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Foreword 

In fiscal years 93 and 94, Congress provided funds for natural gas utilization 
equipment, part of which was specifically designated for procurement of natural 
gas fuel cells for power generation at military installations. The purchase, in- 
stallation, and ongoing monitoring of 30 fuel cells provided by these appropria- 
tions has come to be known as the "DOD Fuel Cell Demonstration Program." 
Additional funding was provided by: the Office of the Deputy Under Secretary of 
Defense for Industrial Affairs & Installations, ODUSD (IA&D/HE&E; the Stra- 
tegic Environmental Research & Development 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). 

This report documents work done at U.S. Military Academy, West Point, NY. 
Special thanks is owed to the U.S. Military Academy points of contact (POCs), 
Don Michaud and Bob Kronk, for providing investigators with access to needed 
information for this work. The work was performed by the Energy Branch (CF- 
E), of the Faculties Division (CF), Construction Engineering Research Labora- 
tory (CERL). The CERL Principal Investigator was Michael J. Binder. Part of 
this work was performed by Science Applications International Corp. (SAIC), 
under Contract DACA88-94-D-0020, task orders 0002, 0006, 0007, 0010, and 
0012. The technical editor was William J. Wolfe, Information Technology Labo- 
ratory. Larry M. Windingland is Chief, CEERD-CF-E, and L. Michael Golish is 
Chief, CEERD-CF. The associated Technical Director was Gary W. Schanche. 
The Acting Director of CERL is William D. Goran. 

CERL is an element of the U.S. Army Engineer Research and Development Cen- 
ter (ERDC), U.S. Army Corps of Engineers. The Director of ERDC is Dr. James 
R. Houston and the Commander is COL James S. Weiler. 

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 TMS REPORT WHEN IT IS NO LONOER NEEDS*. DO NOT RETURN IT TO THE ORMINATOR. 
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1   Introduction 

Background 

Fuel cells generate electricity through an electrochemical process that combines 
hydrogen and oxygen to generate direct current (DC) electricity. Fuel cells are 
an environmentally clean, quiet, and a highly efficient method for generating 
electricity and heat from natural gas and other fuels. Air emissions from fuel 
cells are so low that several Air Quality Management Districts in the United 
States have exempted fuel cells from requiring operating permits. Today's natu- 
ral gas-fueled fuel cell power plants operate at electrical conversion efficiencies 
of 40 to 50 percent; these efficiencies are predicted to climb to 50 to 60 percent in 
the near future. In fact, if the heat from the fuel cell process is used in a cogene- 
ration system, efficiencies can exceed 85 percent. By comparison, current con- 
ventional coal-based technologies operate at efficiencies of 33 to 35 percent. 

Phosphoric Acid Fuel Cells (PAFCs) are in the initial stages of commercializa- 
tion. While PAFCs are not now economically competitive with other more con- 
ventional energy production technologies, current cost projections predict that 
PAFC systems will become economically competitive within the next few years 
as market demand increases. 

Fuel cell technology has been found suitable for a growing number of applica- 
tions. The National Aeronautics and Space Administration (NASA) has used 
fuel cells for many years as the primary power source for space missions and cur- 
rently uses fuel cells in the Space Shuttle program. Private corporations have 
recently been working on various approaches for developing fuel cells for 
stationary applications in the utility, industrial, and commercial markets. Re- 
searchers at the U.S. Army Engineer Research and Development Center 
(ERDC), Construction Engineering Research Laboratory (CERL) have actively 
participated in the development and application of advanced fuel cell technology 
since fiscal year 1993 (FY93), and have successfully executed several research 
and demonstration work units with a total funding of approximately $55M. 

As of November 1997, 30 commercially available fuel cell power plants and their 
thermal interfaces have been installed at Department of Defense (DOD) loca- 
tions, CERL managed 29 of these installations.   Consequently, the DOD is the 
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owner of the largest fleet of fuel cells worldwide. CERL researchers have devel- 
oped a methodology for selecting and evaluating application sites, have super- 
vised the design and installation of fuel cells, and have actively monitored the 
operation and maintenance of fuel cells, and compiled "lessons learned" for feed- 
back to manufacturers. This accumulated expertise and experience has enabled 
CERL to lead in the advancement of fuel cell technology through major efforts 
such as the DOD Fuel Cell Demonstration Program, the Climate Change Fuel 
Cell Program, research and development efforts aimed at fuel cell product im- 
provement and cost reduction, and conferences and symposiums dedicated to the 
advancement of fuel cell technology and commercialization. 

