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Abstract

This investigation studied numerous factors affecting
facility energy conservation at Air Force installations.

As of 30 Sept 1984, the Air Force has collectively achieved
a 14.1 percent reduction in facilty energy consumption
which is far short of the 28 percant goal set for FY85. A
Clear understanding is needed as éo why certain bases have
successful esnergy consarvation prograss and others do not.

The study was accomplished by a statistical analysis
of a multiple linear regression model based upon energy and
waather data collected on 77 basas during the years 1980
through 1984. The investigation considered 27 variables
believed to affect energy conservation. The results indi-
cated nine independent variables havae a significant linear
effect on energy conservation at a 0.05 level of signifi-
cance. These variables include cooling degree days, costs
of EMCS and ECIP projects, square footage, change in square
footage froa the baseline, difference between the baseline
weather and the 20-year average, climatic zone 2, and bases
within the Tactical Air Cosmand.

It was concluded that the presant sethod used to
measure energy conservation does not provide a true indi-
cation of a base’‘s energy conservation efforts. The
currant method fails to consider the effect of numerous
uncontrollable factors affecting energy conservation. In
particular, variations between the weather during the

current year and the baseline year are not accounted for.

vii




3% AN INVESTIBATION OF FACTORS AFFECTING THE
B SUCCESS OF FACILITY ENERGY CONSERVATION
AT AIR FORCE INSTALLATIONS

I. Introduction

xﬂ Statesent of the Problem

The Air Force has been actively pursuing energy con-
servation since the realization that the nation’'s energy
supply was uncertain as a result of the 1973 o0il esbargo.
2 Executive Order 12003 established a goal for fiscal year
1983 aof a 20 percent reduction in facility energy use per
- gross square foot as compared with fiscal year 1973. As of
30 September 1984, the Air Force has collectively achieved
N 14.1 percent reduction. With the FY1983 goal less than a

year away, it seems apparent the Air Force will not seet

‘ .}J.;)..;", 2

this goal.

Although several bases have surpassed the goal, the

A _R.J

majority of the bases have fallen short. A clear under-

| s %

A

standing is nesded as to why certain bases have successful
energy consarvation prograss and others do not. The
current procedures for calculating energy conservation fail
to consider numerous factors that msay influence energy
conservation. Comparing energy consumption to a specific
year (FY19735) may not reflect a repreasentative estimate of

energy conservation. This study will attempt to relate

enargy conservation to changes in the baseline other than
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energy consumption. An understanding of the variables
affecting energy conservation, both controlled and uncon-
trolled, can help redirect the Air Force’'s energy conser-

vation efforts.

Backgraund

In the early 195@8°s, this nation‘s demand for petro-—-
leum began to exceed its supply. Consequently, it became
necessary to imsport crude oil from foreign countries. This
imbal ance between internal supply and demand continued to
increase and by 1973, nearly 38 percent of all domestic
enargy consumption was supplied from foreign sources (22:12-
3). In late 1973, the Organization of Petroleus Exporting
Countries (OPEC) imposed an embargo on crude o0il shipmsents
to the United States and other industrialized western
nations. The immediate and lasting effect from this
embargo has been formsally recognized as the beginning of
the "energy crisis”.

Even though the embargo was shortlived, it did have
far reaching conssquences, namely: (a) the rapid escala-
tion of fuel prices and (b) the beginning of a nationwide
awareness that fuel supplies are uncertain and subject to
instant interruptions. In spite of these warnings, our
foreign oil dependency climbed to 46 percent in 1977, but
has since leveled off at 28 percent (6:15). However, the
nation’s energy demand growth continues tc climb. Exxon

Corporation estimates our energy demand growth will average

- e, vy,
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Figure 1. DoD and Air Force Energy Consumsption (3]

1.1 percent during the 198@°s and rise to 1.6 parcent
between 1998 and 2000 (18:124).

