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20 percent (a total of 40 percent) by the year 2000.1 To meet these goals,
, new energy-conservative building designs and operation strategies must be
5 developed "and existing buildings nust be examined to see how they can be

o retrofit to be more energy efficient.

§ ANALYSIS OF ENERGY CONSERVATION ALTERNATIVES

E FOR STANDARD ARMY BUILDINGS

3

4 1 INTRODUCTION

; Background

3 The dramatic increase in fuel prices in recent years has made the Army
E acutely aware that it is a large energy user. Because of the economic impli-
3 cations of high fuel coets, the Army has set stringent goals for reducing its
FY85 facilities energy consumption by 20 percent from FY75, and by another

= The Energy Conservaticn Investment Program (ECIP) was established to

E: achieve 12 percent of the 20 percent FY85 energy reduction goal.2 Under the

: initial guidelines, the ECIP was designed to identify those retrofit projects
with the largest energy savings to cost—-of-retrofit ratio. To see whether a
building retrofit can meet ECIP criteria, the energy savings and cost of the
retrofit must be analyzed. To do this, an energy (MBtu) to retrofit comstruc-
tion cost ($1000) ratio (E/C) is calculated. If the E/C ratio is above the
minimum for that fiscal year,3 a DD Form 1391 is submitted for project appro-
val.

Recently, new draft ECIP guidelines were issued. Beginning in FY85, the
ECIP s main objective will be cost—effective, energy-conservative facility
retrofit. With this emphasis, projects shall be ranked based on their
greatest potential life-cycie cost payback, as indicated by a Savings-to-
Investment Ratio (SIR).%4

. Each major Army installation has a large number of buildings, which,

3 although the location and mission of each installation may differ, have the

4 same function (e.g., barracks, moter repair shops, mess halls, battalion head-
3 quarters). Because of this, the Army has developed standard designs for these
: common buildings. Only slight modificaticns are made to these basic designs,
depending on an iastallation”s location and mission. Standard designs built
in large numbers are prime candidates for ECIP analysis. If :etrofits to
these standard designs can be analyzed easily while accounting for differences
iu climatic region, the Army could quickly do an ECIP analysis on many build-
ings.

b 1 E. C. Meyer, Amy Energy Plan (Department of the Army [DA], 8 August 1980),

g pp 3-6 and 3-7,

s 2 pavid M. Crabtree, "Energy Conservation Investment Program (ECIP) Guidance,"
Letter to Army Commanders, 7 November 1977.

B 3 Crabtree, p 1.

4 Millard Carr, "Redrafted ECIP Guidance -- Action Memorandum," Memorandum for
Defense Energy Policy Council (12 May 1982),
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The most efficient way to provide the ECIP calculations needed for poten-
tial ECIP projects at installations around the country is to do a one-time
anaiysis of standard designs for several climatic regions using a detailed
energy analysis tool. Also, by following the approach described below, ECIP
data for additional projects can be provided even if a building has already
been modified to conserve energy.

Objective

The ohjective of this investigation was to (1) determine what cost-
effective retrofit conservation options can be applied to five standard Army
buildings that have been constructed in large numbers at major Army imstalla-
tions and (2) define, by example. the process of analyzing energy conservation
options.

Approach
1. Survey major Army installations for standard building designs.

2. Select standard designs built in large numbers that have a potential
for ECIP projects.

3. Group the locations of the standard designs by climatic regiom.

4, Determine which climatic zones should be studied and select a .
representative city and corresponding weather tape for each zone.

5. Obtain building plans and data for each of the standard designs stud-
ied.

6. Visit the site of the actual plans to confirm their accuracy.

7. Review the documentation and create input models (data files) to
simulate the energy consumption of the standard (baseline) designs using the
Building Loads Analysis and System Thermodynamics (BLAST) computer
program.”s

8. Calibrate the baseline models to reflect measured annual energy bud-
gets now being experienced for these types of buildings.

9. Cut the cost of running the computer program by reducing the detail
of the BLAST models to the minimem amount needed for accurate results.

5 D. C. Hittle, The Building Loads Analysis and Jystem Thermodynamics (BLAST)
Program, Version 2.0, Users Manual. Vols I and II, Technical Report (TR)
E~153/ADA072272 and ADA0722730 (U,.S. Army Construction Engineering Research
Laboratory [CERL], June 1979). ‘

D. Herron, G, W~1lton, and L. Lawrie, Building Loads Analysis and System
Thermodynamics (BLAST) Program Users Manual -- Volume I Supplemenc, Version
3.0, TR E-171/4DA099054 (CERL, March 1981).
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10. Identify possible energy conservation alternatives (ECA) for each
standard design, including a review of selected Energy Engineerins, Analysis

Program (EEAP) studies. ECAs not previously identified in EEAPs should also
be considered.

11, Minimize the number of runs by using preliminary analysis to reduce
the number of ECAs to be considered. Create a plan for perfcrming a para-
metric analysis which covers the range of investigation,

12. Estimate the cost to implement each ECA.

13. Perform a BLAST analysis for a given building and location using the

baseline models and each individual retrofit opticn (installed separately).
;; 14. Calculate the E/C and benefit/cost (B/C) ratios for each retrofit
g option.
§ 15. Rank order the retrofit cptions having acceptable B/C ratios on the
% basis of decreasing E/C.
Z: 16. Perform additional BLAST analyses (as required) to account for any
E: synergistic effects that may occur when impiementing several ECAs as an ECIP
E: project.

= 17. Recommend (by climatic region) the ECIP projects to be submitted for
e each siandard design.

While some EEAP studies analyze one or more buildings of standard designm,
these studies are usually limited to only a few conservation slternatives.
The approach taken to produce the results described in this report was to
analyze each standard building design in much greater detail. This was done
by using one analysis method (the BLAST computer program) to evaluate the
energy savings potential of conservation alternatives. Once the BLAST input
data were prepared for each building, it was relatively easy to change the
data to consider comservation slternatives. This allowed energy savings esti-

mates to be made for the conservation alternatives taken alone or in combina-
tion with other alternatives.
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The izpact of the order in which the alternatives could be implemented
was also analyzed. For example, a building could be insulated before adding
storm windows or storm windows could be installed first, followed by an insu-
lation project. The cost and 2nergy effectiveness us measured by the SIR and

E/C ratic might be different for each of these ECAs, depending on which pro-
ject is implemented first.
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This report describes cuaservation alternatives for only these five stan-
dard Army tuildings:

3l e G
L I

1. Two-company roliing-pin-shaped barracks for enlisted personnel.
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2, Type 64 barracks.

3. Motor repair shop.

4. Battalion headquarters.

5. Enlisted personnel mess hall.

The buildings designs were assumed not to have had energy conservation
retrofits., However, if they have been retrofit, the Facility Engineer can use
the results of the parametric analysis presented in this report to determine
vhether the usefulness of proposed retrofits will be diminished by previous
ECIP projects.

For each of the buildings, energy savings estimates are given for each
conservation aliternative for five different climatic zones (see Figure 1).
Climatic data from the following cities were used to typify each climatic
zone:

1. Colorado Springs, CO (Zone 1)

2. Columbia, MC (Zone 2)

3. Raleigh, NC (Zone 3)

4, Phoenix, AZ (Zone 4)

5. Port Worth, TX (Zome 5).

Organization of Report

Chapter 2 describes each of the buildings analyzed in detail by BLAST.
Chapter 3 describes baseline energy consum-tion estimites for eazch bu’’ding in
each climatic region. Chapter 4 describes the process of evaluating ECAs.
Chapter 5 presents the results of these evaluations.

Mode of Technmology Transfer

It is recemmended that the results of this study be abstracted in an
Engineer Technical Note.

i4
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? BUILDING DESCRIPTIONS

To find which standard building designs were built in the largest
numbers, mape of major Army installgtions were examined to locate buildings of
the same shape. Building numbers for buildings of the same shape were com-
pared with the Integrated Facilities System (IFS) data base to identify build-
ings which were not of the same design. Table 1 gives the survey results.*®
The two-company rolling-pin-shaped barracks for enlisted personnel and the
Type 64 barracks were built in the largest numbers: 257 and 399 buildings,
respectively. Next came the motor repair shops (83 buildings), the battalion
beadquarters (93 buildings), and the enlisted personnel mess hall (103 build-
ings).

Rolling-Pin Barracks

The standard rolling-pin barracks was simulated as a three-story building
with 40,698 sq ft (3781 m2) of floor area. The exterior walls are 4 in.
(0.102 m) of face brick, 2 in. (G.051 m) of air space, and 4 in. (0.102 m) of
concrete block. There are 16,061 sq ft (1492 m?) of exterior wall and
4399 sq ft (409 m2) of single-pane glass. The ground floor is 4 in. (0.102 m)
of stone, an air space, and 4 in. (0.102 m) of concrete. There is a built-up
roof with 1/2-in. (0.013-m) stone, 3/8-in. (0.0095—a) felt and membrane, 2 in.
(0.051 m) of dense insulation, and 4 in. (0.102 m) of concrete. The barracks
; houses 204 soldiers. The barracks has two-pipe fan coil units with through-

. wall outdoor air vents. Figure 2 is a line drawing of this barracks.
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Type 64 Barracks

The standard Type 64 barracks was simulated as a three-story building
with 31,122 sq ft (2891 m?) of floor area. The adjoining mess hall or office
space was not simulated. The exteriocr walls are 8 in. (0.204 m) of concrete
block. There are 12,946 sq ft (1204 m2) of extericr wall and 4965 sq ft
(451 w2) of single-pane glass. The 6-in. (0.15-m) concrete ground floor is
over a cravl space. The roof is 1/2 in. (0.013 m) of stome, 2 in. (0.051 m)
of insulation, 2 in. (0.051 m) of concrete, an air space, and acoustic tile.
= The barracks houses 152 soldiers. The building has two-pipe fan coil units
e with ventilation supplied through separate rooftop fans with reheat coils.
Pigure 3 is a line drawiug of the barracks.

Motoy Repsir Shop

The motor repair shop (Figure 4) is a single-story rectangular structure
vith a floor area of 4800 sq ft (446 m?) and a window area of 1278 sq £t
(119 m?). One end of the building has a fenced-in secured area for an office
and tools and parts storage. A small restroom and a battery storage room also
are located in this end. The rest of the building consists of high-bay vehicle

* Family housing wes not considered in this survey.
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Table 1

Standard Army Building Designs

Most Common

Building Name Number of Buildings Drawing Number
Administration — Supply 90 30-14~03
Battalion Headquarters 93 30-02-44
Battalion Administration -—- Classroom 87 30-09-12
Battalion Administration -— Classroom 40 30-09-03

and Headquarters
Enlisted Personnel Mess 103 36-05~-106
Type 64 Barracks 399 21-01-64
LBC&W Barracks 128 21-01-44
Motor Repair Shop 83 35-02-11
RGT/BDE Headquarters 27 30-02-66

Two Company, Rolling-
Pin-Shaped Barracks 257 21-01-142
for Enlisted Personnel

Type 121 Barracks 35 21-01-13

OO Pl [T

e ’
be 284

Figure 2. Line drawing of first floor of the two company, rolling-pin-
shaped barracks for enlisted persomnel.
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Figure 3.

Line draving of the first floor of the Type 64 barracks.

Figure 4. Motor repair shop floor plan.
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work stations. Becauge of its minimal interior partitioning, the entire
building is simulated as a single zone. Weekday and Saturday occupancy levels
are assumed to be 10 and fcur people, respectively.

The vehicle repair srea has wails made of 9-1/2-in. (0.231~m) reinforced
concrete, The secured area walls are of 8-in. (0.24~m) reinforced concrete.
Above and below the window units, the walls are made of 8-in. (0.204-m) hollow
concrete masonry units. The interior finish is paint over the wall surface.
The window units are a projecting type using single-shcet glass sections. The
roof is a built-up roof laid over 1 in. (0.025 m) of rigid insulation sup-
ported by a concrete roof deck which has an average thickness of 3 in.

(0.076 m). The vehicle room floor is a 6-in. (0.152-m) reinforced concrete
slab-on~grade. The secured area floor is a 4-in. (0.102-m) reinforced con-
crete slab-on-grade.

The repair shop is heated by suspended steam unit heaters served from a
central heating plant. These fans are simulated as one unit ventilator which
provides no ventiiation air. Two small steam radiators heat the restroom and
battery storage room. Fresh air is brought in as infiltration. A smzll
exhaust fan removes fumes from the battery storage room. Tbis fan is assumed
to run all year. There is no mechanical cooling available.

Battalion Headgugrters

The battalion headquarters (Figure 5) is a smell, cingle-story building
vith 2581 sq £t (240 m2) of floor area and 456 sq ft (42.4 m2) of window area.
Because the building has no interior thermostat, the building is simulated as
a single zone. Waekday occupancy is assumed to be 16 people. The building is
unoccupied on weekends,

The wall construction is mainly 8-in, (0.204-m) hollow ccncrete wssonry
units. Secticms of 12-in, {0.305-m} solid concrete blecke surround two largs
picture windows. The irnterior surface is pain. over the exterior waiis. All
of the windows are singie-sheet glasa. The roof is a sandwich of built-up
roofing, 1 in, (0.025 m) of rigid insulation, snd Z-1/2 in. {(0.064 m) of con-
crete deck. The floor is & 4-in. (0.102-m) reinforzed concrete slab-on-grade.

The building environment is maintained by . sot-weter baseboard vadiation
system. The supply water temperature is variel by sn outdoor 2ir thermostat.
Hot water is supplied from a steam converter. Steas coses from 2 central
heeting piant. Winter ventilation is provided by infiltration. BRoof ventila-
tore supply summer ventilation. The system aod2i chooer is £ wuit ventilator
with no reheat capecity.

8 Personn 8 1

The enlisted personnel mexs hail (Figure 6) is a one-stoxry structure with
an attic, kitchen, dining room, and a combined cloak room and entrancewsy.
The maximum number of diners is assumed to be 100 people. The kitchen workers
totsl 12. The total floor area is 10,620 sq it (986 m?).
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Figure 5.

Battalion headquarters floor plan.
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Pigure 6. Ealisted personnel mess hall flcer plan.
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There are twe major types of wall construction: one is 4 ian. (0.102 m)
of brick, a8 2-in, (0.051-m) air gap, and a 6~in. (0.152-m) hollow glazed
b masonry unit; the second has an interior wall of 4-in. (0.102-m) brick instead
i of the glazed masonry unit. Interior walls are nade of 8-in. (0.204-m) hollow
] glazed masonry units. The roof is built-up roofing over ! in. (0.025 m) of
rigid insulation supported by a metal xoof deck. The attic is separated from
the kitchen by a Xeene’s cement plaster ceiling and from the dining room by
acousticasl tile, both of which are covered with a 3-in. (0.076-m) batt insula-
% tion. The dining room floor is a 5-in. (0.127-m) concrete slab laid on the

grade with a tile covering, The kitchen is separated from the crawl space by

a 6-in. (0.152-m) concrete slab with a tile covering. The crawl space walls
are 12-in. (0.305-m) reinforced zoncrete. The crawl space floor is dirt.

The closk room is heateé by the ceiling-hung fan-coil units. These are
simulated as a unit ventilator. The dining room is both heated and cooled by
tvc single~zone air handlers, simulated us one, There are also some hot water
baseboard radiation convectors used to handle some skin loads. This was simu-
lated in the Loads section of BLAST. The kitchen has two ceiling-hung unit
heaters and baseboard convectors. These were summed together and simulated in
the Loads portion as baseboard convectors. Two exhaust fans have sepsrate
make~up air heating units. These are simulated as a 100-percent outside air
single~cove heating system which is controlled by a separate schedule.

Steam is supplied to all of the air heating units and the baseboard hot
water converters from a central heating plant. Steam is also used to heat the
domestic hot water and the dishwasher hot water booster. Chilled water for
the gir-conditioning units is supplied from a central chilied-water plant.
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5 BASELINE ENERGY ANALYSIS

Bas.line building models were develcped in BLAST input format for the
standard building designs described in Chapter 2. Each of the five baseline
models was then simulated using BLAST for the five geographic locations under
consideration, (Appendix A describes the BLAST program.)

If the BLAST building description did not respond the way the real build-
ing did, the analysis could be unrealistic. To avoid this, the BLAST building
descriptions were calibrated tc actual buildings by using the resuiis of an
earlier analysis of meas~<ed energy consumption.’ Appendix B describes how
the building descriptionu. used in BLAST were adjusted so the estimated base-
line energy consumption corresponded tc estimates based on field measurements.
(Although detailed BLAST building descriptions were made of each building,
some variables like infiltration had to be assumed.)

There was xood correlation between BLAST predictions aund measuced perfor-
mance for four of the five buildings. A large deviatioa occurred, however,
for the enlisted personnel mess hall, When the EBLAST simulation was adjusted
to include a night~setback thermostat in the baseline model, the results were
brought into the 95 percent prediction limit., This would seem to indicate
that the mess halls where actual measurement <ata were collected may have
already been retrofit with a night-setback control or had much of their
electrical equipment shut off by occupants. In apy case, the mess halls
appeared to be operating more efficiently than originally designed.

Because of .he large number of BLAST runs needed, the BLAST building
descriptions were samplified to reduce the cost of the runs. The models were
simplified as much as possible without sacrificing accuracy. The costs of
running BLAST analyses for the rolling~pin aud Type 64 barracks were reduced
by factors of 6 aad 3, respectively.

