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The work was performed by the Energy Systems (ES) Division of the U.S. Army
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ELECTRONIC TIME SWITCH
EVALUATION STUDY

1 INTRODUCTION

Backyround

Since the energy crisis of 1973-74, the continually
increasing cost of energy has drained a dispropor-
tionate amount from Army installation operational
funds. Although the Army reduced the use of fossil
fuels for heating by 20.9 percent from 1975 to 1981
(from 112,230,485 to 92,899,055 MBtu®), electricity
use decreased only by 0.17 percent (from 8,658 to
8,044 BWh), and in fact rose by 3.2 percent between
1979 and 1981

Between 1975 and 1981, the cost of electricity
increased by 132 percent. Facility Engineers and major
commands (MACOMs) have not yet been able to effect
any major reductions in electrical energy consumption
partly because they lack specific reduction measures.?
However, a recent Engineering Technical Note (ETN)
states that “many actions can be taken to reduce the
total (of electrical energy consumption) or at least to
prevent the total from becoming even more astro-
nomical than it is.”” Most electricity at Army instal-
lations is used for lighting, HVAC systems, appliances,
and motors. A recent study by the US. Army Con-
struction Engineering Research Laboratory (CERL)
found that “a large percentage (50 to 70 percent) of
total annual electricity consumption is attributed to
the magnitude of the minimum baseline consumption
(lowest hourly demand/consumption). The baseline is
attributed to HVAC fans and pumps that operate
continuously.”™® During the same study CERL con-

*Metric conversion: 1 MBtu = 1.055 GJ.

1 Facilities Engineering Annual Summary of Operations
(Department of the Army, Office of the Chief of Engineers
FY75,FY79,and FY81).

2Army Facilities Energy Plan (Department of the Army,
1980).

3Consem'ng Electrical Energy, ETN 814 (Office of the
Chief of Engineers [OCE], April 1981); Energy Conservation
and Proper Lighting, ETN 80-17 (OCE, September 1980
[Suppl 1, April 1981; Suppl 2, June 1981; Suppl 3, September
1981])).

4L. M. Windingland, Technical Report E-170/ADA 100837,
Electrical Energy Reduction for Army Installations (U.S. Army
Construction Engineering Research Laboratory (CERL), 1981).
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ducted limited tests of one electronic programmable
time switch over a 4-week period. The test results
indicated that the switch had great potential for
reducing energy consumption in certain types of
facilities. A large-scale test. however, was needed to
validate these results and to obtain data on the per-
formance, reliability, maintenance requirements. and
problems that might be encountered when using an
electronic time switch in an operational environment.

Objective

The objective of this study was to test electronic
time switches in an operational environment for 1 year
and provide guidance to the Facilities Engineers (FE)
on their effectivencss and applications.

Approach

1. Catalogs and other literature were reviewed for
state-of-the-art information on electronic time switches.
Based on this review, a time switch was selected tor
testing.

2. Installations and buildings were selected for the
operational test. Electronic time switches and electrical
metering and recording packages were installed at
selected building sites.

3. Operating schedules were prepared. Electrical
power consumption data were collected by the meter-
ing packages.

4. Collected data were processed and analyzed.

5. Recommendations for selecting and installing
electronic time switches were prepared.

Mode of Technology Transfer

It is recommended that information from this study
be used to prepare an Engineer Technical Note recom-
mending methods and procedures for using electronic
time switches.

2 DISCUSSION

General

The advance of microcomputer technology in the
past few years has brought with it the concept of using
microengineering to conserve energy by automatically
controlling HVAC system operation. CERL’s earlier
study indicated that if major electricity consumers like
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HVAC equipment were time-scheduled, building
electrical consumption could be cut by as much as
30 percent.®

The most sophisticated form of HVAC, lighting,
and equipment control in the Army today is the
Energy Monitoring and Control System (EMCS).
However, EMCS is not practical for use in all Army
buildings because of the line distances involved from
the EMCS central controlling point, the small number
of points to be controlled, or cost. Where the EMCS
cannot be justified because of cost, size, or distance,
simpler and cheaper equipment like the electronic
time switch may be justified.

