
7 AGENCY FORTV M~~~~~~1LITT E5 I 1  S 0 R  
ANAL YSIS. (U) ~~~~~~~~~T C F  13/1

GUIDANCE FOR ENERGY CONTROL SYSTEM

tCD7

U

UNCLASSIFIED USflSA-RT-2023 

END
DATE

Fi t  MED

4— 77



F.- -‘ ______________________________________

GUIDANCE FOR ENER V CONTROL SYSTEM ANALYSIS

Casimir A. Kukielka
US Army Faciliti es Engineerthg Support Agency
Research and Technol ogy Division
Fort Belvoir , VA 22060 \
2 March 1977

Final Report

APPROVED FOR PUBLIC RELEASE ; DI BUTION UNL IMITED

L~J
I

.
—.’

— ,  — — —-— - .—.— — —~ - —n- -~r—~-,.n-- ..-n.. ~~~ . . 

~~~~~~~~~~~~~~~~~ _ _ _



I ~~~

, — . ,..

SCCURITY CLASSIFICAT ION O~ T HI~ ,~ AC .E (WPi.n Dot. Entered)

DE
~~~

DT E ’ ~~” 
DA r ~E READ INSTR UCT IONS

‘~~~~“ ~~~~~~~~~~~ “ “ I ~~~~~ “ BEF O RE COMPLETIN G FORM
TThEPOR’r NUMBER 2. GOVT ACCESSION NO. 3. R EC I PI E N TS  C A T A L O G  NUMBER

FESA-RT-2023 
______________________________

4~ TtXLE (—id1~~~i1L.i - ... , -
~
. S~ ~~~Qf~~~~~ Q~~~~~~~~ERIOD COVERED

Guidance for Energy Control System Ana1ysis~ H Fi nal ~ e

m •. PERFORMeNG 0110. REPORT NUMBER

1) ç’FESA-RT-2623 k

7. A~~THOR(a) 3. CONTRACT Ôfi~~~tA NT NUMBER(.)

• ;asimir AiKukieika ’

S. PERFORMING ORGANIZAT ION NAM E AND ADDRESS 10. PROGRAM ELEMENT , PR OJECT .

US Army Facilities Engineering Support A REA & W O ~~~~~ t~IT NUM BERS

Research and Technol ogy Division s _6~~~3~ ~A7627l9AT4l 4T61G3€

II. CONTROLLING OFFICE NAME AND ADDRESS I~ - fi~ERflR ~ T

II . 2 Ma r~~ 77~ i
IS. NUM8ER OF P’

~~~~ S - -------_ .

____________________________________________________ 
19 pages 1c9~ 

- fr
14. MONITORING AGENCY NAME & AOORESS(l( difl.r.nt from Controlling Office) IS. SECURITY CLA SS~~ STtMj ,.post) —-

UNCLASSIFIED
IS.. DECLASS I FICATI  ON! DOWNGRADING

SCHEDULE

IS. DISTRIBUTION STATEMENT (of thie R.port)

Distributi on unlimited ; approved for public release.

I?. DISTRIBUTION STATE .MENT (of th . cba(r.ct .ii .s.d In Block 20. II dlII.rait from Report) ,

\ ~
IS. SUPP~~EMEMTA RY NOTES ~~~~~~~~~~~~~ C 

- .

IS. KEY WORDS (Continu, on r.v.r.. dde if n.c...ay aid identify by block numb.r)

Energy, conserv ation , enem y control systems, energy management systems, energy
anal ys is , econom ic ana lys is.

2~~ *~~~T~~AC~ (Caif ~~~~ ,., ass ,g~~ ~g n. ...o m, ~~~ id.nsity by block ntaiba)

~
- -

~~~ 
The technique and information necessary to analyze an Army installatic’n for the
economics of an eneroy contro l system are detailed . The va ri ous bu i ld in g
Information , schemes and eou i pment control are outl i ned, with an explanatory4.—.-
exampl e of calculat inc the savinns and cost of Impl ementino energy control .

~ Development of the simple payback eQuat’ons and calculations are outlined . -~

DO I JAW fl ~~~~~ ~~~~~~~~~~~~ ‘~~ °~~ “ ‘°.‘°(‘‘L UNCLASSIFIED
UCU~~I’V CL*UIIIC&” ON O~ T N?% P&GE (W~,n D.t. Ent.c.d)



Page ~b.

