350. 4
SEZARATOR TEMZ (BACKUEY 250.7 TEGF SEF TEMP FACTOR [ CEGF) o9
SEF TEMP DELTA f.4 ODEGF

WATER TANKE LEVEL SWITCH s o 2T FnOW SW [(FE400) on
POLISHEER TEME 11%.2 IEGF F/W TEKD SW [T8451) on
COYDERSOR EXIT TEME 153.3 DEGY

CLsT HEX BOT IR TEMP 177.5 DEGF CUMEEATRES(MMBIU 1.21¢0
CUST HEX COLD 14 TEWE 105.4 DEGF FTAGT FLOW [PFH} 2763
CUST YEX COLD EX TEMP 178.5 DEGF HEAT REC [MBTU/HE] 202
STACK COQLANT INLET TEMP 326.& LCEGF

SEPAEATOE LEVEL i0.8 IN

E FEEDWATER PUMF on O TIME, MIN.[FWPUMEF): M

TEMP FOR REF HEATUD 350.0 DEGE

HET ¢ CURRENT 1092.8 AMPY

ELEMENT "an Off ELEMENT 3" Off
ELEMENT "B off ELEMENT "D off

ELECTEICAL U

Ioc= 1092 V¥DCo= 207 YTIIBDEL= -0.3E EBVENTE O
FTOLZALT= 92.5 TE400FPT= FATTIFT= 1658 CWERRIDEZ D
> 160 E 160 5 60 W 20 A 30 N 40 < 3D Ll.'..‘

roTAL LOAD TIME 15C HER

TOTAL BOT TIME 210 HR
AVG VOLTS PER CELL LBAE WD

CUREENT DENSITY 1%4 ASF

OC KILOWATTH 224.5 W .
DELTA HALF STE wOLT -0.36 WV vT310 HALF STE VOQLT 0.46
INSTANTAREQUS STE ARMIS 1978 &

THVERTER EFFICIENCY 96,0 % =ELL EFFICIBACY (%) 1.7
MECEANTICAL EFFICIENCY 97,4 % BEF EFFICIENCY (%)} 79.2
ELECTRICAL BFTICIENCY 6.3 % YEAT EATE [BTU/FWHR] 10435
NET AC POWER 15949, EWAC DISPATCRED POWER: 00,0
ACTUAL POWER FACTOR -1.p0 - DISPATCHED F.F.: 1.00
HET EVAR -0.7 EVAR DISPATCHED KVAR: 0.0
HET EVA 200.2  EVA

FARASIT™E POWRER 16.8 EW

SP0SS AC POWEER 216.% KW

GRO22 AC MW HES 14_718 MWER

NET AC MW EOURS 11.5%1 MWHR
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POWEE B SYSTEM
16720495 IDO= LOBE  VEC= Z07 } VT3I1ODEL= -D.3%5 EVENTE O
1745: 50  FTH12ACT=  A9,7 TE4007T= 4% FT= 165%.3 OVERRIDE 0
B/F 3061 P L60 B 160 5 60 W 20 A 30 ¥ 40 o 30 in
PTOOLA THV AC VOLTAGE,PHASI & 497.3 v
FTIOLE IKY AC VOLTAGE,74ASE B 489.% ¥
FTHOLC INV AC VOLTAGE,PHASE ©  485%.2 ¥
rngLA IKV AT CURRENT,PHASE &  225.1 &
CTROLE INY AC CURRENT,PHASE B 242.1 A
sl 1 b TRV AC CURRENT.PFHASE C 239.5 A CUREENT UNERL (%) 7.1
NG EA NET AT VOLTAGE,PHASE & 43%.% ¥
FTODIZ NET AC VOLTASE,EHASE B 4B&6.3 ¥
PTORAC NET A VOLTASE,.PHASE C  484.%F ¥ VOLTAGE UNBAL (%} 1.2
LINEVDC  LINE VOLTAGE §e9.9 ¥
FPERCFUND PERCEKT PUNDANEHTAL 85,8 %
FSEZ0 FRABE SHIFT REQUEST 8. B TEG
MoBDGL &/T 3IREAKER STATUS OEf
MCENRE @3/ BREAKER STATUS on
MOEOGH INTER-TIE BESAKIE STAT an

INTECUNT  IWNTERRUFT COONT v]
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OWNESY  corrommTian