Tables 2 through 6 present the results of the baseline energy consumption
analysis for the five buildings and filve locations. To estimate the building
energy requirements, air~handling systems were assumed to be served by a central
plant with a boller efficiency of 60 percent and a chiller coefficient of per-
formance (COP) of 3.0. A power production efficiency of 30 percent was assumed.
Hence the "System Heatirg" reported is the hot water or steam demanded annually
by the building air-handling (heating) system divided by .6, the "System Cooling"
is the aunual building chilled water demand divided by .9 (which is the praduct
of COP and power production efficiency) and the “Electricity" tabulations are
the annual consumption for lights and fans or the anaual fan power savinpgs
divided by .3. All tables use units of MBtu or millions of Btus.

wn wo ot

7 B. . Sliwinski, D. Leverenz, L. Windingland, and A. R. Mech, Fixed Facili-

ties Energy Consumption -— Dats Analvysis, Interim Report E-143/iDA066513
(CERL, February 1979).
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Table 2 [

Annual Baseline Energy Consumption for the Rolling-Pin Barracks

Colorado Springs Columbia Raleigh Yort Worth Phoenix
MBtuw 4 MBtu X MBtu 4 MEtu b4 MBtu ) 4
Systen
Hesting 5572 67 4913 61 3322 S1 2293 37 1118 19
. System
3 Cooling 278 3 721 9 778 12 1451 23 2148 38
Electricity 2447 30 2453 30 2453 37 2453 49 2473 43
Total

Energy 8297 100 8087 100 6553 100 5197 100 5739 100

*Metric conversion: 1 MBtu ~ 1,055 GJ.
1 MBtu = 1 x 106 Btu.
165=11x 107 J,

R BT i

Table 3

Annual Bageline Energy Consumption for the Type 64 Barracks

Colorado Spriugs Coluabia Raleigh Fort Worth Phoenix
Mitu* b4 MBtu b4 MBtu b4 MBtu b 4 MBtu b4
= System
P Heating 4133 57 3493 45 2365 34 1655 25 815 14
Systea " .
Cooling © 922 12 1957 25 2327 33 2623 40 2917 49
Electricity 2260 31 2263 30 2263 33 2260 35 226° 37 E
Total )
Evergy 7315 100 7713 100 6955 100 6538 100 5992 (oo :

*Metric conversion: 1 MBtu = 1,055 GJ.
1 MBtu = 1 x 106 Btu.
163=1x10%J.
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Table 4

Annual Baseline Energy Consumption for the Motor Repair Shop

o Ry e A P T JAPRAMGAS PCIIRERN

Colorado Springs Columbia Raleigh Fort Worth Phoenix
MBtu ) 4 MBtu b4 MBtu b 4 MBtu b4 HBtu 4
Electricity 1004 36 950 * 37 897 46 842 54 777 69
System
Heating 1799 64 1600 62 1053 54 725 46 349 31
% Total .
s Energy 2803 100 2550 100 1950 100 1567 100 126 100

*Metric conversion: 1 MBtu = 1.055 GJ.
1 MBtu = 1 x 106 Btu.
163=1x 1093,

Table 5

Annual Baseline Energy Consumption for the Battalion Headquarters

Colorado Springs Columbis Raleigh Fort Worth Phoenix

MBtu* b 4 MBtu 2 MBtu Z MBtu b4 MBtu b4
- Electricity 220.4 27 222,2 33 223.5 41 225.7 52 228.3 65
i
¢ System

Heating 583.8 73 456.5 67 320.3 59 209.2 48 121.6 35

y
; Total -
H Energy B04.2' 100 678.7 100 543.8 100 434.9 100 349.9 100

s

Pl e e

*Metric conversion: 1 MBtu = 1,055 GJ.
1 M8ty = 1 x 106 Btu.
163=1x109 2,

Table 6

o At v

P

Annual Baseline Energy Consumption for Enlisted Personnel Mess Hall

Colorado Springs Columbia Raleigh Fort Wort} Phoenix ’
: MBtu* b4 MBtu X MBtu 2 MBtu 2 MRtu 2
f
£ .
£ Flectricity 27%% 12 272 ) 2190 45 2167 31 2141 “ :
i .
i System 1
E Heating 4498 64 3600 54 2275 47 1471 3% ans.h 2 H
Systenm H
. Cooling 314.1 4 397.1 6 404.7 8 595.1 14 825.6 21 g
Total . 7067.1 100 - 6231.1 100 4869.7 100 4228.1 100 3852.1 100

*Netric convermion: 1 MBtu = 1,055 GJ. g
1 MBtu = 1 x 10° Btu,
16=1x10%J. 3
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LI ENERGY CONSERVATION ALTERNATIVES

Retrofitting a building can involve not only envelope changes like adding
insulation or storm windows, but also modifying the heating and cooling sysiem
and the building operation. BLAST can simulate such construction, system
improvement, or building operation retrofits. During this investigation,
several energy-conserving modifications applicabie to the five buildings uncer
study were identified from the engineering drawings for each standard design
and from an analysis of each building’s baseline energy usage.

Rolling-~Pin Barracks

Possible retrofits to the rolling-pin barracks were identified first:

1. Reduce window area by one-third.

2. Add exterior insulation.

3. Add cavity wall insulation.

4, Add insulation to the ceiling.

5. Put reflective film on the windows.

6. Add storm windows.

7. Block the fan/coil unit”s outside air vents.

Preliminary screening runs eliminated those retrofits that showed little
promise of success. The remsiniung retrofits were anaiyzed by modifying the
baseline BLAST building description and making a BLAST run with the modified
description. The predicted energy consumption of the modifiel description was

then compared with the baseline description”s energy consumption.

The screening analysis was done by using year runs with a Columbia, MO,
weather tape. The retrofits dropped from furtker consideration were:

1. Adding exterior insulation as opposed to using cavity wall insula-
tion.

2. Adding insulation to the ceiling.
3. Putting reflective film on windows.

The exterior insulation was eliminated decause it was only slightly
better than cavity wall insulation and would be more expensive. Additional
ceiling insulation decreased the energy consumption by only a minor amount.
Since the building already had overhangs, putting film on the windows did not
reduce energy consumption much. The following are detailed descriptions of
the proposed retrofits for the rolling-pin barracks (Table 7 gives estimated
costs for each proposed ECA):

v
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1. Block outside air fan/coil vents. Block vents with 2 in. (0.051 m)
of blueboard insulation, rubber sealant, and 1/8 in. (0.C03 m) of aluminum
plate. Reduce bathroom exhaust by 50 percent.

2, Cavity wall insulation. Fill the wall”s 2-in. (0.051-m) cavity with
R = 10 8q ft-hour-°F/Btu (1.84 m?-OC/W) sprayed-in insulation.

3. Add storm windows. Add storm windows made of 1/8-in. (0.003-m) thick
glass. Assume that infiltration is reduced 20 percent by adding storm win-
dows.

4. Block one~third of the windows. Block the windows with a 1/16-in.
(0.002-m) thick metal panel, 1.5 in. (0.038 m) of urethane, and a 1/16-in.
(0.002-m) thick metal panel. Assume that infiltration is reduced by 7 per-
cent.

Type 64 Barracks

A different approach was taken to identify retrofits for the Type 64 bar-
racks. With the insight gained from the study of retrofits for the rolling-
pin barracks, it was decided not to do a screening analysis for the Type 64
barracks.

The following are detailed descriptions of the retrofits for the Type 64
barracks (Table 8 gives cost estimates for each proposed ECA):

1. Close off rooftop AHUs. Disconnect the AHUs and use metal sheeting
to block the AHUs” intake and exit ducts and the ducts to the barracks.
Reduce the bathroom exhaust by 30 percent.

2. Add storm windows. Add storm windows made of 1/8-im. (0.003-m) thick
glass. Assume that infiltration is reduced by 20 percent.

3. Add 2 in. (0.051 =) exterior insulation. Add 2 in. (0.051 m) of

A A AL

polystyrene with & stucco finish to the outside of the exterior wall.

4, PRlock two-thirds of the windows. Block the windows with a 1/16~in.
(0.002-m) thick metal panel, 1.5 in. (0.038 m) of urethane, and a 1/16-in.
(0.002-m) thick metal panel. Assume that iafiltration is reduced by 13 per-
cent.

5. Block two-thirds of the windows and add exterior insulation. Block
the windows by using polystyrene with s stucco finish so the blocked windows
are flush vith the wall”s exterior insulation. Assume that infiltration is

reduced by 13 percent.

6. Add 8 in, (0.204 m) of ceiling insulation. Put 8 in. (0.204 m) of

fiberglass insulation with an overall R = 32 sq ft-hr-OF/Btu (5.8 m2-OC/W)
above the top floor“s ceiling.

7. Put up couth overhangs. Put up a 2.5-ft (0.76-m) wide overhang that
extends over the windows.
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Table

Retrofit Construction Costs for the Rolling-Pin Barracks

ECA

Block outside air
fan/coil vents

Add cavity wall insulation
Add storm windows

Block one~third of the
windows

*Estimated for FY84 project yeer.

Table 8

Retrofit Construction Costs for the Type 64 Barracks

Close off AHUs
Add storm windows

Add storm windows while blocking
two-thirds of the windows

Add 2 in. (0.51 m) of exterior
insulation

Block two-thirds of the windows

Block two-thirds cf the windows
vhile adding 2 in. (0.51 m) of
exterior insulation

Add 8 in. (0.204 m) of roof insulation

Put up south overhangs

Put up south overhangs while blocking
two-thirds of the windows

*Estimated for FY84 project year.

- 1

7

Estimated Implesientation

Cost ($)*
1,121

12,848
19,800

21,990

Estimated Implementation

Cost (9)*
520
22,500

7,656
52,00v

49,500

16,500

10,000
11,200
3,710
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Motor Repair Shop

The following ECAs were identified for the motor repair shop (Table 9
gives cost estimates for each proposed ECA):

1. Install night-setback thermostats. Replace existing single set-point
thermostats with night-setback thermostats to maintain 559F (139C) during
unoccupied periods.

2. Insulate walls. Install fiberglass batt insulation on the interior

side of the exterior walls and finish the interior with fire~resistant gypsum
wallboard.

3. Insulate roof. Replace the existing roof covering with rigid
extruded polystyrene insulation covered by asphalt roofing materials.

4, Cover windows. Install a prefsbricated insulating metal panel over
the top half of the existing windows.

5. 1Install door seals. Weatherstrip the vehicle doors with neoprene
gaskets.

6. Replace lights. Replace 54 fluorescent fixtures in the high-bay
vehicle repair area with 10 to 250 W metal halide fixtures.

7. Instsel]l interior partition. Erect an insulating partition to
separate the vehicle repair area from the o“fice/tool storage area to maintain
60°F (16°C) in the vehicle repair area and 680F (20°C) in the office/tool
storage area during occupied periods.

Battalion Headquarters

The following ECAs were identified for the battalion headquarters
(Table 10 gives cost estimates for the proposed ECAs):

1. Timeclock hot water pump. Install a 7-day, 24~hour timeclock in the

hot water circulating pump control circuit to allow for shutdown during un-
occupied periods.

2. Repipe baseboard and install night-setback thermostats. Convert the
perimecer heating system from a single-pipe, series circuit to a dual-pipe,
parallel circuit. Replace exterior thermostats with interior night-setback
thermostats.

3. Insulate walls., Install fiberglass ba%t insulation on the interior
side of the exterior walls. Finish the interior with gypsum wallboard.

4, Insulate roof. Replace the existing roof covering with a rigid
extruded polystyrene insulation covered by asphalt roofing materiasls.

5. Insta]ll storm windows. Install removable storm windows on the inte-
rior of the existing windows,
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Table 9

Retrofit Construction Costs for the Motor Repair Shop

Estimated Implementation

ECA Cost ($)*

Install night-setback 240

thermostats
Insulate walls 3,176
Insulate roof 17,800
Cover top half of windows 2,650

with metal panesls '
Install vehicle door seals 1,560
Replace fluorescent lighting 3,620

with HID lighting

Install interior partition 990

*Estimated for FY84 project year.

Table 10

Retrofit Construction Costs for the
Battalion Headquarters

Estimated Implementation

ECA Cost ($)*

Install timeclock on hot

water circulating pump 260
Repipe baseboard and install

night-setback thermostats 2,250
Insulate walls 1,390
Insulate roof 9,550
Install storm windows 2,490
Add vestibules 1,050
Timeclock electric domeatic

hot water heater 260

*Estimated for FY84 project year.
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6. Add vestibules. Add small exterior vestibules to the entrences.

7. ZIimeclock electric domestic hot water heatev. Install a 7-day,

24-hour timeclock to the electric domestic hot water heater circuit to allow
for shutdown during unoccupied periods.

Enlisted Personnel Mess Hall

The following ECAs were identified for the enlisted personnel mess hall
(Table 11 gives escimated costs for the proposed ECAs):

1. Right setback. Replace existing single set-point thermostats Yith
night-setback thermostats to maintain 55°F (139C) during unoccupied periods.

2., Timeclock. Replace existing thermostats with a 7-~day, 24~hour pro-
grammable dual set-point thermostat.

3. Insulate walls. Add blown-in insulation to the exiating exterior
wall air cavity.

4., Cover one-half of the windows. Install a prefabricated insulating
metal panel over the top half of the dining room windows.

5. Replace lights. Replace existing dining room and foyer incandescent
lighting with fluorescent lighting.*

6. ZTemperature economizers. Install temperature economizers on the din-
ing room air-conditioning units.

7. Heat recovery of exhaust air. Install heat recovery glycol loops and
coils tc the kitchen exhaust systems to preheat outdoor makeup air.

8. Variable air volume. Install a variable-speed drive and asscciated
contzrols to the existing dining room air-conditioning unita.

* The change to fluorescent fixtures may entail a change in chromatic content
of the lighting. Because color rendition of food is an important considera-

tion in the lighting design, proper color should be assured before imple-
menting this retrofit.,
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Table 11

Retrofit Construction Costs for the Enlisted Personnel Mess Hall

Estimated Implementation

ECA Cost ($)*
Install night-setback thermostats 630
Inatall 24-hour, dual set-point 770
programmsble thermostats
Insulate walls 10,770
Cover top half of dining room windows 4,100

with insulated metal panels

Replace incandescent lights with 3,170
fluorescent lights

Install temperature economizers 6,400

Install hest recovery on kitchen 31,610

exhauat systems

Convert single zone air-conditioning 3,520
systems to variable air volume systems

*Estimated for FY84 project year.
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5 RESULTS OF ECA ANALYSIS

The ECIP analysis requires that the effect of each retrofit be considered
individually, even if it is combined with another retrofit. If a retrofit is
very successful, it should be taken as z new baseline and other retrofits com-

pared with it,

During this study, all of each building”s retrofits were run for each
weather tape. For FY84 ECIP projects, the minimum acceptable E/C ratio was
> 13, and the average acceptable E/C ratio was _2_30.8 For FY85, the accept-
able SIR was >1 for both individual retrofits and entire projects.

The new guidelines had no noticeable effect on the results for the rol-
ling-pin or Type 64 barracks; their SIRs were the same as the B/C ratics. For
the other three buildings, however, the guideline changes affected the results
enough so the SIRs had to be recorded separately.

The baseline consumption and the retrofits for each rolling-pin barracks
location are given in Tables 12 through 16. The ECIP analyses are shown in
Figures 7 through 11. These tables and figures indicate that blocking the
ocutside air vents of the fan/coil units was a successful retrofit at all loca-
tions. This is because when the fan/coil units are on, they no longer have to
heat or cool the outside air to room temperature. Infiltration still intro-
duces enough ocutside air to keep the air fresh, but in reduced amounts.

Adding cavity wall insulation also met the minimum E/C ratio at all locations.
Both the fan/coil vent and cavity insnlation retrofits worked best in colder
zones, where the indoor-to-ocutdoor temperature difference can be large.
Adding storm windows to reduce heat loss or gain and to lessen infiltratiomn
was also successful in all climatic zones.*

The baseline consumption and the retrofits for the Type 64 barracks in
each climatic zone are given in Tables 17 through 21. The results of the ECIP
analyses are shown in Figures 12 through 16. Closing off the rooftop AHUs was
successful in every climatic zone. The rooftop AHUs took in outside air and
heated or cooled it to 70°F (209C). The air was being heated or cooled even
when the buildings were comfortable and needed no heating or cooling. Adding
storm windows was the only other retrofit that met the minimum ECIP criteria.

Because installing automatic night-setback thermostats has become common
practice, a new baseline with this ECA was estabiished for the motor repair
shop, the battalion headquarters, and the enlisted personnel mess hall. All
other ECAs were then compared with this second baseline. ECA effectiveness
was determined by the E/C and B/C ratios. If an ECA proved very effective
(E/C > 100), then it was used to establish succeeding baselines. The pro-
cedure for calculating the E/C, B/C, and simple paybacks is described in
Appendix C.

8 DARN-ZCF-U, Message No. 2917Z, “Energy Conservation Investment Program
(ECIP) Guidance,” 12 December 1980.

9 Millard <arr, p 1.

* The addition of storm windows requires the fans to run more often albeit
with smaller loads, This negligible increase in fan electricity does not
affect the retrofit’s overall desirability.
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Table 17

ECA Simulation Summary — Energy Savings for the Type 64 Barracks,
Colorado Springs, CO

Energy System System Totsl
Conservation Reating  Cooling  Eleczricicy Inergy B/C $ik
Retrofit Optiom (MBtur) {MBtu) (MBtu) (es) E/C 0il  Cas Oil  Gas
Al Disconnect Roof AHUs 510 604 180 1294 1618 a1 157 264 150

New Baseline = Al

Bl Add Storm Windows 1131 -9 3 1125 38 10 4 10 4
B2 Add Exterior 800 0 0 800 i2 3 1.3 3 1.3
Insulation )
B3 Block of Windows 633 110 13 756 11 3 1.2 3 1.2
B4 Add Roof Insulation 143 4 0 147 11 3 1.2 3 1.2
BS 3outh Overhangs =205 60 13 -132 =10 -3 -1 -3 -1
YXew Baseline = B}
Cl Exteriosr Insulation 775 -2 3 176 11 3 1.2 3 1.2
C2 Block Windows ~135 122 10 ~3 0 0 0 0 0
New Baseline = B2
D1 Biock Windows 717 116 20 853 38 9 4 9 4
New Bsneline = B3
El South Ovsriangs -88 21 10 =57 -14 -4 -2 -4 -2
New Baseline = Cl
Fi Bleek Windoxs b} 126 10 154 6 0 G.S 0 0.5
New Baseline = DI
Gl Add Roof Insulation 172 7 0 179 13 3 2 3 2
G2 South Overhangs -38 23 13 =52 -13 -4 -2 -4 -2
Nev Baseline = Gl
Hl South Overhangs -88 =21 13 -96 -13 -& -2 -4 -2

"Metric conversion: 1 MBtu = 1,055 GJ,
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ECA Simulation Sumsary -~ Energy Savings for the Type 64 Barracks, i
Columbia, MO >
Energy Systeoa System Total
Consexvation Heating  Cooling Electricity Inergy 3/C SIR
Retrofit Option (MBtu*) (MBtu) (MBtu) (MBtu) E/C 0il Gas 0il  Gas
Al Disconnect Roof AHUs 140 1226 180 1546 1981 205 175 186 156
Hew Baseline = Al
81 Add Storm Windows 903 39 3 94¢ 32 8 4 8 4
B2 Add Exterior 622 29 3 654 9 2 1.0 2 1.0
Insulation
B3 Block of Windows 587 214 13 814 12 3 1.2 3 1.2
B4 Add Roof Insulation 130 10 3 143 10 3 1.1 3 1.1
B5 South Overhsngs -130 73 10 47 -4 ~2 0 -2 0
Nev Baseline = ¥l
Cl Exterior Insulstion 647 27 10 684 10 2 1.0 2 1.0
C2 Block Windows ~12 192 13 193 3 0 0 0 0
New Baseline = B2
D1 Block Windows 663 437 13 1113 41 9 4 9 4
New Baselire = B3
El South Overhangs -57 26 10 -21 -6 -3 -1 -3 -1
New Baseline = Cl
Fl Block Windows 52 210 13 275 12 1.4 1.0 1.4 1.0
New Baseline = D}
Gl Add Roof Insulation 152 17 0 169 13 3 1.4 3 1.4
3 G2 South Overhangs -57 28 10 -19 -6 -2 -1 -2 -1
.' New Bagseline = Gl
= Bl South Overhangs -57 27 10 -20 -6 -2 -1 -2 -1

b . *Metric conversion: 1 HBtu = 1,055 GJ.
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Table 19

ECA Simulation Summary —- Energy Savings for the Type 64 Barracks,
Raleigh, NC

Eaergy System Systen Total
Conservation Heating Cooling Llectricity Inergy S 312
Retrofit Option (MBtuw) (MEtun) (MBtu) (aee) B/C 041 Cas 0il Gas
Al Discounect Roof ANUs 225 1539 183 1947 2539 an 227 254 204

New Baseline = Al

Bl Add Storm Windovs 620 31 0 651 22 6 2 6 2
- B2 Add Exterior 457 26 0 433 7 2 0.7 2 0.7
2 Insulation
. B3 Block of Windows 370 217 10 587 9 2 0.9 2 0.9
B4 Add Roof Imeulation 95 12 0 107 8 2 0.8 2 0.8
B5 South Overhang. -108 70 10 -28 -2 -2 _O -2 0
Nev Baseline = Bl
C1 EZxterior Insulation 467 23 3 493 7 2 0.7 2 0.7
C2 Block Windows 42 199 10 167 2 0 0 0 0
Nev Baseline = 32
j D1 Block Windows 423 234 13 670 30 6 3 € 3
- Kew Baseline = B3
21 South Overhangs -48 26 7 -15 -3 -2 ~0.6 -2 =-0.6
New Baseline = Cl
¥l Block Windows 8 219 13 240 10 0.9 0.8 0.9 0.3
New Baseline = D1
Gl Add Roof Insulation 110 17 3 130 10 2 1.0 2 1.0
G2 South Overhangs =48 27 10 =11 -k -2 -1 -2 -1
New Baseline = Gl
Hl South Overhangs -48 27 10 =11 -4 -2 -0.6 -2 ~0.6