1.0 Gather Prelim inary Data 1

2.0 Design Plan 5

3.0 Cost aixi Savings 18

—

~T lS

0 

~ ~~STR~IUfl~~’ 
~~~~~~~~~~

‘

p 

~~~~~~~~~~~~~~~~~~~~~~



(~JIDN~CE FOR ENEI~~ CCtJTIOL SYS’IE~4 ANALYSIS

1.0 Gather Preliminary Data

1.1 Cbtairi a copy of the building information schedule (BIS) . It is a
~ rpiiation of various paraneters for each building on post. The legend,
(first 3 pages) , explains the location arid maariing of the various cxxles.
Itat~ of special interest are total square feet , system types, use, and
utility service to the building. The BIS can be found at the office of
Plans arid Policies in the FE Shop.

1.2 Locate all electric, gas and oil bills for each facility. This
information serves as the base for energy saving through conservation schemes.
Cbtain base wide energy bills ai-id utility rate schedules spanning 12 rconths of
service. This information is necessary for calculating savings frcxn load
shaving, and can be obtained fra~a the budget depar br~nt of the Post Facility
Engineer. Sample electric and gas bills are displayed in Figures 1 and 2,
with pertinent information underlined.

1.3 Discuss with the Facility Engineer , system type and control schenes
which might apply to the post. Three levels of control are available: Level
A, local , Level B, manually operated central centers , and Level C, automatic
central systems. Examples of equipient used with each are respectively, time
cloc3cs, hardwired microprocessors , arid prograinable minicomputers.

Level A controls are limited in their functions to one conservation schene
suth as enthalpy or temperature controls. Level B controls can perform
several functions collectively, but any change in the system operation requires
hardware alteration. Level C systems are capable of optimizing all conser-
vation schemes plus load rnanagenent , and preventive maintenance prograitming.
System n~ difications are performed through soft~are changes , thus limiting
e~çensive hardware madifications.

1.4 The various conservation schenes are described below with applicable
co~~rol sch~~~s indicated by defining letter.

1.4.1 Scheme 1, Equiprent Shutdcwn. Prograntned shutdown of building heating
and cooling equipment during unoccupied periods results in significant energy
savings. The magnittxie of the savings depends on the heat transfer character-
istics of the building, equiç3rent capacity , type, and operating efficiency,
arid outside temperature conditions. (A, B, C) *

1.4.2 Scheme 2 , Outside Air Shutoff. Prograniried shutoff of outside air
consists of closing outside air intakes and shutdown of exhaust fans when the
building is uroccupied. For buildings where equiprent operates continuously,
the savings in energy cost can be large. It is recorrmended that Schene 2 be
used in conjunction with Scherre 1. (A, B , C)

1.4.3 Scheme 3, Outside Air Reduction. Many building systems have been
found to draw in n~ re outside air than is required for adequate ventilation.

*Derotes applicability of Level A, B , and C control.
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)CO ~~~~ AWD POWII COMPANY

FORT MONROE ACCOUNT NUMBER 99 40 20 036
PURC HASE /CONTRACT DIV
FORT MONROE VA 23351 JUL 1175

9

ITEMIZED STATEMENT OF SERVICE

LOCATIO N METER READ DAYS PRES CONS— USA&E AMOUNT
NUMBER DATE READ TANT
50?%28? JUL 24 30 25691 2400 724600
50796284 JUL 24 30 27395 2400 885600
50699242 JUL 24 30 8293 2400 30%DJ -

TOTAL KWKR 1920000 27,688.87

~W MTR NO. ON OFF TOTAL MINIMUM BILLED
02152862 4,972 2,65w 4,972 2,359 4, 972 15,693.81

06012037 RKVA 2320 355.42

TOTAL ELECTRIC SCHEDULE 60 43,736.10

PAY ThiS AMOUNT 43,738.10

Unit Energy Price = Tbtal Cost x 43,738.10 3
Energy ConsuTed 

. . 