TOTRLL dbhREsORILL TOARTORT 1O

TEMANSTRATED, (W=ly| ‘:fu
RE QUVRED <3O0
BESLLTL PoOS

B .- 28 375 15304 a8

LQLTs = g4Fo.™
FMFSZ n a8, 045
b TTS = 17
F.F. 3 +1_d@
HaRrF FHERE = a

sapprox TEF = 8.3235

WAL TS HPMFE S

F 474, ZU d. 84H
z B, 35% 13,045
= B, A 4, 3W
} d.885k 4, 35X
b B, S& 4. 3585
= B.Ba%k W.88%
- g.3=x 4., 3%k
a = a.86x
= B, A5 B. B8R
1g 9, g8% 4. 28=
11 g, 4E% %, M
= o.a8% B, BAY

i8 d.@2x = 1=
Io @.d2% B.a8x
- 28 a.B2x . JR2%
=1 Q. Eden 2. a8
22 @.azx B.REw
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GMEI CovraBeT v

QUTEUT TRRGLERICY
LERE COmWEST)

TSRS TRATED B, 00 WE
RE GUREDY Lo B
RE SOV PoEs
ELECTRIGA

ng/20/3% I0C= 1033
1622:17 FTO12ACT= 94,1
/2 9061 F 1£0 R 160 & EO0 W 2C

VL= 747

LTADTIME  TOTAL LCALD TIME

AQTTIWE TCTaL HOT TIHE

ZELY AVG VOLTS PER CELL

AOF CURRENRT DEMZITY

AWLC TC KILOWATTS

¥TI14CEL  DELTA HALF STE VOLY

TNSTANTARREGUD 2TE AMEE

IFFIRV INYEETER RFFICIENCY

EFFHECH MECAMNICAL EFFICIEHCY

FFFELEC ELECTRICAL EFFICIENCY
CHET  NET AC POWER

EPALT . ACTUAL FOWER FACTOR

EWwARENET i T

EVWANET HET EYA

FRRFOWEE PARRZITE POWEE

EWACGROS GROSS AC FOWER

MWHESG5H GROGS AC MW.HES

MWHESNET WET AC MW HOUES

TE400FT=

YTI1LDEL= —0.40 EVENTE O
TELTLFT= 1461 OVERHIDES o
A 30 H 40 T 30 L 10GLI1 EQ

153 HE
211 H=
SB4E WD
198 ALY
226.7 ¥W
0.4 ¥
091 A
2. B
G2.2 %
6.5 %

VT3alD HALE ETK VOLT .43

CELL EFFICIENCY {%) 51.7
REF EFFICIENCY (%) B1.1
HEAT RATE {BTU/EWHE)

103468

200,32
.99
-1
02,0
1e.1
£16.4
14,541
11.7064
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ELECT
CRFAE0/50  IDC= 111€ WDO= 204 {WOCHET= YTI10DEL= -0.39 BYERTS 0Q
182%:02  FTOL2ACT= A8 & TE4OSFTE 3 i T= 1656 OVERRIDEE G
P/ S9Dal P LA0 R 160 & 60 W 20 & 20 M 40 O 2 D14
LOEDTTHME  TOTAL LOAD TIMS 150 HR
YOTTIME  TOTAL HEOT TIME 211 EBE
CELV AV3 VOLTE PEE CELL _B45 v/C
ASF CURRENT DENSITY 195 ASF
Ewoi D0 KILOWATTE 239.1 KW
VTILODEL NELTA HALF STE VOLT -0.3% v YT310 HALF STE UOLT 043
INETANTANEGUE STE AMPS 1113 A
EFF_HV IWVERTEE EFFTCTENCY 4B Z 0% CELL EFFICIENCY (%) 5l1.4
EFFMECIH HICHANICAL EFPICIENCY 42.4 % EZF EFFICIENCY [%) &2 &
EFFELEC ELECTRISCAL RFFICIENCY ST.L 0% HEAT RATS (BTU/KWHE) 10198
HACHMET N iy HWRE HEL 7 KWAC
. ACTL FOWER FACTOR -5 - B0 FE.F_: N
FVARNET NET VAR -t:2.8 Kvhk LISPATIHED KVAE: -1=23.49
EVAHNET HET EVA 234.8 EVA
FARFGWEE PARASITE POWER 17.4 RW
EWACGZO3  GROSS AD POWER 21T7T.2 EW
MWHESGE  GROSS AC MW HES 14_8E86 MWHR
MWERENET NET AC MW IOURS 11.724 MWHE
KEY PARAMETEZE (ENGLIZH UNWNITE:
/7 306l 0R/25/95 1834-05 IVENTS; O DVEREIDE: o]
P lan R 160 Woin A N 43 < 30 L 1%
f'“*"::iﬁ&:%} KWAC  OPERATING TINE 150.9 FRS

