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FIXED FACILITIES ENERGY CONSUMPTION
INVESTIGATION—INITIAL ENERGY DATA

1 \nTRODUCTION
Background

At the onset of the energy crisis in 1973-74, the
Army did not have an understanding of how, where,
or when energy was being used in its individual,
fixed facilities. Metering of individual buildings to
monitor energy consumption occurred only where
the installation was to be financially reimbursed for
the energy. The increased cost of fuel and electricity
affects the installation operations budget and at-
tracts the attention of installation commanders,
major commands, and the Office of the Chief of
Engineers (OCE).

OCE therefore initiated a study of the energy
problem on Army fixed facilities.' As various areas
for investigation were identified, it became apparent
that a knowledge of the energy consumption pat-
terns of the facilities on Army installations was re-
quired.

Objective

The objectives of this study are (1) to collect data
relating to the flow, demand patterns, and uses of
the various forms of energy consumed on Army in-
stallations, (2) to compile a data file for use in later
analysis, and (3) to analyze the collected data to
determine how the energy was consumed, identify
conservation measures, and improve energy utiliza-
tion.

The objective of this report is to provide energy
data users with (1) an initial summary of the energy
use data that have been collected in this study and
(2) a preliminary analysis of the data with respect to
building type and climatic conditions.

Approach and Scope

This study is being conducted in the following
steps:

'Disposition Form, Subject, Energy Consumption Investiga-
tion (Research and Development Office, Office of e Chief of
Engineers, 26 August 1974),

1. Determination of potential Army users of
energy usage information and their data require-
ments

2. Sclection of specific Army posts and major con-
sumer groups for monitoring based on size, geo-
graphical location, weather, mission, and major
command

3. Selection of specific buildings in each major
consumer group for application of instrumentation

4. Selection and procurement of required instru-
mentation and monitoring systems to record energy
use on an hourly basis

S. Installation of instrumentation and interfacing
and recording equipment at energy sensor locations

6. Development and maintenance of a data base
management system for storage, retrieval, and anal-
ysis of energy consumption data

7. Provision of potential users with reports and
information for using the energy consumption data
in their studies.

Steps 1 through 6, which are described briefly in
Chapter 2, are detailed in the Fixed Facilities Energy
Consumption Investigation (FFECI) Data Users
Manual.” The present report is a first effort in com-
pleting step 7. Because 110 buildings containing over
400 individual monitoring points are being moni-
tored on an hourly basis, a meaningful presentation
of the raw data for the approximately 3,500,000 data
points in a 1-year period would be impossible. Sum-
marizing the data to reduce the volume to a report-
able size was therefore necessary. This report pro-
vides an initial summary of energy use data collected
during the study (December 1976 to March 1977)
and a preliminary analysis of the data. It does not
cover data from all data monitoring points, but
rather from a selection of 45 buildings which are
representative of most of the energy consumers on a
post. The data in this report, although indicative of
preliminary trends, do not constitute a sufficient
sample for immediate field application.

The format used to present the preliminary data
in this report is indicative of the manner in which the

‘L. M. Windingland and B. J. Sliwinski, Fixed Facilities
Energy Consumption Investigation Data Users Manual, Interim
Report E-122 (U.S. Army Construction Engineering Research
Laboratory (CERL], 1977),




full year's energy consumption data will be sum-
marized and produced. The full-year report will also
include cooling energy usage, since the data will ex-
tend through a summer cooling scason.

Organization of Report

Chapter 2 briefly describes the initial steps in the
study, discusses selection of the buildings for inclu-
sion in this report, and provides information on how
to obtain additional detailed energy consumption
data. Chapter 3 provides a preliminary analysis of
the energy consumption data and reports the pre-
liminary findings for each consumer group studied.
Typical daily and monthly energy use profiles are
provided for each consumer group.

The appendices provide more detailed informa-
tion. Appendix A shows the monthly consumption of
each building and data points selected for analysis,
and Appendix B provides a description and photo-
graph of each building.

2 DISCUSSION
Initial Steps of Study

The first step in the study was to define the users
and uses of building energy data. The military users
were defined as facilities engineers, Major Com-
mand and Corps District and Division Engineers,
OCE, and research laboratories. The needs of these
users range from yearly consumpt Hn totals for vari-
ous building types to hourly energy usage patterns
for detailed building energy consumption analysis.
This variety of needs necessitated use of metering
devices that would record building energy consump-
tion on an hourly basis.

