
Final Technical Report

Climate Change Fuel Cell Program

United States Coast Guard

Air Station Cape Cod

Bourne, Massachusetts

Start Date September 17, 2001

End Date September 30, 2004

Principal Author John K. Steckel, Jr., P.E.

Issue Date June 30, 2004

Grant Number DE-FG26-01NT41265

Submitting Organization
PPL Spectrum, Inc
2 North Ninth Street, GEN-PL8
Allentown, PA 18101

Significant Participant
FuelCell Energy, Inc
3 Great Pasture Road
Danbury, CT 06813



Final Technical Report
Climate Change Fuel Cell Program ii June 30, 2004

Disclaimer

This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, nor any
of their employees, makes any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States Government or any agency
thereof. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.
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Abstract
This report discusses the first year of operation of a fuel cell power plant located at

the United States Coast Guard, Air Station Cape Cod in Bourne, MA.  PPL Spectrum, Inc
installed the plant under a contract with the Coast Guard.  A DFC®300 fuel cell,
manufactured by FuelCell Energy, Inc of Danbury, CT was selected for the project.

The fuel cell successfully operated from June 1, 2003 to May 31, 2004.  This report
discusses the performance of the plant during the first year.
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Executive Summary
This report covers the first year of operation of a fuel cell power plant, installed by

PPL Spectrum, Inc. (PPL) under contract with the United States Coast Guard (USCG),
Research and Development Center (RDC).  The fuel cell was installed at Air Station Cape
Cod in Bourne, MA.  The project had the support of the Massachusetts Technology
Collaborative (MTC), the Department of Energy (DOE), and Keyspan Energy.  PPL selected
FuelCell Energy, Inc. (FCE) and its fuel cell model DFC®300 for the contract.

Grant contributions were finalized and a contract between PPL and the USCG for the
manufacture, installation, and first year’s maintenance of the fuel cell was executed on
September 24, 2001.  As the prime contractor, PPL was responsible for all facets of the
project. All the work was completed by PPL through various subcontracts, including the
primary subcontract with FCE for the manufacture, delivery, and installation of the fuel cell.

The manufacturing and design phases proceeded in a relatively timely manner for the
first half of the project.  However, during latter stages of manufacture and fuel cell testing, a
variety of issues were encountered that ultimately resulted in several delivery delays, and a
number of contract modifications.  Final installation and field testing was completed in April
and May 2003.  Final acceptance of the fuel cell was completed on May 16, 2003.  The fuel
cell has operated successfully for more than one year.

The unit achieved an availability rate of 96%, which exceeded expectations.  The
capacity factor was limited because the unit was set at 155 kW (versus a nameplate of 250
kW) due to the interconnection with the electric utility.  There were 18 shutdowns during the
first year and most were brief.  The ability of this plant to operate in the island mode
improved availability by 3 to 4%.  Events that would normally be shutdowns were simply
island mode events.  The mean time between failure was calculated at 239 hours, or slightly
less than 10 days.  The fuel cell did run continuously for more than one month on three
occasions during the first year.  Overall efficiency, including the thermal recovery, was found
to be over 60%.  Operation for the fuel cell during the first year produced net savings for the
Coast Guard of over $18,000.
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Experimental
None.
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Results and Discussion

The installation, startup, and commissioning of the fuel cell power plant was
completed in May of 2003.  The initial capital costs were as follows:

Item Cost ($1,000s)

Fuel Cell Power Plant 1,258

BOP equipment & installation 473

Engineering & Project Management 67

Total 1,798

As previously, discussed a number of entities supported the project.  The sources of
funds were as follows:

Organization Amount ($,1,000s)

Mass Technology Collaborative 406

US Department of Energy 250

Keyspan Energy Delivery 100

US Coast Guard 1,042

Total 1,798

The installation is pictured below:
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The fuel cell power plant at Air Station Cape Cod recently completed its first year of
operation.  For ease of data collection and analysis, this report is based on an operating year
from June 1, 2003 and to May 31, 2004.  Each day is defined from 00:00 to 23:59.  The
hourly values over this time period were used to prepare this report.  A copy of the data is
included in the Appendix.

During the year, the fuel cell was available for 8,449 hours.  For this report, available
hours are defined as hours during which the fuel cell was connected to and delivering
electrical power to the load.  The load can be served either via the tiebreaker (TB) or the
customer critical breaker (CCB).  Since the period in question had 8,784 hours, the fuel cell
achieved an availability factor of 96.2%.  