DOWEE CUTETT TORDSE] 214,39 KWAD  DOWER FACTOR -1.06
ATACK CUREENT 1a77.%  AMPS CUMULATIVE POWEER 11.744 MWEE
ETASE VOLTAGE 207.%2  VOLTS HALF STACE VOLTAGE 0.44 VOLTE
YGLUMETRIC FUEL FLOW 1243.4 SCFH  FUEL FLOW SETPCINT 1963.4 S5CFH
ACTUAL PFUEL FPLOW 7.8 rRA )
ITOLD EJECTOR POSITION 4.5 & Tois CRETZGLE b . :
EHI MONITOR 1.02 '
FT140 RUENER AIR FLOW 536.2 PPH FTinl SETSOIR 5T4-6  PrE
TEO.Z REFORMEERE TEEFP 1e60.1 DEGF ZT111 BAOSITION a4 4 %
m2012E SACKUR REF TEME 1572.9 DEGF  TEOL2 SETPOINT 1656.3 DEGF
8302 HLE TEME 553%.5 CEGF TE3S0 ANODE INLET TEMP 403,28 DEGF
TELOOFT STEAM SEF TEMP  351.1 DEGF  TE400 SETPCINT 350.2 DEGF
TERJL TEMP TC JUST 134.¢ DEGF  BRECOVERED BEAT 912 METY/HE

TE431 POLISHER TIMF 119, 0 DEGF
L7400 SEPARATOR LEVEL 11,4 IN TE210 GLYCCL TEMF 166.2 GEGF
PMP451 STATUS an TE167 MGTOR COMP AIR  119.0 DEGF

mg:50 KOT COMP AIE IN 201.% DEGF

BLECTRICAL EFFICIENCY atT.d4 %

press <NELT PAGE> kay Ta view BEM data
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BE/2D7D5
1834:52
F/F 4081

TEa0f
TE400E
TE40QLEL
LS£al
TE451
TEa1G
TEZ20
TE2E0
TEEE1
TE401
LT4C0

FHMP45>
STHRTTEMP
[DINAT

ETR440

R
1934:52
afF 3F0&L

TE400
TE400R
TE4ZNLEL
Ladsd
TE431
TEELD
TERZD
TE&SED
TEES]1
TE401
L1400

FMD 451
ATLETIIMP
LOCKET

HTR40D

STACE LOOQF

WIS

IDC=  1068.4 VDC= 205 : VTI19DEL= -0.37 EVENTS 0

ETO0L28CT= BT.3  TEAQDFT= 3E50.7  TEOJZFT= 1EAhE OVERRIDE ©

P 1610 K 160 # 62 W 20 A A6 N 40 T 30 LID

SEPARATOR TEMF {PRIMASY) 250.7 DEGET SETPFAOLNT: 35¢.2

SFEARATOR TEMP {BACKUF) 350.0 DJEGF SEP TEMP FACTOR(DESF) 0.5

32k TEMP DELTA 0.2 CREGF

WATER TANE LEVEL EWLTCH on STK 7PLOW SW [FS400) on

FOLIGHER TEME 1le.o DESF F/W TEM® EW [TS5451} on

CONDERSOR EXIT TEME 149.4 LCEG?