Since all Army buildings could not be monitored,
the next step was the selection of a representative
sample of installations and buildings. The three
Army posts selected were Fort Belvoir, VA, Fort Car-
son, CO, and Fort Hood, TX. These installations
represent two major Army commands (TRADOC
and FORSCOM) in order to provide data on facility
energy use on posts with different missions; the two
posts in the same command (Fort Carson and Fort
Hood) are differently sized, thus permitting deter-
mination of the effects of size on energy use profiles.
In addition, the posts are in different geographical
areas, which enables study of differences in energy
use for various building construction types (e.g.,

block vs. frame) and insulation levels in different
climates.

To select the buildings to be monitored on cach
installation, Army buildings were divided into con-
sumer groups based on the Army real property in-
dexing system, which separates facilitics into over 40
different building categories. These 40 categories
were consolidated into eight major energy consumer
groups representing different post functions: troop
housing, family housing, administration/training
buildings, production/maintenance buildings, stor-
age buildings, medical/dental buildings, community
support facilities, and portions of each post's utility
distribution system. Nearly every building on the
three Army posts falls into one of these eight con-
sumer groups.

Individual buildings in each consumer group were
selected for energy usage monitoring on each instal-
lation. The selection was based primarily on the con-
struction type and the construction era (e.g., World
War 11 type, 1960's I-type, and modern Army stand-
ard design types were selected in the troop housing
category). In some instances, identical buildings
were chosen for comparison of life-style effects and
control systems variation. Also, similar buildings at
two different locations were chosen to permit a con-
sideration of weather etfects on energy consumption.
Table [ lists the number of buildings of each type
being monitored.

Table |
Summary of Bulldings Being Monitored

l?ortw Fort Fort
Carson Belvoir Hood Total

Troop Housing

Barracks 9 6 11 26
Dining Facilities 2 1 3 6
Family Housing 4 9 10 23
Administration

Training S 3 8 16
Medical/ Dental 1 1 4 6
Sterage 2 2 1 S
Production

Maintenance S 2 S 12
Community Support

Facilities 4 ) 11 20
Utility Distribution 13 11 2 47

Total 45 40 76 161

The energy parameters to be monitored in each
building were then determined and the instrumenta-
tion systems and recording devices procured and
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installed. The energy parameters selected generally
included all energy being used to operate the build-
ings, such as total natural gas consumption and total
electrical consumption; however, in buildings which
were selected for detailed energy analysis, building
temperatures, humidity, certain portions of electri-
cal systems (such as chiller power and lighting
power), and input/output operating parameters of
mechanical systems were also monitored. In addi-
tion, a complete weather station at each post was
selected for on-site monitoring of ambient tempera-
ture, dewpoint temperature, solar radiation, wind
speed, wind direction, and barometric pressure.

Finally, a storage system was developed for filing
the incoming energy use data and providing ready
access to it.

FFECI Data Users Manual

The FFECI Data Users Manual® is available for
users who wish to obtain specific energy use data.
The manual describes what data are available and
the methods for obtaining the data, and provides
typical data examples. The manual also describes
the energy data file system, and lists the buildings
being monitored with their locations and the energy
parameters being monitored. The instrumentation
systems are fully described.

Selection of Representative Buildings
for This Report

The buildings selected for this summary of the
energy consumption data obtained in thc initial
months of the study are (1) buildings of the same size
and construction to indicate differences in their
energy consumption profiles, (2) old and new build-
ings in the same energy consumer group to permit
analysis of the effect of building age and construc-
tion methods on energy consumption, and (3) similar
buildings at different posts to permit analysis of the
eftect of climate variations. The selected buildings
represent six of the eight consumer groups as shown
in the summary in Table 2.

Appendix A contains the energy use for each
month of valid data for the 45 buildings selected.
Appendix B provides a description and photograph
of each building.

‘L. M. Windingland and B. J. Sliwinski, Fixed Facilities
Energy Consumption Investigation Data Users Manual, Interim

Report E-122 (CERL, 1977).

Table 2
Summary of Buildings Included in This Report

Fort Fort Fort
Carson Belvoir Hood Total

Family Housing 2 3 S 10
Troop Housing 6 3 3 12
Administration/

Training K} 1 4 8
Production/

Maintenance 2 — 2 4
Medical/Dental 1 1 2 4
Community Support 2 2 3 7

3 ANALYSIS AND FINDINGS

This preliminary analysis is based on a compari-
son of energy usage for six of the consumer groups
identified in Chapter 2:

1. Family Housing

2. Troop Housing

3. Administration/Training (only administration
buildings from this group)

4. Production/Maintenance (only maintenance
buildings from this group)

S. Medical/Dental
6. Community Support.

Comparisons are made within and between groups.
The data presented are for 3- and 4-month periods
between December 1976 and March 1977. Some
data were not available because of malfunctioning
meters.