1,920, 000 x 10

22.78 mills/}~h; -

Where 1 mill = i~
—
~ dollars

PAST DUE ON AUG 19 197 5
INCLUDES FOSSIL FUE L ADJUSTMENT sO.0084&D PER KWHR

Courtesy of Ft. !‘bnroe
Sample Electric Bill

FIGURE I
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COURTESY OF FT. MONROE
SAMPLE (

~J’S BILL
FIGURE II

• $0 3C VIRGINIA ELECTRIC AND POWER COMPANY

i . CQNTR DA—B B-25-6~-C—OO Q2

U S OOV~RNM~NT 30 NU

• PURCHAS & CONTRACT DIV
L 

~QRT MQNROE VA 23351. 6I2~O
_____  ___________  

FOR GAS SERV iCE . MONTH OF 
_________
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I ~~~~~~~ 
~ 

~~~~~~~~ . , . D , . G
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,

TL~A1. ~~~ lilU — LL4,O~2
I I L L I NG CC’
OC~’A ~ r

__________________________________________________________________ 
AMOUNT

COMMODITY CHARGE _.9, 74..2fi
PURCHASED GAS ADJUSTM ENT .~~ •ft473 DCR io~ Cu r’r . ..3,.324 C&...... —

DEMAND CHARGE _ _~3~~.1/~,m

PS~O. AV ER. MAX DAY DEL PRESS: 
____________ ____________

- : i p P510 + 14.73) /14.1 1 CORRECTION FACTOR

____________________________________________________________ _____________ _____________

CUPA ENT SIl L

PAST DUE *CCT.

TOTA L AMOUNT DUE

BEST A7/iL4~’LE COP? 
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Therefore, each building system should be investigated to determine how
much the outside air quantity may be reduced. An adjusthent of the rninimun
outside air damper setting to decrease the outside quantity could be a one
tiire adjustment or could be ccinbined with variable setting equiprent as in
Scherre 2 , 4 or 5. Scheme 2 and 3 should be used in conjunction.

1.4 • 4 Scherre 4 , Enthalphy Control. A popular energy conserving schene is
that of the air side economizer. The concept utilizes outside air as a source
of free cooling whenever it is cool or dry erough. The difficulty canes in
activating the econc~nizer when outside air can be used. ~~asuring the total
heat content or enthalpy of outside air allows control of the ecorxxnizer to
achieve the maxi.nun savings possible. (A, B , C)

1.4.5 Scherte 5, Erithalpy C~ timization. An extension of the concep~~.
~~scribed in enthalpy control is that of enthalpy optimization. This control
schare selects the air stream (outside air or return air) which will impose
the lowest cooling load on the mechanical equiprent. Selection is based on
the air stream with the lowest entha lpy. It should be noted that either
Scheme 4 or 5 should be used but not both. (A , B, C)

1.4.6 Scheme 6 , I~mperature Reset. Energ~j  savings are available through
reset or adjustment of air temperature in mixed air system like double duct
and multizone. The basic concept is to decrease the airount of mixing by
reducing the temperature dif ference between the hot arid cold air streame .
(A, B, C)

1.4.7 Scheme 7 , Chiller Load Optimization . Efficiency decreases as the
load decreases. Therefore, it is desirable to load each chiller as much as
possible, especial ly in the case of multiple equipnent. (C)

1.4.8 Scheme 8, Forecasting Peak Reduction. Peak reduction under this
schare is accczriplished by shutting down selected equiprent (shedding) when
desirable to reduce a peak during any demand interval. (C)

1.4 • 9 Scheme 9 , Progranired Peak Reduction. Under this scherre the demand of
the system is not rronitored or projected. The peak danand period is determined
by investigating historical data on the system and producing demand profiles . (C)

1.4.10 Schare 10, Maintenance Progranining. This sch€sie would incl~.x1e an equip-
nent run thte program and a preventive maintenance (PM) program) . (B , C)

1.4.11 Schare 11, Fire and Intreder Detection. Self evident. (B , C)

1.4.12 Scheme 12, Equipient Logging. This schane will chart equiprent load
characteristics and consurrption data . (C)

1.5 Investigate the possibility of using telephone lines. If lines are riot
available or feasible, obtain prints of the post’s maps for optimal placenent
of cables and equiprent location.

1.6 Inguire with the Office of Plans and Policy at the FE Shop about current
or future construction and derrrlition plans . If ne.~ facilities are on the

~ horizon, they should be included as candidate buildings. Facilities scheduled
for destruction should be passed over .

4
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2.0 Design Plan

2.1 Using the BIS in conjunction with a building survey, tentative candi-
dates should be selected . Four factors must be identified during the
selection process; they are as follows:

(a) Building size
(b) Usage pattern
(c) Heating and cooling system
(d) Relative building location.

2.1.1 Building Size. Building size is usually the nest significant factor
in the selection process. The greater the total floor area , the greater the
energy consumption . One notable exception is in warehouses arid shop buildings.
By nature these buildings encompass large f loor areas which are usually not
centrally heated or cooled. In general , the larger buildings with large HVT~CsystenE are the rrost attractive for connection to a central system. ~ naller
buildings having a variety of HVAC systems throughout the structure may be
rrore attractive for local control.

2.1.2 Usage Pattern . Patterns of building usage effect energy consumption
to a large extent. Recreational centers with heavy part-tire occupancy tend
to have the greatest potential for conserving energy followed by office
buildings. Building savings is alrrost proportional to the inverse of the
hours of occupancy.

2.1.3 Heating and Cooling System. The type of heating arid cooling system
can influence the energy savings potential as well as the expense of conversion
to a central control system. Generally, central heating arid cooling systems
found in larger , nore cczriplex buildings usually produce the greatest savings
potential. System components such as air handling units , chille rs, and boilers
are usually located in the sane area of the building, thus simplifying
control system rxxlifications.

2.1.4 Relative Building Cost. If telephone lines cannot be employed, the
system’s cost effectiveness becomes a function of the building’s location.
Some buildings may require rrodifications for E(~ hook up. These buildings
may possess high potential, but must be eliminated because of staggering
cxxtinunication or renovation cost. In such cases, local controls should be
considered .

2.2 Investigate the HVAC systenE found in the candidate buildings . Pay
particular attention to system control and name plate information. If the
system is scheduled for renovation or replacenent, the future system should
be designed with control interfacing in mind. It is advised that personnel
fran the Facility Engineer Shop acconpany the investigators. Generic HVAC
system schematic and control point descriptions are incli.ided as Figures 3

• through 6, and should be consulted during the selection process.

2.3 After ca~pleting the investigation, determine applicable saving schares
• for each facility. If an accepted method or reliable data for estimating

savings from the various schemes exist it can be used to predict saving,
otherwise the following method can be used.
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METhODOlOGY FOR CAlCULATING ENEF~3Y SAVINGS

Schemes 1, 2, 3, and 4 or 5

The following equation can be used to estimate both cooling arid heating
saving for schemes 1, 2 , 3 arid 4 or 5, provide the proper coefficients are
used. These coefficients are located in Table 1.

SF1= Saving Factor; i = 1, 2 , ...5

AR = Air Reduction, scheme 3 only

T0 = ~ft tal Erieryy Cons~ixed

‘IS = ‘Ibtal Savings

Recall Schemes 4 and. 5 should not be used in conjunction. Either 4 or 5 can
be used but not both and these apply only to cooling. It is also assuned that
Schemes 2 an~~~ are always used in conjunction.

¶1’S = T~ SF1 + SF2 (l—SF1) + SF3 (l—SF2 ) 
~~~~~~ 

(AR) + SF4 (1—SF3) (1—SF2 ) (1—SF1)

+SF5 (1—SF4 ) (1—SF3) (1—SF2) ( 1—SF1)

~bte: SF4 = SF5, when Scheme 4 is used SF5 = 0, if Scheme 5 is used SF5 =

SF4 and SF4 becxxres zero.

• Example

Suppose an office building consizres 106 KB’IU/Year (heating) and that
Schemes 1, 2 and 3 are favorable. Further assune that the outside air will
be reduced by 10%. ¶t~ calculate the total savings locate savings for office
buildings.

• SF1= .18
SF2 = .30
SF3 = .11
AR = .10
T0 = i06 KBTU ’s/year

‘is = io6 KBTU ’s/year .18 + .30(1— .18) + .1l(l— .3) (l— .18) (.10) + 0( 1— .11) 0
(l— .18) + 0(1—0) 0(l— .3) ( 1— .18)

15 = 10~ KBTtJ ’ s/year .43
¶1’S = 4.3 x l0~ KB’IU’s/year .

This is the estimated energy saving for the conservation schemes employed .
If T0 is unknown the following method can be used to estirr~ te building
consiiption for both heating and cooling.

10
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• B~X = Baseline Energy Constzption

• 
AAW = Average Annual Degree Days

T0 = BEF x Area x AADD/Z

Z = 4,258 for heating (heating degree days)
Z = 1,659 for cooling (cooling ccznfort factor )

BEX ’s and AADD can be found in Tables 2 and 3 respectively. The values for
the SF’s and BEC were developed using the EC~~E simulation.

• Scheme 6

Generally potential savings from this scheme is difficult to calculate.
A method for estimating the savings has been derived (Ref. 1). Care must
be taken to use proper values for the f low rate arid the enthalpy difference,
especially if any conservation measures redi~ e the design temperature,
enthalpy or flow rate.

• Cooling Savings: Kwh = 4.5 x CFM x h x hours
3412

Heating Savi~gs: BTUh = Cfl4 x T x 1.08

where; CR4 = Cubic feet per minute
h = enthalpy difference

• Peak Shaving: (‘I~tal KWh Reduced) x (Denerid metering period/i hour) x
(Denerid Charge) = $ saved from peak shaving.

All other savings must be either measured or determined by other means.
Finally, sum the seasonal energy savings for each fuel.

• 2.4 Using the unit energy cost calculated in 1.2 convert the above energy
• savings into dollars . This puts all parameters on a cannon base, thus allowing

• ccrparison.

2.5 Buildings with small savings should be eliminated at this point .

2.6 Choose which level of control should be used. Buildings eliminated in 2.5
may be candidates for local control (tine clocks, etc) In many cases , a mix
of all these (A, B, & C) may best satisfy installation needs.

I
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H HEATI

BUILDING ‘WPE 1 
• 

2 3

• 1. Recreation Center .23 .37 .22

2. Theater .21 .35 .07

3. Bowling Alley .12 .19 .09

4. NOD Club .11 .17 .24

5. Post Exchange .07 .11 .02

6. Coirinissary .02 .03 .09

7. Enlisted ?~ n’s r~ ss .25 .41 .19

8. laundry .03 .05 *

9. Field House .03 .05 *

10. Chapel .05 .08 .01

11. Library .11 .17 .02

12. Office Building . .18 .30 .11

13. Laboratory .16 .27 .03

14. Laboratory .08 .14 .07

15. Barracks .03 .05 .01

16. B~~ .01 .02 .003

17. Machine Shop .09 .15 *

18. Warehouse .03 .06 *

19. Dental Clinic .22 .35 .03

*Energy savings must be treated for specific cases, generalized figures
unavailable.

‘I’
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TABLE I (Cont ’d)
CX)OLfl~

BUILDING TYPE SG1E~4ES

1. Recreation Center .09 .15 .22 .24

2. Theater .14 .23 .07 .21

3. Bowling Alley .02 .03 .09 .10

4. NO) Club .03 .05 .23 .15

5. Post Exchange .05 .08 .02 .05

6. Comissary .02 .04 .08 .02

7. Enlisted Men’s Mess .06 .08 .19 .05

8. Lauzxhy * * * *

9. Field House * * * *

10. chapel .06 .11 .01 .18

• 11. Library .02 .03 .01 .22

12. Office Building .10 .16 .11 .13

13. Laboratory .08 .13 .03 .11

• 14. Laboratory .05 .09 .07 .09
• 15. Barracks .03 .05 .01 .08

16. BOO .01 .02 .003 .11

17. Machine Shop .14 .23 * *

18. Ware house .04 .06 * *

19. Dental Clinic .11 .18 .03 .13

*Energy Savings must be treated for specific cases, generalized figures
unavailable.

13
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• TABLE II
BASELINE ENEJ~Y CONS~~’TION

Heating Baseline Cooling Baseline
• Energy Consumption Energy Consumption

In Thousands Of In Thousands Of
Military Building 1’jpe BTU Per Ft2 - Year B’IU Per Ft 2 - Year

E.M . Recreation Center 92 58

Theatre 193 39

Bowling Alley 36 107

NO) Club 92 123

Post Exchange 171 120

Canrd.ssary 19 24

E.M. Mess 88 139

laundry (See Note 1) 117 —

Field House (See Note 1) 40 —

Chapel 122 
• 

36

Library 11 27

Office Building (See Note 2) 78 36

Laboratory (See Note 3) 83 66

Laboratory (See Note 4) 42 1.9

Barracks 28 22

BOQ (See Note 5) 77 35

Machine Shop (See Note 1) 43 54

Warehouse ( See Not~ 1) 56 41

Dental Clinic 76 43

14 
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TABLE III
AVER~~~ ANN1~OL DL~REE DAYS

• Heating Cooling
• City Degree Day~ Degree Days

Abi1~ne, Texas 2,657 2,394

Albujuerque, Ne~, Mexicx 4 , 389 1,038

Amarillo , Texas 4 ,345 1,401

Atlanta, Georgia 2,811 2, 152

Bakersfield, California 2 ,115 1,706

Billings, Montana 7,106 634

Boston, Massachusetts 5,791 997

Brownsville , Texas 617 4,369

Casper , Wyaning 7,638 465

Charleston, South Carolina 1,769 2,578

Chicago, Illir~is 6,310 1,292

• Colustus, Ohio 5,277 1, 324

Denver, Colorado 5 ,673 615

El Paso, Texas 2 ,641 1, 741

Fargo, North Dakota 9,274 793

Ft. Smith , Arkansas 3 ,188 2 , 326

Ft. Worth, Texas 2 , 361 2 , 814

Fresno, California 2 ,532 1, 375

Hatteras, Nor th Carolina 2 , 392 2 ,435

Houston, Texas 1,276 3 , 383

Jackson, Mississippi 2,202 2,656

I”
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TABLE III
• AVERAGE AM~UAL DIX REE D1~YS (Cont’d)

Heating Cooling
City Degree Days Degree Days

Jacksonville , Flor ida 1,113 3,245

Kansas City, Missouri 4,888 1,946

Knoxville, Tennessee 3,590 1,947

Laredo, Texas 781 4,044

Los Angeles, California 1,451 1,026

Las Vegas, Nevada 2 ,425 1,771

Men~~Lis, Tennessee 3,006 2,393

Miami, Florida 173 4,603

• Minneapolis, Minnesota 7 ,853 1,012

Montgai~ry, Alabama 1,954 2,694

Nashville, Tennessee 3,513 2,093

• New Orleans, Louisiana 1,175 3,365

New York, New York 5,050 1,234

North Platte, Nebraska 6,546 1,073

Okla~ ina City, Oklahana 3,519 2,092

Phoenix, Arizona 1,492 2,691

Raleigh, North Carolina 3,075 1,927

Red Bluff, California 2,546 1,418

Reno, Nevada 6,036 282

~~chester, New York 6,843 868

SacranEnto , California 2,600 1,021

1 16
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TABLE III
AVERAC~ ANNUAL DEGREE DAYS (Cont’ d)

• Heating Cooling
• Ci~~ Degree Days Degree Days

St. Louis, Missouri 4,469 1, 851

Salt Lake City, Utah 5,463 764

San Antonio, Texas 1,579 3,137

San Francisoo, California 3 ,069 210

• Sault Sante Marie , Michigan 9 ,475 400

Seattle, Washington 4, 438 197

Shreveport, Louisiana 2,117 2,900

Tallahassee, Florida • 1,519 2,909

Tanpa, Florida 674 3,669

Thcson , Arizona 1,776 2,085

Washington, DC 4,258 1,659

Winslow, Arizona • 

4,702 863

• 
• Yuma , Arizona 851 3 ,004

4.
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3.0 Cost and Savings

3.1 Define the breakeven condition and equip~~nt life tii~~. For nest cases,
breakeven will be a range rather than a point , since sate data will have a
subjective bias.

3.2. Determine the anount of building renovation and equi~r~nt adaption re-
quired to interface the systerts with bui ldings. AR 415-17, E~~ erical Cost
Estimates for Military Construction and Cost Adjustment Factors serves as
a guide to rezx>vation cost.

3.3 Tally cost and savings.

3.4 Divide total cost by savings/year, this yields the sinple payback period.

3.5 l~io methods of life cycle analysis are avai lable . They are the pres ent
worth method and non-cxxnpDunding simple interest methDd. They are described
in Section 9 of the Automation and Centralization of Facilities Monitoring
and Control Systess and Engineering Instruction for Preparation of Feasibility
St~x1ies for ‘Ibtal Energy Systerrs , respectively.

4.

~1
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1. Autanation and Centralization of Facilities Monitoring and Control
Systans , FESA , AD *N)26693.

2. ~ngineer ing Instruction for Pre aratio n of Feasibilit y Studies for
‘Ibtal Energy Systerns , aCE , (DAEN-~~E-U) .

3. A Report on the Econanic Feasibility of an Energy Control System for
Fort Monroe , FESA-RT-2027 .

4. AR 415—17 , 9 Aucrust 1976 , flnnerical Cost Estimates for Military
Construct.ton and.Cost Adjusb~ nt Factors.
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