The electronic time switch is a device which can
turn electrically controlled devices on and off at
predetermined times. It is a step backward from the
EMCS, but a step forward in the state of the art of
mechanical time clocks; its solid state electronic
circuits make it far more sophisticated than mechanical
clocks. For example, an electronic time switch can be
programmed to control multiple circuits with different
on/off cycling. Most switches can also be programmed
to omit or change the cycling on specified days of the
week. A few can be programmed to change the on/off
cycle on holidays throughout the year. Generally, from
two to 16 circuits can be controlled by one switch,
depending on the type chosen.

The main reasons for using electronic time switches
are:

1. To replace and extend the use of mechanical
time clocks where EMCS systems are not installed or
not feasible. An electronic switch conserves energy by
turning off equipment at the times of the day or week
when it is not needed. Existing control systems often
let HVAC units operate 24 hours a day even if the
space served is unoccupied. Electrical energy used for
the air handling fans and heating and cooling energy
can also be saved by turning the fans off when they
are not needed.

2. To control HVAC systems when manual controls
are inadequate. In many cases, manual on/off controls
are not satisfactory because (a) they are not easily
accessible, (b) building personnel do not know enough
about the HVAC system to properly operate it, (c) the

5L. M. Windingland, Technical Report E-170/ADA 100837,
Electrical Energy Reduction for Army Installations, (CERL,
1981).
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building (in particular classroom buildings) is occupied
by constantly changing groups who have little or no
experience in operating the HVAC systems, or (d) the
system needs to be controlled when no personnel are
in the building.

Test Plan

The electronic time switch was to be used in an
operational environment to determine if it would save
electrical energy. To predict probable savings, it was
necessary to compare the electrical energy use of a
building with an electronic time switch in use with a
control building where a switch was not being used.
Three methods for establishing a test control were
considered.

The first method was to select a building that was
identical or nearly identical to the test building and use
it as a control. This is difficult to do because not only
must the buildings themselves be identical, but other
factors which affect electrical consumption must be
nearly identical. These include building orientation,
shielding from wind, number of occupants, equipment,
etc. Thus, to get good data, a large sample and exten-
sive measurements of wind forces, building occupancy
rates, equipment-use profiles, etc., are required.

The sccond method was to take many buildings
which are nearly identical and split them into two
groups, one group to be used for switch testing and one
group as a control. If these groups are large enough, the
differences will tend to cancel out. This method
requires a large number of buildings.

The third method, the one chosen for this test, was
to use each building as both a control and a test. In this
method, the switch is operated for a given period of
time, then not operated for a similar period. Since the
energy use in most buildings is significantly different
between weekends and weekdays, the test-control
period should be at least 1 full week. Because the same
building is used for both a control and a test, building
characteristics and controlled loads remain the same
and do not affect the test results. In addition, by using
a large number of test-control periods, the effects of
uncontrolled variables (like weather and building
occupancy patterns) will tend to average out.

Uncontrolled variable effects are further minimized
by dividing the buildings into two groups and having
half the switches in use while the other half are dis-
connected. The test was run for a year so that the
effects of seasonal loads (unit heaters, air conditioning,

o e e e e i a aataata o acad




Table 1
Buildings Selected for Switch Installation
FORT CARSON
Post
Description Bldg Number Area Equipment controlled
Enlisted Mens Club 1230 27,743 sq ft Air-handling units
Noncommissioned 1354 4,608 sq ft Fans, boiler, pumps
Officers Club Annex
Indoor Pool 1446 8,872 sq ft Air-handling units, boilers,
water and filter pumps
Commissary 1525 86,015 sq ft Air-handling units, unit heaters
Gymnasium 1856 23,159 sq ft Air-handling units
Battalion Headquarters 2060 22,065 sq ft HVAC fans, pumps, water heater
Mess Hall 2461 10,492 sq ft Air-handling units
Bachelor Officers 7304 36,638 sq ft Boiler, pumps
Quarters
FORT KNOX
Post
Description Bldg Number Area Equipment controlled
Gymnasium 850 24,852 sq ft Air-handling units
Classroom Building 1171 4,320 sq ft Air-handling units
Classroom Building 1172 4,320 sq ft Air-handling units
Maintenance Shop 6592 8,400 sq ft Unit heaters

etc.) would be included in the collected data. The
thermal energy used for heating and cooling the test
buildings was not measured.

Site and Building Selection

Fort Carson, CO, was selected as the prime site for
the test because a representative sample of buildings of
various military consumer groups performing different
installation functions had been installed with metering
and recording instruments for CERL’s earlier study .®

The seven consumer groups identified in that earlier
study were: (1) troop housing, (2) family housing,
(3) administration/training buildings, (4) production/
maintenance buildings, (5) storage buildings, (6)
medical/dental buildings, and (7) community support
facilities.