In order for this nation to continue as a world
lodr. our energy consumption sust be curtailed to prevent
the depletion of our critical energy resources. The total
U.8. energy consumption in 1983 was consumed by three
sectors: 1) residential and commercial (346.4%), 2) indusi-
rial (36.6%), and 3) transportation (246.9%) (6:21). The
federal governmant accounts for approximsately 3 percent of
the total U.S8. energy consumption (1). Furthermore, the
Departeent of Dafense (DoD) uses approximsately percent |
of the total federal enargy. As shown in Figure 1, the Air

Force accounts for 39 percent of the energy consumed by
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the Departessnt of Defense.

Air Force Energy Requirements

The basic philosophy of the United States Air Force is
to maintain a strong and modern deterrence through the pro-
Jection of airpowar which sust be flexible enough to per-
form its mission anywhere in the world in support of our
national objectives (13:19-20). To accomplish this
aission, the Air Force requires a vast amount of energy
derived from petroleua, coal, natural gas, and other
sources. The Air Force’'s energy desand is distributed
among aircraft, vehicle, and installation operations as
shown in Ftéur- 1. The energy intensive nature of the Air
Force ;insian relies strongly on the availability of
energy. Without this energy, the Air Force would be
severly handicapped in carrying out its mission. Since the
OPEC oil embargo, the world’s energy supply can no longer
be taken for granted.

Despite decreasing its overall energy consumption 6.1
percent since 1973, the Air Force's energy cost increased
by more than 208 percent (314-35). The Air Force spent $5.6
billion for energy in FY19683. That represented 7.5 percent
of the Air Force’'s $75.2 billion budget (S:321).

The concern for energy conservation has ncwnr.bnun
greater. A simple and often suggested approach is to
reduce aircraft operation costs. Howaver, it would be

antremely difficult to decrease aircraft operations
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substantially and still msaintain an acceptable lavel of
deterrence. In light of this, the federal government has

placed a major emsphasis on reducing facility energy costs.

Facility Energy Conservation Goals

The President and the United States Congress realized,
in the aid-1978°'s, that a reduction in energy consumption
would retard increasing energy costs and enhance our
national defense by reducing our foreign oil dependency.

As a result, President Carter on 20 July 1977 issuad
Executive Order 12083 recquiring all federal agencies to
take iamadiate and long—tera actions to reduce the federal
enargy desand (16).

In compliance with Executive Order 12083, the National
Energy Conservation Policy Act (Public Law 99-619), and
Defense Energy Program Policy Mesorandums 76~-2 and 886,
the Air Force established specific goals to reduce facility
energy consumptions at its more than 3000 installations
around the world. These facility energy goals are (3:1352-
531

1. To reduce energy usage in existing buildings 20 %
per square foot of floor area by FY8S, 25 percent by
FY9@, 30 percent by FY93, and 35 percent by FY2000.

The baseline is FY7S consumption at .3132 MBTU/SF
(3:38).

2. To achieve a 4S5 percent reduction in average
annual energy for all new buildings that had not
progressed beyond the 33 percent design stage as of
1 Mar 1979.

3. To reduce energy usage in military family housing

38 percent per square foot of floor area by FY90Q as
compared to the FY73 baseline.




Ennrgx Conservation atrag!gicc

The Air Force established general strategies aised at
achieving its facility energy conservation and efficiency
goals. For existing buildings, the sandated FYBY goals are
to be achieved through the following strategies (12:7-8):

i{. A reduction of at least 12 percent through the
Energy Conservation Investasnt Program (ECIP). ECIP
projects are funded through the Military Construction
Progras (MCP) and consists of energy monitoring control
systess (EMCS) and building retrofit projects.

2. Obtain the additional eight percent reduction
through MAJCOM directed prograss and initiatives, e.g.
increased admainistrative ssasures, isproved energy
sanagesent, more efficient operation and saintenance of
sechanical rooss, and funding of ssall-scale energy
conservation projacts.