*Metric couversion: 1 MBtu = 1.055 GJ.
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Table 20

ECA Simulation Summary -- Energy Savings for the Type 64 Barracks,
Fort Worth, TX

Inergy Systea System Total
Conservation Heating Cooling Elactricity Enexgy B/C $IR
Retrofit Option (MBtu*) (¥MBtu) (MBtu) (MBtu) 2/C 0il Cue 0il Cas
Al Disconnect Roof AHUs 168 1318 180 1666 2156 228 191 208 7

Nev Baseline = Al

Bl Add Storm Windows 460 126 0 586 20 4 2 & 2
B2 Add Exterior 327 84 0 411 6 1.3 0.6 1.3 0.5
Insulation
B3 Block ot Windows 278 327 10 615 9 2 0.9 2 0.9
Bh Add Roof Insulation 63 26 0 89 7 1.& 0.7 1.4 0.7
B5 South Overhangs -78 1 10 3 9 -1 0 -1 0
New Baseline = Bl
Cl Exterior Imsulation 327 89 0 416 6 1.3 0.6 1.3 0.6
C2 Block Windows =25 248 13 236 3 0 ] 1] 0
New Baseline = B2
Dl Block Windows 317 357 17 691 31 5 3 5 3
New Basgline = 33
El South Ov-rhangs -43 26 10 -7 -4 -2 0 -2 0
b . New Baseline = Cl
g2 : Fl1 Block Windows 13 274 17 304 13 1.2 1.1 1.2 1.1
k- New Baseline = D1
= Gl Add Roof Insulation 73 33 0 106 8 2 0.8 2 0.8
G2 South Overhangs ~43 26 13 -4 -4 -2 0 -2 0
New Baseline = Gl
Hl South Overhangs ~42 27 13 -2 -3 -2 0 -2 0
*Metric conversion: 1 MBtu = 1.055 GJ.
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Table 21
ECA Simulation Summsry ~- Energy Savings for the Type 64 Barracks,
Phoenix, AZ
Energy System System Total
Conservation Reating Cooling Electricity Inergy 3/c $Ik
Retrofit Option (MBtur) (xztu) (Btu) (mes) E/C 0il Gas 0il Cas
Al Disconnect Roof ARUs 203 992 163 1358 1734 201 156 186 141
Nev Basaline = Al
Bl Add Storm Windows 227 202 3 432 14 2 1.4 2 1.4
82 Add Exterior 170 180 3 353 5 0.8 0 0.8 0
Iasulation
B3 Block of Windows 135 498 10 643 10 1.1 0.8 1.1 0.8
B4 Add Roof Insulation 7 50 3 80 6 0.8 0 0.8 0
B85 South Overhangs -37 159 -10 132 8 0 0.6 0 0.6
New Easelire » 31
Cl Exterior Insulation 160 192 3 355 5 0.8 0 0.8 0
C2 Block Windows -15 370 7 362 5 [ [} 0 0
New Basgline = B2
Dl Block Windows 150 543 13 706 32 4 3 & 3
i Nev Baseline = 13
= El South Overhangs =25 sS4 10 39 6 0 0 0 0
| Nev Baseline = Cl
2 Pl Block Windows 7 408 13 428 19 2 2 2 2
|
i New Baseline = D1
Gl Add Roof Imsulation 32 64 3 99 7 1.0 0.6 1.0 0.6
G2 South Overhangs =27 56 26 49 6 0 0 0 0
New Baseline = Gl
Bl Sooth Overhangs -23 57 20 54 7 0 0 0 0
*Metric comversion: 1 MBtu = 1.055 GJ.
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Since heating energy is a large part of the total energy; consumption for
the motor repair shop and battalion headquarters, their initial ECA tests were
done using weather data from the coldest region: Coloradc Springs. ECAs
which were ineffective in this climate were eliminated from further considera-
tion, since they would do no better in warmer climates.

For the motor repair shop, the ECAs which did not meet the ECIP criteria
in Colorado Springs were (1) insulatiug the roof and (2) replacing lights.
The expense of a new roof covering overwhelumed the energy saved. Replacing
lights saved the least energy of all the ECAs. In contrast, the ECAs of
installing vehicle door seals and partitioning the interior had very high E/C
ratios and were used in subsequent climates to establisi o third and fourth
baseline. Tables 22 through 26 summarize the results of the ECA simulations
for the motor repair shop. Figures 17 through 21 show the ECIP analyses., The
only ECA successful at all locatiors was internal partitioning. This ECA
allows lower building temperatures in part of a building during unoccupied
periods. Installing door seals was not effective in the hottest climate
(Phoenix), whezre reducing infiltration is not critical. Insulating the walls
worked best in the colder climates. Reducing the window area by one-half
proved disappointing; it barely met the criteria at Colorado Springs and was

quickly dropped from consideration.

Tables 27 through 31 list the results for the battalion ueadquarters.
Figures 22 through 26 show the ECIP analyses. Since this building used a
baseboard heating system with the hot water temperature controlled by outeide
temperature, no room temperature controls wvere used. One ECA considered for
this building was to shut down the circulating pump during unoccupied periods.
When it was simulated, it was found to be very cost effective because of its
low implementation cost. The type of heater system control used, however, did
not respond to the actual building heating demand. As a result, making addi~
tional building mcdifications like adding insulation only caused overheating
and did not save any energy. The first ccncern, therefore, was to bring the
heating system under the control of the space. The ECA for repiping and
installing thermostats did this and was used to establish a second baseline,
This particular ECA prov:d to be the only other ome which met ECIP criteria at
all locations. Insulating the walls was effective only for the three coidest
climates. None of the other ECAs could meet the criteria.

Tables 32 through 36 list the enlisted personnel mess hall results. Fig~
ures 27 through 31 show the ECIP analyses. Since the prograsmmable thermostats
saved more energy than the regular night-setback thermostats, “hey were chosen
as the second baseline. They were also the ECA of choice whera night--setback
thermostats already ex.isted. Two ECAs (replacing the lights and installing
temperature ecoromizers) appear promising in all the regions. Replacing
incandescent lighting fixtures with fluorescent ones becomes progressively
more. attractive as the climate changes from coldest to hLottect. The heating
penalty from using cooler bulbs decreases from 36 to 1 percent of the energy
sevings. In contrast, the temperature economizer option becomes less sttrac-
tive as it spends more of its time in the "minimum stop" position caused by
the longer cooling season. In Region 3 (Raleigh) sand succeeding warmer cli-
mates, replacing the lights becomes the recommended second alternative instead
of installing a temperature economizer. In the hottest region (Phoenix), the
temperature economizer has a B/C ratio <1 where natural gas is the source of
heating energy. The B/C ratio for renlacing lights is >1. In the two coldest
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regions (Colorado Springs and Columbie), covering the upper half of the dining
room windows meets the ECIP criteria. Pouring insuletion into the wall air
gap is a marginal project for the coldest region. Because it is not cost
effective in the other regions, it is recommended only when ail other alterna-
tives have been completed and only in the coldest regions.

An interesting option is the conversion of the existing dining room,
; single—zone air—-conditioning units to variable air volume units. Three kinds
3 of variable air volume operation were simulated: (1) s fixed set-point cold
deck with a fixed amount of outside air, (2) a fixed set-point cold deck with
a temperature economizer, and (3) a zone-controlled cold deck with a tempera-
ture economizer. The latter operation is one of the most energy efficient.
Hovever, it should be designed to replace, not retrofit, existing systems.
Trying to implement this type of operation by adding only a fan control,
without any corresponding changes in the ductwork or diffusers, can cause
severe problems such as poor air distribution and complece loss of humidity
control. The results indicate that the fixed set-point variable air volume
operation will usually use more energy than the existing system because of the
constant cooling and heating required.

Ay B ICREIREAT  e d

The fixed set-point with a temperature e:cdnomizer me. ECIP criteria in
the colder regions when installed as a singl- unit., However, most of its sav-
ing3 are attributed to the economizer. When the fan control is added after
the economizer, the option is no longer feasible.

The zone~controlled variable sir volume proved to be the only one that
consistently saved energy. However, it is recommended only where lamidity
control is not critical and where cooling energy is a substantial part of the
building”s energy usage (e.g., at Phoenix). It should be used only after all
other feasible alternatives have been installed.

Several simplifying assumptions had to be made to stimulate the heat-
recovery ECA. The performence of the desired arrangement, a run-around loop,
was highly dependent on the outside air conditions. However, the BLAST pro-
gram does not model this technique. Although BLAST was modified to create a
simple model of this technique, this option is not strongly recomaended,
although the results indicated that exhaust—-air heat recovery has good poten-
tial for energy savings and should be seriously considered for the colder
regions.

If a building has already been retrofit, Figures 7 throggh ?1 cgn_be used
to see if more ECIP projects can be used to meet the ECIP criteria minimuas.
For example, if a Type 64 barracks in climetic zoae Z has closed off Fhe AHUs
and blocked two-thirds of the windows, adding storm windows would satisfy the

ECIP minimums.

ECIP projects which do not mee: the ECIP niniqunl asy still ?e useful if
they reduce energy consumption or nnintenange! or improve agsthgtxcn. For
example, exterior insulstion cannot be justified on ECIP criteria alone {even
though it saves a lot of energy) because of its cost. However, it reduces
building msintenance and improves building appearance.
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Tables 37 through 41 summarize the ECIP ratios for both the old and new
guidelines for each building at each lccation. These results indicate which
ECIP projects should be recommended., The projects recommended using the cri-
teria in use through FY84 (an E/C ratio > 17 and a B/C ratio > 1) are listed
in Tables 42 through 46. The projects recommended using the criteria begin-
ning with FY85 (an SIR of > 1) are listed in Tables 47 througn 51. (Key for
Tables 37 through 51: L1 = Colorado Springe, CO; L2 = Columbia, MO; L3 =
Raleigh, NC; L4 = Fort Worth, TX; L5 = Phoenix, AZ.)

TP RSt T S

Using the criteria in effect through 7Y84, the following energy consump-—
tion reduction estimates were realized:

AN A

TR

1. The average znergy usage of a rolling pin barracks decreased by
32 percent from 172 to 117 kBtu/sq ft/year (543 to 368 kWh/mZ/year).

iR

i

2. The average Type 64 barracks energy usage decreased by 33 percent,
from 22Z to 148 kBtu/sq ft/year (699 to 46€ kWh/mZ/vear).

it FUTT T {70 e s LT
EAME A L

3. The average energy consumption of the motor repair shop decreased by
33 percent, fxom 417 to 281 kBtu/eq ft/year (1313 to 885 k¥h/mZ/year).

4, The bsttaliou headquarter”s energy usage decreased by 48 percent,
frox 218 to 113 kBru/sq ft/year (686 to 356 kWh/m2/year).

7 5. The energy consumption of the enlisted personnel mess hsll decreased
3 40 percent, from 492 to 295 kBtu/sq Ift/year (1550 to 929 kWh/m2/yerr).

7 Beginning with FY85, the implementation ¢f the recommended projects could
4 . result in the following reductioms:

= 1. ¥odifying the motor repair shop could reduce energy ccnsumptxon by
35 percent, from 417 to 272 kBtu/sq ft/year (1314 to 857 kWh/=Z/yesr).

E 2. Retrofitting the battalion headquarters could reduce the energy con-
s aumpt1on by 50 percent, fror 218 to 109 kBtu/sq ft/year (687 to 344
kWh/m2/year).

E= 3. Retrofits tc the Type 64 barracks cut energy consumption by 41 pex-
= cent, from 222 to 131 kBtu/sq ft/yesr (699 to 413 kWh/mZ/year).

5 The recommended chsnges to the enlisted personnel wmass hall znd the
: rolliag-pin barracks under the new criteria zre the same a2 those suggested
under the old criteria,

These predicted energy savings do not have to be repested for individual

ECIP projects unless ar individual building is msrkedly different from the
standard design. Thus, cost analyses should be reviewed for local variations.
If the costs are correct, the entire ECI? analysie can be taken directly from
this report. A sample ECIP economic analysis is given in Appendices D through
F. These appendices use the energy savings and cost infcrmation given in thia
report. They describe how to £fiil ozt an RCIP cconcwic analysis using this
report.
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Tabie 32

ECA Simulation Summary -- Energy Savings for the Enlisted Personnel
Mess Hall, Colorado Springs, CO

Energy System Total
= Conscevation Heating Rlectricity Enexgy B/c SIk
g ) Ratrofit Optien OBy ) (Mreu) (¥MBtu) E/C 0il Gss 0il  Gas
2 . Al: Install Program- 18&6.5 378.1 2224.7 2305 288 153 310 182

mable Thermostats

{ New Baseline = Al
= Bl: Install Yempera- 381.5 8.7 390.2 49 6 3 6 3
’ ture Bconomizer

i B2: Replace Lights ~75.7 212.8 137.1 35 5 6 6 7

f B3: Cover One~Half of 199.8 33.0 232.8 44 8 4 9 5
H the Windcus

; B4: Tnsulate Walls 260.8 28.6 289.5 21 4 2 4 2
: B5: Convert to Varisble 329.3 187.3 329.3 % 4 3 6 4
Air Volume with
Economizer

B6: Recover Kitchen
! Exhauet, Air Heat 701.2 60.8 2% 3 1 3 1.5

New Baseline = B}

. Cl: Replsce Lights =56.9 212.7 156.7 39 6 7 6 ?
) C2: Cover One-Half of
. the Windows 157.0 33.7 190.7 36 7 4 8 4
C3: Insulate Walls 236.3 29.2 264.9 19 4 2 4 2
C4: Convert to Variable
Air Volume -239.5 178.6 ~-60.9 ~14 <1 S <1 3

New Baseline = B2

G5: Install Temperature

* Bconomizer 401,2 8.7 409.8 s1 6 3 7 3
C6: Cover One-Half of
the Hindowe 284.3 44,5 329.2 63 12 6 13 7

New Baseline = B3

C7: 1Install Tempexature
Economizer 338.7 9.4 348.1 43 5 2 6 3
C8: Replace Lights 8.8 224.7 233.5 59 8 8 9 9

5

New Baseline = Cl or C5

Di: Cover Ong-Helf of
the Windows 209.8 45.4 255.3 49 9 5 10 5

New Baseline = D1

El: 1Instail Heat
Recovery in
Kitchen Exhaust 676.0 53.7 729.7 18 2 1 2 1

* Metric coovarsien: 1 MBtu = 1.055 GJ.




n T e e e
S Y Ty o

L vy

J O L

! Lo e

; RO

] waes oo

; -

WM ‘
3

v ‘IS GGO°T = NI [ UOTSIDAUOD DTIII N

{ e

£ H v

wﬂ b

: a1y 3sneyxg g

m ur £18A003Y ! «,.,u

I 1 € 1 3 12 s inL T 19 €°989 Ieoy [1838UL 94 S

H i

i L4

Mm 13ZTWOUODY L w

YITA SWNYOA ITY :

m S 9 € £ 1 L°ELT LAR% 2! €°0€ 21qerasy 03 3I9AWOH gy

m

§ > > > 194 € §°8¢ 0°6 S°6C 8118y 33eInsul :4g

S Am

3 ~ .

w SMOpUTM 3Y3

E 4 € [4 € St 9°6L £°0C £°6S 3O 3TeH-3UQ IdA0) g9

£ L L L 9 sy €°081 8°€1T z°8¢~ 83wt doe1dey :zd ;

9z TwWouody 2In3 ‘

% € S [4 S 1% 1767¢ 1 ARA | L°h1e ~s1adway 11®B3ISUL 14

i IV = Sulyaseg Moy

% ,_

¥ !

M §3B3S0WIdY] 91qEwm ! !

M SC1 162 871 627 1681 9°98LY 1°00% G°98€T -weI3ozg [I®ISUI 7V i

i 889  1I0 S8 110 D/4  (MIGH) (RIGKH) {*03I4H) uotidg 31302394 S

3 Bis o/q £3xduy £31013300913 guijvay UoTIBAIIBUOY g ;

12301 wa3sig A3zauy

e T e Y

" £
s

=

W.,,m ORn ..W..Hn.g.nou aHHQm 889} T9UUOSIIg pelisTiuy 9yl aojy QNGM>Nm h&k@ﬁm — hhéﬁm uorjeInWIS yoH
M MM O.HQ,Q.H

v

B

&

gkl " L A S5 1R 45 a8 g ey el £tk s " - — T ——
e e e S G S i b vt s o e ot SO




T —Y

St

SRR £ e I

IR x

by

1

0

TR

L1

°fD GG0°T = MNIGH [ :UOTSIIAUOD ITAIBN «

9°98 9°62 0°LS sMopuIy Y3
JO JIBH-dUQ I940D :Iq

1D = SuUTIaseg MON

o

=

AR

L

6z

(44

0°0¢€1 £°62 L°001 SMOPUIM 33
JO IFTBH~-BUQ IB3A0) 4D
z°8ee AR 4} 0°vze 192TWOu0syg

sanjexadway [TE®3ISUl €9

74 = dutiaseq Moy

SRGTITY

P
o™~

2

&

2%

6T

8%

0°%¢ L°0C € €E SMOPUTM OY3
3o 3JT®H-3UQ IBA0D :ZD
G681 £°8T¢ 8°8Z~ 83y217 doerday :1H

16 = 2uryaseg MayN

i

s

e

Ra

R

A

SRR A

A

£

0/4

(n3°H) (13ER) (*DIER) uwotridg 313oxlay
A3xoug £3101T13091] Surjwoy UOTIBAIISUOY)
18303 ws 384g A3xeug

(p,3u0D) ¢£g °1qe]

78




*r9 GGO°T = MIEH [ UOTSIDAUOGD 2TI39kx

194 > i 1> > %°0 £y 8¢~ smopulp, = 3
jo JIBH-2UQ 1940) 7D
8 8 8 L €S [ ¥/ T°LTT 0°S1- 834317 3o81day 1D
19 = durioseqg AsN
1> [4 1 [4 LA g eoYy 8°09 LTy 21y 3Isasyxy
ur K15A009Y
a9y 18ISV 94
> 1> ! 1> 11 L*LS- €L 0°z¢i- I132ZTWOU0dy YITA
JWNTOA ITV
aTqeTaep 03 Jadau0) 64
> > 1> T (A z° 01~ T°¢t £ el- ssopury 33
3o 318g-duQ 13A0D ¢d
8 8 8 L 19 %°912 9°LTT 0 1T~ s3ys1] 20v1day zd
z 4 1 £ 6T VAR X YA %°61 0° %12 192TWOUCDY YITA
aanjezadwal TIvasul 1€
IV = Jul(ased MASN
£
,m el €81 oot 591 TeET £° 6821 1°06¢ T°568 . sje3somIB[YYL
wm a1qsumeagoxg T1€3ISVI TV
B
w 889 110 88 110 o/a (N3IGH) (M3ITH) »( DIGR) uot3idg 3130233Y
_% JIS YA K3aougy K310T230911 3utlvdy UOT1IRAIISUOG
m 12303 wa384g A3xsug
£
g
s

N ‘yS8T1a1BY ‘11BH 8S9H [3UU0SIIG pa3IsTIug 3y 03 sgutaeg A81duy —— Azemung wWOTIBINWIF VOZ

e 21498l

79




>

»