Family Housing

Table 3 presents family housing data. Family
housing units show little variation in electrical usage
on a kilowatt-hours per square foot basis or gas
usage on a Btus per square foot per heating degree
day basis between installations, or among building
types, which indicates that the usage within this con-
sumer group is uniform and that family housing is a
valid grouping.

However, data points 319 and 320, which are
identical in size and construction, show a significant
variation. Average electrical usage for this group is




Table 3

Energy Consumgtion Data— Family Housing

Electrical

Consumption Heating Fuel

kWh/sq ft/ Consumptlon,

Data  Bldg. day (kWh/m*/ Btu/sq f/HDD

Fort Point  No. day) (kJ/m'/HDD)
Carson 110 17 0.0211(0.2271)  18.9(214.0)
122 4644 0.0194 (0. 2088) 18.2 (2006.7)
Belvowr 210 [SS1 (.0135¢(0.1453) 21.90248.7)
211 1501 0.0121(0.1302)  17.3(196.4)
214 579 0.0135(0.1453)  19.6(222.6)

0.0151(0.1625  i8.9(214.6)
3120 60100 0.017310.1862)  29.8(338.3)
322 5669 NA 10.5(119.2)
324 6443- 0.0130(0.1399)  12.6 (143.0)
327 180 0.0149(0.1604)  19.6 (222.5)
Avg. = 0.0155(0.1668)  18.7(212.3)

Hood 319 60062

0.0155 kWh/sq ft/day (0.1668 kWh/m?*/day) and
average energy heating fuel consumption is 18.7
Btu/sq ft/heating degree day (HDD) (212.3 kJ/m?/
HDD). Figure 1 shows a typical daily electrical pro-
file for family housing. Figures 2 and 3 show the
natural gas consumption for a 2-week period versus
heating degree days. Figures 4 and S show typical
monthly electrical profiles for multi- and single-
family houses.

Troop Housing

Tables 4 through 6 present energy consumption
data for troop housing facilities and dining facilities.
I'he relatively minor variation in electrical and gas
usage among buildings tends to follow the building
age. As shown in Figures 6 and 7, electric usage
appears to increase as building age decreases, while
gas and oil consumption appears to decrease with
decreasing building age. The generally minor varia-
tions indicate that troop housing is a valid grouping.
Again, a significant variation between buildings of
identical size and construction is seen (data points
136 and 137). Figures 8 through 17 show typical
daily and monthly profiles for troop housing facili-
ties.

Administration

Table 7 gives data for administration buildings.
The eclectrical usage for administration buildings
appears to be influenced more by building type than
any other factor. There is no apparent relationship
between building age and energy consumption, as
there was for troop housing. The electrical consump-

10

Table 4
Energy C ption Data— Bachelor Enlisted Quarters
" Electreal
Consumption Heating Fuel
kWh/sq ft/ Consumption,
Data Bldg. day (kWh/m'/ Btu/sq ft/HDD
Fort Point  No. day) (kd/m'/HDD)

Carson 129 1361 0.00935(0.01006) NA

133 1983 0.0201 (0.2163)  NA
136 M7 0.00661 (0.07113) 16,74 (19%).04)
137 . 412 0.00739(0.07952) 23165 (20K 49)

Belvoir 226 2111
Hood 339 16008

0.0010 (O.11837) NA
0.0123 (0.1324) 19.2 (217.97)
Avg. = 0.0111 (0.1194)  19.86(225.46)

Table 5
Energy Consumption Data— Bachelor Officer Quarters

Electrical

Consumption Heating Fuel
kWh/sq ft/ Consumption,
Data Bldg. day (kWh/m*/ Btu/sq ft/HDD
Fort Point  No. day) (kl/m’/HDD)

Carson 119 1304
Belvoir 221 470

222 SO8
Hood 33t 36006

0.0155(0.1668) 297 (33.72)
0.0230 (0.2475)  3.99 (45.10)
0.0136(0.1463)  16.52(187.55)
0.0193(0.2077)  NA

Avg. = 0.0178 (0.1915)  7.83( 88.89)

Table 6
Energy Consumption Data— Dining Facilities

Electrical
Consumption Heating Fuel
kWh/sq ft/ Consumption,
Data Bldg. day (kWh/m'/ Btu/sq ft/HDD
Fort Point No. day) (kJ/m'/HDD)
Carson 130 1040 0.0284 (0.3056) NA
Hood 333 87017 0.0936 (1.0072) NA

Avg. = 0.061 (0.6564)

tion varies from 0.018 to 0.046 kWh/sq ft/day, again
a relatively minor variation, indicating that this is a
valid grouping. Figures 18 and 19 show the typical
daily and monthly energy use profile.