Fort Knox, KY, was selected for limited testing to
enhance the results obtained at Fort Carson.

Building selection was mainly based on (1) covering
as many of the seven building groups as practical and
(2) selecting buildings which were not occupied for

SL. M. Windingland and B. N. Sliwinski, Interim Report
E-143/ADA066513, Fixed Facility Energy Consumption
Investigation (CERL, 1978).

definite periods of the day or week. Based on the
above, troop housing, administration/training, produc-
tion/maintenance, and community support facilities
were considered the best candidates for electronic time
switches. Family housing was not selected because it
had no predictable unoccupied periods. Storage build-
ings were not selected because they had limited heating
and air conditioning. Medical and dental buildings were
not selected since they are normally cost-effective
candidates for EMCS.

Further selection criteria were based on the charac-
teristics of the buildings® central HVAC systems and
their control ease. (Facilities with air-distribution types
of HVAC systems are preferred to systems with in-
dividual room fan/coil systems because fan/coil system
control circuits tend to be very decentralized.) The
buildings at Fort Carson which already had metering
packages installed were given selection priority. The
estimated electrical energy use in the selected buildings
was calculated. An example of the calculations is given
in the Appendix. Table 1 lists the buildings selected for
the switch tests. CERL personnel visually inspected
these buildings to define access to HVAC control
circuits and to determine the possible constraints for
installing the switches and metering packages, the
physical protection of the equipment, and current
building use and occupancy patterns.

EUPRE PR, PI A ITSPAE SFAL Ty, LSS G SR DI DU DI DR PR



PR AN N L R DR SRR DR RV Y R S
PR - ™

R A TR R N H Wt S O S P M - e T e e Ve e . N - e

B T T W W W W A U U W T L P U WE L H e T Ta T T T § T g e
e A P .- R - . ‘.‘...‘_-‘._}

Table 2
Typical Electronic Time Switch Units

Manufacturer
Feature A B C D E F |
Approximate }
Cost $300 $2000 $10,000 $4,000 $700 $2300
Circuits 4 8 8 16 4 1 )
1
No. of 10 512 64 64 1 circuit 1
Programs (8 per day per day
per circuit)
Tamper Locking Program Memory Cabinet Cabinet
Protection Keyboard Lock Lock Lock Lock
Battery
Backup Yes Yes Yes Yes Yes Yes
Override Manual Manual Manual Manual
Capability External Internal Internal Internal External No
Construction Steel Steel Steel Steel Steel
Case Case Case Case Case
Heating/
Cooling No Yes No No No Yes
Advance
Holiday ‘
Option No Yes No No No No
Equipment Selection should be rated for a time equal to the maximum
Table 2 summarizes the pertinent parameters of expected length of a power outage at the installation.
electronic time switches made by six different manu-
facturers. The least expensive switch was versatile 4. The switch should have a contact rating capable
enough to control mast of the HVAC equipment and of handling the controlled load, or auxiliary relays
other equipment used in this test. In cases where must be installed with the proper load rating.

)
re's

additional circuits were needed, CERL designed and
built a low-cost relay control box. In no case did
CERL need more than 10 programs. As Table 2 in-
dicates, there was not much variation in the other
switch parameters.

5. The switch should have a manual override.
In addition, it should be capable of having a low-
temperature (freezestat) thermostat connection in-
stalled to override its switching,

PN
e e
'a"ets

P

6. The switch should be protected against vandalism.
It should be installed in a secured area (such as a
locked mechanical room) or in alocked security cabinet.

The following features are important for any elec-
tronic time switch chosen for use in Army buildings:

1. The switch’s overall cycle time should be at least 7. The switch will need a semi-annual maintenance
e 1 week. The timer should be a quartz-crystal-controlled inspection. This may be done at the time of the day-
i unit or have similar accuracy. light savings time change. For some applications, its
-, clock may also need to be changed at this time. The
i 2. The switch should be programmable for different in-pection should consist of:

on/off cycles for weekday and weekend period
a. A visual inspection to check for damage or

3. The switch should have battery backup pov .. . » vandalism. The wiring to the controlled circuits and
the switch timing circuits (clock) and program memory the mounting box should be inspected as well as the
in case of electrical power failure. The battery backup switch itself.