£° LT

‘£9 GG0°T = MIGH |

1°¢L

{UOTBIBAUOD ITIAIIY 4

z°01 sMoputy ay3
3o 3TeH~3uQ I9A0) Iq

10 = Sul[aseqg May

> > z 6° 11 89 z°s SMOpPUTM BY3
30 JIBH-3UQ IBA0) 49
[4 4 T € 6C 17622 1°61 0°01Z ISZITDUO0dY BIN3

-8Iadway [Ie3ISUI €9

79 = Suilaseg Moy

(P,3us)) %€ 3iqey,

8eH 110 829 110 o/g (N39N) (M3IgN) »(IAH) uot3dp 313039y
q1s A3xaug £310133091g 3utjeay UOTIBAIISUOY
18301 w2 184g A3xauy




=l

w5

d

‘£ GGO°T = NIEH [ :UOTEIBAUOD DTIIH %

FONERRTeTE e A e

[4 € T 4 (A4 T YLT 9°6Z LT 19Z37Wor0ody
3xnjexadway [re3sul zo
79 = 9uTiased Aug
6 6 8 8 9¢ VAR AAA 1°1¢€2 L°8~- 834317 aoeyday 19
14 = INTT?9FY, AN

» £°T > ¢ 1T 1°66¢€ 8°09 B 7¢eE MTY jeneuxy uy
£19A002) 3®5{ [IwISUT 9f
6 6 8 8 og 1°627 LAl § X4 £z~ 834817 aoviday zg

8°T € T [ £T 6° 081 6°6C 0° 16T LNZTWOY 0Dy
axnjwxddway tTe3suy g
IV = antleseg Mmay

60t 941 (4] 0zt LEOT 6°0001 A TA £° 92§ §23 3s0WI93Y], SiqEm
-meaIfoxg 1reIevY 7V

889 1T0 __ 88D 1T0 /1 (n2IEK) (' -gH) »(M3IT) uozlp 3TFOAIAY

¥is o/d Agasuy £3FofazoeTe Burywoy TOTITAIISUO)
Te30] wa 3348 £3a13ug

XL ‘Y3aoM 3303 ‘II¥H STy [duUnosiag paIST1IY 9yl 103 s3uyawg L313ug - Alvumng uorIBINWIg YOI

St 31qey

51




R I
i 1
»

[P S m——

‘LD GGO*T = NIGH [ :UCTSIIAUOD DTIIBK

8°1 € > [4 61 8° 16T 1°6S L°96 13Z2TMOU0dY 3aNY
~-rxadway ryelsul Zo

79 = Jurraswyg MaYN ;

w% 6 6 8 2 19 G IvT G 1€ 8° 1~ 83431 0wTISE 10
o
& I = SUTL9Iseyg XKIN
&
| 5 6 8 8 19 L°EYT L 99T 0° 1~ 83uy®1 @oriday zg
.M 8°1 z > z 61 6°EST ¥°9¢ G Le 1927WOUODY 23aN3
ﬁp -e13dmay 11eISVI ¢
5 IV = Juriaseg MaN
3 . _ .
Y [A1)8 0.1 99 48 878 §°66L 1°GSS A A 83%390WIIY] 9T M
m -mex8031g TIvISUT [V :
' i
. |
m 889 110 L) 110 /4 (RIAR) (RIGR) *(DITK) uotT3dp 3ryox3Iay
§ I § 13 ) BYA A31auy K3toTa3091g Sutrjesy TOT IBAI3SUOY ,
@ 18303 w3 3849 A313ug
fl
m_ Zvy ‘xTusoyq

‘11®H SS9 (oUUOSIdI pajsTTug 3yl 03 s3uraevg AB13uy ~~- Lrvwmmg uUCTIVINWLS VoI

pEe

4

92 °1q®]

Aytelama R

M,
W

e R éég, “y




ERET T

*00 ‘s8uradg opwioro) ‘1y{®Yy ssaw Touuosizd Pa3I8TIUd 2yl I03 BysATPUR JI0F sz @2anfiy
B s
33§ paxyy
AVA U304
S8 Nee [ B )
03 1J43A
30243 (2/1) sMOpLLY (6/5) RIULIN . (v/6)92
Eoum.muou - § 43A0) v ¥30(dy
(9/2)6¢ S43Z5W0U023
(L/v)8e v
_ asnegxy | (2/10) £2469 {0/8) nopun
Wwha4 08| ->-
_ ._w>ouox e A 332|day | 95 & 49403
— . (v/2)
._ s(ten 61
| @iensug
[
I3nRUxy S303S0ULIY] (882/€51)
‘ 3 e [ e
;%, 3 (6/5) $JAZJUOU0D
2 so.“ma”uwu er) SHOpULN ) u;ﬂw.ﬂg&uw (9/¢) (s/9)se
E K 5 494A0) £
& 430039y 81 2 Liessuy ~..
¢ 5 S
(2179} IR doy
! s4a2ywoucS>3 (sr2) SmopuLf ez
_% mu:uwﬂwmﬂm% = % 49A0) €9 {(v/enz
i _ SUL%h
& s3z(nsu] (8/%) 9NIT009 21419313
: _ ) (8/8; ONY ONILY3IH
' n /1 . : “
| ol ean C0 T swen Simbaadung by (872) 9NIT003 I1¥LIZ13 Y9 TUENIoN
H 434033y 2% |day 95 L1eisy] ~ NV INILVIH 9 7 9
i . é/\, o 110 404 OTLvy 3 [H04 011w 3
8
; . 543Z{WOU0d (s/2) — .
¥ m‘.zuw..uaﬁw m«zm: 65 TAIN
3 LLeasug 2 Peddw
o . e —
i (v/01) 8¢

* ¢

0 gl

e e b




f
i

=

i

o ot

N ——
HAT A Ry

e

s

77 TR g—,
=i 55X

e

e e
N

T

R

748%

o —————— . i o i

ven

*OR ‘PrqUNIC) ‘1TEY sSsw Tsuuos2dd paisyTus 2yl 103 SESATRUC JIDW

J ————————————

sne (2/1) {e/2)
Eowu uuwm - SMOPULM s3yb17
43039y 02 4 43A0) 1 aje|day
L
SMOpULM
% 49A07)
/1
sneyxy A v SMOpULM (€/2) wuwNon“ouu
wodd 303 fe : 34n3R400wa
a3A029Y 0z % 13403 148 _poumcw
SMOpULNM
% 42A0)

INIT000 JI14LI373
ANV 9NILV3H
SvL TVHALYN

¥04 OILVY m

INIT002 21812313
ANY ONILV3H .

110 ¥03 o~k<x,m

“A3X

(v/01) 8¢

01LvY m.\\\

{¢/1)

$07° LwOU03
5. .3UI3CWIY
11e3Isu]

AVA U304
=395 poxiy
03 343AU0)

(e/€)%1

SMOPULM
3 13AN)

(9/L)se

s3ybid
aoviday

Ss{len
ajeinsul

IS TROEIC T Y P N W SN W e
4 [

+gz 2an8y3

{(5/2)
1

S3BjSoUIay] ~ (622/821)

9 L qeueLSodd
{1e3ISu] * 1881

auy {aseg

84

(1>/1>)




Or TN T d R AT e

CEEEEET

A - Ty X
aw PR . v e ein v . ’ : N %
M |
i )
_ .
w *ON ‘yS8ysiey ‘TTey ssom [auuoszad P31STTUd 3yl 103 sysATru¥ J103 °*67 2andyg ‘
, !
poLL043U0) Buey i S3ubL 1 e 34n3 eaaduns
A &110434075 auo : e 3anjesadwd
_ 03 a8Auny{ Ot 3de|day €5 ﬁ_mum:%
(€/1)62
SIRISOWAdY | -
* 3| Grumeaboud 3V jaseg
| Liessuy -
“ {£/€)ss
_, SU3Z LWOU0dT {e/1 . ®
! aunjeaadwa] .a...i.l......,v s3y617 9NIT002 J1¥.i2313
LL23su] 6¢ SoeLd=y ONTI000 21¥19373 ONY INTLYIH
NV INTLY3H SY2 TvdnlvN
6 Y04 GILVY §m 404 OLLVY 3
A
(v/01 W\ 8¢
onwy 3

et

EERARIA et

I

M o EL RS




E
o

=

‘X1 ‘yazaoM 3304 ‘ITEY Ssom Jauuosiad PIIST[US Byl ICy sysdreue JI0% °Of 2In3Tg

=,

7

* - + h
N Rt T T S

T FT

ava | (2/2) (8/8) SADZLWOUOD LY.
P31 1043U0) BUOT fegmm SS3ubLt Sun3baatud] b
03 343AUO) el elday 96 LLP3SU] .1// |
|0
.ﬂ*
(2/1)e2 e
syegsounayy | (021/c8) "
! a|qeueaboad e auL{aseg Lo
g LLeasyy £501 .
i (8/9)85 .
w o H b
i SJ9Z1Wou023 (2/1) .
i a4njeuadup] s mwwsmw; LA
] L123Su] L3y
i ONITC02 Y1333
NV 9NILV3H

9NIT000 31413313
0NV SNILVIH Sv9 qqzzhwz

110 404 oﬁp<m.w 404 O1LvY 3
xdk ‘\a FEN w

(v/01) 8¢

O1LVY 2/

3

PP A R I Ut A OO T P e o=




%ﬁ. R e T P
~g
h

e Mar o

.

FpaRv

o

oy e G d

e

AVA
P3[043U0) BU07
03 3J43AN~A

*Zv ‘xuooyg ‘ITeYy Ssom Tauuosiad palsITuUS dyl 103 sTsATeue JID3F

RIS

SIS RID

2 5

¥

i

f o

(2/2) (8/8) ¥ suaziwouooy
" s3ybLn e Junjeuadwat
S1 oeidey 19 {iejsug
(2/1>)61
(8/8)19
SJ9Z LWOU093 (e/1>) s
: _ Y617
aanjeaadwd N
upﬂmumcw 6l aoe|doy

- - ey

*1€ 2an814

<] siesousayy (¥8/99)
atqeuwedb04d

Lie3su] 828

augiaseg

ONIT003 J14123173

(NV ONI1V3H 9

110 404 OIlwy g 404 01lvY q
‘M \! A

INIT00I I1¥1I313
NV ONILV3H
V9 45&:»“:

(v/01) 8¢

oIy

2,/

3

3

.,.4.;.._\‘;.«.;;;,?58”3."# i:}aw?i} HAN A gg.pg
i !
. v g B b Tl

A

87




- ML ;ﬁé}*ﬂ_,ﬂ,?m\.ﬁﬁa‘ﬁﬁuu\.,}s WE T r
. Ty bt

,
]
‘
5

‘1> 0138 D/4+
*110 pue £315T230979 :wojloy *seZ pur KITOTAIDNS  :dOLyy
*Aay 103 (9 d 998 » 1

z°0  2°0 I°0 €0 0
. €°0 T0 0 20 O +4 +§ +Z +€ +1 8mOPUTIM oO0Tg [q
%, MU = mﬂdﬁwmﬂm 302
m € 9 L 1 S1
mm S°1 € € 4 S ST 92 82 oY w4 SMOpUTM W203§ PPV D
— N
mﬂ 1€ = SUTIIseg MIN
i
0°1 2 z € € -
L0 60 0'T %1 €1 8 5 0T €1 Z1 8MOPUTY OO0Tg €F @
€ 9 L 01 zT
S°1 € ¢ ¥ 9 ST VT4 [z 6€ £ 8MODUTM WIOIS PPV Z&
¥ L 6 z1 ST
A € 4 3 9 9z z€ LE 6% 86 311®M 93@INsul Ig
ﬁ< - &ﬂﬂH&wﬁﬂ 3“?
18 98 STT  8€T €12
104 oY 0S 19 €6 0% ILE  O%Y%  TES 408 B (T0J/UBZ FOOIg TV
1 Ve S | Z1 11 ¢1 ¥1 €1 Z1 1 vod
*x x¥IS x0T3vY 0/3

sjoviIlEBg UIT-3UTIT10Y ~- Kivwumng sisLiBUy 2103

LE ®198B]




e e = e N
(PR se e DodyesmpiTed 17 E=3

ERVEU S e, > AN T 1t i DA =2

Table 38

ECIP Analysis Summary -- Type 64 Barracks

E/C Rario* SIR® o
CA A L2 13 1A LS Ll L2 13 A7 LS
Al Disconnect Roof AHUs 1618 1981 2559 2156 1734 150 156 204 171 141
264 186 254 208 186
Hev Baseline = Al
31 Add Storm Windowe 38 32 22 20 14 & 4 2 2 1.4
10 8 9 4 2
22 Add Exterior Insulation 12 9 7 6 5+ 1.3 1.0 0.7 0.6 0
3 2 2 1.3 0.8
B3 Block Two~Thirds
of the Wiidows 11 12 9 9 10 1.2 1.2 0.9 0.9 6.8
’ 3 3 2 2 1.1
B4 Add Roof Imsulation 11 10 8 7 6+ 1.2 1.1 0.8 0.7 ]
3 3 2 1.4 0.8
B35S South Overhang -0 -4 -2 0 8» ~1 0 0 1] 0.6
-3 -2 -2 -1 0
New Baseline = Bl
Cl Exterior Insulation 11 10 7 6 5+ 1.2 1.0 0.7 . 0
C2 Block Windows 0+ 3+ 2+ 3+ S+ 3 2 2 .3 +0.8
0 0 0 0 0
0 7] 0 0 0
New Baseline = B2
L1 Block Windows 38 41 30 31 32 4 4 3 3 3
9 9 6 5 4
! Hew Bareline = B3 .
: El South Overhangs -14 -6 -5 -4 6+ -2 -1 -0.6 0 0
-4 -3 -2 -2 0
!
New Baseline = Cl
i Fl Bleck Windows 6+ 12 10+ 13 19 0.5 1.0 0.8 1.1 2
’ 0 1.4 0.9 1.2 2
; New Baseline = D1
, Gl Add Roof Insulation 13 13 N 8 7 2 i.4 1.0 0.8 0.6
: G2 South Overhangs -13 -6 -4 ~4 6+ 3 3 2 2 1.0
; ~4 -2 -1 -1 0 0
. -4 -2 -2 -2 0
!
% New Baseline = Gl
) Rl South Cverhangs -13 -6 -4 -3 7+ -2 -1 -0.b 0 {1
} =4 -2 -2 - 0
t .
“See p 87 for kay. ‘
**Top: electricity and gac. Bontom: electricity and oil.
+B/C retio <l.
i
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Table 39

e - S -

ECIP Analysis Summary -~ Motor Repa.r Shop

e e A
RIE:

E/C Ratio* SIR®, **
ECA Ll L2 L 14 LS Ll L2 13 L4 L5
Al Night Setback 1682 1497 1224 962 576 182 162 133 105 62

367 326 266 208 126

Kew Baseline = Al

Bl Insulate Walls 38 (a) (a) (a) (v) 6
13 (a) (2) (s) (b)
B2 Insulate Roof 3+ (b) (b) (b) (b) <1

1 (b) (b) (b) ()

~

83 Cover One-Half

A of the Windows 1y (a) (a) (b) (b) 6 (a) (a) (b) (b)
TN B4 Install Door Seals 116 (a) (a) (2) (a) 5

N 10 (a) (a) (&) (a)
i BS Replace Lights 9 (b) (b) (b) (v) 1

% <1 (b)  (b) (b) (b)
g B6 Install Partition 125 124 116 88 50 19 19 i7 13 8
é 42 42 39 30 17
5' : New Bigeline = B

S Cl instal® Door Seals 99 97 S5 36 10+ 4 4 2 2 (&)
e 8 8 . 3

.

;ﬁ ; New Baseline = Cl

E . . D1 Insulate Walls . 32 26 15 9+ (b) 5 4 2 1 (b)
e : 1 9 5 3

= D2 Cover Windows 14 (a) (a) (b) () 2

b 5 (@) (@) (@)
by

;; ) New-Baseline = D}

El Cover Windows 16 14 8 (b))  (b) 3 2 1

= 6 5 3 (b) (b

i

<
*

See key, p 87.
t* Top: electricity and gas. Bottom: electricity and oil.
E: + B/C ratio <1,

"

3 (a) ECA simulated with different baseline building.
2 ECA does not meet ECIP criteria at this location.
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Table 40

ECIP Analysis Summary -- Battalion Headyuarters

B/C Ratio¥ SIR®, %%
ECA Ll ° 12 b 73 LS A L2 13 14 LS
Al Instzll Timeclock om 408 306 230 159 109 45 34 25 18 12
Circulating Pump 38 65 49 i3 22
s A2 Repipe Basoboard and 144 110 85 58 38 16 12 9 6 4
=1 Install Night-Setback 32 24 19 13 8
e Thermostats
B Hew Baseline = A2
e Bl Insulate Valls 32 27 16 10 (b) 5 5 1 <1
B 11 13 3 2 (b)
B2 Insulate Roof 4+  (b) (b) (v) (b) 1
= 1 (b) (b) (b) (b)
b5 B3 Install Storm Windows 7+ (a) (b) (b) (b) 1
% 2 (a) (b) (b) (»)
B B4 Add Vestibules 7+ (b) \b) (b) () 1
2 (b) (b) (b) (b)
BS Timeclock Electric 6+ (b) (b) (b) (%) 1
Domestic Hot Water 1 () (b) (b) )
Heater

New Baseline = Bl

Cl Install Storm Windows 9+ 7+ (b) (b) (b)

W e
N

(b) (b) (v)

¥

I
¥

S A
st

*See p 87 for key.
**Top: electricity and gas, Bottom: electricity and oil.

% { +B/C ratjo <l.

?; g (a) ECA simulated with different baseline building.
>, (b) ECA does not maet ECIP criteria at this location.
=

b

[T

.

Lot § Ly

91

. . ¥
Yot
i M

'
w
L kD

*®




X

¥ e g
o

SRS T T

o

b
v g TR,

1,/.._

i Sy L

A
GyTerid

ol

%

X AU N

Table 41

;g;§§gE§éh;héE€&¢é55¢%$?§¥%§2§§§§§§¥9%??ﬁf%i LEre

R ey 4R

RS

ECIP Analysis Summary -- Enlisted Personnel Mess Hall

E/C Rati~* SIR%, #*
ECA L1 2 L3 L4 LS Ll L2 L3 LA L5
Al Install Program- 2305 185F1 1332 1037 828 182 155 113 109 102
mable Thermoststs 310 251 183 146 120
New Baseline = Al
Bl Install Tempera- 49 4] 29 23+ 19+ 3 3 2 2 2
ture Economizer 6 5 4 3 3
B2 Replace Lights 35 45 55 58 61 7 7 8 9 9
6 7 8 9 9
New Bageline = Bl
Cl Peplace Lights 39 48 53 56 61 7 8 8 9 9
-6 -7 -8 -9 -9
C2 Cover One-Half of 36 10 <1+ 1* 6t 4 1 <1* 8 8
the Windows 8 2 <1t
C3 Insulate Walls 19 2t (b) (b) (b) 2 (b) (b) (b) (b)
4
C4 Convert to Variable ~i4*  (b) (b) (b) (b? <3 (b) (b2 (b) (b)
Air Volume <1
New Baseline = B2
C5 Install Tempera- 51 42 29 22 19+ 3 3 2 2 2
ture Economizer + + + 7 6 4 3 3
C6 Cover One~Half of 63 25 2 * 7 7 3
the Windows . 13 5 (b) L *
New Baseline = Cl or u5
‘D1 Cover One-Half of 49 17 3+ * (N 10 3 <1
the Windows 5 2 <1 * *
D2 Convert to Variable
Air Volume with
Zone-Controlled Deck * 20 15 13 15 * > * * *
D3 Recover Kitchen
Exhaust Air Heat 21 19 13+ 10t s+ * * * * *
New Baseline = Dl
El Recover Kitchen 18 * * * * 2
Exhaust Air Heat 1 * * * *
*Ho data available.
w*Sec key, p 87.
+B/C ratio <1.
(a) ECA simulated with different baseline.
(b) ECA does umot pay bzck at this location.
92
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Table 42

Recomuended Projects for Rolling-Pin Barracks (Fi84)

Cost of Energy Savings (MBtu)*
ECA Retrofit ($) L1x* L2 L3 14 LS
1. Block Fan/Coils 1,569 1,197 789 653 553 601
2. Insulate Walls 17,987 892 843 618 541 448
3. Add Storm Windows 27,720 1,154 1,060 721 625 393
Energy Totals 3,343 2,692 1,992 1,719 1,442
Project E/C Ratio 70 56 42 36 30

*Metric conversion: 1 MBtu = 1,055 GJ.
**See p 87 for key.