This report presents an overview of the information collected at U.S. Military 
Academy, West Point, NY along with a conceptual fuel cell installation layout 
and description of potential benefits the technology can provide at that location. 
Similar summaries of the site evaluation surveys for the remaining 28 sites 
where CERL has managed and continues to monitor fuel cell installation and 
operation are available in the companion volumes to this report (Table 1). 

Objective 

The objective of this work was to evaluate U.S. Military Academy as a potential 
location for a fuel cell application. 

Approach 

On 15 and 16 March 1995, Science Applications International Corporation 
(SAIC) visited the United States Military Academy (the site) located in West 
Point, NY to investigate it as a potential location for a 200 kW phosphoric acid 
fuel cell. This report presents an overview of information collected at the site 
along with a conceptual fuel cell installation layout and description of potential 
benefits. The Appendix to this report contains a copy of the site evaluation form 

filled out at the site. 
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Table 1. Companion ERDC/CERL site evaluation reports. 

Location Report No. 
Pine Bluff Arsenal, AR TR00-15 
Naval Oceanographic Office, John C. Stennis Space Center, MS TR01-3 
Fort Bliss, TX TR 01-13 
Fort Huachuca, AZ TR 01-14 
Naval Air Station Fallon, NV TR 01-15 
Construction Battalion Center (CBC), Port Hueneme, CA TR 01-16 
Fort Eustis, VA TR01-17 
Watervliet Arsenal, Albany, NY TR 01-18 
911* Airlift Wing, Pittsburgh, PA TR 01-19 
Westover Air Reserve Base (ARB), MA TR 01-20 
Naval Education Training Center, Newport, Rl TR 01-21 
U.S. Naval Academy, Annapolis, MD TR 01-22 
Davis-Monthan AFB, AZ TR 01-23 
Picatinny Arsenal, NJ TR01-24 
U.S. Military Academy, West Point, NY TR 01-28 
Barksdale Air Force Base (AFB), LA TR 01-29 
Naval Hospital, Naval Air Station Jacksonville, FL TR 01-30 
Nellis AFB, NV TR 01-31 
Naval Hospital, Marine Corps Air Ground Combat Center (MCAGCC), Twentynine Palms, CA TR 01-32 
National Defense Center for Environmental Excellence (NDCEE), Johnstown, PA TR01-33 
934th Airlift Wing, Minneapolis, MN TR 01-38 
Laughlin AFB, TX TR 01-41 
Fort Richardson, AK TR 01-42 
Kirtland AFB, NM TR 01-43 
Subase New London, Groton, CT TR 01-44 
Little Rock AFB, AR TR 01-47 
U.S. Army Soldier Systems Center, Natick, MA TR 01-49 
Edwards AFB, CA TR 01-Draft 
Naval Hospital, Marine Corps Base Camp Pendleton, CA TR 01-Draft 

Units of Weight and Measure 

U.S. standard units of measure are used throughout this report. A table of con- 
version factors for Standard International (SI) units is provided below. 

1ft = 0.305 m 
1 mile = 1.61 km 
1 acre = 0.405 ha 
1 gal = 3.78 L 
°F = °C(X1.8) + 32 
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2  Site Description 

The U.S. Military Academy in West Point, NY is located approximately 60 miles 
north of New York City. The Academy has more than 4,000 students enrolled. 
Temperatures at the Site range from the 0 °F to over 90 °F throughout the year. 