8
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b. A check of the standby battery for corrosion
and low voltage. The battery should be replaced.
if needed.

¢. A check of the switch’s indicated time. Since
the inspection will normally occur at the daylight
savings time change, the switch’s time will probably
need to be changed.

d. A check of the switch’'s program against the
program sheets. The program should then be corrected,
if necessary.

A pulse-initiating watthour meter and pulse recorder
were installed to monitor the electrical power consump-
tion on the selected buildings. The pulse recorders place
time and power consumption data on magnetic tapes
which can be interpreted and analyzed by computers
at CERL. Figure 1 is a diagram of the equipment
connection.

Data Collection

Data were initially collected using the pulse re-
corders and the pulse-initiating watthour meter. The
pulse initiator on the watthour meter puts out pulses
proportional to the power consumption measured by
the watthour meter. The pulses are sent to the pulse
recorders where they are placed on magnetic tape. The
pulse recorder also places periodic timing pulses on the
mag. .c tape. Once a month, during the test, the
magnetic tapes were removed from the recorders by
installation personnel and mailed to CERL. Data
collection was continued for 1 year. Figure 2 shows a
diagram of the data flow.

The magnetic tapes were read by a magnetic tape
reader into a DEC PDP-11 computer. Data were
printed out giving daily and hourly electrical power
consumption. Monthly power consumption profiles
were then plotted. Figure 3 shows example plots of
electrical power consumption. All the monthly data
for each building were put into one file and formatted
so they could be used for later analysis.

3 DATA ANALYSIS AND RESULTS

Analysis Procedure

The first step in analyzing the collected data was to
total the hourly electrical power consumption for each
building for each day. The number of days of data

Ll N e

obtained for each building is in Table 3 as “Days of
Data.”” The daily power consumption totals were then
divided into groups depending on whether the switch
was in use (“ON™) or not in use (“OFF™) in the
building for that day. The daily totals in kilowatt fiours
per day in each group were then averaged and the
averaged entered in Table 3. The “ON™ average daily
power consumption was subtracted from the “OFF”
average daily power consumption and entered as the
difference. The difference (in kilowatt hours per day)
was multiplied by 365 to give an estimate of the
electrical energy (in kilowatt hours) that could have
been saved if the switch had been used for a full year.
This value was multiplied by an approximate cost of
electricity to obtain an estimated cost savings for each
electronic time switch installed. An electrical cost of
$0.05/kWh was used in this report to calculate savings
but each installation may have different rates. An
estimated straight line payback period was calculated
using an installed cost of $700 (switch $300, mounting
box $75, freezestat $50, relay etc. $50, and labor $225).

To determine if using an electronic time switch
affects electrical energy use differently on the week-
ends than on weekdays, the daily data were further
subdivided:

1. “ON” weekday data.

2. “OFF” weekday data.

3. “ON” weekend and holiday data.
4. “OFF” weekend and holiday data.

Table 4 summarizes the average daily power consump-
tion for each data group. If the data in Table 4 were
used to calculate estimated savings, the results would
not be significantly different from the results given
in Table 3.

Results
Fort Carson

At Fort Carson, electronic time switches were
installed in eight buildings: (1) Building 1230, an
Enlisted Mens (EM) Club; (2) Building 1354. the
Noncommissioned Officers (NCO) club annex: (3)
Building 1446, the indoor swimming pool; (4) Building
1525, the main commissary; (5) Building 1856, a
gymnasium; (6) Building 2060, a two-battalion head-
quarters and classroom building: (7) Building 2461,
a dining facility; and (8) Building 7304, a femalc
bachelor officers quarters (BOQ).
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Table 3

Data Summary
Estimated
Average Daily Estimated Payback
Building Daysof  Power Consumption Differences Savings Per Year Period
No. Data “ON" “OFF” in kWh/Day kWh Dollars (Years)
Fort Carson
1230 297 337 380 43 14,588 779 0.90
1354 347 292 350 58 21,248 1062 0.66
1446 397 385 433 48 17.496 875 0.80
1525 364 7595 7657 62 22.282 1124 0.62
1856 399 485 581 96 35.119 1756 0.40
2060 378 462 561 99 36.156 1808 0.39
2461 299 417 462 45 16,308 815 0.86
7304 400 377 436 59 21479 1074 0.65
Fort Knox
850 77 326 397 ! 25848 1292 0.54
1171 360 156 195 39 14,267 713 0.98
1172 270 93 105 12 4.380 219 3.20
6592 205 124 137 13 4,794 240 292

In the EM Club (Building 1230), two switches were
installed to control air-handling units AHU-1, -2, .3,
and -4. AHU-1 was turned off 49 hours per week,
AHU-2, -3, and -4 were turned off 63 hours per week.
The operation of th~ switches resulted in an average
43kWh per day reduction in electrical energy consump-
tion. Over a period of 1 year, this would save about
14,600 kWh of electricity or $780 (assuming a cost of
S cents per kWh).