Table 43

Recommended Projects for Type 64 Barracks (FY84)

Cost of Energy Savings (MBtu)*
4 ECA Retrofit (§)  Ll** L2 L3 L4 L5
< 1. Disconnect Roof AHUs 728 1,294 1,546 1,947 1,666 1,358
2z 2. Add Storm Windows 31,500 1,125 945 651 586 432
B
Energy Torals 2,419 2,491 2,598 2,522 1,790
Project E/C Ratio 75 77 81 70 56

*Metric conversion: 1 MBtu = 1,055 GJ.
**See p 87 for key.
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Table 44

Recommended Projects for Motor Repair Shop (FY84)

Colorado Springs Columbia Raleigh Fort Woren Phoenfx
MBtu* Cost %+ Hitu Cost M3ty Cort Bty Cost MBtu Cost
ECA Saved $) Saved %) Seved ($) Saved ($) Saved ($)
1. Install
Programmable
Thermostats 506.1 301 450.3 301 368.3 301 289.5 301 i73.4 301
2, Partition
Interior 154.9 1,240 154.1 1,240 143.6 1,240 109.7 1,240 61.8 1,240
3. 1Install Vehicle
Door Seals 193.0 1,960 189.8 1,960 107.8 1,960 69.5 1,969 {
4. 1Insulate Walls 129.5 4,070 1€5.8 4,070
5. Cover One-Half of
the Windows 56.0 3,400
Project Totals 1,039.5 10,971 901.0 7,571 619.7 3,501 438.7 3,508 235.2 1,541
Project E/C Ratio 95 119 177 134 153

*Metric conversion: 1 MBtu = 1,055 GJ.
**Implementation cost plus 6 percent projected from FY82 to FY84,

Table 45

Recommended Projects for Battalion Headquarters (FY84)

Colorado Springs Coluwmela Raleigh Port Worth Phoenix
HBiy® MBtu* Costw* s Cost Mstu Cost MBto Cost MBtu Cost
ECA Saved ($) .o % Saved %) Saved ($) Saved ($)
1. Repair end Install
Night-Setback
Thermostats 407.6 2,.29 309.2 2,820 240.9 2,820 163.1 2,820 108.5 2,820
2. Tansulate Halls 56.6 1,783 48.9 1,783
3. Install Storm
Windows 27.1 3,12

Project Totals 491.3 7,724 357.2 4,603 240.9 2,820 163.1 2,820 108.5 2,820

Project ¥/C Ratio 64 73 8s 58 38

*Hetric convecsion: ) . 1= 1,055 GJ,
**Tmplemcntation cost §.u 8ix percent SIOH projected from FY82 to FY84,
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Table 46

Recommended Prejects for Enlisted Personnel Mess Hall (FY84)

= Ty o - e T et - 7% X gt e w4 e N Al YN Sl U
SEE E s R e e S e R R e e S e

il

Colorado Springs Columbi Raleigh? Port Worth® Paoeaiz®
MRtu? Cost** Hbtu Cost Mty Cost stn Cost |y Cost
ECA Ssved ) Saved (€] Saved {$) Savad (%) Saved (%)
Install p
Programmsble
Thermostats 2,224.2 965 1,766.6 965 1,285.5 858 1,000.9 965 792.5 965
Install Tempera-
ture Economizer 390.2 8,020 329.1 8,020 229.1 8,020 176.2 8,020 151.8 8,020**
Replace Lights 156.7 3,970 189.5 3,970 234.4 3,970 229.1 3,570 263.7 3,970
Cover One-Half
of the Windows 255.3 5,259 86.6 5.239
5. Recaver Kitehen
Exhaust Air Nust 129.7 39,627
*roject Totals 3,756.1 57,841 2,391.8 18,214 $,730.8 12,955 1,606.2 12,955 1,195.0 12,955
roject E/C 2atio 65 131 134 108 92
* Metric conversicn: 1 MBtu « 1.055 CJ.
** Implemsatation cost plus & percent SIOH projected from FY32 to FY34,
+ Project Wo. 3 implemeated before Project %o. 2.
++ Recoumondsd only vhere fuel oil is used for beatisg.
Table 47
Recommended Projects for Rolling-Pian Barracks (FY85)
Rotrofit Taergy Saviags (K$)
Investment Lis 12 13 L5
£CA ($) 0i1 Cas 0il Cas oi1 Gas o0f1 Gas Cil Gay
1. Block Pan/Coils 1,569 338 149 223 102 184 21.1 154 82.6 166 103
2. Tasulste Walls 17,987 280 123 23 111 174 80,6 150 8.0 122 90
3. Add Storz Uindows 271,729 326 139 300 130 204 87.7 175 29.4 108 9.2
3avings Totals "L 411 160 343 562 251 478 2% 3% 262
Project SIR 20 3.7 16 7.3 12 5.3 10 5.4 8.4 5.9
* Sex p B7 for kay.
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Table 48

Recommended Projects for Type 64 Barva-ks (FY85)

Retrofit Energy Savings (K$)
Investzent L1* 12 13 LS
A (3) L1131 Cas 0il Gas ni1 Gae (131 Gas 0i1 Gas
= 1. Disconnect Roof AHUs 728 350 268 408 385 515 479 440 413 360 32
2. Add Storm Windows 31,50'0 319 138 267 122 184 84.4 163 89.6 118 81.6
E
3. Add Exterioz lnsulation 72,800 220 95.6 193 89.3 139 116
o1
: 4, Block Two-Thirds
<3 of the Windows 23,100 306 i%9 185
,, Total Savings o089 502 1124 795 838 563 907 503 418 409
3 Project SIR 8.5 4.8 9.2 6.2 8.0 1. 16 15 13
t See p 87 fur key.
= Table 49
Recommended Projects for Motor Repair Shop (FY85)
Setrofit Energy Savings (KS)
Investment Li* L2 L3 173 L3
ECA ($) 0il Can 0i1 Gas 0il Gas 0i1 Gas 13 Gss
1, Install Progresmable
Thermostats 301 64.9 32.9 57.8 29.4 47.3 23.5 37.2 19.2 22.2 “1.2
2. Install Partition 1,260 31.1 1&.0 30.9 13.9 28.8 13.0 z22.0 10.0 12.4 5.6
3. Instsll Door Sesls 1,960 9.6 4.9 9.5 4.8 5.4 2.7 3.5 1.8
4. Insulste Walls 4,070 26.0 1l1.4 21.5 9.4 12,2 5.4 7.5 3.3
S. Cover One-Half of
the Windows 3,400 11.3 4.9 9.5 4,2 3.1 2.2

Totsl Sasvings 143 68.1

Project SIR 13 6.2

* See p 87 for key.




It
X
g

—~ - - = e e rT—r— - e e oe—
R e ey R 2 A S S R S
SR Tl o RS

rrmrerdi

AT

Table 50
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Recommended Projects for Battalion Headquarters (FY85)

Retrofit Caergy Savings (K$) :,
Investment pA L L2 L 14 LS =
ECA $) 0il Gas 0i1 Gas 0ii Gas 0i1 Cas 0it Gas i
i
1. Repipe end Install 2,820 52.2 26,1 39.6 19.8 30.8 15.4 20.9 10.4 13.9 6.9 {l
Aight-Setback Thermostats . |
2. Insulate Walls 1,783 11.4 4.9 9.7 4.3 5.8 2.5 3.7
3. lostall Storm Windows 3,121 5.5 2.4 4.4 1.9
Total Savings 69.1 33.4 53.7 26.0 36.6 17.9 24.6 10.4 13.9 6.9
Project SIR 9.6 4.3 7.0 1.4 8.0 3.9 5.4 3 4.9 2.4
2 * See p 87 for key.
:
o
(5
Table 51
Recommended Projects for Enlisted Personnel Mess Hall (FY85)
Retrofit Esergy Ssvings (K$)
Investment pAL L2 13 1A LS
ECA (£ 3] oil Cas oil Cas of1 Cas oil Cas o0i1 Gas
1. 1Iastall Progrsssable
Thernostats 965 292 172 236 146 172 114 1 103 113 9.9
2. fReplsce Lights 3,93 21,5 6.3 26.5 2%.¢ 32.0 32.7 33.7 3.8 35.8 35.8
3. iInstall Tempersture
. Eccnomiser 8,020 52.7 26.6 43.6 22.6 29.7 16.1 22.% 13.5 20,5 14,2
4, Cover Ome-Kalf of
= the Windovs 5.259 50.7 21.0 17.0 10.6
e S. Re: _ser Xitchen *
3 Exhaust Air Nest 19,627 .5 50.6
e Total Sswings s11 303 s 208 238 163 194 150 169 147
3 Project 31X ’ 5 15 1 18 13 15 12 13 1t

=i
=3
2

® Sex p 88 for key.
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f CONCLUSIONS AND RECOMMENDATIONS

1. The 257 rolling-pin-shaped barracks, the 399 Type 64 barracks, the 83
motor repair shops, the 93 battalion headquarters, and the 103 emlisted per-
sonnel mess halls are prime candidates for ECIP prujects.

2. Standard BLAST models run for each building type and retrofits simu-~
lated for different climatic zones indicate several ECA options have favorabie
E/C ratios (Tables 37 through 51).

3. The charte given in this report can be used to estimate the Z/C ratio
of energy conservation projects, even if other projects have already been com—
pleted. They also show the energy-savings contribution of each individual ECA
option,

4, The approach used to develop the E/C ratio, the B/C ratio, and the
SIR for the five standard designs studied defines (by example) a general
method for future ECIP studies,

5. Enough ECIP data are presented to speed the preparation of TD Form
13918 for conservation projects for the building types studied. The energy
savingas calcvlated by climatic zone can be used for individual ECIP anslyses
(interpolating, as necessary) and do not have to be repeated. The cost calcu-
lations can be used with little or no modification, except tc account for
iccal price variations.

6. If applied to all potential buildings, the ECIP projects recommended
below will save 1.79 x 106 MBtu/year (1.8 x 106 GJ/year) and yield life-cycle
cost savings of $469 million for ¢il heating and electric cooling and $314
million for gas heating and electric cooling using the FY84 criteria. Using
the FY85 guidelines, the savings would be 2.133 x 106 MBtu/year (2.2 x 10
GJ/year) and yield life-cycle savings of $544 million for oil heating and
electric cooling and 2.00 x 106 MBtu (2.1 x 10® GJ/year) and $325 million for
gas heating and clectric cooling. These dollar savings are based on estimated
fuel prices adjusted for 5 years of inflstion. They are the savings for the
lifetime of the project.

7. The total capiial investment for the recommended retrofits for all
buildings in all climates is $26 million. For oil and gas heating with the
FY84 guidelines, the savings are about $45 million.

8. The energy savings calculated by climatic gone cen be used for indi-
vidual ECIP analyses for any locstion in that zone. The cost calculations can
be used after they sre adjusted for local conditioms.

All rolling pin barzacks should be retrofit to (1) block the fan/coils”
outside &ir vents,* (2) add cavity insulation, and {(3) add storm windows. The
savings would be 5.8 x 107 MBtu/year (6.1 x i0° 6J/year).

* Where a recommerdstion has been made to abandon forced ventilatiom, it is
expected that the minimum fresh air requirement of 5 cfm per person will
still be achieved through infiltration even vhen storm windows are used.
See ASHRAE Handbook of Fundamentals, 1981, Chapter 22.
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Under the FY84 guidelinmes, all Type 64 barracks should be retrofitted to
dxsconnect the roof ARUs* and add storm windows. The savings would be 9.2 x
105 ¥Btu/year (9.7 x 107 GJ/year). Beginning with FY85, all Type 64 barracks
(except those in climatic Zone 6) should also have exterior insulation, The
windows should be blocked on buildings in climatic Zone 3. The savings should
be 1.25 x 106 MBtu/year (1.3 x 196 GJ/year).

Using the FY84 guidelines, all motor repair shops should have automatic
night-setback thermostats, partitions and vehicle door seals should be
installed (except in areas with very mild winters), and insulation should be
installed on the wa%ls in colder regions. The savings should be 5.42 x 104
MBtu/year (5.7 x 10% GJ/year). Using the new guidelines, all motor repair
shops should have automatic night-setback thermostats. Where possible, the
vehicle repair area should be physically eeparated from the office/tool
storage area and maintained at a lower temperature, except in Phoenix, where
vehicle door seals should be installed and the walls insulated. In colder
regions, the wlndowa should be half-covered. The savings should be 5.70 x 104
MBtu/year (6.0 x 10% GJ/year).

Under the guidelines in effect until FY84, the heating system for the
battalion headquarters should be modified to make it responsive to actual
heating demands. In colder regions, znsulatxon should be i zstalled on the
walls. The savings would be 2.5 x 10% MBtu/year (2.73 x 10* GJ/year}. Begin-
ning with FY85, the guidelines suggest that the heating system should be modi-
fied. In colder regione, the walls should be inzulated and storm vindzws
should be put up. The savings would be 2.6 x 10% MBtu/yecar (2.74 x 10
GJ/year).

The enlisted personnel mess halls should be retrofit with programmable
thermostats, temperature economizers, and fluorescent lighting fixtures.** 1In
colder climates, the windows should be partially covered and heat recovery
loops should be attached to the kitchen and exhaust. The savings would be
2.16 x 10° MBtu/year (2.2 x 107 GJ/year).

* Yhere a recommendation has been made to abandon forced veatilatiom, it is
expected that the minimum fresk air requirement of 5 cfm per person will
still be achieved through infiltration even when storm windows are used.

See ASHRAE Handbook of Fundamentals, 1981, Chapter 22.

**The change to fluorescent fixtures may entail a change in chromatic content

of the lighting. Becausa color rendition of food is an important considera-

tion in the lighting design, proper color should be assured before imple-
wenting this retrofit.
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APPFNDIX A:

BLAST DESCRIPTION |

e

L

The Building Loads Analysis and System Thermodynamics (BLAST) program is
g a comprehensive set of subprograms for predicting energy consumption and

energy systems performance and cost in buildings. There are three major sub-
programs (see Figure Al).

iy

1. The Space Load Predicting Subprogram computes hourly space loads in a
building or zone based on user input and weather data.

2. The Air Distribution System Simulation Subprogram uses the computed
space loads, weather data, and user inputs describing the building air-

2 handling system to calculate hot water, steam, gas, chilled water, and elec-
3 tric demands,

3. The Central Plant Simulation Subprogram uses weather data, results of
air-distribution system simulation, and user input describing the central
plant to simulate boilers, chillers, onsite power generating equipment, and

solar energy systems to compute monthly and annual fuel and electrical power
consumption.

Apart from its comprehensiveness, the BLAST program differs in four key
respects from similar programs used in the past.

1. The BLAST program uses extremely rigorous and detailed algorithms to
compute loads, esimuiate fan systems, and simulate boiler and chiller plants.

to be studied economically.

; 2. The program has its own user-oriented input language and is accom-

= panied by a library which contains the properties of all materials, wall,

i roof, and floor sect:ions listed in the American Society of Heating, Refrigera-
E tion and Air-Conditioning Engineers (ASHRAE) Handbook of Fundamentals.l0

: 3. The program execution time is brief enough to allow many alternatives
D

4, The program is not proprietary and is, thereforz, open to inspection
by its users and those who rely on its results,

; Scope
: In addition to library data, the BLAST input language provides for the
3 use of default equipment performance and fan system data. This permits gen-

eric systems to be investigated easily and rapidly. It also lets the user
change only those variables for which defaults are inappropriate.

.
i bR

ol o A

N j (it
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10Handbook of Fundaientals (American Society of Heating, Refrigeratirg and I
Air-Conditioning ‘Ingineers, 1977).
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THIE BLAST PROGRAM

LOADS:

BLAST Colculoten hourly fouts based

on solar Iroutmnmon hrough
ingows, heat cond:

intarnal ksudt and room

tempercture comrol

SUMMARY OF ZONE
LUACS

AIR SYSTEM
m DESCRIPTION
d NOURLY NEATING AND COOLING
‘ Pt
& ° N_»
Oo°
o

BLAST FAN SYSTEM SIMULATION

Caiculates hot water, chilied poter,
eeciricity, efc requiraments basad
on heating and cooling logds and
olr system performancs

QTN

SUMMARY OF FAN
SYSTEN PERTORKANCE

NOURLY A:R SYSTEN ENERGY
ODLNANDS

BLAST CENTRAL PLANT SIMULATION

Colculat b 4 perfor 0,
and costs Mud on inltiol costs,
qnd fuel and molatenance costs

B

COMBURPTION
T SUNUANIES

Figure Al. The BLAST program.
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The Spagce Loads Predicting Subprogram

The heart of space losads prediction is the room heat balance. For each
kour simulated, SLAST performs a complete radiant, convective, and conductive
heat balance for =2ach surface of each zone described and for the room air.
This heat balance includes transmission loads, solar loads, internel heat
gains, infiltration loads, and the temperature control strategy used to main-
tain the space temperature. Some of the important features of the loads
predicting subprogrem are:

s yied ) A T g s Do g e e o

ez

(e

3Pt b o soen

LB R A 5T

1. Calculates response factors and conduction tremsfer functions for alil
zone surfaces. This peraits the careful and complete anslysis of traansient

heat conduction through walls and cf heat storage in rcoms.

ITEY Ar | AR

Zhe T BT

2, Calculates the shaded and surlit area for all exterior surfaces
shaded by attached or detached shadow—-casting surfaces (wings, overhangs, or
cther buildings). Also, the shadiag of windows caused by reveals is fully
accounted for. '

3. Exactly calculates the solar flux transmitted through single- and
multipane windows with or without interior shades using either basic optical
principles or "'shading coefficients™ specified by the user. ;

4., Accounts for the effects of both inside surface solar and infrared
abgorptivities and outside surface solar absorptivities.

5. Uszes approximate shape factors to calculate radiaat heat transfer
between zone surfaces as part of the room heat balance. Also calculates the
radiant interchange betweer exterior surfaces (i.e., walls, roofs, windows)
and the earth and sky.

6. Accounts for the effects of surface roughness and hourly variations
in windspeed on outside wall convective heat transfer coefficients (air film
resistance).

7. Adjusts the inside surface convective heat transier coesficient (air
film resistance) for ceilings, roofs, and floors btased on whether the surfaces
are hotter or colder than the room air.

8. Accounts for temprrature differences between a zone and an attic or :
crawl space by actually simulating the attic or crawl space.