Initially, three specific applications for the 200 kW fuel cell were discussed. A 
laundry facility was eliminated because it operated only 8-10 hours per day, 5 
days per week. This would have resulted in low thermal utilization (< 30 per- 
cent). The Site hospital was eliminated because of its relatively small size (68 
beds) and the reduced summer load (summer break for students). Also, no do- 
mestic hot water load data was available for the hospital making it difficult to 
assess the potential thermal utilization. The third application considered was 
the main power plant for the Academy (Building 604). The plant has a steam 
generation capacity of 370,000 lb/hr and an electrical generation capacity of 4.25 
MW. The power plant also houses the electrical substation for the Site. 

Site Layout 

Figure 1 shows the facility layout for Building 604. The power plant building is 
located on a hill near the Hudson River. It has a footprint of about 20,000 sq ft 
with as many as five stories depending on the location within the building. The 
three boilers are located on the east side of the building. The electrical genera- 
tion equipment and 480 volt switch gear are located on the west end of the build- 
ing. Electric transformers for the substation are located in the parking lot on the 
southwest end of the building. Water softeners are located at the south end of 
the building at the entrance to the parking lot. 

Electrical System 

The power house has two 32.5 kV to 4.16 kV transformers (2,800 kVA each) that 
serve the Academy. Multiple transformers are located inside the power house. 
Two 4,160/480 volt transformers (500 kVA) serve Building 604. There were 
plans to upgrade the power plant substation and internal transformers in 1995. 
Fuel cell construction was to be coordinated with the electrical contractor. 
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Figure 1. West Point Power Plant layout. 

Steam/Hot Water System 

The Site has over 22 mi of steam distribution lines used to provide heating, cool- 
ing, and hot water throughout the Academy. There are two E. Keeler Co. 
200,000 lb/hr boilers (derated to 150,000 lb/hr) built in 1967, and one Campella 
Power boiler, which is rated at 70,000 lb/hr (1993). In addition to supplying heat 
throughout the campus buildings, the boilers power the three steam turbines 
(4.25 MW total capacity). The superheated steam is 100 psi at 427 °F. In the 
summer, the power plant supplies low pressure steam at 12-13 psi. 

Space Heating System 

Steam is used in the individual buildings for space heating. Heating is normally 
required mid-October through mid-April. 
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Figure 2. Proposed fuel cell location, West Point Power Plant. 

Space Cooling System 

There are two buildings with absorption chillers driven by the steam system. 
The Officers Club has a single 350 ton chiller and Thayer Hall has two chillers 
totaling 350 tons. The chillers normally operate mid-April through mid-October. 

Fuel Cell Location 

The proposed location for the fuel cell is in the parking area south of Building 
604 (Figure 2). A propane tank is currently located in this spot. The Site is will- 
ing to rotate the tank 90 degrees in an east-west direction parallel to the south 
wall. The fuel cell would then be located in a north-south direction just north of 
the propane tank. 

Figure 3 shows a detailed layout of the fuel cell site area and interfaces. Remov- 
able steel and concrete poles should be placed around the fuel cell and N2 bottles 
to protect it from vehicles in the vicinity and allow for maintenance activities. 
The thermal piping run will be approximately 70 ft (60 ft to the building and 10 
ft to the piping interface). The electric connection will require a wiring run of 
approximately 150 ft to the 480 volt switch gear inside the power generating 
room. The wiring should be trenched over to the building and then mounted 
against the wall before going through the wall into the building. 
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Figure 3. Proposed fuel cell site layout and interfaces. 

The existing natural gas line will be tapped into and a new line will be run ap- 
proximately 150 ft to the fuel cell. The gas pipe will exit the building on the 
south wall and then follow the building and parking lot wall to the fuel cell. A 
boiler blow down tank is located against the south wall next to the proposed cool- 
ing tower location and should be used as the drain for the fuel cell. 

Fuel Cell Interfaces 

The electrical output of the fuel cell will be connected to a 480 volt panel inside 
the power generating room of the power plant. There is an empty panel, but a 
new switch will have to be procured. Because the existing panel is old, a custom 
switch will probably have to be ordered. This may required a long lead time, so 
efforts to identify a supplier should be made early in the design process. The 
panel is powered through a 4160/480 volt, 500 kVA transformer. All of the fuel 
cell electrical output will be used at the central plant as the demand of the power 
plant is well above 200 kW. No grid-isolated loads will be connected to the emer- 
gency power output terminals of the fuel cell. 
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The thermal load identified for the central plant is to pre-heat the boiler make- 
up water. The make-up water will be diverted through the fuel cell after the wa- 
ter softeners and before entering the deaerator (Figure 4). A circulating pump 
should be used to ensure that the make-up water preferentially flows through 
the fuel cell without restricting the water flow to the boilers during periods of 
high water demand. 