The table below shows availability by month for the first year:

Table 1
Availability by Month

Year Month Days Period Hours Available Hrs Outage Hrs %
2003 June 30 720 710 10 98.6%
2003 July 31 744 744 0 100.0%
2003 Aug 31 744 734 10 98.7%
2003 Sept 30 720 718 2 99.7%
2003 Oct 31 744 739 5 99.3%
2003 Nov 30 720 708 12 98.3%
2003 Dec 31 744 736 8 98.9%
2004 Jan 31 744 723 21 97.2%
2004 Feb 29 696 648 48 93.1%
2004 Mar 31 744 662 82 89.0%
2004 Apr 30 720 583 137 81.0%
2004 May 31 744 744 0 100.0%

Totals 366 8784 8449 335 96.2%
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The 335 hours that the fuel cell was not available were classified as outage hours.
The outages were caused by 18 shutdown events.  Three of these events were caused by
planned events, so 140 hours were classified as “planned outages”.  The remaining events
and resulting outage hours were unplanned.

The following table lists the relevant information about each event.

Table 2
First Year Shutdown Events

Clearly the most significant planned event was the outage to change the activated
carbon in the de-sulfurizer.  The need to change the material was known so the event is
classified as planned, but the timing of the event was unknown.  Calculations had predicted
the need for a change out would not occur until the second year of operation.  The gas is
periodically sampled and the change out is then done when the testing shows signs of
“breakthrough”.  The testing at Cape Cod showed “breakthrough” and the fuel cell was
ramped to hot standby on April 8, 2004.  Because FuelCell Energy did not expect to be
conducting a change out until next year, this event lasted 137 hours, much longer than
expected.  Planned maintenance was also conducted on the water system in August of 2003.  

Looking at the unplanned events, repairs to the main fuel valve and the fuel vent
value caused 101 outage hours.  Grid disturbances that caused the protective relay to open
TB resulted in 41 outage hours.  Normally, grid disturbances result in island mode operation
(which is discussed later), but in 5 cases a shutdown was forced.

The availability rate of 96.2% exceeded the expected rate of 95%.  The actual
performance should have been even better, since the largest cause of outage hours was the
change of the carbon material in the de-sulfurizer.  This activity should have taken much less
than 137 hours.  Changes have been implemented to improve future performance of the
carbon material and planning and experience in the change out has reduced the cycle time
significantly.

Date Descriptio Hours
Planned
Outage

Un
Planned Grid

Reverse
Power F-60

Operator
Error Unkown Software

Water
system AT-230 Inverter XV-301 Other

6/23/2003 Water
S t

10 x x
8/4/2003 F-60 under

lt
4 x x

8/7/2003 Water
S t

3 x x
8/28/2003 grid disturbance 3 x x
9/22/2003 Software 0 x x
9/26/2003 ESD during

i t
2 x x

10/10/2003grid disturbance 5 x x
11/14/2003Unknown 7 x x
11/18/2003Unknown 5 x x
12/12/2003Unknown 8 x x
1/15/2004 Lower inverter ambient

t
15 x x

1/15/2004 XV-301 leak 6 x x
2/9/2004 grid disturbance 18 x x
2/9/2004 XV-301 leak 30 x x

3/12/2004 Compartment fan
f il

6 x x
3/26/2004 grid disturbance 11 x x
3/26/2004 failed fuel

l
65 x x

4/8/2004 desulfurizer carbon
h

137 x x
Total 335 140 195 41 0 0 0 20 0 13 2 15 36 208

Type Cause
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A key reason for the good availability was the design of the fuel cell to operate in the
island mode.  A total of 21 events occurred during the year that resulted in the fuel cell
switching to island mode for 316 hours.  Without this design feature, these hours would have
been outage hours and the availability would have been close to 93%.  

A listing of these island mode events is shown below:

Table 3
Island Mode Events

Most of the island mode events were brief.  Once the grid disturbance or reverse
power condition was cleared, TB was closed and the plant was ramped back to power.  There
were two exceptions.  On 6/25/03, the plant went into island mode due to failure of the radio
link to the reverse power relay.  This turned out to be an equipment problem.  Due to material
availability, the plant operated in island mode for 195 hours.  On 9/17/03, the plant was
switched manually to island mode at the request of USCG.  This was a precaution due to the
approach of Hurricane Isabel.  The plant went back to normal operation 66 hours later.