The general strategy for new buildings is to ensure the

design incorporates state—of-the—-art energy concepts.

Progrnn‘Runultl

Eight years have passed since the birth of the Air
Force Energy Plan. The first milestones of the long-range
goals are soon to be tested. The Air Force achieved a 14.1
percent reduction in energy consumption during FYB4. This
is a decline from 15.3 percent cbtained in FYS83 (21). The
interim goal of 18 percent for FY84 was not achisved as
indicated in Table 1. Only the Alaskan Air Comsand, the
Tactical Air Command, and the Air National 8uard achieved
this goal.

With the FY8S goal less than a year away, Secretary of

Defense Caspar Weinberger has sxpressed his concern that

the Air Force and DoD may not aset the goal. In a 23 April




a TABLE 1
s RESULTS OF FY84 FACILITY ENERGY CONSERVATION (161

; MAJCOM Fves Fysa FYas

: B0AL ACTUAL B80AL ACTUAL B0AL
. AAC 16.0 14.1 18.5 18.5 20.0
! AFLC 16.0 17.9 21.80  16.0 27.0
i AFRES 16.@ 30.8 22.8 17.9 25.0
. AFSC 16.0 18.9 20.5 13.8 23.0
; ANG 15.0 14.6 20.8 19.5 21.59
N ATC 15.0 11.5 17.0 14.0 26.5
’ AU 15.0 10.1 13.3 9.1 21.5
MAC 15.5  14.4 17.5 13.1 19.5
PACAF 15.0 11.5 13.3 8.4 17.0
| 8AC 16.8 13.3 11.0  11.4 20.0
: SPACECMD 16.0 8.6 16.0 13.5 20.0
2 TAC 15.0 15.0 17.5 18.8 20.0
- USAFA 16.0 12.4 12.0 7.9 20.0
' UBSAFE 16.8 15.6 16.0 12.4 19.0

; TOTAL 16.0 135.3 18.0 14.1 20.0

; 1984 mesmorandum to the Secretary of the Air Force, Secre-

tary Weinberger stated
comparison of our results against this fiscal year goal
will be the first sajor indicator of our dedication to
efficient energy sanagesant. 1 am committed to its
attainment because this will demonstrate the Depart-
ment ‘s efficient use of limited resources in achieving
[ our mission cbjectives. Failure to attain the goal
. will be viewad in Congress and by the public as a lack
'q of concern for prudent sanagesent [211.

Although the Air Force has reduced energy usage for its
facility cperations 14.1 percent from FY735 to FYB4, it is
becoming apparent the FY8J goals will not be achieved.
There axists no clear explanation as to why some Air Force
g installations are successful in energy conservation while
others are not. Energy consumption msodels have indicated

that energy consusption depends on several variables, both
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controllable and uncontrollable. Nevertheless, the factors

CreRi,

% -'_}
A

" affecting energy consaervation go beyond the factors affect-

:‘__’_‘ ing consumption. A better understanding of energy conser-

".. vation msay provide an insight as 'to why sose bases are

;‘; successful in energy conservation.

"‘ Related Research

~" Facility energy conservation is msasured as a percent
reduction in MBTU/SF compared to the FY1975 baseline.

; Various studies have developed mathematical models to fore-

S cast energy consumption. An understanding of the variables

& affecting energy consumption can provide an insight into

' the conditions affecting energy conservation.

i John E. Tinsley, in a 1981 AFIT thesis, developed a

i model to forecast coal, oil, and natural gas consumption at

; Air Force installations. Using multiple linear regression

3\.‘ analysis, he identified four independent variables which

& appeared to be influential in forecasting heating energy

E:'! consumption: facility square footage, base population,

4 heating degree days, and cooling degree days. Based on

i significance testing, heating degree days was determined to

"::3 be the most powerful explanatory variable within the msodel.