Table 4
Average Daily Power Consumption by Weekday
and Weekend and “ON”/“OFF” Time Periods

(in kWh per day)
Building Weekday Weekend
No. “ON” “OFF” “ON™ “OFF”
Fort Carson
1230 340 381 332 375
1354 290 349 296 352
1446 385 44] 333 416
1525 8056 8124 6551 6630
1856 532 629 393 479
2060 536 595 343 485
2461 432 473 387 426
7304 376 422 380 459
Fort Knox
850 326 395 324 400
1171 200 236 64 101
1172 123 131 30 46
6592 145 169 80 92

In the NCO Club Annex (Building 1354), a switch
was installed to control the hot water pump, circu-
lating pump, and the air-handling unit. The equipment
was scheduled to be turned off 56 hours per week. The
operation of the switches resulted in an average 58
kWh per day reduction in electrical energy consump-
tion. Over 1 year, this would save about 21,250 kWh
of electricity or $1,060.

In the indoor pool (Building 1446), a switch was
installed to control the air-handling units, boilers, and
the pool filtration circulating pump. The air-handling
units were scheduled to be turned off 98 hours per
week; the boilers and circulating pump were turned
off 56 hou s per week. The operation of the switch
resulted in an average 48 kWh per day reduction in
electrical energy consumption. Over 1 year, this
would save about 17,500 kWh of electricity or $875.

In the main commissary (Building 1525). two
switches were installed to control three air-handling
units and the unit heaters in the warehouse and office
areas. The equipment was scheduled to be off 28 hours
per week. The operation of the switches resulted in an
average 62 kWh per day reduction in electrical energy
consumption. The air-handling units are a small portion
of the total electrical load in a commissary as com-
pared with other buildings. In a commissary, significant
electrical energy is consumed by lighting in the sales
area and cooling compressors for dairy. meat, and
frozen food display cases and storage areas. Over
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1 year this would save about 22,300 kWh of electricity
or about $1125.

In a gymnasium (Building 1856), a switch was
installed to control the air-handling units. which were
scheduled to be turned off 64 hours per week. The
operation of the switch resulted in an average 96 kWh
per day reduction in electrical energy consumption.
Over 1 year, this would save about 35,000 kWh of
electricity or about $1750.

In the two-battalion headquarters and classroom
building (Building 2060), a switch was installed to
control air-handling units AHU-1 and -2, the hot and
cold water pumps, and the hot water heater. AHU-1
and the cold water pump were scheduled to be turned
off 111 hours per week. AHU-2 was scheduled to be
turned off 121 hours per week, the hot water heater
123 hours per week. and the hot water pump 7 hours
per week. The operation of the switches resulted in
an average 99 kWh per day reduction in electrical
energy consumption. Over 1 year, this would save
about 36,000 kWh of electricity or about $1800.

In the mess hall (Building 2461), a switch was
connected to air-handling units AHU-2 and -3. These
units were scheduled to be turned off 56 hours per
week. The operation of the switch resulted in an
average savings of 45 kWh per day. Over 1 year, this
would save about 16,000 kWh or about $800.

In the BOQ (Building 7304), a switch was con-
nected to four zone pumps, a boiler, and a hot water
pump. The zone pumps and boiler were scheduled to
be turned off 56 hours per week and the hot water
pump 28 hours per week. The operation of the switch
resulted in an average of 59 kWh per day reduction in
electrical energy consumption. Over 1 year, this would
save about 21,500 kWh of electricity or about $1075.

Fort Knox

At Fort Knox, electronic time switches were installed
in four buildings: (1) Building 850, a gymnasium;
(2) Building 1171, a classroom building; (3) Building
1172, another classroom building: and (4) Building
6592, a battalion maintenance shop.