Based on monthly log data, the make-up water flow averaged between 9.5 gpm 
in October and 47.2 gpm in February (Table 2). The annual average make-up 
water flow was 24.5 gpm. Assuming an average inlet water temperature of 60 °F 
and an average supply temperature (from the fuel cell) of 140 °F, it is estimated 
that 87 percent of the fuel cell's thermal output could be utilized by the Site over 
a year (see Table 2 for calculation). Since these are average numbers, it is possi- 
ble that the fuel cell may not be able to deliver the entire average load. If 20 
percent of this load could not be met by the fuel cell, then the estimated thermal 
utilization would be 70 percent (87 percent * [1- 0.20]). No hourly load data was 
available. It was assumed that the hourly make-up load is fairly uniform due to 
the diverse nature of the Site load. No thermal storage is recommended. 

200 kW 
Fuel Cell 

City 
Water 

~i 
-& 

Double 
Walled 
Hex 
— 3 &- 

25 GPM 

To Boiler 

CT) 
#2 

Water Softeners 

Figure 4. West Point fuel cell thermal interface. 
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Table 2. West Point Central Plant make-up water usage data. 

Month-Yr 
Make-Up H20 

(gai) 
Days/ 
Month 

Avg. Flow1 

(GPM) 
Avg. Load2 

(kBtu/hr) 
Thermal3 

Utilization 

Oct-93 422,778 31 9.5 380 54% 

Nov-93 553,797 30 12.8 514 73% 

Dec-93 1,505,889 31 33.7 1,352 100% 

Jan-94 2,005,421 31 44.9 1,801 100% 

Feb-94 1,903,335 28 47.2 1,892 100% 

Mar-94 2,099,686 31 47.0 1,885 100% 

Apr-94 1,024,126 30 23.7 950 100% 

May-94 893,886 31 20.0 803 100% 

Jun-94 590,876 30 13.7 548 78% 

Jul-94 741,080 31 16.6 665 95% 

Aug-94 660,389 31 14.8 593 85% 

Sep-94 484,621 30 11.2 450 64% 

Total/Average 12,885,884 365 24.5 986 87% 

1 = Make-up gal / (days/month * 24 hours/day * 60 min/hr) 

2 = GPM * 60 min/hr * 8.35 lb/gal * (140-60 °F) * 1 Btu/lb °F/(1000 Btu/kBtu) 

3 = Sum of monthly thermal utilizations /12 months (max utilization =100%) 
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3  Economic Analysis 

The Site is located in Orange and Rockland Utilities' service territory. Electric 
billing data were obtained for March 1994 through February 1995 and are shown 
in Table 3. The average rate ranged from 5.07 cents/kWh in January to 6.42 
cents/kWh in August. The average electric rate paid by the Site during this pe- 
riod was 5.78 cents/kWh. The Site is billed under a contract rate schedule. The 
schedule includes seasonal demand charges for summer (June through Septem- 
ber) and winter. 

The Site purchases natural gas from Central Hudson Gas & Electric under a 
contract rate schedule. Table 4 shows the natural gas consumption and costs for 
entire Site. The average gas cost is $5.18/MCF ($5.05/MBtu). For the first 500 
MCF, the Site is charged $2,500 ($5.00/MCF; $4.88/MBtu). The Site average 
rate varies monthly based on gas cost adjustments and season. Since the Site 
uses well above 500 MCF per month, the fuel cell natural gas will be charged at 
the rate after the first 500 MCF. Table 4 lists an average gas rate at this secon- 
dary level ("tier") of $5.19/MCF ($5.06/MBtu). 

Table 5 lists the demand and energy electric rates under the Orange and Rock- 
land contract rate schedule for West Point. This table also lists the first year 
electric savings from a 200 kW fuel cell based on a 90 percent electric capacity 
factor. Total first year electric savings using a 90 percent electric capacity factor 
was $79,585, which includes full demand charge savings (i.e., the fuel cell is op- 
erating at 200 kW during the Site's peak electric demand for each of the 12 
monthly billing periods). The calculation includes an average fuel adjustment of 
-1.726 cents/kWh (see Table 3). The average cost of electricity displaced by the 
fuel cell is 5.05 cents/kWh. This is lower than the average rate paid by the site 
(5.78 cents/kWh) because the fuel cell is displacing "2nd tier" kWh. 

Table 6 lists electrical/thermal savings and natural gas costs for a number of en- 
ergy savings scenarios. Three thermal utilization scenarios were evaluated: 
maximum utilization (100 percent), estimated "high" thermal utilization (87 per- 
cent), and estimated "low" thermal utilization (70 percent). A displaced boiler 
efficiency of 75 percent was assumed. For electric demand reduction from the 
fuel cell, full demand savings, 50 percent demand savings and no demand sav- 
ings scenarios were calculated. The average natural gas rate of $5.06/MBtu was 
used. 
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Table 4. West Point Military Academ f gas bills. 

Month-Yr MCF Total 
Average 
$/MCF 

Displaced* 
$/MCF 

Mar-94 46,796 $252,040 $5.39 $5.39 

Apr-94 27,368 $144,344 $5.27 $5.28 

May-94 21,703 $116,173 $5.35 $5.36 

Jun-94 16,145 $86,510 $5.36 $5.37 

Jul-94 13,991 $76,392 $5.46 $5.48 

Aug-94 17,439 $93,097 $5.34 $5.35 

Sep-94 16,832 $92,674 $5.51 $5.52 

Oct-94 21,523 $113,586 $5.28 $5.28 

Nov-94 30,542 $147,091 $4.82 $4.81 

Dec-94 39,567 $186,940 $4.72 $4.72 

Jan-95 50,484 $236,542 $4.69 $4.68 

Feb-95 49,213 $245,837 $5.00 $5.00 

Tot./Avg. 351,603 $1,791,228 $5.18 $5.19 

* Displaced $/MCF = (Total $ - $2,500) / (MCF-500) 

Table 5. Orange and Rockland Utilities—West Point electric rate schedule. 

Summer Winter Total 

Demand Charge 

On-Peak ($/kW) $11.96 $8.44 

Energy Charge 

First 300 hours/kW demand ($/kWh) $0.0564 $0.0564 

Over 300 hours/kW demand ($/kWh) $0.0531 $0.0531 

Average fuel adjustment ($/kWh)* ($0.01726) ($0.01726) 

Savings/Year (90% ELF) 

Energy (>300 hours) $18,889 $37,623 $56,513 

Demand (200 kW) $9,568 $13,504 $23,072 

Total Savings $28,457 $51,127 $79,585 

Average $/kWh $0.0505 

* The average fuel adjustment charge is applied to all kWh and is derived from the average 
fuel adjustment paid by the site between March 1994 and February 1995. 

The results in Table 6 show net savings of $36,335 for the 87 percent thermal 
utilization and full demand savings. If only 70 percent of the thermal can be re- 
covered, then net savings would be $30,005. The analysis is a general overview 
of the economics. For the first 5 years, ONSI will be responsible for the fuel cell 
maintenance. Maintenance costs are not reflected in this analysis, but could 
represent a significant impact on net energy savings. Since load profile data 
were not available, energy savings could vary depending on actual electrical and 
thermal utilization. 
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4  Conclusions and Recommendations 

The West Point power plant (Building 604) represents a good application for a 
200 kW fuel cell. The fuel cell can be sited in the southeast corner of the parking 
area, which is relatively close to the thermal interface. The propane tank will 
have to be moved to accommodate the fuel cell. A high percentage of the thermal 
output can be utilized by the power plant boilers by interfacing with the make- 
up water system. 