9. Includes approximate methods for calculating the heat flow between
zones of differing temperatures.

10. Allows srbitrary (user—specified) room temperature control stra-
tegies. Different control strategies can be specified for different hours
during the day snd different days during the week. }

11, Appropriately allocates radiant, convective, and latent fractions of
the heat from people, lights, and equipment, and allows these internal gains
to be scheduled differently for each hour of the day and esch day of the week.
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12, Simulates tue zadiant and convective effects of outside air-
controlled baseboard heating.

13, Accounts for the effects of windspeed, temperature, and time of day
on zone infiltrationm,

14, Allows suvfacer “ounding a zone to be c¢f arbitrary shape, three- and
four-sided, and at n» tilt or azimuth.

15. At the d_«:retion of the user, allows calculated loads for each zone '
to be savee on tape or disk for future use in examining many alternate faa
system configurations, without recalculating space loads,

6., Simulates as many as 100 zones at onc time (many more than are usu-
#1ly required).

Ve Air Yistr.bution System Siv-ilation Subprogram

‘mez vonre U +i% are calculated, they mus: be translated into hot water,
cf. .1ed wate . wu¢ siectrica: demands on a central plant or utility system.
Thi. is done “+ . -ing basic hex. and wness balsnce principles in the system
simulation # ;. ugrem of BLAST., The wmajor types of air-distribution systems
that YLAST can analyze sre:

-

. Multizome and dual duct systems
2. Three-deck multizone systems

3. Single-zone fan systems with subzone reheat

4, Unit ventilators with or without heating coils
5. Two-pipe fan coil systems
6. Four-pipe fan coil systems

7. Variable volume fan aystems with optional reheat or thermostatically
controlled baseboard hest

8. Constant volume terminal reheat systems

9. Dual duct variable air-volume systems

10. Packaged direct—expansion systems

11. Sirgle-zone drawthrough systems.
In sddition, built-up dirsct-expsusion cooling can be specified to serve

the fan syscems listed above, or chilled water can be the cooling source.
Air-to-air heat recovery is also possibie on most of the systems listed above.
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Defsult values are suppliad for most of the pertinent fan system variables.

All defaults can, however, be overridden by the user. Many combinations of

mixed- and delivery-air control strategies are available for most of the air
distribution systems,

The fan system simulation subprogram is unusually flexible and precise in
its analysis of fan system performance. This subprogram includes the follow-
ing significant features:

1. The user mey adjust both the full-load efficiency and total fan
pressure for supply, return, and exhaust fans as well as the part-load perfor-
mance characteristice of the esupply and return fans.

SR

2. Both cold and hot decks can be controlled (a) at a fixed temperature
i set point, (b) at a temperature varied with outdoor air temperature, or (c) on
the basis of the zone requiring the most heating or cooling.

i 3. The user-specified or the default-throttling range of the cold &and
3 hot deck controllers is fully accounted for.

4, Three different economy cycles can be used for most fan systems.
The mixed-r ¢ temperature may be fixed or floating, depending on the user”’s
specification.

5. Minimum and maximum outdoor air quantities can be scheduled for each
hour of the weekday or weekend.

6. Various preheat coil configurations can be simulated.

7. Hinimum and maximum outdoor aj. quantities can be specified. Max-
imum total fan volumes may be specified for variable volume systems. The
variable volume maxzimum and the maximum outdoor air quantity can be less than
the sum of the air distributed to all zones,

8. Humidifiers can be specified for most systems.

9. Fan, heating coil, prehesat coil, cocling coil, and heat recovery
operation can be scheduled on a daily and seazonal basis.

10, Users may simulate sny cooling coil by specifyirg ¢ 0ling coil
design parameters consisting of typical catalog data for one coil operating
point.

11, At the dis:vetion of the uaer, the results of fan aystem simulations
may be saved on t-pe ¢r disk for future use in examining meny alternate cen-
tral plant configurations (without repeating the fan system simulations).

12, BLAST can simulate as many as 100 separate systems at one time (many
more than are usually required),

-
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The Central Plant Simulation Subprogram

s
e

Once the hot water, chilled water, and electrical demands of the building
fan system are known, the central plant must be simulated to determine the
building”s final purchased electrical power or fuel consumption. The central
plant subprogram of BLAST can simulste any thermodynamically feasible system
consisting of any or all of the following ceatral plant components:

Avens L ns

1. Boilers

S

2. Centrifugal or reciprocating chillers

3., Absorption chillers (one and two stages)

4, Double-bundle chillers

5. Heat pumps (with or without solar assist)
6. Solar collectors and storage tank systems
7. Hot thermal storage

8. Cold thermal storage

9. Cooling towers
10, Diesel engine generators

11. Gas turbine generators

12, Steam turbine generators

13. Heat recovery from generator prime movers

" 3 Lot NI I 1 gty i ]
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14, Utiiity company power.

™
L)

NEFGONT,

Generic data for each component model are present in BLAST, but the user
may vary one or more sets of equipment performance coefficients to simulate a
particular manufacturer”s product.

s

Some of the principal features of the gentral plant simulation program
are:

O T

TR

1. Accounts for the effects of srbient temperature, chilled and hot
water temperature, and other operating variables on plant performance and
equipment capacity.

i i ‘!,1&1’ o

m—

2, Accounts for the change in equipment coefficient of perforwance (COP)
or efficiency resulting from pari-load operation.

3. Allows default equipment assigument strategies to be overridden,
thereby permitting the user to select the operating strstegy of hiz or her
choice,
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4, Allows the user to change equipment performance parameters so avail-
able equipment can be modeled exactly.

5. Allows detailed energy accounting which permits accurate costing of
energy, particularly of purchased electricity which may have complicated block
= rate schedules.

6. Tabulates equipment-use statistics (hours of operation and average
part-load ratic for each plant component) as well as energy consumption data,
thereby permitting BLAST output to be used as the basis for equipment selec-
tion.

7. Simulates as many as 100 central plants in one rum.

Life-Cycle Costing

The last step in the BLAST central plant subprogrem is the calculation of
life~cycle costs using present worth life-cycle costing techniques. User
) inputs include building construction and operating costs (excluding energy),
E fan system construction and maintenance costs, and user-supplied and default
e capital and maintenance costs for plant components., In addition, users may
select appropriate fuel cost adjustment factors and discount and inflation
rates.,
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APPENDIX B:

CALIZRATION OF BLAST BUILDING DESCRIPTION

Although most of the information needed for & BLAST building description
can be taken directly from the building”s plans, some information must be
estimated. If the estimates are reasonable, the BLAST building description
will respond as the real building does. However, if the estimates do not
reflect the real building, the BLAST analysis could be misleading. Thus, the
standard BLAST building descriptions were calibrated to the buildings being
simulated for this study.

Equations which correlate Hezting Degree Days (HDD) and Cooling Degree
Days (CDD) to energy usage for a variety of Army building categories were
developed during an earlier atudy.11 The rolling-pin barracks falls into the
"new nommodular barracks" category, which includes barracks built after 1966
(except for the modern Army modular type). The dependence of daily heating
energy consumption, Ej, on the daily HDD, HDD4, for this category is

Ep = 81.91 + 7.4 x HODy (Btu/sq ft/day)*. {Eq B1]
The dependence of daily electrical consumption, Eg, on the daily cooling
degree days, CDDg, is given by

Eg = 0.01516 + 0.001275 x Cddq (kWh/sq ft/day). [Eq B2]

The Type 64 barracks was considered to be in the "old barracks" category;
i.e., barracks built before 1966, including the World War II type. The daily
heating energy requirement for this category is

Eg = 130.5 + 15.99 x HDD4 (Btu/sq ft/day). {Zq B3]
The daily electrical consumption was considered the same as for the new, non-
modular barracks category, given in Eq 32.
The enlisted personnel mess hall was considered part of the “community

facilities" category, which for dining facilities and commissaries has a daily
heating energy usage of

fg = 231.8 + 12,42 x HDDy (Btu’sq ft/day). [Eq B4]

11, J. Sliwinski, et al., 1979. 9
* Metric conversions: 1 Btu = 1,055 GJ; 1 sq ft = 0.092 m".
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The data for community facilities electrical usage did not correlate with
CDD. The average daily electric consumption for community facilities category
for May through September was

E, = 0.0684 (kWh/sq ft/day’. [Eq B5]
The average for October through April wvas
Ee = 0.0662 (%Wh/sq ft/day). [Eq B6]

The motor repair shop was put into the “production/maintenance facili-
ties" category, which does not include major process-type production buildings
such as smmunition plants, but only those with production activities such as
machining, assembly, and other activities associated with installation mainte-

nance. The equation for daily heating energy consumption for production/
maintenance facilities were

Ey = 138.4 + 35,73 x HDDg (Btu/sq ft/day). [Eq B7]

The data for electric energy consumptiovn showed no correlation with CDD.
The value obtained for daily electric energy usage for May through September
was

E, = 0.0235 (kWh/sq ft/day). [Eq B8]

The value obtained for October through April was

Eo = 0.0293 (kWh/sq ft/day). [Eq 89]

The battalion headquarters was considered psrt of the "administration/
training facilities" category. The equation for daily heating energy usage in
this category is

By = 76.71 + 18.97 x HDDy (Btu/eq ft/day). [Eq B10]

Data for daily electric encrgy usage did not correlate well with CDD. The
average daily electric energy usage calcuiated for the months of May through
September was:

B, = 0.0512 (kWh/aq ft/day). [Eq Bl1]
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For October through April, the average wae

B, = 0.0215 (kWh/sq ft/day). [Eq B12]

By using these equations and the EDD and CID given in Table Bl for the
five building locstions considered during this study, the BLAST building
descriptions were calibrated to the energy consumption of real buildings in
their respective categories,

Figures Bl through B5 show the relationship between HDD and energy usage
for the buildings analyzed during this studv. In four of the figures, the
line that graphs the energy usage equation is bounded by a set of P and C
curves, The srea between the P curves is where an individual building”s
energy ussge for that particulax category would be expected to fall 95 percent
of the time (i.e., the prediction limit). The area between the C curves is
where the average energy usage of a large group of buildings that cover a
cross~section of that particular category would be expected to fall 95 percent
of the time (i.e., thc confidence limit). Because the buildings analvzed dur-
ing this study represent only one building desigi in their respective
categories, the BLAST models were adjusted until they were within the P
curves. The model for the battalion headquarters (Figure B4) very closely
corresponds to the graph of energy usage (Eq Bl0) forx aduinistration/training
facilities zategory.

Infiltration and lightirg were ambtiguous inputs for both the rolling-pin
and Type 64 barracks desigus. These baseline BLAST building descriptions were
calibrated by adjusting the infiltration and lighting for Coloradv Springs so
tne results fell withia the P curves.

Tgble Bl

HDD for Each
Weather Site

Meather Site HED HDD Per Day
Colorado Springs, COD 6415 17.6
Columbia, MO 5007 13.7
Raleigh, KC 3579 9.8
FPhoenix, AZ 1350 3.8
Fort Worth, T 2387 6.5
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The BLAST default coefficients that adjust the infiltration based on the
y indoor-cutdoor air temperature difference and windspeed were not used.

: Insteai, the coefficients A = 7,34E-1, B = 2,86E~-3, C = 2.85E~-4, and

D = 1.37E-8 were used. ‘hese defanlt coef{icients over-predicted the amount
of infiltration during cold periods.

The formula used for calculating.the amount of infiltration was:
Infiltration = one air change per hcur + exhsust - outside sir from the fan ajystem

The only other baseline modification needed was to add the night-setback ther—
mostats to the ealisted personnel mess hall baseline.
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Key: @ Rolling-pin-shaped barracks beseline heating gnergy
usgge *

Ey= 8I9IE+O + T.400E +0C (HDD I**

© € =95% Confidence Limit

SE00+ P = ¥3% Prediction Limit /P / .
, ///
., 8831 / | .

4BTU/SQ FT/DAY)

£ &
\\

\\

2400

160.01

HEATING ENERGY USAGE

80

o ¥ o ] B

0 100 200 80 400 500 €00
HDDg

* Domestic hot water = 88 Btu/sq ft/day
** Reference 7, p 22.

Figure Bl‘. Heating enexgy usage vs HDDg for the rolling-
pin barracks.
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Ep= L305E+02 + L599E +01 (HDDg4) **
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* Domestic hot water = 86 Btu/sq ft/day
** Reference 7, p 22.

N b

Figure B2, Heating energy usage vs HDD3 for the Type 64 barracks.
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Motor Repair Shop Baseiine Results
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Figure B3. Heating energy usage vs HDDg for the wotor repair
shop.
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Figure B4. Heating energy usage vs HDD4 for the battalion headquarters.
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APPENDIX C:

SAMPLE ECIP ECONOMIC ANALYSES

This appendix gives examples of economic analyses done for both the FY84
and the FY85 guidelines. These analysce were based on the energy data given
in this report. The samples were done for the 37 twn company, rolling-pin-
shaped barracks for enlisted personnel at Fort Leonard Wood, MO. It was
assumed that thz2se buildings had not been modified since they were built.
Tables Cl and C3 show the examples. Tables C2 and C4 show where the numbers
are taken from in this report and how additional calculations were made.

Note that before an actual ECIP proposal could be made, the actual build-
ings would have to be eurveyed to see if any retrofits had already been made.
The retrofit costs given in this report should be checked to see if they
reflect local comstruction costs, but the energy analysis does not have to be

repeated,
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Table C1

ECIP Economic Analysis Summary for Rolling-~Pin Barracks

(15 Cctober 1980)

$ 1,656,000
S 94,000
$ ¢
$ 1,750,000

Location: Fort Leonard Wood, MO
rY: 84
Project: Raetrofit 37 enlisted men two-company (rolling-pin-shaped) barracks
by blocking outside air fem/coil vents and adding cavity wall
inaulation and storm windows
) s 2 z F H 2
COSTS
1. Honrecurriag Initial Capital Costa:
a. Cwi
b. Design
c. Other
d, Total
BENEFITS
2, Recurring Benefit/Cust Differemtisl Other Than Energy:
a. Annusl Laber Decrease (+)/Iacrease (=)
b. Aunual Materizl Decrease (+)/Incresse (-)
c. Other Annual Decresse (+)/Increase (-)
4. Total Costs
e. 10X Discount Factor
f. Discounted Recurring Cost (d x e)

3. Zecurring Energy Bemefit/Costs:

&

S

Type
(1)
(2)
(3)
(4)
(s)
Type
(1)
(2)
(3)
(4)
(5)
Type
(1)
(2)
(3)
(4)
(s)
Type
(1)
(2)
3
(4)
(5)

Discourted Energy Senefita [3a(5)3b{5)+3:(5)+74(3)]

of Fuel: 0il

Annual Energy Dacrease (+)/Incresse (-)

Cost P MBtu

Annrugl Dollar Decresse/Increase {(1)x(2)]
Differentisl Kscalstion Rate (8%) Factor
Discounted Dollar Dacrease/Increase [(3)x(4)]
of Fuel: Electricity

Anonual Energy Decrease (+)/Increase (=)

Cost Per MNBtu

Annual Dollar Decreese/Increase {(1)x(2)]
Differentisl Escalation Rate (7X) Factor
Discounted Dollar Decrease/Increase [(3)x(&)}
of Fuel:

Annual Energy Decresse (+)/Increase (-)

Cost Per MBtu

Annual Doller Decrease/Increase [{1)x(2))
Diffareatial Escalation Rate ( _X) Factor
Discounted Dollar Decresse/Inzrease [{3)x{4)]
of Fuel: ’

Antual Enargy Decrease (+)/Increase (-)

Cost Per Mitu

Annual Dollar Decvease/Iucrease [(1)x(2)]
Differential Xscalation kate {__X) Factor
Discounted Dollsr Decrcase/Increase [(3)x(4)}

4. Total Beuefits (Cun 2f + 3e)

5. Discovated Banarit/Cost Zatio (4 ¢+ 14

6. Total Asnual Energy Savings [3a(1)+3b(1)+3c(1)+3d(1)]
7. Koergy/Cost Ratio (6 + 18/1000)

8. Annual Dollar Savings [2d+3a(3)+3b{3)+3e{3)+«3d(3)]

9. Payback Pericd [tla - Salvage) ¢ Line 8]

W Ly DD AN

96,385 MBtu
$  14.000/MBtu
$1,349,000/Year

20,93
$ 27,047,000

974 MBtu
$ 16.60/MB¢tv,
$ 16,168/Yeur

18.9049
$ 297,000

MBtu
S /M3ty
$ /Year

s,

—

___Mitu
/MBtu
[Teax
/MBtu

H o

27,339,000
27,339,000

16

97,359 MBeu
59

$ 1,365,000
1.2 Years
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L ik o
i ptovesema g oncog gnod up

Cost Data for ECIP Economic Analysis in Table Cl

location: Fort Leonard Wood, M0 (7igure 1, Climatic Zone 3)
FY: 8% (uzed for economic analysis; doms not affect the caergy savings

cglculations)

o g

Retrofit all of Fort Leorsrd Wood”s 37 twc company, rolling-pin-
shaped barracks for enlisted personnel {Tible 2). Figure 5 shows
that blocking outside sir fan/coil vent3, adding cavity wall insula-
tion, and adding storm windows all exseed the minimum E/C ratio of
i7. However, blocking one-third of the windovs does ot meet the
ninisux E/C ratio requiresent,

Project:

Cc0sTs
1. Nonrecurring Initiel Capital Costs: (from Table D1)

Construccion = 37 [($13.5/aq ££)(83 eq £&)+(5.80/sq ££)(1606 «q £ft)
+ ($4,5/8q ££)(4400 sq ftl]
= 37 ($33768)
« §1,24%,416

SIOH at SX = $62,471
Uaescalated CWR = $1,311,887
Unescalated design cost at 6% CWE = $78,713

Escalated CWE (from FY82 to FY84, Table D&) = $1,311,887
€1.95)(1.06)(1.06)(1.06) = $1,656,227
(enter $1,656,000 on line la)

Escalated design costs (from FY81 to FYR3) = §78713
(1.06) (1.06) (1.06) = 393748
(enter $94,000 on iine 1b)

Total = $1,656,000 + $94,000 = $1,750,000

BENEFITS

2. Recurring Benefit/Cost Differential Cthar Than Energy: None

3. Recurring Energy Benefit/Costs:
a. Type ot fuel = oil (hesting energy savings) {enter on lime 3z) .

(1) Annual Boergy Decresoe: (froem Table 13)
A Al Block fan/coils: 755 MPtu/year
31 Insulate walls: 790 MBtu/year .
Cl Add storm windows: 1060 MRtu/year :
Systew caergy savings: 2605 MStu/yesr :
Total savinge = 37(2605) = 96,385 MBtu/year

(2) Cost per Btu: :
0il (Table D3) = $7.13/MBtu ’
Escalated oxl price from ¥Y80 to FY84, Table D4) »

($7.13/MBtu){1.16)(1.14){1.14)(1.14)(1.14) = $14.00/HBtu
[enter on line 3a(2)]

T SRR o

prH

(3) Annual dollsr decrease = (96385 MBru)($14.00/Msta) = $1.349,000
{enter on line 22(3)}

O T T T
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Table G2 (Cont'd)

(4) Differential escalation rate:
0il differential escslation rate (Yable D3) = 7X
[enter on line 3a(4)]
Recurring benefit/cost factors (Tsble D5) = 20.05

(5) Discounted dellsr decrease = ($1,349,000)(20.05) = 27,047,000
[enter on line 3a(5)]

b. Type of fuel = electricity (cooling energy savings) (enter cu line ).