CUST HE¥ HOYT 18 TEMF 176. & DEGF {_CUHBEATREC! MMETU 1350

CUST HEX COLD LN TEMF 92,6 GESF FTSEC FLOW (PPH 7

CUST HEX COLD EX TEMF 136.2 DEGF HEAT REC [METU/HR} sS40

STACE COOLANT TNLET TEMF 23%.7 [EGF

SEFARATOR LEVEL 11.2 TN

WTS FEEDWATER 2UMP off OR TIME, MIN, [FWPUMP}: o

TEMF ¥OR REF HEATUF 50,0 DEBF

WET DT CUERENT 1064.1  AMPS

ELEMEKT '"a" Off ELEMENT !'o! Off

ELEMENT "B" Dfs ELEMENT "D" otf
STACYK LOOP, ANC LOGE, & WIS

1pc= 108E.1 VDC= 257 KWACKETz 200 vTI10DEL= -0.45 EVERTS O

§T012ACT= ©1.6 TE4d0FT~ 351.0 FROL2FT=  1E51 OVERRIDR €

E 160 R 160 = 60 W 20 A 30 N &0 <€ 30 L 10 I 50

SBEDARATOR TREMP [PRIMZZY] 351.1 DEGF SBTPOTRT: 360.4

EAPARATOR TEMP (BACEUE) 357 .> DEGF SEF TEMF FACTOR(EBEGF) 0.9

EEF TEMZ DELTA a.a0 DESF

WATER TAWE LEVEL SWITCH on STH FLOW W (F2460} on

FOLIEHER TEMF 1195 DEGF F/W TEMF SW [T3451] o

CONDERSOR EXIT TEMP 152.2 DEGF

CYST HEX EOT IN TEMF 1806 DEGF CUMHEATREC(MMBTU} 1.9492

CUAT HEX COLL IN TEME 145.1 DEGF FTSEC FLOW (FPE] o

CUST HEYX COLR EX TEMP 179.9 DJRGF HEAT REC [MBTU/HE) &

STACY COOLANT INLET TEME 303.4 DEGF

EXPARATCE LEVEL 14.8 1IN

WTE FEEDWATER BHHE on ON TIME, WIN.[FWPUMF): a

TEMP FOE RET HEATUE 350.0 DEGY

NET D CURRENT 1087.2 AMPS

ELEMERT "A" Dff ELEMENT “C™ off

ELEMEHT "E“ off ELEMENT ''©B" nf=
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KEY PARAMETERS

PfE u04al 06/20/%3
1R 5

{WER CUTEUT
FCWEE QUf |
STACE CUREENT
STACE VOLTAZ
VOLUMETELIC FUEL FLOW
ACTUAL FURL FLOW
ZT218 EJECTIOR PCGEITICE
BFHI MOKITOR
FT_4} BEURNER AIR FLOW
TEQ1Z REFCEMER TEMF
TEGC12R BACKUP REF TEIMF

Ted02 HD3 TEME

TE400F7T STERM ZEF TEHZ
TEzal TEMP *2 BT

L7440 SEFARATOR LEVELD
FMF452 STATUS

ELECTRICAL EFFICIENCY

NSy coppomeTion

TN
VERAL O
FRE A

2034:51
3 40 @

. EWRC

215.7 KWAC
i036.0  AMES
206.7 VOLTS
1994.8 3CFH

E%.& PPH

gE.% %

1.0z

717.7 PFH

155% .24 DEGT
1eei.% DEGF

a03.9 DREGE

35¢.9  DEGT
4

150 DEGF
11.0 18
Off
ERCI: B N

[ENSLISH TINITE}

EVENTE: L COVERRIDE: a
30 L 1n (i :?
CFERATTING TIME 152.9 HRE
POWER FACTOR 1.00
CUMILATIVE FOWER 12,144 MWHR
HALF STACK VOLTAGE 2.33 VOLTS
FUEL FLOW SETFOINT 1987.& SCFE

STAL FURL cON 5056 | SCF
FT14T sE‘TI-"D‘rEr'fL 517, :

ZT110 PCSITION 5.2 %

TEGLY SRETPOINT 1657.1 DECF
TE3E0 AMODZ INLET TEME 40%.8 DESE
TEADQ SRETPOINT 0.2 DEGEF
RECOVERED HEAT i0Z METU/EER
TEL1]1 POLISEER TEMFP 121 .9 DEGF
TES10 2LY¥I0OL TEMP 15%3.3 DEGF
TE1ED MCTOR CCMF ALR 107 .6 DESF
TELHC ¥MOT QOMP ATR TH $31.1 DEGF
press <HEET ZASE» XKey ©o view BM data

TUTL, COMNSSwETLan

ELRTSED Tuak L
PREREMTRT R TUEL SonSUmhED?
P | e AMETRAC PUEL TLDW RRTE
BETUATRED FUBL Fiddd TRETE

RE TLWT

S BTN R Tutl, SOMTUERD
WAL LM G SO
e Ok 50T

ST MRS
A 0T

e SRER
W\t o0 SRR

ThES
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STACE LOOE

ST ANC LOGF, % WIS
C6/Z0F95  IDCz  10®E.1  vDos 207 VT3I10DEL= -D_.44 EVENTS

2L558: 32 FTO12ACT= 359.9% TE430FT= 5E0.2 TEC1ECT= 1555. OVERRIDE
ﬁlﬁb’