In the gymnasium (Building 850). a switch was
installed to control two air-handling units. These units
were scheduled to be turned off 49 hours per week.
The operation of the switch resulted in an average of
71 kWh per day reduction in electrical energy con-
sumption. Over 1 year, this would save about 26,000
kWh of electricity or about $1300.
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In a classroom building (Building 1171). a switch
was installed to control four air-handling units and
two strip heaters. The equipment was scheduled to be
turned off 98 hours per week. The operation of the
switch resulted in an average of 39 kWh per day
reduction in electrical encrgy consumption. Over |
year, this could save about 14,250 kWh of electricity
or about $710.

A second classroom building (Building 1172),
also had a switch installed to control four air-handling
units and two strip heaters. The operation of the
switch resulted in an average 12 kWh per day reduction
in electrical energy consumption. Over [ year. this could
save about 4,400 kWh of electricity or about $220.

In the battalion maintenance shop (Building 6592),
a switch was installed to control the unit heaters. The
heaters were scheduled to be turned off 93 hours per
week. The operation of the switch resulted in an
average 13 kWh per day reduction in electrical energy
consumption. Over 1 year, this could save about
4800 kWh of electricity costing about $240.

During the test period. the switches were checked
each month at the same time the data tapes were
changed in the pulse recorders. Twice during this
test, a switch had to be reprogrammed. In each case.
the loss of the program was not equipment failure,
but caused by maintenance personnel or building
occupants.

Battery replacement is the only maintenance
requirement for an electronic time switch. While no
battery failures occurred during the test, batieries
should be checked on a periodic basis: e.g.. during
the change to or from daylight savings time.

CONCLUSIONS AND
RECOMMENDATIONS

This study concluded that:

1. Electronic time switches reduced  electrical
energy consumption in all 12 buildings used in the
operational test. The estimated savings ranged trom
4400 to 36,000 kWh per year. The estimated savings
were calculated for electrical energy only and do not
include savings realized from reduction of heating
and cooling energy.




2. Electronic time switches can effectively conserve
electrical energy when installed in buildings that
have regular unoccupied periods or use equipment
that can be turned off on a predetermined daily or
weekly schedule.

3. Administrative buildings usually are the best can-
didates for switch installation, although any building
without EMCS control and with HVAC equipment
running 24 hours a day is a candidate.

4. Electronic time switches must be operating if
they are to be effective. It is not unusual to find many
buildings where timeclocks are installed and not
operating. Many times they were disabled by building
occupants who were uncomfortable or by maintenance
personnel who responded to a complaint by disabling
the system.

5. The payback period for electronic time switches
ranged from 5 months to 3-1/4 years (Table 3).

It is recommended that Facilities Engineers review
all buildings on their installations for the following
criteria to determine if an electronic time switch
should be installed:

1. The building is not under or planned for EMCS
control.
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2. The building has a regular occupancy schedule. Ad-
ministration/training, production/maintenance build-
ing, and a community support facility are examples of
buildings with a regular occupancy schedule.

3. The building is unoccupied at least 10 percent of
the time, and the HVAC system can be turned off for
at least 16 hours per week.

4. The building has a central HVAC system, pre-
ferably of a forced-air type.

If an electronic time switch is installed, the follow-
ing precautions should be observed:

1. If low temperatures can damage the facility or
its contents, a low-temperature thermostat (freezestat)
must be installed to override the switch’s operation.

2. The switch must be protected from vandalism or
unauthorized adjustments.

3. The switch must be periodically inspected and
maintained (usually when daylight savings times are
changed) until more extensive data are obtained on
maintenance requirements and standby battery life.
The inspection should include a visual inspection
for possible damage and a review of the time and
program functions.
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APPENDIX: CALCULATION OF
ELECTRICAL ENERGY USE,
BUILDING 1354, NCOCLUB
ANNEX, FORT CARSON

Energy Use Assumptions
The following assumptions were made in calculating
the electrical energy use in this building:

1. The building is open from 0700 to 2400 hrs
weekdays, 0700 to 0100 Saturday. and 1200 to 2100
hrs on Sunday.

2. The lights in the main. music and lavatory rooms
are on when the building is open for 112 hours per
week.

3. The lights in the offices are on from 0700 to
1800 hrs on weekdays, from 0900 to 1600 hrs on
Saturday and from 1200 to 1700 hrs on Sunday for
a total of 78 hours per week.

4. The lights in the mechanical room are on 2 hours
per day or 14 hours per week.

5. The lights in the main and music rooms are
50 percent delamped.

6. The lights in the office and toilet rooms are
25 percent delamped.

7. The receptacles in the main, music, and office
rooms have aload equal to 25 percent of rated capacity.

8. The receptacles in the toilets have a connected
load equal to 10 percent of rated capacity.

9. The mechanical room equipment receptacles have
a connected load equal to 50 percent of rated capacity.

10. The sprinkler control has an intermittent load
equal to 10 percent of capacity.
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11. The HVAC equipment and pumps run at a
power tactor of 0.50 and cycle 50 percent of the time
for a load factor of 25 percent.

12. The cabinet heater has a load equal to 25 per-
cent of the rated load.

13. The receptacles are in use 2 hours a day at 50
percent of rated capacity.

14. The parking area lights are on 6 hours per day
and were delamped by 50 percent.

15. The calculations were made using building
plans. The plans may not incorporate all building
modifications or equipment changes.

16. No attempt was made to estimate natural
gas energy use.

Calculations
1. Calculated use per week (from work sheet)
Uncontrolled loads 996.8 kWh
Controlled loads
Switch in use 865.2 kWh
Switch not in use 1300.8 kWh

2. Calculated total load per week
Switch in use 996.8 + 865.2=1862.0 kWh
Switch not in use 996.8 + 1300.8 = 2297.6 kWh

3. Calculated average load per day
Switch in use 18620+ 7= 266.0 kWh
Switch not in use 22976+ 7= 328.2 kWh

4. Estimated savings

Savings per day 3282—2660=  62.2kWh
Percentage savi 32822660 _ o
rcentage savings 3380 = 19.0%

5. Measured average savings per day
Savings per day = 58 kWh
Percentage savings = 16.6%
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Chief of Fngineers
ATTN: Tech Monitor
ATTN.  DAEN-ASI-L (2)
ATTN:  DAEN-CCP
ATTN: DAEN-TW
ATTN: DAEN-CWE
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ATTN:  DAEN-CWP
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ATTN: DAEN-ECC
ATTN: DAEN-ECE
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Fort Worth 76102
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Huntington 25721
Jacksonville 32232
Japan 96343
Kansas Cfty 64106
Little Rock 72203
Los Angeles 90053
Louisville 40201
Memphis 38103
Mobile 36628
Nashville 37202
New England 02154
New Orleans 70160
New York 10007
Norfolk 23510
Omahs 68102
Philadeliphia 19106
Pittsburgh 15222
Portland 97208
Riyadh 09038
Rock Island 61201
Sacramento 95814
San Francisco 94108
Savannah 31402
Seattle 98124
St. Louwfs 63101
St. Paul 55101
Tulsa 74102
Vicksburg 39180
Walla Walla 99362
Wilmington 28401

US Army Engineer Oivisions
ATIN: Library

Europe 09757
Huntsville 35807
Lower Mississipp? Valley 139180
Middle East 09038
Midde East (Rear) 22601
Missouri River 68101
North Atlantic 10007
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JS Army Europe
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8th USA, Xored
ATTN: EAFE-H 96271
ATIN: EAFE-P 96259
ATTN: EAFE-T 96212

ROK/US Combined Forces Command 96301
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USA Japan (USARJ)
Ch, FE Div, AJEN-FE 96343
Fac Engr (HWonshu) 96343
Fac Engr (Okinawa) 96331

Rocky Mt. Area 80903

Area Engineer, AEDC-Area 0ffice
Arnold Atr Force Station, TN 37389

Western Ares Office, CE
Vanderberg AFB, CA 93437

416th Engineer Command 60623
ATTN: Facilities Engineer

US Military Academy 10996
ATTN: Facilittes Engineer
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Computer Science
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Engr. Studies Center 20315
ATTN: Library
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fed River Army Depot 75501
fadstone Arsamal 35009
Rock lsiand Arsenal 61299
Savanns Arwy Depot 61074
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FORSCOM
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Fort Carson 0091)
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Fort Riley 66442
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Fort Stewart 31311
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ATTN: Facilities Engineer
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ATTN: MTMC-SA 20315
ATTN: Facilities Engineer
Oakland Army Base 94626
Bayonne MOT 07002
Sunny Point MOT 28461

NARADCOM, ATTN: ORDNA-F (71160
TARCOM, Fac. Div. 48090

TRADOC

HQ, TRADOC, ATTN: ATEN-FE

ATIN: Facilities Engineer
Fort Belvoir 22060
Fort Beaning 31905
Fort Bl1ss 79916
Carlisle Barracks 17013
Fort Chaffes 72902
Fort Dix 08640
Fort Eustis 23604
Fort Gordon 30905
Fort Hamiiton 11252
Fort Benjamin Harrison 46216
Fort Jackson 29207
Fort Knox 40121
Fort Leavenworth 66027
Fort Lee 23801
Fort McClellan 36205
Fort Monroe 23651
Fort Rucker 36362
Fort S111 73503
Fo. t Leonard Wood 65473

TSARCOM, ATTN: STSAS-F 63120

USACC
ATTN: Facilittes Engineer
Fort Huachuca 85613
Fort Ritchis 21719

WESTCON
ATTN: Facilities Engineer
Fort Shafter 96858
ATTN: APEN-IM

SHAPE 09055
ATTN: Survivedility Secttion, CCB-OPS
Infrastructure Branch, LANOA

HQ USEUCON 09128
ATTH: €CJ 4/7-L0E
Fort uln!r, YA 22060
1 ATZA-DTE-EM
t ATZA-DTE-SW
2 ATZA-FE
ATTN: Engr. Library
: Camedion Liatson Office (2)
¢ lWR Librery

Cold Reglons Research Engtineering Lad 03755
ATTN: Library

ETL, ATTN: Lidrary 22060

Materways Expertmant Statton 39180
ATTN: Lidbrary

WQ, XVIIl Afrborne Corps and 28307
Ft. Sragg
ATTN: AFIA-FE-EE

Chanute AFB, IL 61868
3345 CES/DE, Stop 27

Norton AFB 92409
ATTM: AFRCE-MX/DEE

Tyndall AFB, FL 12403
AFESC/Engineering & Service Lab

NAFEC

ATTN: ROTEE Liatson Office
Atlantic Division 23511
Chesapeske Oivision 20374
Southern Division 29411
Pacific Division 96860
Northern Divigsion 19112
Western Division 64066

ATTN: Sr. Tech. FAC-03T 22332

ATTN:  Asst. COR RAD, FAC-03 22332

NCEL 93041
ATTN: Library (Code LOBA)

Defense Technical Info. Center 22314
ATTN: DOA (12)

Engineering Societies Lidbrary 10017
New York,

Nations! Guard Buresy 20310
Installation Division

US Government Printing Office 22304
Receiving Secttion/Depository Coptes (2)
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ESD Team Distribution

HQDA (DALO-TSE-F) (3) 20310

US Army Engineer Districts (39)
ATTN: Chief, Engineer Division

US Army Engineer Divisions (15)
ATTN: Chief, Engineer Division

Army-Air Force Exchange Service 75222
ATTN: Chief, Engineering Div

Alexandria, VA 22314
ATTN:  DLA-W
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USA ARRADCOM 07801
ATTN: DRDAR-LCM-SP

USA DARCOM
ATTN: DRCIS 22333

Fort Belvoir, VA 22060
ATTN: DRDME-G:
ATTN: FESA-TSD

Fort Leavenworth, KS 66027
ATTN: ATZLCA-SA

Naval Civi) Engineering Laboratory 93043
ATTN: Code LO3AE
ATTN: Code L60

Naval Facilities Engineering Command 22332
ATTN: Code 032E

ATTN: Code 1023

ATTN: Code 11130

ATTN: Code 044

USAF
ATTN: SAFMII 20330

Andrews AFB, WASH DC 20331 . 1
ATTN: AFSC-DEE

Patrick AFB, FL 32928
ATTN: XRQ

Tyndall AF8, FL 32403
ATTN: RD

Wright-Patterson AFB, ON 45433
ATTN: POE
ATTN: PWD

Assistant Sec for Conservation & Solar Energy 20314
Assistant Sec for Resource Applications 20314

DCNO (Logfstics) 20301

Director, Bldg Technology & Safety Div 20410
Director, Center for Building Technology 20234
Energy Research and Development Foundation 30037
ODAS (EESS) 20301

ODAS (18H) 20301

GSA 20405

Public Building Service 20405

Department of Energy 30037
Oak Ridge, TN 37830
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