Maintenance

Table 8 presents data for maintenance buildings.
As might be expected, electric and gas usage is
generally higher than for the other consumer groups.
This higher consumption is probably caused by the




Table 7

Energy C ption Data — Administration/ Training Buildings
Electrical
Consumption Heating Fuel
kWh/sq ft/ Consumption,
Data Bldg. day (kWh/m’/ Btu/sq ft HDD
Fort Point  No. day) (kJ/m’/HDD)
Carson 135 1048 0.0241 (0.2593) NA
14K 1430 0.0318(0.3422) NA
154 1544 0.0407 10.4380) NA
Belvoir 230 199 0.0462 (0.4971) NA
Hood 361 ) 0.021310.2292)  25.18 (285.86)
165 16010 0.0235(0.2529)  11.4 (129.4)
370 37010 0.0186 (0.2002)  NA

374 16011

0.0231 (0, 2486)
Avg. = 0.0287 (0.3088)

Table 8

23.95(271.90)
20.18(229.10)

Energy Consumption Data—Maintenance Buildings

Electrical

Consumption Heating Fuel
kWh/sq [t/ Consumgion,
Data Bldg. day (kWh/m’/ Btu/sq ft/ HDD
Fort Point No. day) (kJ/m*/HDD)
Carson 138 2992 0.0269(0.2895) NA
139 2492 0.0336(0.3616)  37.67 (427.65)
Hood 3150 32016 0.0508 (0.5466) 33.4 (379.2)
152 4617 0.0328 (0.3530) 24.6 (279.3)
Avg. = 0.036 (0.387) 31.9 (362.1)

Table 9
Energy Consumption Data— Medical/Dental Buildings

Electrical

Consumption Heating Fuel
kWh/sq ft/ Consumption,
Data Bldg. day (kWh/m?/ Btu/sq ft/HDD
Fort Point No. day) (kJ/m’/HDD)
Carson 147 1007 0.0139(0.1496)  20.21 (229.44)
Belvoir 233 1009 0.0271(0.2917) NA
Hood 359 31002 0.0273(0.2939) 293 (332.63)
360 330 0.0864 (0.9300) 40.2 (456.4)
Avg. = 0.0387(0.4166) 29.9 (339.4)

use of welders, winches, and other power tools, and
the necessity for large, high bay doors. While the
data presented are relatively uniform, the mainte.
nance consumer group may have large fluctuations
depending on the type of maintenance activities
being performed. Figures 20 and 21 show typical
monthly and daily profiles of energy usage.

Medical/Dental

Table 9 gives the data for medical/dental facili-
ties. The data shown vary widely, with a factor of six
difference between the largest and the smallest elec-
trical usage. Here again the difference in usage pat-
terns between building types appears to be the most
important factor. Figures 22 through 25 show typical
daily and monthly energy use profiles.

Community Support

Data for community support facilities are given in
Table 10. The wide variation in the data clearly indi-

cates that this consumer grouping may not be valid
for comparisons with other groupings because of the
large variations in building types within the group.
For example, data point 149 is a commissary, data
point 375 is a field house, and data point 239 is a
post theater; all have widely different energy usages.
Within building types the data are consistent. For
example, data points 219 and 118, which are both
officers’ clubs, have similar usages. Figures 26
through 29 show typical daily and monthly energy
use profiles for selected buildings from this con-
sumer group.

Comparisons by Consumer Group

Table 11 summarizes average consumption for
each consumer group. Figures 30 and 31 show the
relative electrical and heating fuel usage by con-
sumer group. As the figures show, the family and
troop housing facilities are the smaller electrical
users while administration, maintenance, medical/
dental, and community support facilities are the
larger electrical users. In terms of heating energy
usage, the newer barracks are the smallest users,
while the medical/dental and maintenance facilities
are the largest users.