Date Description Hours F60
Reverse Power 

Relay
Radio 
Failure Manual Unknown

06/05/03 Island Mode 4 x
06/09/03 Island Mode 3 x
06/14/03 Island Mode 3 x
06/16/03 Island Mode 4 x
06/20/03 Island Mode 3 x
06/24/03 Island Mode 9 x
06/25/03 Island Mode 195 x
07/12/03 Island Mode 2 x
07/16/03 Island Mode 2 x
07/26/03 Island Mode 1 x
08/27/03 Island Mode 2 x
09/08/03 Island Mode 3 x
09/17/03 Island Mode 66 x
10/02/03 Island Mode 1 x
10/15/03 Island Mode 3 x
10/19/03 Island Mode 2 x
10/26/03 Island Mode 2 x
11/13/03 Island Mode 2 x
12/06/03 Island Mode 2 x
12/14/03 Island Mode 2 x
04/06/04 Island Mode 5 x

Total 316 8 1 199 66 42

Cause
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To further evaluate the reliability of the plant, the number and length of continuous
periods of operation were analyzed.  A continuous period of operation was defined as the
time from when the plant first became available until either a shutdown event OR an island
mode event occurred.  Although not technically a failure, an island mode event was
considered a failure for the calculation of mean time between failure (MTBF) in this report.
As can be seen from the following table, there were 35 periods of continuous operation.  The
periods range from 13 hours to 1,142 hours.  The average or mean time was 232.4 hours or
slightly under 10 days.  During the project planning, there was no explicit quantitative
expectation set for MTBF.  However, in order to fulfill the expectations of a reliable power
source, an average time of around 30 days or one month is most likely needed.  It is
important to remember that the grid caused half of these “failures”, not the fuel cell, so there
is a clear limit to how much improvement can be achieved.

Table 4
Continuous periods of operation

Number Run ID Hours
1 35 1,142      
2 32 1,051      
3 30 781         
4 31 569         
5 14 481         
6 24 437         
7 27 429         
8 16 257         
9 11 237         
10 9 218         
11 17 217         
12 12 215         
13 20 195         
14 33 193         
15 23 171         
16 18 148         
17 19 140         
18 28 133         
19 21 117         
20 3 113         
21 1 109         
22 26 95           
23 2 94           
24 5 93           
25 10 92           
26 22 84           
27 13 70           
28 6 62           
29 4 49           
30 34 41           
31 29 36           
32 15 20           
33 8 16           
34 7 15           
35 25 13           

Total 8,133    

Average 232.4    
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During normal periods of operation, the fuel cell was set to deliver about 155 kW to
the ASCC bus.  This set point was required to avoid tripping the reverse power relay.  That
relay was installed in order to meet the electric utility’s interconnection requirement that
power NEVER be exported on to the grid.  Because the fuel cell is not designed to load
follow in normal operation, the plant was set to operate below the minimum needs of the
ASCC bus.  Since the fuel cell’s capacity is 250 kW, setting the plant at 155 kW had a
significant impact on electrical production.  The table below shows the actual electrical
production compared to the possible production if the fuel cell were to operate at rated power
for the entire period.

Table 5
Lost Electrical Production

If the reverse power restriction was not in place, a capacity factor of about 90% could
have been achieved.  Because of this, the USCG has recently asked PPL to redesign the
interconnection with the utility to remove this restriction.  That effort has just begun and
should improve the electrical production numbers for the fuel cell next year.

In addition to electricity, the fuel cell at USCG has a heat recovery system.  The heat
recovery system produces hot water for use in Building 3159’s domestic hot water system.
The heat recovery boiler was designed to produce 431,000 BTU per hour with the fuel cell
operating at full capacity (250 kW).  As noted above, the fuel cell operated at a set point of
155 kW for 8,133 hours and in island mode at about 70 kW for 316 hours.  Instrumentation
was installed to measure the flow rate of the water in the secondary loop and both the supply
and return water temperature.  From this information, the BTUs delivered can be calculated.
Unfortunately, this information was not collected and stored with the hourly data used for
this report.  Therefore, the thermal energy delivered was calculated using a 85% utilization
factor.  The calculations were validated with spot checks of the BTU meter.