ﬂ The ather variables were significant only for certain bases

; (24).

t Anocther AFIT thesis (LSSR 1-88), written by Charles

;E, Hatch and Captain Robert Mansfield, presented an initial

i investigation into energy self-sufficiency for the Air

Y
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Force Logistics Command. In addressing this issue, they
developad a model to forecast total energy desand for AFLC
bases. Five independent variables were analyzed to deter-
mine their relationship to energy consumption: square
footage of floor space, capital investasesnts, heating degree
days, cooling degree days, and sanmonths. A multiple
regression analysis deterained that only heating and
cooling degree days were significantly related to enargy
consumption. The remaining three variables insignificantly
contributed to energy consumption (13).

The Logistics Managesant Institute (LMI), a consultant
to the Secretary to the Defense, has conducted several |
studies pertaining to energy consumption at U.8. Army !
installations. They have proposad two sethods for analy- ‘ :
zing energy consumption: energy intensity ratios (the
ratio of energy consumption costs to total costs) and
regression models that relate energy usage to the principal
activities associated with energy. Difficulties in par- ;
titioning costs and deteraining disaggregate cost deflators
sake the use of energy intensity ratios infeasible at
organizations lower than the Military departaents (14).

LMI considers energy estimating relationships
(regression models) as promising, highly effective tools
for analyzing energy consumption at all operational levels.
At a .05 level of significance, their study resulted in
building area, population served, and heating degree days
as the primsary predictors axplaining approxisately 835

LIV S ™.
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percent of the total energy consumsed.

Research Objectives

N The cbjectives of this research are:

- -

i. To hypothesize various relationships between a
base’'s energy conservation progress and selected indepen-
dent variables.

SR

) 2. To identify the most significant variables that
5 affect the success of a base’'s energy conservation efforts
using statistical procedures.

R S. To determine whether the current sethod to aesasure
facility energy conservation provides a true indication of
a bases’s success in conserving energy.

Research GQuestions

1. Can a statistically significant relationship be
3 hypothesized between energy conservation and selected
independent variablea?

2
o 2. Which independent variables substantially contri-
’ bute to the explained variation in energy conservation?

3 3. Does the present method used to measure facility

N energy conservation provide a realistic indication of a
a' base’s success in conserving energy?
b
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I1. Methodology

The primary focus of this resesarch effort is to deter-
mine the variables having a significant effect on facility
energy consarvation at Air Force installations. The under-
lying objective is to determsine why some installations are
successful in energy conservation and others are not. The
methodology involved collecting data from a sample of the
real world in order toc make statistically significant
observations about the population.

The approach taken in this analysis involves four basic
steps. First, the foundation of this report is built on
the concept th;i energy conservation is a function of aany
other variables:

EC = £(X1, X2, X3, e Xn)
In other words, energy conservation is dependent on
nuseraous independent variables. Regression techniques will
be used to evaluate the relationship betwaen the dependent
and independent variables.

The second and third steps derive from two basic ques-
tions stemaing from any regression analysis: A) What is
the most apprépriate mathamatical model to use? In other
words, is the relationship linear, parabolic, logarithiaic,
or what? B) G6Given a specific relationship, what do we
mean by and how do we deteraine the best fitting model for

the data? For this study, a linear relationship is hypoth-

11
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esized betweean energy conservation and several independent
variables. The model takes the fora of:
EC = Bo + Bl + B2 + ... + Bn

The least squares sethod is an analytical approach for
finding the best-fitting straight line through a set of
data. This msethod ainimizes the sum of squares of the
lengths of the vertical-line sagmsents drawn froa the
cbserved data points to the fitted line. _

The final step is to test the linear hypothesis and
detersine the explanatory power of the model. It is impor-
tant to be cautious about the results obtained from a
regression analysis. A strong relationship found betwaen
two variables does not necessarily prove or even imply that
the independent variables are causes of the depandent vari-
able. