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1    Introduction 

Background 

Under the Department of Defense (DOD) Natural Gas Cooling Demonstration 
Program, four Air Force bases have five natural gas engine-driven chiller sys- 
tems currently in operation: Davis-Monthan Air Force Base (AFB), AZ, Utah Air 
National Guard (ANG), UT, Youngstown-Warren Air Reserve Station (ARS), OH, 
and Warner-Robins AFB, GA. Natural gas-fired cooling technology was chosen 
for these locations for the same reasons that natural gas cooling has become vi- 
able in the commercial market: 
• the availability of a new generation of more efficient and reliable gas cooling 

products 
• low natural gas prices (prior to the Fiscal Year 2001 [FY01] winter season) 
• the desire to cut energy costs and eliminate electric peak demand charges 
• the desire to bring operating costs down 
• the responsiveness to environmental calls to switch to cleaner, chlorofluoro- 

carbon (CFC) free technologies 
• the need to improve indoor air quality, economically 
• the responsiveness to political calls to use an abundant fuel such as natural 

gas, 95 percent of which is produced domestically. 

Currently, high-efficiency gas-fired cooling equipment is readily available for 
commercial facilities including hotels, office buildings, warehouses, supermar- 
kets, and retail outlets; institutions including hospitals, nursing homes, and 
schools; and industrial facilities (American Gas Cooling Center, p 7). The three 
types of natural gas cooling equipment presently on the market are: (1) natural 
gas engine-driven chillers, (2) absorption cooling systems, and (3) desiccant cool- 
ing systems. Of the three types, gas engine-driven chillers have the highest coef- 
ficients of performance (COPs), and, in many parts of the United States, have 
demonstrated the lowest total operating costs. 

Engine-driven chillers offer important advantages over electric hermetic and 
electric open drive chillers. The engine-driven chiller (Figure 1) is comprised of a 
reciprocating engine coupled through a gearbox to an open drive chiller. The 
electric motor of a hermetic chiller is totally enclosed within a compressor hous- 
ing, and is cooled by the refrigerant. 
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Figure 1. Gas engine-driven chiller. 

The additional heat load from the motor, when transferred to the refrigerant, 

adds 3 to 6 percent in energy consumption. In contrast, with an engine-driven 

chiller, most of the heat that is generated by the engine to drive the compressor 

can be recovered from the engine's jacket cooling and exhaust systems. This re- 

coverable engine heat does not have to be discharged to the environment through 

the chiller's condenser (American Gas Cooling Center 1996, p 3). 

Natural gas engine-driven chillers use three major types of compressors: 

1. Centrifugal compressors, which are available for applications over 400 tons and 

have been built for systems up to 6,000 tons. 

2. Screw compressors, which are used for applications from 100 to 4,000 tons. 

3. Reciprocating compressors, which are typically applied to engine-driven systems 

requiring less than 200 tons (American Gas Cooling Center 1996, p 4). 

Typical COPs of natural gas engine-driven chillers at full load range from 1.2 to 

2.0 with no heat recovery, 1.5 to 2.25 with jacket water heat recovery, and from 

1.7 to 2.4 with both jacket water and exhaust heat recovery. Heat recovery from 

the jacket coolant and exhaust gas will boost overall energy utilization (Ameri- 

can Gas Cooling Center 1996, p 7). 
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On the other hand, since the majority of facilities in the United States have elec- 
tric-driven chillers, personnel are already familiar with the maintenance proce- 
dures for electric-driven units. The introduction of gas cooling technology into 
these facilities will require retraining of personnel or the purchase of mainte- 
nance agreements. The costs of these agreements are usually a function of the 
chiller capacity. (Such agreements are not exclusive to gas engine-driven chill- 
ers; they can be also be purchased for electric-driven chillers.) 

The maintenance cost of gas engine-driven chillers is somewhat more expensive 
than that of electric-driven or absorption chillers, or desiccant dehumidifying 
systems. Annual maintenance costs are based on the annual equivalent full load 
hours of operation, maintenance costs, and chiller capacity. Maintenance costs 
of gas engine-driven chillers are approximately 1.5 to 3 times higher than their 
electric counterparts; the cost of absorption units and desiccant dehumidifying 
systems falling somewhere in between those values (Pedersen and Brown 1997). 

The Construction Engineering Research Laboratory (CERL) was tasked with 
monitoring the performance of the natural gas technologies at each of the four 
participating Air Force bases during two consecutive cooling seasons, and with 
comparing the actual performance data to theoretical values. As part of this 
monitoring effort, energy and demand cost analyses were performed to compare 
each natural gas cooling technology with the energy and demand costs of old and 
new electric chillers. 

Objective 

The overall objective of this study was to monitor and report on the second year 
of performance of natural gas cooling technologies at Warner-Robins AFB during 
the FYOO season. Specific objectives of this part of the monitoring effort were to 
perform energy and demand cost analyses to compare natural gas cooling tech- 
nology at each Air Force Base with the energy and demand costs of old and new 
electric chillers. This study is a follow-up to CERL Technical Report 99/95, Per- 
formance Analysis of Natural Gas Cooling Technology at Air Force Bases: 
Youngstown-Warren ARS and Warner-Robins AFB, Fiscal Year 1999. 

Approach 

CERL representatives were available to supervise and evaluate the acceptance 
testing results for the installed systems. Monitoring equipment was specified for 
each facility to record data for either 1 or 2 years.  A Hayes compatible modem 
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was connected to a host computer workstation (at CERL) to enable communica- 
tion between CERL and the remote computer (at the base). Certain types of 
communications software (including HyperTerminal, SYNERNET™, 
METASYS™, ModemPro™, net files, etc.) were installed on the host computer 
for compatibility with the appropriate remote computer workstation. The phone 
numbers and login access parameters for each of the remote sites were obtained 
during the acceptance testing visits. Technical and economic aspects of system 
performance were monitored remotely. Collected data were analyzed to evaluate 
the effectiveness of gas equipment at each demonstration site. 

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. 

SI conversion factors 

1 in. = 2.54 cm 1 cuft = 0.028 m3 

1 ft = 0.305 m 1 cu yd = 0.764 m3 

1 yd = 0.9144 m 1 gal = 3.78 L 

1 sq in. = 6.452 cm2 1 lb = 0.453 kg 

1 sq ft = 0.093 m2 °F = (°Cx1.8) + 32 

1 sq yd = 0.836 m2 1 ton (refrigeration) = 3.516 kW 

1 cu in. = 16.39 cm3 
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2   Review of Natural Gas Cooling 
Performance Analysis 

Data Points Required To Monitor for Performance Analysis 

Data points used in monitoring the operation of chillers are best sampled every 
15 minutes. The following data points are required to obtain a proper perform- 
ance analysis for natural gas cooling equipment: 

• chilled water supply (CHWS) temperature 
• chilled water return (CHWR) temperature 
• chilled water (CHW) flow in gallons per minute (gpm) 
• natural gas flow rate in standard cubic feet per hour (SCFH). 

The CHWS temperature, CHWR temperature, and CHW flow are used to calcu- 
late the chiller capacity in tons. Once the tons are calculated, the coefficient of 
performance (COP) of the chiller can be calculated, given the flow rate and 
higher heating value (HHV) of natural gas (Brown 1999, p 9). 

Performance Analysis Calculations 

Chiller Capacity 

The capacity of a chiller, in tons, is determined by the following equation: 

= (CHW Flow) * (CHWR Temp- CHWS Temp) 

where CHWR Temp and CHWS Temp are expressed in degrees Fahrenheit (°F), 
and CHW Flow in gpm. 

Coefficient of Performance 

The COP of the chiller is the standard calculation for rating the performance of 
cooling equipment. COPs for engine-driven chillers can be determined using the 
following equation: 
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„_ Tons *12,000 BTU/ton-hr _    „ 
COP =  Eq. 2 

Natural Gas Flow (in SCFH) * HHV 

where HHV is determined from a base gas bill. 

Energy and Demand Cost Analysis Calculations 

Data were collected from each facility to indicate the peak tonnage produced by 

the engine-driven chillers each month and the number of hours at various aver- 

age loads during the entire monitoring period. Peak monthly tonnage informa- 

tion is necessary to estimate the demand charges that would result if electric 

motor-driven chillers are used instead of natural gas engine-driven chillers. 

Load duration information is required to estimate energy costs. The monthly 

electrical demand cost would be computed as follows. 

If no ratchet is applied: 

Demand Cost = TonSactual 

TonSdesign 

kW 
TonSactual*! -^ * Demand Charge Eq. 3 

max 

where: 

TonSactual     = Monthly peak load 

Tonsdesign    = Full-load capacity of the gas engine-driven chiller 

(kW/ton)new = Efficiency of new electric chiller at full load 

(Tonsactuai * (kW/ton)new)max = Maximum product of monthly peak load and efficiency 
of new electric chiller over selected monitoring period. 

If a ratchet is applied, and the load ratio (Tonsactuai/Tonsdesign) is greater than the 

ratchet percentage: 

Demand Cost = Tons actual*!—)      * Demand Charge Eq.4 
Mon/new 

If a ratchet is applied, and the load ratio (Tonsactuai/Tonsdesign) is less than the 

ratchet percentage: 

'%Ra^Y/kW\    .T n*DemandCharge Eq.5 
100 VtOn/new 

Demand Cost = 

Load duration information includes the number of hours a chiller operates 

within specified ton ranges. Depending on how the ton ranges are grouped, the 

ton-hours would be computed as follows: 
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Ton- Hours = V(Avg Ton Range * Hours in Ton Range) Eq. 6 
i=1 

The energy cost would then be computed by the following equation: 
/kW\ 

Energy Cost = I—I     * Ton-Hours* Energy Charge Eq. 7 
VtOn/new 
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3   Results of Performance Analysis at 
Warner-Robins AFB, GA 

Overview 

Warner-Robins AFB currently has two, 1310-ton, R-134A York-Caterpillar gas 
engine-driven water-cooled chillers in operation. The chillers (Chiller #5 and 
Chiller #6, respectively) are located at the central energy plant (Building 177). 
Commissioning of the chillers was completed in July 1999. Data points moni- 
tored during its operation are collected using the Johnson Controls METASYS™ 
Person Machine Interface (PMI) workstation system. The chiller has the follow- 
ing design parameters: 1.83 full-load COP, 2.27 COP at 982.5 tons, 2.53 COP at 
655 tons, 1.88 COP at 327.5 tons, 43 °F chilled water supply temperature, 53 °F 
chilled water return temperature, and 3144 gpm of chilled water flow. The HHV 
is 1010 BTU/SCF. The Warner-Robins AFB POC is Ray Tuten, tel.: (912) 926- 
3533, ext. 136. 

Comparison of Design and Actual Values 

Data for the two, 1310-ton, gas engine-driven chillers were acquired for the 
months of May through August 2000. Based on the full-load COP at 1310 tons 
and part-load COPs at 327.5 tons, 655 tons, and 982.5 tons, the natural gas 
flow estimates for different chiller capacities were interpolated for May, June, 
July, and August 2000 for the two chillers (Tables 1 and 2). 

Information from the base indicates an energy charge of $0.0348/kWh for the 
month of May 2000, an energy charge of $0.0378 /kWh for the month of June 
2000, an energy charge of $0.0369/kWh for the month of July 2000, and an en- 
ergy charge of $0.0380/kWh for the month of August 2000 (due to real-time pric- 
ing). There are no demand charges applied at the base. Tables 3 and 4 show the 
demand charges for Chillers #5 and #6 to be zero. Figures 2 and 3 show the peak 
tonnages produced by the engine-driven chillers each month. Tables 5 and 6 
show the results of the ton-hour calculations for the entire monitoring period for 
the chiller. 
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Table 1. Chiller #5 estimated natural gas costs. 

Estimated 
NG Flow 

NG Unit Cost 
($/MBtu) 

Estimated 
NG Cost 

May 2000 124 $3.0495 $378 

June 2000 590 $3.2376 $1910 

July 2000 0 $4.7128 $0 

August 2000 0 $4.6999 $0 

Total $2288 

Table 2. Chiller #6 estimated natural gas costs. 

Estimated 
NG Flow 

NG Unit Cost 
($/MBtu) 

Estimated 
NG Cost 

May 2000 518 $3.0495 $1580 

June 2000 551 $3.2376 $1784 

July 2000 20 $4.7128 $94 

August 2000 207 $4.6999 $973 

Total $4431 

Table 3. Chiller #5 peak load data and COP. 

Month Peak Load COP 
When Peak Occurred 

Demand Cost Date Time 

May 2000 1283.2 1.83 5/26/00 9:30 $0.00 

June 2000 1308.45 1.81 6/8/00 12:30 $0.00 

July 2000 0.00 N/A N/A N/A $0.00 

August 2000 0.00 N/A N/A N/A $0.00 

Table 4. Chiller #6 peak load data and COP. 

Month Peak Load COP 
When Peak Occurred 

Demand Cost Date Time 

May 2000 1288.7 1.83 5/25/00 16:30 $0.00 

June 2000 1305.43 1.82 6/12/00 0:00 $0.00 

July 2000 3.18 0.03 7/2/00 15:00 $0.00 

August 2000 1279.33 1.84 8/10/00 15:30 $0.00 
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Table 5. Chiller #5 ton-hours by ton range. 

Ton 
Range 

May 2000 June 2000 July 2000 August 2000 

Hours Ton-Hours Hours Ton-Hours Hours Ton-Hours Hours Ton-Hours 

16.375 6.00 98.25 0.50 8.19 0.00 0.00 0.00 0.00 

49.125 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

81.875 0.50 40.94 0.50 40.94 0.00 0.00 0.00 0.00 

114.625 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

147.375 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

180.125 0.00 0.00 0.50 90.06 0.00 0.00 0.00 0.00 

212.875 0.50 106.44 0.00 0.00 0.00 0.00 0.00 0.00 

245.625 0.50 122.81 0.00 0.00 0.00 0.00 0.00 0.00 

278.375 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

311.125 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

343.875 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

376.625 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

409.375 0.50 204.69 0.00 0.00 0.00 0.00 0.00 0.00 

442.125 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

474.875 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

507.625 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

540.375 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

573.125 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

605.875 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

638.625 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

671.375 0.00 0.00 0.50 335.69 0.00 0.00 0.00 0.00 

704.125 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

736.875 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

769.625 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

802.375 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

835.125 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

867.875 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

900.625 0.00 0.00 2.00 1,801.25 0.00 0.00 0.00 0.00 

933.375 0.00 0.00 6.00 5,600.25 0.00 0.00 0.00 0.00 

966.125 0.00 0.00 5.50 5,313.69 0.00 0.00 0.00 0.00 

998.875 0.00 0.00 5.50 5,493.81 0.00 0.00 0.00 0.00 

1031.625 0.50 515.81 5.50 5,673.94 0.00 0.00 0.00 0.00 

1064.375 1.00 1,064.38 12.50 13,304.69 0.00 0.00 0.00 0.00 

1097.125 2.50 2,742.81 17.50 19,199.69 0.00 0.00 0.00 0.00 

1129.875 4.50 5,084.44 14.50 16,383.19 0.00 0.00 0.00 0.00 

1162.625 2.00 2,325.25 8.00 9,301.00 0.00 0.00 0.00 0.00 

1195.375 1.50 1,793.06 6.00 7,172.25 0.00 0.00 0.00 0.00 

1228.125 1.50 1,842.19 4.50 5,526.56 0.00 0.00 0.00 0.00 

1260.875 2.50 3,152.19 4.00 5,043.50 0.00 .0.00 0.00 0.00 

1293.625 0.50 646.81 3.00 3,880.88 0.00 0.00 0.00 0.00 

Total 24.5 19,740.07 96.50 104,169.58 0.00 0.00 0.00 0.00 
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Table 6. Chiller #6 ton-hours by ton range. 

Ton 
Range 

May 00 June 2000 July 2000 August 2000 

Hours Ton-Hours Hours Ton-Hours Hours Ton-Hours Hours Ton-Hours 

16.375 36.50 597.69 115.50 1,891.31 18.00 294.75 0.50 8.19 

49.125 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

81.875 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

114.625 0.00 0.00 0.50 57.31 0.00 0.00 0.00 0.00 

147.375 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

180.125 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

212.875 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

245.625 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

278.375 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

311.125 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

343.875 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

376.625 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

409.375 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

442.125 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

474.875 0.00 0.00 0.00 0.00 0.00 0.0Q 0.00 0.00 

507.625 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

540.375 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

573.125 0.00 0.00 0.50 286.56 0.00 0.00 0.00 0.00 

605.875 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o.oo ■ 

638.625 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

671.375 0.50 335.69 0.00 0.00 0.00 0.00 0.00 0.00 

704.125 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

736.875 1.00 736.88 1.00 736.88 0.00 0.00 0.00 0.00 

769.625 0.00 0.00 2.50 1,924.06 0.00 0.00 0.00 0.00 

802.375 4.00 3,209.50 1.50 1,203.56 0.00 0.00 0.00 0.00 

835.125 5.50 4,593.19 8.50 7,098.56 0.00 0.00 0.00 0.00 

867.875 5.50 4,773.31 12.50 10,848.44 0.00 0.00 0.00 0.00 

900.625 5.00 4,503.13 10.00 9,006.25 0.00 0.00 0.00 0.00 

933.375 7.50 7,000.31 13.00 12,133.88 0.00 0.00 0.00 0.00 

966.125 7.00 6,762.88 9.00 8,695.13 0.00 0.00 0.00 0.00 

998.875 8.50 8,490.44 19.50 19,478.06 0.00 0.00 1.50 1,498.31 

1031.625 9.50 9,800.44 15.00 15,474.38 0.00 0.00 1.50 1,547.44 

1064.375 3.50 3,725.31 10.50 11,175.94 0.00 0.00 2.50 2,660.94 

1097.125 6.00 6,582.75 8.00 8,777.00 0.00 0.00 5.00 5,485.63 

1129.875 7.00 7,909.13 8.00 9,039.00 0.00 0.00 7.00 7,909.13 

1162.625 2.50 2,906.56 7.00 8,138.38 0.00 0.00 6.50 7,557.06 

1195.375 3.50 4,183.81 8.50 10,160.69 0.00 0.00 1.50 1,793.06 

1228.125 3.50 4,298.44 4.50 5,526.56 0.00 0.00 2.00 2,456.25 

1260.875 4.00 5,043.50 6.00 7,565.25 0.00 0.00 2.50 3,152.19 

1293.625 1.00 1,293.63 3.00 3,880.88 0.00 0.00 0.50 646.81 

Total 121.50 86,746.59      | 264.50 153,098.08 18.00 294.75 31.00 34,715.01 
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Using the full load efficiency of 0.55 kW/ton and the appropriate energy charges, 
the energy costs are: 

For Chiller #5: 

Energy cost = 0.55 kW/ton x (19,740.07 ton-hrs x $0.0348/kWh 
+ 104,169.58 ton-hrs x $0.0378/kWh + 0 ton-hrs x $0.0369/kWh 
+ 0 ton-hrs x $0.0380/kWh) = $2,544 

For Chiller #6: 

Energy cost = 0.55 kW/ton x (86,746.59 ton-hrs x $0.0348/kWh 
+ 153,098.08 ton-hrs x $0.0378/kWh + 294.75 ton-hrs x $0.0369/kWh 
+ 34,715.01 ton-hrs x $0.0380 /kWh) = $5,575 

The total electrical cost for each new electric chiller for the period would be: 

Chiller #5:     $2,544 + 0 = $2,544 
Chiller #6:     $5,575 + 0 = $5,575 

The efficiency of the old electric chiller at the central plant was 0.65 kW/ton. 
Since there are no demand charges applied, the demand costs would then be 
zero, regardless of load. 

The electrical energy cost would then be: 

For Chiller #5: 

Energy cost = 0.65 kW/ton x (19,740.07 ton-hrs x $0.0348/kWh 
+ 104,169.58 ton-hrs x $0.0378/kWh + 0 ton-hrs x $0.0369/kWh 
+ 0 ton-hrs x $0.0380/kWh) = $3,006 

For Chiller #6: 

Energy cost = 0.65 kW/ton x (86,746.59 ton-hrs x $0.0348/kWh 
+ 153,098.08 ton-hrs x $0.0378/kWh + 294.75 ton-hrs x $0.0369/kWh 
+ 34,715.01 ton-hrs x $0.0380 /kWh) = $6,588 

If the old electric chillers were used, the total electrical cost would then be: 

Chiller #5:   $3,006 + 0 = $3,006 
Chiller #6:   $6,588 + 0 = $6,588 

Table 7 summarizes the cost comparison for Warner-Robins AFB. 

Table 7. Cost comparison of old vs. new chillers. 

Chiller Type Chiller #5 Chiller #6 

Old electric chiller $3,006 $6,588 

New electric chiller $2,544 $5,575 

New gas chiller $2,288 (estimate) $4,431 (estimate) 
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Comparison of FY99 and FYOO Cooling Seasons 

Table 8 shows utility cost and ton-hour comparisons between the FY99 and FYOO 
cooling seasons at Warner-Robins AFB. Table 9 shows energy cost comparisons 
between the FY99 and FYOO cooling seasons. 

At the monitored Air Force base, the costs for the natural gas used by the en- 
gine-driven chillers were lower than electrical costs used by old and new electric 
chillers, resulting in an energy cost savings (Tables 7 and 9). 

Use of Gas Cooling To Reduce Peak Demand 

The engine-driven chiller in a hybrid plant can often be used to reduce or shave 
the building's electric demand during on-peak hours. One or more electric chill- 
ers supply the base cooling load or are shut off during on-peak hours. The sav- 
ings in peak demand charged by the electric utility can often provide substantial 
cost savings. Gas cooling can be installed when a significant expansion of a facil- 
ity is planned, thereby satisfying the need for additional capacity while providing 
the flexibility to dispatch gas cooling during periods of high electric demand. 
Figure 4 shows an example of peak cooling. 

Table 8. Utility cost and ton-hour comparisons of FY99 and FYOO cooling seasons,. 

Month and 
Year 

Energy, 
$/kWh 

Natural 
Gas, 

$/MBtu 

FY99 Ton-Hours FY00 Ton-Hours 

Chiller #5 Chiller #6 Chiller #5 Chiller #6 

July 1999 $ 0.0355 $2.47 54,995.46 10,455.45 

August 1999 $ 0.0493 $2.52 56,018.91 309,250.10 

May 2000 $ 0.0348 $3.05 19,740.07 86,746.59 

June 2000 $ 0.0378 $3.24 104,169.58 153,098.08 

July 2000 $ 0.0369 $4.71 0.00 294.75 

August 2000 $ 0.0380 $4.70 0.00 34,715.01 

Table 9. Energy cost comparisons of FY99 and FY00 cooling seasons. 

Chiller Type 

Energy Cost (FY99) Energy Cost (FYOO) 

Monitoring period: Jul-Aug99 Monitoring period: May-Aug00 

Chiller #5 Chiller #6 Chiller #5 Chiller #6 

Old electric chiller $ 3,066 $10,155 $ 3,006 $ 6,588 

New electric chiller $ 2,594 $ 8,593 $2,544 $ 5,575 

New gas chiller $ 1,522 (estimate) $ 4,474 (estimate) $ 2,288 (estimate) $4,431 (estimate) 
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Figure 4. Example of peak shaving curve. 



20 ERDC/CERLTR-01-58 

4   Conclusion and Recommendations 

Conclusion 

This study provided performance-monitoring data for natural gas cooling tech- 
nologies operating at Warner-Robins AFB, GA, based on the FYOO cooling sea- 
son. Both theoretical and actual performance values for each natural gas cooling 
technology were compared for validation of their operation. The technical and 
economical aspects of operable natural gas cooling equipment performance were 
monitored on successful commissioning and functional performance testing ac- 
ceptability. Energy and demand cost analyses were performed to compare each 
natural gas cooling technology with the energy and demand costs of old and new 
electric chillers. 

This study concludes that gas cooling technologies, such as gas engine-driven 
chillers, can offer installations and bases environmental and economic benefits 
(Table 7 [p 17] and Table 9 [p 18]). The environmental benefit stems from the 
fact that engine-driven chillers typically use hydrochlorofluorocarbons (HCFCs) 
or hydrofluorocarbons (HFCs) with low or zero ozone-depleting potential. The 
economic benefits of engine-driven chillers can vary since gas chiller equipment 
costs are higher than conventional electric-driven vapor-compression equipment. 

To reduce peak electric demand and increase summer gas sales, many gas and 
electric utilities offer rebates for unit installations and bases on a per-ton basis. 
Sometimes these rebates alone make up the equipment cost differential. Some 
gas utilities also offer reduced rates to facilities using gas for cooling purposes. 
Some applications reduce costs in other areas by providing energy to produce 
domestic hot water and/or boiler makeup water. Use of these applications in- 
creases the system's overall cost effectiveness. 

Chillers are rarely operated at their rated capacities more than a few hundred 
hours per year. Two or more smaller chillers may result in more efficient opera- 
tion, lower life-cycle costs, and lower operating costs. In some cases, a hybrid 
chiller plant makes economic sense. A hybrid plant is a combination of electric- 
and gas engine-driven chillers and sometimes leads to lower life-cycle and opera- 
tion costs. The operation of the plants would be cycled to take advantage of the 
off-demand portion of the electric utility bill.  The installation of more than one 
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chiller will also allow for continued service during scheduled and unscheduled 
maintenance (Pedersen et al. 1996). 

Recommendations 

It is recommended that data points for CHWS and CHWR temperatures and 
chilled water flow be documented every 15 minutes. To improve performance 
and acquire a more accurate savings, it is also recommended that each Air Force 
facility under the Natural Gas Cooling Technology Program provide minute-by- 
minute readings of natural gas flow, as opposed to instantaneous values every 15 
minutes. 

In cases where the remote operator is unavailable to download the trend data on 
a daily basis due to leave or temporary duty (TDY), it is recommended that the 
proper communications or datalogger software be used to automatically transfer 
data to the remote operator's computer workstation. Automatic data transfer 
should occur in the early mornings every 24 hours via modem from the installa- 
tion's host operator workstation to the remote monitoring site (including week- 
ends and holidays). Without automatic data transfer, the historical trend data 
provided by the host workstation may not be stored permanently. If the remote 
operator does not download the trend data in time, valuable data may be lost. 
Such missing data could compromise the accuracy of performance and cost re- 
sults. 

Finally, it is recommended that CERL representatives monitor any facilities that 
will complete successful commissioning and acceptance testing of natural gas 
cooling equipment for performance to document the actual savings incurred. 
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Appendix A: Gas Cooling Analysis 

Gas Cooling Analysis Input Data Sheet 

< To Print Tables - Ctrl t, To Print Charts - Ctrl c > 

Notice to Users: 

This spreadsheet is designed to assist the user in performing a preliminary feasibility 
analysis comparing electric, absorption, and engine driven chillers. Calculations are 
based on user provided data and results rely on this input data. This spreadsheet calculates 
the approximate equipment & installation costs along with the annual operating and 
maintenance costs. Additionally, simple payback is calculated, based on the incremental 
additional cost of the alternative cooling technology and the annual operating cost savings. 
Part of the development of this tool was supported by the Strategic Environmental 
Research and Development Program (SERDP) 

Input Section 

Enter Facility Name: 

Fill in all shaded boxes 

Warner-Robins AFB, CEP 

Analyst: WTB 10/12/2000 

Cooling Load 

Peak Load: 
Annual Hours of Operation: 
Equivalent Full Load Hour Percentage: 

Cooling Peak Load/Ave Load Ratio: 

Building Type:| Central Plant (Chiller #6) 

1,310 
435 

48 

tons 
hours 
%   (for most air conditioning 

applications, EFLH = 50 %) 

Peak Chiller Efficiencies: 

Existing Electric (kW/ton) 
New Electric (kW/ton) 

Absorption (COP) 
Engine Driven (COP) 

Monthly Peak Cooling Load (% of peak) 

IPLV 

41.86 

COP Ratio Parasitic Electrical Requirements: 

0.65 0.65 
0.55 0.55 
1.02 1.02 

1.83 2.77 

Existing Elect 
1.18 New/Old Elec New Elect 
0.16 Abs/NewEIc Absorption 
0.29 Gas/New Elc    Eng Driven 

0.239 
0.239 
0.315 
0.269 

kw/tn 
kw/tn 
kw/tn 
kw/tn 

Jan 0 Feb 
Jun 

Oct 

0 

May 98 100 

Sep 0 0 

Mar 0 

Jul 0 

Nov 0 

Apr 0 

Auq 98 
Dec 0 

1 therrr, = 100,000 Btu, k = 1000 (kW = 1000 W); M = 1,000,000 (MBtu = 1,000,000 Btul 

When evaluating steam fired absorption chillers, be sure to account for boiler efficiency 

when entering chiller COP. This is not done automatically. 
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Gas Cooling Analysis Input Data Sheet 

Facility:    Warner-Robins AFB, CEP 

Utility Rates 

Natural Gas Utility Rates: 

Cooling Rate 

Boiler Rate 

Elect/Gas Use Cost Ratio 

Electric Utility Rates: 

Summer Demand 

Ratchet 
Winter Demand 

Energy 

Notes: 

0.373 

0.373 

2.91 

0.00 
95 

0.00 

0.037 

l/therm 

$/therm 

$/kW 

% 
S/kW 

S/kWh 

Centrifugal Water Cooled, NG and Elec 

Plant already has (2) 1500 and (1) 750 ton electric units 

Using report parasitic estimates 

Base loaded Chiller (100% year round) 

Engine waste heat considers both exhaust gases and cooling jacket water 

If boiler fuel not gas, convert $/MBtu to JAherm 

Can not calculate winter type ratchet charges; input directly?? 

Must use month format Xxx (i.e Jan, Feb)  

from Mar 
from Jan 

through 

through 

DemandVUseS Ratio (hrs) 

Smr. El/Gas: 0 Wntr El/Gas: 

Sep 

Dec 

NOTE:  Review demand charge calculations to determine appropriate 

values to enter for number of applicable months.  

NOTE: The above rates should include any applicable taxes and surcharges. 

Equipment Cost 

Electric (existing) 

Electric (new) 

Absorption 

Engine Driven 

w/o heat recovery 

w/ heat recovery 

Chiller 

$/ton 

Rebate 

$/ton 

Installation 

$/ton 

418 0 387 

672 0 402 

577 0 328 

608 0 407 

Maintenance 

0.008 $/ton-hr 

0.006 $/ton-hr 

0.0085 $/ton-hr 

0.012 $/ton-hr 

0.013 $/ton-hr 

Heat Recovery 
(Engine Driven Chiller only) Engine Waste Heat 

Useful thermal energy 

Summer boiler efficiency 80 

Btu/hr Engine efficiency 

Recoverable percent 

Max avail thermal energy 

35 % 
% 75 % 

2,769,816 Btu/hr 
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Appendix B: Performance Data of 
Chillers 5 and 6 
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Abbreviations and Acronyms 

AFB Air Force Base 

AFCESA Air Force Civil Engineer Support Agency 

ANG Air National Guard 

ARS Air Reserve Station 

Btu British thermal unit 

CERL U.S. Army Construction Engineering Research Laboratory 

CFC chlorofluorocarbon 

CHW chilled water 

CHWR chilled water return 

CHWS chilled water supply 

COP Coefficient of Performance 

DDC direct digital control 

deg F degrees Fahrenheit 

DOD Department of Defense 

FY fiscal year 

gpm gallons per minute 

HCFC hydrochlorofluorocarbon 

HFC hydrofluorocarbon 

HHV higher heating value 

kW kilowatt 

kWh kilowatt-hour 

MBtu million British thermal units 

SCF standard cubic feet 

SCFH standard cubic feet per hour 

TDY temporary duty 



36 ERDC/CERLTR-01-58 

CERL Distribution 

HQAFCESA, TyndallAFB 
ATTN: AFCESA/CESM (2) 

Chief of Engineers 
ATTN: CEHEC-IM-LH (2) 

Engineer Research and Development Center (Libraries) 
ATTN: ERDC, Vicksburg, MS 
ATTN: Cold Regions Research, Hanover, NH 
ATTN: Topographic Engineering Center, Alexandria, VA 

Defense Tech Info Center 22304 
ATTN: DTIC-0 

8 
5/00 



REPORT DOCUMENTATION PAGE Form Approved 
OMB No. 0704-0188 

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the 
data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection ol information, including suggestions for reducing 
this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202- 
4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently 
valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.  

1. REPORT DATE (DD-MM-YYYY) 
08-2001 

2. REPORT TYPE 
Final 

3. DATES COVERED (From - To) 

4. TITLE AND SUBTITLE 
Performance Analysis of Natural Gas Cooling Technology at Warner-Robins AFB, GA: 
Fiscal Year 2000 

5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5C. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) 
William T. Brown, III 

5d. PROJECT NUMBER 
MIPR 
5e. TASK NUMBER 
VR7 
5f. WORK UNIT NUMBER 
N28FY9700081 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
U.S. Army Engineer Research and Development Center (ERDC) 
Construction Engineering Research Laboratory (CERL) 
P.O. Box 9005 
Champaign, IL 61826-9005 

8. PERFORMING ORGANIZATION REPORT 
NUMBER 

ERDC/CERLTR-01-58 

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 

Headquarters, Air Force Civil Engineer Support Agency (HQAFCESA) 
139 Barnes Drive 
Suite 1 
TyndallAFB, FL 

10. SPONSOR/MONITOR'S ACRONYM(S) 
AFCESA/CESM 

11. SPONSOR/MONITOR'S REPORT 
NUMBER(S) 

12. DISTRIBUTION / AVAILABILITY STATEMENT 
Approved for public release; distribution is unlimited. 

13. SUPPLEMENTARY NOTES 
Copies are available from the National Technical Information Service, 5285 Port Royal Road, Springfield, VA 22161. 

14. ABSTRACT 

High-efficiency gas-fired cooling equipment is readily available for commercial, institutional, and industrial facilities. Natural gas en- 
gine-driven chillers have higher coefficients of performance of any natural gas cooling system and can serve as energy efficient alter- 
natives for new electric chillers. This study monitored the performance of natural gas cooling technologies operating at Warner-Robins 
Air Force Base, GA during the fiscal year 2000 cooling season and compared the actual performance data to theoretical values. 

Energy and demand cost analyses were performed to compare natural gas cooling technology with the energy and demand costs of old 
and new electric chillers. The study determined that, at the monitored base, the costs for the natural gas used by the engine-driven 
chillers were lower than electrical costs used by old and new electric chillers, resulting in an energy cost savings. 

15. SUBJECT TERMS 
Warner-Robins AFB, GA 
energy conservation 

natural gas 
cooling systems 

chiller 
cost analysis 

16. SECURITY CLASSIFICATION OF: 

a. REPORT 
Unclassified 

b. ABSTRACT 
Unclassified 

C. THIS PAGE 
Unclassified 

17. LIMITATION 
OF ABSTRACT 

SAR 

18. NUMBER 
OF PAGES 

38 

19a. NAME OF RESPONSIBLE PERSON 
William T. Brown, III 

19b. TELEPHONE NUMBER (in- 
clude area code) 

(217) 352-6511,X-7301 
Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std. 239.18 