Lost Electrical Production Hours Kwh Percent
Lost due to Availability 335 83,750.0             3.8%

Lost due to Island mode operation 316 55,300.0             2.5%

Lost due to setpoint 8133 772,635.0           35.2%

Lost on Startup & Shutdown 34,092.7             1.6%

Actual Production 1,250,222.3        56.9%

Total Production Possible 8784 2,196,000.0      100.0%
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For the year, the fuel cell delivered 1,832,076 million BTUs to the air station’s
domestic water system.  When combined with the electrical production of 1,250,222 kWh,
the total energy delivered was 6,099,084 million BTUs.  During the same period, the fuel
utilized by the fuel cell had energy content of 10,019,550 million BTUs.  Therefore, the
overall efficiency of the fuel cell’s operation was 60.9%.  The breakdown between electrical
and thermal is about 46% and 15%.  This performance exceeded the project plan expectation
of about 54%.

The monthly breakdown of input and output energy is shown below:

Table 6
Overall Efficiency by Month

The operation of the fuel cell during the last year had an impact on the supply of
electricity from the commercial electric utility, NSTAR.  In order to show this impact, a
review was conducted of the past two years.  During the current year, the fuel cell was
operating.  In the prior year, the fuel cell was not.  The utility classifies electrical
consumption into three time periods for billing purposes: Peak, Low–A, and Low–B.  Peak is
5 hours every workday during Eastern Standard Time and 9 hours every workday during
Eastern Daylight Time.  Low-B is 24 hours each weekend or holiday and 9 hours each
workday.  Low A is all other times.

Operation of the fuel cell reduced the purchase of electricity from the utility by 48%.
The reduction was fairly uniform over the time periods.  The reductions of Peak, Low-A, and
Low-B kWh were 43, 44, and 53%, respectively.  Operation of the fuel cell did not reduce
the peak monthly demands used by NSTAR for billing.  This is because the utility uses the
highest 15-minute value during the billing period.  Because of the outages previously
discussed, the fuel cell was not operating at some point in virtually each billing period. 

Month Days
Period 
Hours

Net Electricity 
Delivered (kwh)

 Net Thermal 
Delivered (mmBTU)

Total Output Energy 
(mmBTU)

Gas used 
(CCF)

Input Energy 
(mmBTU)

Overall 
Efficiency (%)

June 30 720 94,734                   138,822.47                   462,148                        9,691           901,268               51.3%
July 31 744 109,255                 160,102.28                   532,990                        8,933           830,786               64.2%
Aug 31 744 110,883                 162,488.39                   540,933                        9,134           849,438               63.7%
Sept 30 720 103,531                 151,713.74                   505,064                        8,174           760,152               66.4%
Oct 31 744 113,127                 165,776.60                   551,880                        10,149         943,866               58.5%
Nov 30 720 102,293                 149,899.87                   499,025                        8,079           751,350               66.4%
Dec 31 744 111,454                 163,324.11                   543,715                        8,993           836,314               65.0%
Jan 31 744 110,354                 161,712.02                   538,349                        8,992           836,302               64.4%
Feb 29 696 97,655                   143,104.08                   476,402                        8,468           787,513               60.5%
Mar 31 744 98,693                   144,624.87                   481,464                        9,205           856,060               56.2%
Apr 30 720 84,433                   123,727.83                   411,897                        8,619           801,602               51.4%
May 31 744 113,812                 166,779.52                 555,219                      9,300         864,901               64.2%

Totals 366 8784 1,250,222              1,832,076                   6,099,084                   107,737     10,019,550          60.9%

Monthly
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Therefore, the fuel cell did not reduce the demand portion of the utility bills.  If the fuel cell
could have been operated at it’s 155 kW set point for the entire year, the demand charge
portion of the utility bills would have been about $6,000 less.  This is an unrealistic
expectation since the fuel cell does require some planned outages and some level of
unplanned outages will occur.  It is likely that the number of shutdowns can be reduced and
that the length of the periods of continuous operation will increase.  This would result in
further savings for the Coast Guard, since the demand charges would be reduced.  Table 7 on
the following page shows the electric utility analysis for the last two years:
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Table 7
Electric Utility Consumption by Month

Current Year and Previous Year
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The final aspect of this report is to review the cost benefit of the fuel cell’s
operation during the first year.  It is recognized that looking at the first year is only a
portion of the cost benefit analysis that a potential owner would do prior to making an
investment decision in the technology.