FsF 3061 F A5 R 16d 5 42 W 24

Ta400 SEPARATOR T2KP [DPRIMARY)
TELODE SEFARATOR TEM> [BACRUF)
T340C0EL SEFR TEMP DELTA

L3440 WATIE TANE LEVEL SWITCH
TR&35 FOLISHER TEMF

TEEL CONDENSOR EXIT TEM?P
TEEZD CUST HEX HOT I¥ TEMF
TEE&0 CUST HEX COLD IN TEM?
TEZE1 CUST HEX COLD EX TEMP
TI401 SETACE COOLANT INLET TEMPE
LTazn SEPARATOR LEVEL

FHME451 WTS FEELDWATER FUMPE

STARTTEMF TiMF ¥FOR REF HEATLS
IDCRET HET LT CUERRENT

HTR400 ELEMENT "A"
ZLIMINT "B

OIS L  compomemion

il
G
A 30 N 40 C 34 L 12
35¢. 5 DIEEF GETPCIWT: 150.1
350.9 DEGF SEF TEMP FACZOE({DESF ) 0.%
0.0  DEGE
on STE FLOW oW [(P24D0) o]
121.9% DEGEF FE/W TEMP 3W {T2431) an
124.0 DEGF
LE8&.0 DEGF THHBATESCI MMATL L8937
150.7 DEGF FT FL JFRA) 551
L83.0 DESF KEAT HEC [MOTUSEER] a3
ie.3 LEGF
108 N
GEf OH TIME, HMIN.(FWPUME!: qQ
i5¢.0 DEGE
10281.8 AMPS
Qfi ELEMINT "C" off
Gt ELEMENT "D* Gff

HE T RECoMETER
TOE SR e, SRR BT ER
ViLA BT 1TRET, 00D BT
AT AL LS, ool gL
FLATEED TR 403 AR
INCRE A EWTRIL HWERT RECoRERN AT 000 BT

MIEREGE WATE, OF HERT RTCaNERY Y At ENG BTU W,
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KEY PARAMITEERS
0335:15
A AT H

D6/21795
W OZE0
1

- 1o

L L0

[ANGLIZA UNITS)
EVENTS; o

OWERKIDE: M

. OPERATING TIHE 166.0 ABRS
SOWER GUTFUT 3 POWEE FACTOR 0.95
SmACK CURRENT 410.4 AMPS  CUMULATIVE 2OWER 14.561 MWEE
STACEY VCOLTAGEE 227.% WOLTS HALF 3TACK VWCOLTAGE -0.Qo  VOLTE
YOLUMETRIC FUEL TLOW T11.9 SCFH  FUEL ¥LOW SETPOINT 717.6 SCFH
ACTUAL FUEL FLOW 32.0 FDH
27010 EJECTOR POSITION  23.2 % T010 SETPOINT 2t.8 &
PHT MCKITOR 1.07 TOTAL FLIL CONS 169280 SCF
FT140 BURNER ATE FLOW  250.4 FPPM  PT145 SETEOINT 2537 PPE
TEwlZ REFOZMEE TEME 15i5.5% IDEGF ZT1ZIC POSITZION 45.5 %
=E317R SACKUF REF TEMP 15107 DEGF  TE012 SETEOINT 1527.3 DEGF
TEQ0Z HDE TP £23.0 DEGF  TR3IBC ANCDZ INLET TEMP 406.7 DEGF
TE4COPT STEAM SEF TEMP  364.0 DAGF  TE420 ZETPQINT 163.4 DEGF
TE&&1 TEMP TO CUST 162.1 DEGF  RHCOVERED HEAT 237 METU/HR
TE431 FOLISHER TEMP  105.2 DEGF
LT400 SEPARATOR LEVEL 16,9 IN TEGIl GLYCOL TEMP 151.3 DEGF
PMP45: STATUS on TR160 MITOR COMP AIR  100.8 DEGE
TE15C MOT COMP AIR 14  54.0 DRGF
ELECTRICAL EFFICIENCY 19.4 & press <NEXT PAGE> key to view RM data
REACTANT 3
06/21795 IDC=  398.5 VDo= 22% (EWACNET=  31)] ¥T310DEL= -0.83 EVENTS 0O
D938:id  PROLOACTs 52,0 WS40URTS JE¥ THEOTIPI= 1518 e OVERRIDE 0
BB 3061 P 161 R 460 P 2 3 10 L 10f:
L0 5 60 K 20 A 3D ¥ 40 € 30 a6
TEDLZ REF TUBE TEMP {PRIMAKY! 518.2 DEGF JETPOINT: 1526.8
TEOS2R  REF TUBE TEMP {BACKUF| 1511.6§ DEGF REF/FPUEL GONT OQUTPUT:  1.04
TEJLIDEL RET TUEE TEMF DELTA 5.5 DEGE
FTOIZACT ACTYAL MASS FUEL FLOW 52.0 PPH  SETPOINT: 31,7
FTD12 UNCORE. MASS FUEL FLOW  36.1 PPH  TEG1: FUSL TEMP(DEGF)  85.4
SCPY ACTUAL VOLUME FUSL ¥LOW 710.3 CFH  SETPOINT: 706.5
FUELTCT ToCTAL FUEL COMSUMED 189292 5CF PTO1Z VENTUEI{FSIA} T.1%
27020 EJECTOR POSITION 22.9 % SETPOINT: 21,6
PHIMON PHI MOHITCR .04 STEMM FLOW S.P. [PPH): 1314.4
TE350 ANODE INLET TEMP 406.7 DEGF
TEGBNZ HDS BED TEMP 602.1 DEGF HTRDO2 STATUS: aff
IFPREF  REFORMER EFFICISNCY e3.7 %
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AEF21/95
0337107
/P GG