4 concLusioNs

Since the data, curves, and analysis presented in
this report are based on only a small amount of data,
indicated trends and conclusions must be viewed as
preliminary. They represent only a basis for further
analysis; the data presented in this report do not
constitute a sufficient sample for immediate applica-
tion in the field. With those considerations in mind,
the following preliminary conclusions and trends




Table 10

Energy Consumption Data-—-Community Support Facilities

Electrical

Consumption Heating Fuel
kWh/sq ft/ Consumption,
Data Bidg. duy (kWh/m?/ Btu/sq ft/HDD
Fort Point No. day) (kJ/m’/HDD)
Carson 118 7300 0.0677 (0.7287) 296 (33.61)
(Officers” Club) (Officers’ Club)
149 3572 0.201 (2.164) 21,96 (249.38)
(Commissary (Commissary Annex)
Annex)
Belvair 219 20 0.0555(0.5974) NA (Officers’ Club)
(Officers’ Club)
219 2120 0.0038 (0.0409) 26.46 (300.49)
(Theater) (Theater)
Hood 363 12018 0.0245(0.2637) 28.121(319.34)
(Gymnasium) (Gymnasium)
364 37017 0.0181 (0.1948) NA (Gymnasium)
(Gymnastum)
378 23001 0.0370 {0.3983) 14 .86 (168.75)
(Field House) (Field House)
Table 11
Summary of Average Consumption by Consumer Group
Electrical Consumption Heating Fuel Consumption
Consumer kWh/sq [t/day Standard Btu/sq ft/HDD  Standard
Group (kWh/m’/day) Deviation (kJ/m’/HDD) Deviation
Maintenance L0360 (0.3875) 0103 31.86 (361.81) 6.66
Medical/Dental L0387 (0.4166) 0324 29.90(339.55) 10.0
Administration L0287 (0.3089) 0100 20.17(229.06) 7.62
Barracks (built
prior 1o 1966) L0089 (0.0958) 0025 15.83(179.77) 8.3
Barrack (built
since 1966) 0170 (0.1830) 0046 7.83 (88.92) 7.54
Family Housing 0155(0.1668) 0031 18.71 (212.48) S.18
Community
Facilities 0582(0.6265) 0666 18.87(214.29) 10.27

were drawn based on the analysis presented in this
report:

1. The preliminary analysis of the data shows that
family housing, troop housing, and administration
buildings are valid as energy consumer groupings.
I'he wide variation in energy use for medical/dental
and community support buildings and the potential
variation for maintenance buildings indicate that
further analysis is required to categorize these build-
ings into consistent energy consumer groups.

2. Energy consumption differences of up to 40
percent are indicated for buildings which are the
same size and identical in construction (family
housing data points 319 and 320 and barracks data
points 136 and 137). Additional analysis of these
buildings is required to determine whether these
differences are inherent in the structures or are
caused by life style variances.

3. A comparison between energy use and building
construction may be valid. Additional data and anal-
ysis will be required to verity these trends.
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Figure 1. Daily profiles for electrical usage in a family housing unit at Fort Carson.
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Figure 2. Heating consumption vs. heating degree days for a typical family housing unit
located at Fort Carson. SI conversion factor: | cu ft = 0.0283 m’.
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Figure 3. Heating consumption vs. heating degree days for a typical family housing unit
located at Fort Belvoir. SI conversion factor: 1 cu ft = 0.0283 m”’.
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Figure 6. Electrical usage for barracks as a function of age.
SI conversion factor: 1 kWh/sq ft/day = 10.8 kWh/m?/day.
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Figure 7. Gas/oil usage for barracks as a function of age. SI conversion factor:
1 Btu/sq ft/HDD = 11.4 kJ/m*/HDD.
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Figure 8. Daily profiles for electrical usage in a Bachelor Officers’ Quarters (BOQ)
at Fort Carson.
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Figure 9. Daily profiles for electrical usage in a barracks building at Fort Carson.
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Figure 10. Heating consumption vs. heating degree days for a typical barracks building at
Fort Carson. SI conversion factor: | cu ft = 0.0283 m®,

22

CuBIC FEET




471
445
42/
395
37
345
32

29.51

. | e 93 & & & 7. 0 9 W U kB B3 W
DAY
DAY | -23 JAN 77, SUNDAY
DAY |4 -5 FEB 77, SATURDAY
* HEATING DEGREE DAYS
X CUBIC FEET OF GAS
Figure 11. Heating consumption vs. heating degree days for a typical barracks building
at Fort Belvoir. SI conversion factor: 1 cu ft = 0.0283 m".
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