The savings produced by the fuel cell falls into two categories.  First, the
electricity produced by the fuel cell reduces the amount of electricity purchased from the
utility.  The savings resulting are valued at the average cost of the electric utility service
for the most recent 12 months, which was 10.98 cents per kWh.  The value of the thermal
output from the fuel cell was calculated by converting the thermal delivery in BTU to the
equivalent amount of natural gas in ccf.  A boiler efficiency of 85% was assumed.  The
savings resulting are valued at the average cost of the natural gas utility service for the
most recent 12 months, which was $1.10 per ccf.  The same value was used for the cost
of fuel for the fuel cell.  Operations and Maintenance was provided by PPL during the
first year of operation at a cost to the Coast Guard of $23,610.00.  

The first year cost/benefit analysis is shown below:

Table 8
Cost Benefit Analysis

Description Units $/per unit Annual $
Electricity produced by fuel cell (kWh) 1,250,222.3      0.110                 137,274.41$     
Thermal delivered by fuel cell (ccf) 20,926.1           1.100                 23,018.66$       

Savings 160,293.06$     

Natual Gas for Fuel Cell (ccf) 107,737.1         1.100                 118,510.81$     

Operations & Maintenance 23,610.00$       

Costs 142,120.81$     

Net Savings 18,172.26$       
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Operation of the fuel cell resulted in net savings to the Coast Guard of $18,172
during the first year.  This was achieved despite the operation at 155 kW and the very
high price of Natural Gas over the last year.  The project plan projected savings in the
first year of about $50,000, so actual operation was about $32,000 short.  However, the
plan was based on operation of the fuel cell at 250 kW and gas costs of about $0.80 per
ccf.  When those factors are considered, the fuel cell performed better than planned.

This analysis did not consider capital recovery, restack expense, or potential
increases in future operations and maintenance costs.  
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Conclusion
The fuel cell power plant at the Air Station Cape Cod in Bourne, MA operated

successfully during its first year.  The unit achieved an availability rate of 96%, which
exceeded expectations.  The capacity factor was limited because the unit was set at 155
kW (versus a nameplate of 250 kW) due to the interconnection with the electric utility.
This situation is being addressed.  Plans are to remove this restriction.  There were 18
shutdowns during the first year and most were brief.  The longest shutdown was to
replace the carbon material in the de-sulferizer.  This was not expected to occur in the
first year of operation.  Because it was not expected, it also took much longer that
planned to execute.  FuelCell Energy has taken actions to address both these issues.  The
ability of this plant to operate in the island mode improved availability by 3 to 4%.
Events that would normally be shutdowns were simply island mode events.

The mean time between failure was calculated at 239 hours, or slightly less than
10 days.  This needs to improve for the fuel cell to be considered a reliable source of
power.  The fuel cell did run continuously for longer than one month on three occasions
during the first year.

Overall efficiency, including the thermal recovery, was found to be over 60%
which exceeded the plan of 54%.

Operation during the first year produced net savings for the Coast Guard of over
$18,000.  The planned savings were about $50,000.  However, once the performance is
adjusted for the 155 kW restriction and the higher cost of natural gas, the fuel cell
exceeded savings projections.
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Appendix
The hourly data for the first year of operation can be found on the following

pages.

The column headings and their meaning is listed below:

Column Heading Explanation

Year Self explanatory

Month Self explanatory

Day Self explanatory

Hour chronological hour from beginning of period

Cape combined date and hour

Cape.PCUACKW Gross power output from inverter (in kW)

Cape.BOPKW Power used by the fuel cell’s balance of plant (in kW)

Cape.TBKW Power delivered to load via breaker TB (in watts)

Cape.FC_0217PV Average natural gas used (in scfm)

Net Net power output from fuel cell (in kW)

CCB Power delivered to load via breaker CCB (in kW)

TB Power delivered to load via breaker TB (in kW)

Available Hour 1=Yes, 0=No

Gas ccf Natural gas used during that hour (in ccf)

Unavailable Hour 1=Yes, 0=No (Opposite of Available)

Island Mode 1=Yes, blank is No

Run/Event Chronological listing of run or event.










































































































