TE4QI
TIL00LE
TEL0CCED
LE4E0
TE432
TESZO
TEE20
TEE&0
TESR1
TELDL

LT400

PMP451
STARTTEMF
TDCHET

ETE240

Nes2179%
23339:12
25F 20e1

LOATDTIME
HOTTIHE
CELV

AZT

TWnC

WT3I10DEL

EFFINY
IFPHMECH
ErFZLET

FWACNET
FFACT
EVAENET
HVANET
PARPOWER
EHACGROS
MWHRES3H
MWHRESAET

STRCE LA
iD= 430.8 VDC= £22
FTO122CT= 40 .4 TE400FTs
P 161 K 262 §H 60 W Z0 A 3o W
SEFPARATCE TEIMF {PRIMAET) 362.5
SEPARATOE TEMF {RACKUE) 3621

SEP TEMP LELTA 0.4
WATEE TANK LEVAL SWITIH On
FOLISHER TEMF 105, 2
CONDEWSOR BXIT TEMF 153,12
CUET HEX HOT IN TEMFP 18E.1
CUET HEX CGLD IH TEMP 150.5%
J5T HEX COLL 82X TEMF 160,68
STACKE CDOLANT INLET TEMP 546.1
SEZARATLOR LEVEL .3
WTiZ FEEDWATER FLUMP GIf
TEMF FOE HEF HEATUFP 3580
KET GC CURREHT 209.3
PLEMENT "A" an
EuEMENT "EY G

ELZCT

I1N¢= 453 wDOC= Z22F

FTD1ZACTH 35.0 TE400FT= 361
F 161 R 16D 5 &0 W 20 & 30 H
rCTAL LCAD TIME lea
TOTAL ROT TIME 225
AVGE YOLTS PEH CELL T4
CURREMT ZEN3ITY &1
LC HILOWATTS 102.1
LELTA HALF STX VCOLT -0, 83
IHNETANTANECUS ETE AMPE 452
INVEETER EFFICIENCY 57.4
MECHANICAL EFFILSIENCY 50,2
BLECTREICAL EFFICIZNCY 23.58
HET AC POWEE 44 .5
ACTVAL POWER FACLTOS a.495%
RET KVAR 14.5
HET EVA 45 .8
FARASTTE POWER 54.5
GRISS AC FOWER %z
SROBE AC MW HES 17,988
NET AC MW HOURE 14.5&73