(1) Annual energy decrease: (from Table 13)
Al Block fan/coils: 34 MBtu/year
Bl Insulatc walls: 53 MBtu/year
Cl Add storm wvindows: 0
System electriiity: 87 MBtu/year
Total: (37)(87) = 3220 MBtu/yesr

R ——
I T TR SR YTt

AT

(2) Cost per MBru:
Electricity (Table D3) « $8.8/MBtu
Escalated electricity price
(from FY80 to FY84,
Table D4) = ($8.8/MEtu)(1.16)(1.13)(1.13)(1.13)(1.13) =
$16.60/1Btu [enter cn line 3b(2)]

(3) Annual dollar decrease ~ (3220 MBtu){$16.60/MBtu) = $53,452
[enter on line 3b(3)]

(4) Differential escalation rate:
Electricity di€ferential escslation rate (Table D5) = 71
[enter on liae 3b(4)]}
Recurring benefit/cost factors (Teble D5) = 18.049
{enter on line 3b(4)}

(S) Discounted dollar decrease = ($53,652)(18,.049) = 964,800
[enter on line 3b(5)]

e. Discounted energy benefits = $27,047,000 + $964,800 ~ $28,010,000
(entar on line 2e)

4. Total Benefits = $0 + $28,010,000 = $23,010,000 (enter on line 4)

5. Discounted bemefit/cost ratio = $28,010,000/$1,750,000 = 16
(enter on line 5)

6. Total snnual energy savings = 96 385 MBtu + 3220 MBtu = 99,605 MBtu
(enter on line 6)

E: 7. B/C ratio » (99,605 MBtu/$1,656,000/100u} = 60 MBtu/k$

8. Annual dollar savings = $1,349,000 ¢ $53,452 = $1,402,00/year
(enter on line 8)

¢, Payback period = ($1,656,000)/{%1,402,000/yesar) = 1.2 yoars
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Table C3

Life-Cycie Cost Analysis for Retrofits to Rolling-Pin Barracks

Location: Fort Leonard Wood, MO Projmct Kumber
Project Title: Retrofits to Roiling Pin Barracks Fiscal Year: FY85
Analysis Date: FY82 Yconomic Life: 25 Years Presared by: GSP3

1. Investment

a. Construction cost $1,752,371
b. SIOH $ 87,619
¢. Design cost § 103,177
d. Energy credit calculation (lceib+le)lv.9 $1,748,850
e. Salvage value -$ 0
f. Totsl investment (ld-ls) $1,748,850

2. Epergy savings (+) / cost (<)
Analysis data anoual savings, unit cost, and diccounted savings

Unit Cost Savings Amnugl $ Discount Discounted
Puel $MBtu(l) Mbtu/Year(2) Savings(3) Pactor{4) Savings(5)
2, 0Oii $15.65 96,385 $1,508,425 17.80 $26,850,000
b. BG $ 0 $ 0
c. Elec $18.32 3,219 $ 58,972 13,93 § 821,500
d, Coal $ 0 $ $ ]
e. ___ $ $ $
f. Total 99,604 $1,567,397 $.7,672,000

3. Honenergy savings (+) / cost (=)

a. Annual resurring (+/-) $ ]
(1) Discour. factor (Table A)
(2) Discounted saving/cost $ 0
b. Nonrecurriag cost $ 0

(1) Year of cost
(2) Discount factor {Table B)
(3) Discounted cost -$ 0

c¢. Noarecurring savings $ 0
{1) Year of saviags
(2} Discount factor
(3) Discounted savings $ 0
d. Total discounted savings/cost [(3a2+3b+3c3) $ 0
e. Project qualificstion test
(1) 25% cale [2£5 x 0.33] $
(a) If 3e(l) is = or > 3d, go to item &
(b) If 3e(l) is < 3d, calc SIR [2£(5)+3e(1)]/1f —_—
(c) 1f 3e(1)(b) = > 1 go to item &
(d) If 3e(1)(b) < 1 project does not qualify
4. Average snnual dollar savings 2£3+3a+(3b+3c)/yesrs economic life  $1,567,400
S. Total net discounted savings [2£5+3d) $27,672,00C

6. Discounted saviogs ratio (SIR) (5/1f) 16
If < 1, dces not qualify
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Table C4

Cost Data for Life~-Cycle Cnst Analysis in Tabie C3

Losgtioa: Fort Lecnard Wood, HD

Project Title: HKetrvofit to two company, rolling pic-shoped barracks for

enlicted personmnel: block cuteide air fan/coil vents,
8dd cavity wall insulstion, and add stomm windows.

Fiscul Year: FY85
Anslysia Date: FY82

EBconomic Life: I5 years

1. Investuent

Constructicn cost = 37 [{$13.5/sq ft)(83 sq fr) ¢+ ($0.3/sq £t) (16,060
sq ft) + ($4.5/8q ££)(44600 sq £t)) = 37 [$23,768] = $1,245,516

Escalution from FY8l to FY85 =
$1,249,416£1.07)(1.07)(€1.07)(1.07)(1.07} = §1,752,371

SIOH at 5% of la = $62,471

Escalation Zrom 7Y81 to FYSS5 = $62,471 (1.07)(1.07)(1.07)(1.07)(1.07)
= $87,619

Design cost ot 62 of unescalated (la + 1b) = (51,249,416 + $62,471) x
0.06 = $74,713

Escalation from F¥Bl to FY84 = $78,713(1.075(1.077(1.075(1.07)(i.07) =
$103,177

Bnergy credit calculation: (la ¢ 1b + le) z 0.9 = (1,752,371 +
$87,619 « $103,177) x 0.9 = $1,748,850

Salvage value: none

Total investment: (ld - le) = $1,748,850

2. Energy ssvings (+)/cost (~)

3. Avalysis date sunual savings, vzit cost, and discounted savings

Unit Cost  Savious Anpual § Discount Discounted
$MBru (1) MBtu/Yezr (2) Savipgs (3} Facror (4) Savings (S)

$15.65 96,385 $1,508,425 17.89 $26,849,965
Elec 3186.32 3,219 $ 58,9712 13.93 $ 821,481
Total 99,504 $1,567,397 $27,671,445

0il

(1) Unit cost escalated from FY80 to FY85 (from Tables Fl and F2) =
(§7.13/MBtu) (1.14) (21,147 {31.242 (1.24) (1,14) (1.14) = $15,65/MBtu

(2) Sevings ¥Btu/year (from Table 13)
Al Block fsm/coils: 755 MBtu/yesr
B! Insulate walls: 790 MBtu/year
Ci Add storm windows: 1060 ¥Btu/yesr
System berting essrgy savings: 2605 MBtu/year
Total savings: 37(2603) = 96385 MBtulyear
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3 (3) hamual savings: [2a(1) x 2(3)] $15.65 x 96,385 » 51,508,425 |
§ (4} Disccont factor (fros Teble 73): 17.80

S (5) Discounted sevings: (2a(3) x 22(4)) $1,506,425 x 17.50 =

E $26,849,965

; ¢. ZElectricity

4 (1) Tait cost, escalated from FY80 to FY65 (from Tables Fl and F2) =

: (38.8/ntu)(l.13)(1.13)(1.13)(1.13)(1.13)(1.13) = $18.32/:Btu

; (2) Savings MBtu/year (from Table 13)

= Al Block fan/coils: 34 MMtu/year

B Bl Ingulste walls: 53 MBLu/yesr

= Cl Add storm windows: 0

[ System electricity: 87 MBtu/year

3 Totel: 37(67) = 3219 MBtu/year

(3) somual savings: [2¢(1) x 2¢(3)] (818.32/MBen) (3219 Mpeu) =

- §58,972

4 (&) Discount factor (from Table F3): 13.93

E (5) Discovnted savings: [2¢(3) x 20(4)] ($58,972) x (13.93) =

$821,481

& 3. Nonemezgy saviugs (+)/cost (-); note

4. Aversge annual dollar savings: [2£(3) + 3a + (3b + 3c)/yesrs of econcmic
life] = $1.567,397 + 0 + 0/25 year = $1,567,397
5. Total net discounted savinge: [Z£(5) + 3d] = $27,671,446 + 0

6. Discounted savings rario (SI12): (5/1£) « $27.671.6h6/31,7b3,850;
SIR = 15.8
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APPFNDIX b:

ECIP ANALYSIS METHOD THROUGH FY84:
ROLLING-PIN AND TYPE 64 BARRACKS

To do an ECIP analysis, both retrofit ccsts and energy savings must be
calculated. Retrofit costs fall into four groups:

i. Construction costs
2. SIOR costs

3. Design costs

4, Fuel costs,

Theoe costs must be figured in light of escalstion and differential escalation
rates, and ecorcuic life.

Construction cost estimates for the sample analyses in Appendix C were
taken, where possible, from actual constructicn contract estimates for similar
jobs, or estimated from standard cost data.lZ SIOH and design costs, escala-
tion and dif“erential calculation rates, and economic life data were based on
ECIP guidelines. Fuel costs were averages taken from Army installation
data.l3 For specific ECIP analyses, the values given for these four cost
groups should be verified against local rates and comditioms.

Although the retrofit construction costs for the rolling-pin end Type 64
barracks are similar, they arc listed separately in this appendix. Some
retrofit costs depend on what other retrofits are being done (e.g., blocking
vindows while putting on exterior insulstion as opposed to just blocking the
windows). Table D1 gives the retrofit construction costs for the roliing-pin
barracks. Table D2 gives the retrofit comstructioa costs for the Type 64 bar-
racks.

The SIOH cost is 5 percent of the construction cost. The design cost is
6 percent of the sum of the construction cost and the SIOH cost. The design
cost is escalated to 1 year before the project year. All other costs are
escalated to the project. Table D3 lists the fuel prices, The escalation
rates are given in Table D4, and the long-term differential escalation rates
are given in Table D5. The project year was taken to be FY84, The construc-
tion, SIOH, and design costs were escalated from FY81. The fuel prices were
escalated from FY80.

Metric corversions for the tables in this appendix are: 1 sq ft =
0.092 2; 1 in. = 25.4 mm; 1 MBtu = 1.055 GJ.

12The 1981 Berger Building & Design Cost File, Volume i: General Comstruction
Trades, Unjt Prices/Western Editien (Van Nostrand Reinhold Company, 1981);

snd Robert Sturgis Godfray, =ditor, Building Construction Cost Data 1981
(Robert Snow Means Company, Inc., 1980).

13Annual Summarv of Operations Fiscal Year 1980 (DARN-MPO-R, 1980).
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Table D1

Retrofit Construction Costs for the Rolling-
Pin Barracks

Retrofit $/Sq Ft Sq Ft
Block outside air 13.5 83
fan/coil vents
Add cavity wall insulation 0.8 16,060
Add storm windows 4.5 4,400
Block one-third of the 15.9 1,466
windows
Table D2

Retrofit Construction Costs for the Type 64 Barracks

AT fRs —a e T

Retrofit Sq Ft Sq Ft
Close off AHUs 40 13
Add storm windows 4,5 5,000
Add storm windows and block 4.5 1,700
two-thirds of the windows
Add 2 in. of exterior insulation 4 13,000
Block two-thirds of the windows 15 3,300
Block two-thirds of the windows and 5 3,300
add 2 in. of exterior insulation
Add 8 in. of roof insulation 1 10,000
Put up south overhangs 7 1,609
Put up south overhangs and block 7 530

two-thirds of the windows.

Table D3

Fuel Prices

Fuel MBtu
Electricity 8.8
Natural gas 3.07
0il 7.13
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Table D4

Escalation Rates

FY80 FY81 FY82
__Cost (2) (2) 9]

FY83 FY84
(2) (2)

Construction - ) 6
SIOH - 6 6
Design - 6 6
Electricity 16 13 i3
Natural gas 15 14 14

0il 16 14 14

Table D5

13 13
14 14

14 14

Long-Term Differential Escalation Rates

Differential Escalatien
Cost Rate (%)

Recurring*
B/C Factors

Electricity 7
Natural gas 8

0i1 8

*Economic life is equal to 25 years,

125

18.043
20.05

20.05
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APPENDIX E:

ECIP ANALYSTS METHOD THROUGH FY84: MOTOR REPAIR SHOP,
BATTALION HEADQUARTERS, AND ENLISTED PERSONNEL MESS HALL

An economic analysis for each recommended ECA wss done according to the
method outlined in the ECIP Guidance Memorandum dated December 20, 1977.

All projects were assumed tc bz awarded in FY84. Estimated construction
costs were escalated according to project duratiom: costs for 3-month pro-
jects were multiplied by a factor of 1.1825 (10 percent for 1-3/4 years), and
6-month projects were multiplied by a factor of 1.2100 (10 percent for 2
yesrs). SIOH and design costs were cslculated as 6 percent of construction
costs. The escalation factor used for design costs was 1.550 (10 percent for
1-1/2 years). The SIOH was escalated by the same factor as comstruction
costs. The sum of the escalated comstruction costs and SIOH is the current
working estimate (CWE). The total initial cost (TIC) equals the CWE plus the
design costs.

For each ECA, the energy savings for each fuel were adjusted for thermal
and distribution losses. Heating systems were assumed to be 60 percent effi-
cient. Cooling systems were assumed to be 90 percent efficient. The adjusted
fuel) savings were multiplied by unit costs (according to fuel) to obtain FY82
annual dollar savings. The fual unit costs used by CERL were:

Electric $8.80/MBtu
Natural gas $3.07 /MBtu
Fuel oil $7.13/MBtu
Chilled water $2.64/¥Btu

A COP of 3.0 was incorporated into the unit cost for chilled water.
Maintenance costs for each project were calculated as a percentage of con-
struction costs (from 0.0 to 5.0 percent, based on the ECA) and were sub-
tracted from the sum of the annual dollar savings for all fuels to obtain the
total FY82 annual dollar savings.

Each component of the total FY82 amnual dcllar savings was escalated to
the time of project completion based om its projected annual rate of increase.
The escaletion rates for these annual savings/corts were:

Electric 1.3599 (13 percent faor 2-1/2 years)
Katural gas 1.3966 (14 perzent for 2-1/2 years)
Fuel oil 1.3906 (14 percent for 2-1/2 years)
Chilled water 1.3599 (13 percent for 2-1/2 years)
Maiotenance 1.1464 (5.6 percent for 2-1/2 years)

The sum of the escalated annuel savings/costs is the total annual dollar
savings at the time of project completion. The net present value of the
anpual dollar savings over the ecouomic life of the project (the benefit) was
obtained by maltipiying each component of the total annual dollar savings by
the appropriate differeatial escalation rate factor (DERF). The DERF that was
applied depended on the economic life of the project and the differential in-
flation rate of the savingz/cost. The economic iife of the recommended ECAs

-
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was assumed to be 15 years for mechanical and control modifications and

25 years for architectural optious (with the exception of door seals, which
were rated at 5 years). The DERFs were obtained directly from the ECIP Gui-
dance Memorandum:

Differential
Inflation Rate Economic Life
(2) 3 15 _25
Electric 7 4.670 12,27818.049
Natural gas 8 4,777 13.11220.050
Fuel oil 8 4,777 13.11220.050
Chilled water 7 4.670 12,27818.049
Maintenance 0 3.977 7.980 9.524

The remainder of this appendix contains construction cost estimate sheets
which detail what is required to implement each recommended ECA. The major
source of cost information was the Means Repair and Remodelinz Data 1982,
Commercial/Residential, 3rd Annual Edition (Robert Snow Meais Company, 1982).
Manufacturers” cost data were used when available. Labor and material costs
are included in the cost per unit figure.

Metric conversions for this appendix are: 1 in. = 25.4 mm; ] ft =
9.3066 m; 1 sq £t= 0,092 m2; 1 hp = 0.74 watts; 1 cu £t = 0.028 m3.

o————
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Building: Motor Repair Shop

ECA: Install Night-Setback Thermostat

Unit Cost Per
: No. of  Measure Unit Cost
: ECA Units (%) (%) (%)
2 Remove existing thermostat, 3 Each 78.85 237
3 install and wire new setback
E thermostat
5 Total Cost ($) 237

Building: Motor Repair Shop

ECA: Insulate Exterior Wail
Reduce overall wall U-Factor from 0.51 Btu/hr-sq £t-°F (3.7 W/m2-CK)
to 0.07 Btu/hr-sq £t-°F (0.4 W/m2-°K)

= Cost per

E No. of Unit Unit Cost
3 _Inits _ Measure (%) (%
% Furring, wood strips on walls, Linear

= 1 x 3 in. on masonry wall 2029 feet 0.52 1,055
o Fibergless batts, 3-1/2 in. thick, Square

; R11 2852 feet 0.32 913
3 Drywell-gypsum plasterboard Square

ks 1/2-in.~thi: %, fire-resiptant 2852 feet 0.42 1,198

Rt e

Total Cost ($)
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Building: Motor Repair Shop

ECA: Insulate Roof
Reduce roof wall U-Factor from 0.24 Btu/hr-sq £t-OF (1.4 W/m2-0K)
to 0.08 Btu/hr-sq £t-OF (0.45 W/m2-OK)

é 3 Cost per
. No. of Unit Unit Cost
Units __ Measure ($ (%)

2 ‘emove existing roofing 4808 Square feet 1.18 5,673
Roof insulation, polystyrene 4808 Square feet 0.87 4,183

4 extruded, 2-in.-thick, R8

é Install new roofing 4808 Square feet 1.18 5,673

9 Rubbish handling 4808 Square feet C.47 2,260
Total Cost ($) 17,789

= Building: Motor Repair Shop

ECA: Cover One-Half of the Windows With Insulatiag Metal Panel

4
-

f Cost per
% No. of Unit Unit Cost
g | Units _ Measure ($) ($2
E Steel siding, factor sandwich, 570 Square feet 4,64 2,645
= galvanized 2 sides, with
3 2-in.-thick polystyrene*
Total Cost ($) 2,645

*Prefabricated panels for this ECA are of comparable price.
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% Building: Motor Repair Shop 3
: ECA: 1Install Vehicle Door Seals i
¢ Reduce Base Infiltration by 50 Percent h:
y
Cost per ‘
No. of Unit Unit Cost.
Units Measure €2) ($
Weatherstrip vehicle doors
with neoprene gaskets 279 Linear feet 5.60 1,562
Total Cost ($) 1,562 j
; Buiiding: Motor Repair Shop
3 ECA: Replace Fluorescent Lignting in Vehicle Repair
2 with Metal Halide Lightiug
Cost per
No. of Unit Unit Cost
Units _ Measure ($) (8) ]
Interior demolition of ceiling- é
hung electric fixtures 54 Each 9,55 516 g
Interior lighting fixtures, metal
halide, low-bay unit with 250-watt
DX lamp, installed 10 Each 310.00 3,100
Total Cost ($) 3,616
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Building: Motor Repair Shop

ECA: 1Imstall Insulating Tnterior Partition

Cost per
No. of Unit Unit Cost
Units Measure ($) (€))
Metal stud partition, nonload
bearing, 24-in. 0G, 24 GA, 3-5/8 in.
vide 360 Square feet 0.65 234
Gypsum drywall, 4 to 8 in. thick,
fire-resistant 360 Square feet 0.46 166
Fiberglass batts, 3-1/2 in. thick,
R11 360 Square feet 0.32 115
Taping and finishing wall 360 Square feet 0.22 79
Baseboard, painted 8¢ Linear feet 0.22 18
Painting, 2 ccats, roller 369 Square feet 0.22 79
Hollow metal door frame, 7 £t-0 in.
by 3 £t-9 in. 1 Each 83.00 83
Hollow metal door, interior
commercial, flush-mounted 1 Each 150.00 150
Door ﬁardware, including logic set 1 Each 66.30 63
3 Total Cost ($) 987
a: :
3 Building: Battalion Headquarters é
f? ECA: Install Hot Water Circulating Pump Timeclock r
A Cost per )
] No. of Unit Unit Cost ;
Units _ Measure (% ($) ’ !
% Install 7-day timer with reserve 1 Each 260 260 ;
i power
Total Cost ($) 260

oy
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Building: Battalion Headquarters

ECA: Repive Baseboard and Install Night-Setback
Thermostats :

Cost per
No. of Unit Unit Cost
Units _ Measure ($) ($)
Thermostatically controlled
modulating radiator valve 3 Each 133.00 399
Black steel pipe (schedule 40,
1-1/2 in.) 132  Linear feet 7.90 1,043
Fiberglass pipe insulation, with
all-service jacket, 1 in, thick 132 Linear feet 2.97 392
Balancing tees 3 Each 36.00 108
90Y Elbows, 1-1/2 in. pipe 6 Each 24.00 144
Iastall and wire »cw setback
thermostat 2 Each 78.85 158
Totai Cost ($) 2,244

Building: Battalion Headquarters

BCA: Insulate Exterior Walls

Reduce overall wall U-Factor from 0.51 Btu/hr-sq ft~OF (3.7 W/m2-OF)
to 0.07 Btu/hr-sq £t-OF (0.7 W/m2-OK)

o Cost per

S No. of Unit Unit Cost

; Units _ Measure (%) %)

? Furring, wood strips on walls, )
B 1 x 3 in. on masonry wall 848  Linear feet 0.52 441 i
.;- Fibergiass batts, 3-1/2 in. thick,

e R11 1,271  Square feet 0.32 407

a§f Dry wall gypsum plasterboard,

%ﬁ 1/2 in. thick, fire resistant 1,272  Square feet 0.42 534

e

i

b Total Cost ($)

3

(;
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Building: Battalion Headquarters ;
ECA: 1Insulate Roof
Reduce roof wall U-factor from 0.24 Btu/hr-sq ft-OF (1.4 W/m2-OK)
to 0.09 Btu/hr-sq ft—OF (0.51 W/m2-0K)
Cost per

No. of Unit Unit Cost

Units Measure ($) (s)
Remove existing roofing 2,581 Square feet 1.18 3,046
Roof insulation, polystyrene

extruded, 2 in. thick, R8 2,581 Square feet 0.87 2,245
Install new roofing 2,581 Square feet 1.18 3.046
Rubbigh handling 2,581 Square feet 0.47 1,213
Total Cost ($) 9.550
Building: Battalion Headquarters
ECA: Install Storm Windows
Cost per

No. of Unit Unit Cost

Units Measure B C)) (8
Magnetic interior storm 444  Square feet 5.60 2,486

window

Total Cost ($) 2,486
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Building: Battalion Headquarters

ECA: Add Vestibules

!
¥
b
i
%
]
3
4
|
i
Fi
f
i
;
M
)
J
;

Cost per
No. of Unit Unit Cost
Units Meagure &) ($)
Pour 4~in. concrete slab over 6-in,
crushed stone base 24 Square feet 4,50 108
Erect masonry block walls to ;
match existing, 8-in.-thick, |
hollow lightweight block 64 Square feet 4.14 265
Roof framing and covering 24  Square feet 5.36 129
Door frame 2 Each 75.00 150
DPoor 2 Each 195.00 390
Total Cost (S) 1,042
Building: Battalion Headquarters
ECA: 1Install DHW Timeclock
Cost per
No. of Unit Unit Cost
Units Measure (€)) )
Install 7-day tier with reserve
power 1 Each 260 260
Total Cost ($) 260
§
;
i3
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Building: Emnlisted Personnel Mess Hall

ECA: 1Install Night-Setback Thermostats

S T I

Cost per
No. of Unit Unit Cost
Units Measure ($) (s)
Remove existing thermostat,
install and wire new setback
thermostat 8 Each 78.85 631
Total Cost ($) 631
Building: Enlisted Personnel Mess Hall
ECA: 1Install Z4-hour Programmable Thermostat
Ccst per
No. of Unit Unit Cost
Units Measure (%) (8
24~hcur programmable theruostat
for dining room air-conditioning
unite 2 Each 150.00 300
Remove existing thermostat,
install and wire setback
thermestat 6 Each 78.85 473
Total Cost ($) 773
135
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Building: Enlisted Personnel Kess Hall
ECA: 1Insulate Walls with Blown-iIn Insulatioa in Wail
Air Cavity
Cost per
No. of Unit Unit Cost
Unjts Measure ($) (3)
Cutouts in masonry walls, 4 in.
thick 214 Each 33.0 7,062
Blown~in insulation, cellulecse
3 in. thick Rl1 2385 Square feet 0.35 835
Brick up cut-outs, 4 in. thick 428  Square feet 6.70 2,868
Total Cost ($) 19,765
Building: Enlisted Personnel Mess Hall
ECA: Cover One-Half of the Dining Room Windows
Cost per
No. of Unit Unit Cost
Units _ Messure (8) ($)
Steel siding, factory sandwich,
galvanized 2 sides, painted to
match existing, with 2-in.-thick
polystyrene 617 Square feet 4 .64 2,863
Demolition and disposal 617 Squave feet 2.00 1,234
Total Cost ($) 4,997
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Building: Enlisted Personnel Mess Hall

ECA: Replace Incandescent Lighting with Fluorescent Lighting

) Cost per
et No. of Unit Unit Cest
B Units Measure 3) (3
.- Interior demolition ceiling-
- wovated electric fixtures 42 Each 9.55 401
Interior lighting fixtures,
recessed, fiuorescent, Z x 4 ft
b 4 to 40 watt bulbs =8 Each 99,00 2,772
_ 'i Total Cost ($) 3,173
f}f Building: Enlisted Personnel Mess Hall
é; ECA: Install Economizers
E Cost per
e No. of Unit Unit Cost
E Units Measure ($) {$)
_ %; Install enthalpy cycle economizer,
- 10 to 20 tons 2 Each 3,200 6,400
Total Cost ($) 6,400

137
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Building: Enlisted Personnel Mess Hall

et Wk e

ECA: Conversion to Variable Air Volume

e

Cos*. per
No. of Unit Unit Cost
Units Measure (%) (%)
Variable sveed drive 2 Each 1,534.00 3,068
Rebalance system 1 Each 450,00 450
Total Cost ($) 3518
- Building: Enlisted Personnel Mees Hall
ECA: 1Imnstall Heat Recovery Glycol Loop in Kitchen Exhaust
aé. Cost per
- No. of Unit Unit Cost
- Units Heasure ($) (%
E Spiral fan/coil 15 kefm 1,364.00 20,460
12; Pump (single stage) 2 at ! hp hp * 6,500
. Piping 25  Linear feet 14,93 373
f;, Miscellaneous:
- Three-way vaive actuator 1 Each 1,450.00 1,450
R Expansion tank 1 Each 100.00 100
E Motor starter 1 Each 255.00 255
5 Safety switch 1 Each 135.00 135
E Ethylene glycol 50 Gallon 4,50 225
2 30-A breaker 1 Each 205.060 205
E Wiring and conduit 100 Feet 4.40 440 :
i Various valves, strainers, etc. 118.0¢ 118
- Grease filters 15 Kefm 24,20 363 i
E :
4 Total Cost {$) 31,614
*Pump cost = 3,350 + 50 (hp-3) :
128 i
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" APPENDIX F:

ECIP ANALYSIS METHOD BEGINNING WITH FY85

Beginning with the FY85 program, projects will be ranked based on their
greatest potential life-cycle cost payback SIR as calculated according to
National Bureau of Standards (NBS) Handbook 135, Life-Cycle Cost Manual for
the Federal Energy Management Program. If two or more projects have the same
SIR, those projects will be ranked based on their greatest petroleum savings
or mission support (at the discretion of the military department or defense
agency with jurisdiction). Rach discrete portion of each project must be
life-cycle cost effective or be essential to completing other portions of the
project. Care must be taken to ensure that energy savings are not duplicated
between projects or portions of projects.l

A1l projects were assumed to be awarded in FY85, 1 year later than FY84
guidelines. All escalations were extended accordingly. The SIOH and design
costs were calculated as a percentage of construction costs as given in the
FY84 guidelines. The base construction costs were also the same as the FY84
cost calculations, Because the retrofits are intended to save energy, there
is an additional ECIP calculation which reduces the project cost by 10 per-
cent. The fuel prices are the same as those listed in Table Fl. The escala-
tion rates are as given in Table F2, and the long-term differential escalation
rates are as given in Table F3. Both rates differ from previous guidelines.
All economic lifetimes remain the same.

layi11ard Carr, p 1,
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Table F1
Fuel Pri
Fuel $/MBtu”
Electricity 8.8
Natural gas 3.07
0ii 7.13

*Annual Summary of Operations Fiscal Year 1980 (DAEN-MPO-~-R, 1980).

Table F2

Escalation Rates

Cost Escalation Rate (Z/Year)

Construction 7

Electricity 13

Natural gas 14

0il 14
Table F3

Long~Term Differential Escalation Rate Factor

DERF
Cost 5% 15% 25%
k- Electricity 4,72 10.87 13.93
é; Natural gas 5,19 13.01 18.10
0il 4,41 11.36 17.80

*Economic life in years. These "modified" uniform present-worth discount
factors are based on a 7 percent discount rate and include the EIA projected
real escalation rates in energy prices developed from the Mid-Term Energy
Forecasting System. These factors are thc national averages as reported in

the November 18, 1981, Federal Register.

v W

o Ay

140




AR T BT

Chief of Cnagineers
ATIN. Tlech Monitor
ATTH:  DAEN-AST-L ()
ATTN: DAER-CCP
ATIN:  DAEN-OW
ATTH:  OAEN-CNE
ATIN: DAEN-CWNM-R
ATTN:  DAEN-CWO
ATIN: DAEN-CWP
ATIN: DAEN-EC
ATIN: DAEN-ECC
ATTN: DAEN-ECE
ATIN: DAEN-ICF
ATTN: DAEN-ECB
ATIN:  DAEN.RD
ATTN: DAEN-RDC
ATYM: OAEM-RDM
ATTN:  DAEN-RM

e ATTN: DAEN-2CT
ATTN: DAEN-2CE
ATTH: DAEN-ICY
ATIN: DAER-I(M

Lok T i v
LR
- wr"vf’mm

W YO

™
;

bt ot e

g i 3

by

FESA, ATTN:
FESA, ATTN:

Library 22060
DET 111 75906

US Army Engineer Districts

ATIN: tibrary
Alaska 99501
Al Batin 09616
Alduquerque 87103
Saltimore 21203
Buffale 14207
Charleston 29402
Chicago 60604
Jetroft 48231
Far £ast 96301
fort Worth 7€102
Galveston 77550
Muntington 25721
Jacksonville 32232
Japan 956343
Xansas City 64106
Little Rock 72203
Los Angeles 90053
toutseille 40201
Mewpnis 13103
Mobile 36628
Hashville 37202
New England 02154
New Orleans 70160
New York 10007
Norfolk 23510
Omana 68102
Philsdelphta 19106
Pittsburgh 15222
Portland 97208
Riysch 03038
Rock [sland -61201
Sacraaento 95814
San Francisco 94105
Savannah 31402
Seattle 98124
St. Louls &3101
St. Paul 55101
Tulsa 74102
Yicksdurg 33180
vahla walla 99362

Rk

’

01
DRSS

¥ KR
o

PR

gy

= wilaington 28401

B US Army Engineer Dtvisfons

= ATIN: Llibrary

b= furope 09757

x Huntsville 35507

s Lower Mississippi valley 39180

% Middie fast 09038

S Middle £ast (Rear) 2260}
= Missouri River 68101
North Atlantic 10007
North Central 60605
North Pacific 97208
Ohio River 45201
Pacitic Qcean 96858
South Atlantic 30303
South Pacific 94111
Southwestern 25202

i S et

JS Army Europe

HG, 7th Army Trataing Command 09114
ATIN:  XETTG-DEM {5}

HQ, 7th Arey 00CS/Engr. 09403
ATTN:  AZAEN-EN (4

Y. Corpt 09079
ATIN: AETYDEN (S)

Yil. Corps 09154
ATIN: ALTSOLH (5)

213t Support Command 09325
ATTN: AEREY i5)

Serlin 09742
ATTH:  AEBA-EN (2)

Southern Europesn Task Force 05168
ATTN:  AESE-£M5 (1)

Instalistion Support Activity 09403

REUES-RP

. J:A"u:.:‘r%‘:“

o)
e

R o

"‘\‘@"“"""M o m‘,] .

Lo i ‘l " .t‘t%;‘ ‘u‘i s :
’ﬁ mﬁwwmwmmw

e e
ety e NN S g b e P -
e E—;ﬁgﬂ;&—@m’%ﬁ@!ﬁﬁ% Rz CheER e

CERL DISTRIBUTION

8th USA, Kores

ATTN: EAFE-H 96271
ATTIN: EAFE-P 96259
ATIN: EAFE-T 95212

ROK/US Combined Forces Command 96301
ATTN:  EUSA-HHC-CFC/Engr

USA Japan (USARJ)
Ch, FE Div, AJEN-FE 96343
Fac £ngr (Honshu) 96343
Fac Engr {Okfnawa) 96331
Rocty Mt. Arer 80913
Ares Engineer, AEDC-Ares Office
Arsolc OMr Force Station, TH 17389

Wastern Area Office, CE
Vanderberg AFB, CA 93437

416th Engineer Command 60623
ATTN: Facilities Enginaer

US Mi{tary AcCademy 10996
ATTH: Facilities Engineer
ATTN: Dept of Geography &
Computer Sclence
ATTM: OSCPLR/MAEN-A

Engr. Studies Cunter 20315
ATTN: Library

AMMRC, ATTN: ORXMR-ME 02172

USA ARRCOM 61299
ATTN: DRCIS-RI-1
ATTN: OPSAR-IS

OARCOM - Ofr., Inst., & Sves.
ATTN: Factlittes Engineer

ARRADCOM 07801
Aberdeen Proving Ground 21005
Army Matls. and Mechanics Res. Ctr.
Corpys Christ! Army Depot 78419
Harry Otamond Laboratories 20783
Dugway Proving Ground 84022
Jefferson Proving Ground 47250
Fort Monmouth 07703
Letterkenny Army Qepot 17204
Matick RAD Ctr. 01760
New Cvwerland Army Oepot 17070
Puedlc Arwy Oepot 81001
Red River Arwy Depot 75501
Redstone Arsenal 35809
Rock Island Arsenal 61299
Savanna Arwy Depot 61074
Sharpe Arwy Depot 95331
Senacs Arwy Oepot 14541
Tobyhanna Arty Depot 18466
Tooele Arsy Depot 84074
Watervliet Arsenal 17189
Yuma Proving Ground 85364
White Sands Mitsile Range 88002

OLA ATTN:

FORSCOM

FORSCOM Engineer, ATTN: AFEN-FE

ATTN: Facilities Eng:mr
Fort Suchanan 009
Fort 8ragp 28307
Fort Campbell 42222
Fort Carson 80913
Fort Devens 01433
Fort Orum 13601
Fort Nood 76544
fort [ndfantown Gap 1700
Fort lrwin 92311
Fort Sam Houstom 78234
Fort Lewls 98433
Fort McCoy 54656
Fort McPherzon 30330
Fort George G. Meave 20735
Fort Ord 93541
Fort Polk 71459
Fort Richardson 99505
Fort Riley 66842
Presidio of San Francisco 94129
Fort Sheridan 60037
Fort Stewsrt 231313
Fort Watmeright 99703
Yancourer $ks. 90680

OLA-WI 22314

HSC

ATIN:  nSLO-F 78234
ATTH: Factlities Engineer
Fitzsimons ANC 80240
Valter Reed #7 20012

INSCOM - Ch, Inptl, Dtv,
ATTH: Factilities Enginser
Arlington Hall Statfen ‘2;21

ru2
Yial NI\ Farms Statfon £6

HINC
ATTH:
ATTN:

Cakland Army Base
Bayonne MOT 07002 §
Sunny Point MOT 28461 3

NARLDCOM, ORDNA-F 071160
TARCOM, Fac. Div. 48090

20315
Facilfties Engineer
94626

MTHC-SA

ATTR:

TRADOC

HQ, TRADCC, ATTM: ATEN-FT

ATTN: Facilities Enginser
Fort Belvoir 22060
fort Benning 31905
Fort Bliss 79916
Carlisle Barracks 17013
fort Chaffee 72902
fort Ofx 08640
Fort Eustis 23604
Fort Gordon 0805
Fort demilton 11252
Fort Benjamin Harrison 46216
Fort Jackson 29207
Fort Xnox 4012]
Fort Leavenworth 66027
Fort Lee 23801
Fort McClellan 36205
Fort Honroe 23651
fort Rucker 16362
Fort S111 73502
Fo.t Leonard Hood 65473

TSARCOM, ATTN: STSAS-F 63120

UsaCe
ATTH: Factlities Engineer
fort Huschyck 35613
Fort Ritchie 21719

WESTCOM

ATTH: Facilities Enginesr
Fort Shafier 96858
ATTN: APEN-IK

SPAPE 09055
ATTH:  Survivability Section, CCB-OPS
{nfrastructure Branch, LAXOA

HQ USEUCOM C9128
ATTH: ECJ 4/7-10E

Fort Belvoir, YA 22060
ATTH:  ATZA-DTE-ER

Engr. Lidran
Canadfan Liatson Office (2)
(& Lforary

Cold Regfons Ragsarch Engineering Lad 75§
ATTN:  Lidracy

€TL, ATTN: Lidrary 22060

\unmys Expcrimt Station 39180
ATTM: Library

HQ, XY11i Afrborne Corps and 28307
Ft. 3ragg
ATTN: AFZA-FE-EE

Chanute AFB, IL ¢1368
3345 CES/DE, Stop 27

nortnn AFB 92209
ATTN: AFRCE-MX/OEE

Tyndell AFB, FL 32833
NESC/Engineering & Service Lad

MAFEC

ATTM: 20TAE Liaison Office
Atlantic Otvisfon 23511
Chessoeske Division 20374
Southern Division 29411
Pacific Division 96860
worthern Division 319112
Nestern Divigzion 6AO6S

ATTN:  Sr. Tech. FAC-03T 22332

ATTN: Asst. COR RRD, FAL-03 22332

MEL  9X0M
ATTH: Lidracy {Code LOBA)

Defense Techntcal Info. Cener 22314
ATTN: DOA (12)

Engineering Societies Library 10017
New York, AY

National Suare Buresy 20310
Installation Diviston

ATTH:
" US Government Printing Office 22304
8th USA, Korea ATTH: Factlities Enginser Recaiving Section/Depository Coples (2)

ATTN: EAFE (8] 96301 Cantron Slation 22314

ATIN: FAFE-Y 96358 Fort Lesley J. Meatr 20319 268

ATTN- EAFE-10 96224 Fort Nyer 22211 183

ATTR:  CAFE-4M 96208

. L Sarsmacmasa ——— -
SR e T P, -
— N L T A




c L= e T T S s Ak R

e N e
B e

Hictle, Diruglas C

Analynis of energy conservation alternatives for standard Army
buildings / by Douglas C. Hittle, Robert E. U'Brien, Ceorge S. Percivall.
— Champaign, 111 : Construction Engineering Research laboratory ; avail-
able from NT1S, 1983,

149 p. (Technical report / Construction Esgineering Research Laboratory ;
E-183)

%« Buildings — energy conservation. 2. BLAST (computer program).

- I. O'Brien, Robert E. II, Percivall, George S. III., Title. 1V. Series:
5 Technical report (Construction Engineering Research Laboratory); E-183.
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