The Site is currently using #5 fuel oil. They will be switching from #5 to #2 for 
ease of handling. The use of fuel oil has caused some problems for the Site. The 
fuel lines must be heated with steam to keep the fuel oil flowing in the winter. 
Also, spillage during refilling of the tank has required somewhat costly clean-up. 
The boilers are currently being replaced with two new boilers rated at 15,000 
lb/hr at 160 psi, 420 °F. 
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Appendix: Fuel Cell Site Evaluation Form 

Site Name: United States Military Academy - Central Plant 

Location: West Point, New York Contacts: Don Michaud/Bob Kronk 

1. Electric Utility: Orange and Rockland Rate Schedule: Contract 
Contact: Tom Murray 

2. Gas Utility: Central Hudson Gas & Electric  Rate Schedule: Contract 
Contact: Steve Burger 

3. Available Fuels: Natural Gas/Fuel Oil #5      Capacity Rate: 

4. Hours of Use and Percent Occupied: 
51 weeks/year (1 week shutdown) 

Weekdays 5 Hrs. 24 
Saturday 1 Hrs. 24 
Sunday 1 Hrs. 24 

5. Outdoor Temperature Range: 
0 to 90CF throughout year 

6. Environmental Issues: Will require State air permit. No problems expected. 

7. Backup Power Need/Requirement: Power plant has 4,250 kW of generation 
capacity (2 x 1,250 kW; 1 x 1,750 kW) 

8. Utility Interconnect/Power Quality Issues: None 

9. On-site Personnel Capabilities: Equitable Gas will provide maintenance. Plant 
personnel at site. 

10. Access for Fuel Cell Installation: Transport truck and crane must fit through 12 ft. 
wide passage. 

11. Daily Load Profile Availability: Daily and monthly records of make-up water 
consumption only. 

12. Security: Safety posts will have to be installed in lieu of fence. Posts should be 
removable. 
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Site Layout 

Facility Type: Power Plant Age: about 100 Years 

Construction: Concrete/stone 

Square Feet: about 20,000 sq ft footprint 

See Figure 1 
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Electrical System 

Service Rating: Two 34.5 kV to 4.16 kV transformers each rated at 2,800 kVA @ 55 °F. 
Multiple 4.16 kV to 480 volt transformers inside power plant. 

Electrically Sensitive Equipment: 

Largest Motors (hp, usage): 

Grid Independent Operation?: No. 
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Steam/Hot Water System 

Description: Two 200,000 lb/hr E. Keeler Co. boilers derated to 150,000 Ib/hr (1967). 
One 70,000 Ib/hr Campella Power boiler (about 1994). 

System Specifications: 100 psi superheated steam. Low pressure steam provided in 
summer at 12-13 psi. 

Fuel Type: Natural Gas/Fuel Oil #5 

Max Fuel Rate: 

Storage Capacity/Type: None 

Interface Pipe Size/Description: 4 in. 

End Use Description/Profile: The power plant provides steam to the entire campus 
except for the hospital and laundry facility. 
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Space Cooling System 

Description: Two absorption chiller systems totaling 700 tons of cooling capacity 

Air Conditioning Configuration: 

Type: Unknown 

Rating: 

Make/Model: 

Seasonality Profile: mid-April to mid-October 
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Space Heating System 

Description: Heat exchangers on steam system. 

Fuel: Steam from central plant 

Rating: super heated steam @ 100 psi 

Water supply Temp: 

Water Return Temp: about 180 °F 

Make/Model: 

Thermal Storage (space?): None 

Seasonality Profile: mid-October to mid April 
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Billing Data Summary 

ELECTRICITY   9 10 11  12 13 5 6 7 8 
Period kWh                          kW                       Cost 

1.   
2.    
3.   
4.    
5.    
6.    
7.    
8.    
9.    
10     
11.   
12.         

NATURAL GAS 
Period Consumption                                Cost 

1.                
2.                 
3.                
4.                 
5.                 
6.                
7.                 
8.                
9.                
10              
11.               
12.              

OTHER 
Period Consumption                                Cost 

1.                
2.                 
3.                
4.                 
5.                
6.                
7.                 
8.                
9.                
10              
11.               
12.              
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