LEGFE
DEGF
BEGT

DEGF
DEGF
LEGF
DEGE
LEGF
CEGF
IR

CESF
AMPE

A

FWAC

EVAR
EVA
W
W
MWHE
HWHER

T= 1318
i L 210 TI 20
¥Tilh HALF 3TK YOLT

CELL EFFICIENCY (%)
REF EFFICIENCY (%]
HEAT SATE [HTL/XWHE

NISFATCHED POMWER:
DISFATCHED F.F.:
WISPATCHED KVAR:

& WTE
YOILDoEL= -0.E0  EVINTS 1
FT- 1520 OVERRIDE 0
30 L 1061 30
SETFOINT: 155 R
SEP TEMF FACTSE(LEZE) 1.0
STK FLOW SW [FS540d) on
F,/W TEMZ =W {75451} on
CUMHEATHED [MMETI ; 3.231
FTEEC PLOW {PPI) 22247
HEAT REC (HMBTU/SHR) 224
CN TTME, MIN.!FWEUMFP}: ]
ELEMENT "0V ()1
ELEMENT "0" off
YTI10ODEL= -1.85 EVERTE O

CYERRIDES 2

-0 D2

I6.1
g8 .4
14152
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POWER, _COHDITIORIE EYSTEM
6721735 IDC= 427 VLC= 227 EWACHET= 42,6~ VT3LO0DFEL= -0.21 EVENTS O
0939;:11 FTQl2aom= 215 E  TE400FT= 2L '= 15252 OVERRIDE 0O

T TETTEY
F/? S0EL P 151 R 160 5 60 W 20 & 36 K40 ¢ 30 L 10 C1 80D

T T T e T T e e e e
PTIO0LA IRY AC VOLTAGE,PHASE A 482, 5 \B
u

=T0O1E INY AC WILTAGE ,PHASE B 4530.0

ETOOLE INY AS VWOLTASE ,PHASE € 475.% ¥
L-:-nehmmf
OTO0LE INY AT CURRENT,PHASE E 54,5 &
cennio [NY AC CUERENT,PHRSE o 47.5 A CURRENT UNBAL [%) 14.3
BTOOIA NET AC VOLTAGE,PHAREE 2 4855.4
TTOOSE MET AT VOLTAGE,FIHASE B 482.7 ¥
PTROAC NET AC WOLTAGE,FHZSE C 483.7 ¥  VOLTAGE UKBAL (%) 1.9
LIWKVDZ  LINK VOLTAGE BA9. 5 W
DEKCPUKE  PEXCENT FUKDAMERTAL B5.4 %
FEREQ PHAESE 2HIFT REQUIET Z.0 LES
MCEORL 3/I BEEAKEXK STATUS on
MCEOG2 G/ BREARKER STATUE aff
MULOOS INTER-TIE BREAKER STAT Off
I¥TOGUNT  INTERRUPT COUNT 0
BEPERISTRETTE  CUTPUT SarThGE AR5 To ARLE N
REGURET SUTTUT  WOLF BT a5t L BYe RO

TESOWT. RIS
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OSY  conromaTian

S TIT PREGOERC
LR WREPER DERTY

TEWMOWSTEARITUL LA W
VEGREDT ey v

RESULT PRas
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Appendix B: Project Meeting Notes
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Appendix C: Review Letters for Original
Design Drawings
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Appendix D: PC25C Fuel Cell Forced Outage
Description Codes

Fleet Log page1

Model C
FORCED OUTAGE ORIGIN BY POWER PLANT GHANGE IN STATE FORCED OUTAGE/

UNFORCED OUTAGE
DESCRIPTION DESCRIPTION DESCRIPTION
CODE1 CODE2 CODE3 CODE CODE
POWER SECTION SYSTEM PSS POWER UP PU FORCED F
FREEZE PREVENTION HEATER A HTR310A  POWER DOWN PD UNFORCED u
FREEZE PREVENTION HEATER B HTR310B IDLE UP 7]
GROUND FAULT DETECTOR GFD-001 IDLE DOWN D
HALF-STACK VOLTAGE MONITOR VT310 SHUTDOWN S
NONE N

FUEL PROCESSING SYSTEM FPS
SHUTOFF VALVE CV000
SHUTOFF VALVE CHV100
CHECK VALVE V100
FLOW CONTROL VALVE FCV012
EJECTOR EJTO10
REFORMER REF300
LOW TEMP SHIFT CONVERTER 8C300
AIR PRE-HEATER HEX910
BURNER CONTROL BSC001
INTEGRATED LOW TEMP SYSTEM LS
AIR PROCSSING SYSTEM APS
FILTER FIL100
PROCESS AIR BLOWER BLO100
CATHODE FCV100
CATHODE AIR VALVE FCV110
REFORMER BURNER FCV140
VALVE POSITION INDICATIOR ZT110
AIR FLOW TRANSMITTER FT140
HAND ORIFICE HO135
FIXED ORIFICE FO130
REFORMER BURNER SENSOR BE030
THERMAL MANAGEMENT SYSTEM T™S
FLOW SWITCH FS400
THERMAL TEMP MANAGEMENT CONTROL TE400
THERMAL TEMP MANAGEMENT CONTROL TE431
CELL STACK COOLING H20 SUB-SYSTEM cscw
COOLANT ACCUMULATOR ACC400
COOLANT PUMP PMP400
THERMAL CONTROL HEAT EXCHANGER HEX400
FLOW ORIFICE FO400
FLOW ORIFICE FO420
BLOWDOWN COOLER HEX310
BLOWDOWN VALVE FCV430
MIXED RESIN DEMINERALIZER BED DMN440
ELECTRIC HEATER HTR400
MOTORIZED VALVE TCV400
ANCILLARY COOLANT SUB-SYSTEM ACS
PUMP PMP830
BLOWDOWN COOLER HEX431
CONDENSER HEX920
CUSTOMER HEAT EXCHANGER HEX880
FORCED CONVECTION COOLING MODULE HEX800
SELF-ACTUATED FLOW CONTROL VALVE TCV800
MOTORIZED VALVE TCV830

HAND ORIFICE HO840
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Fleet Log page2

Model C
WATER TREATMENT SYSTEM WTS
WTS PUMP PMP450
ORGANIC FILTER ORG450
MIXED RESIN DEMINERALIZER BED DMN450A
MIXED RESIN DEMINERALIZER BED DMN450B
MIXED RESIN DEMINERALIZER BED DMN450C
MIXED RESIN DEMINERALIZER BED DMN450D
FEEDWATER PUMP PMP451
ISOLATION HAND VALVE HV450A
ISOLATION HAND VALVE HV4508
WATER TANK LEVEL TRANSMITTER L8450
WATER TANK LEVEL TRANSMITTER LS451
WATER TANK LEVEL TRANSMITTER LT450
WATER LEVEL CONTROL VALVE LCV451
CHECK VALVE CHV451
NITROGEN PURGE SYSTEM NPS
OPEN SOLENOID VALVE cv720
OPEN SOLENOID VALVE cV710
FLOW ORIFICE FOT720
AIR EJECTOR EJT710
CABINET VENTILATION SYSTEM cvs
VENTILATION FAN FAN165
VENTILATION FAN FAN150
FLOW SWITCH FS185
FILTER FIL150
FLOW CONTROL DAMPER FCD150
EXIT FLOW RATE CONTROL TE1508
TO PROCESSED STEAM SHUTOFF VALVE CV500
ELECTRICAL SYSTEM ES
POWER CONDITIONING SYSTEM PCS
MOTORIZED AC CURCUIT BREAKER MCBO01
MOTORIZED AC CURCUIT BREAKER MCB002
MOTORIZED AC CURCUIT BREAKER MCB003
POWER DISTRIBUTION SYSTEM PDS
AUXILIARY TRANSFORMER T005
UNINTERUPTABLE POWER SUPPLY uPS001
POWER PLANT CONTROL PPC
LOCAL OPERATING INTERFACE Lol
LOCAL DIAGNOSTIC TERMINAL LDT
ELECTICAL CONTROL SYSYEM ECS
OTHER OTR
OTHER ELECTRICAL OTRE
Koo1 K001
K002 K002
INVERTER INV
CsA CSA
PC CARD PC
BOOST REGULATOR BSRG
FUSE FUSE
POLE FAULT POLE
BRIDGE FAULT BRDG
QUAD POWER SUPPLY QUAD
DUAL POWER SUPPLY DUAL
RELAY TRIP RELAY
GROUND FAULT GRND
CIRCUIT BREAKER CRB
CONTROLLER CRL
SUBSTACK SBSTK
GRID DISTIRBANCE GRID
OTHER GAS OTRG

OTHER WATER OTRW
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Summary of Maintenance

Invoices by Year

Appendix E
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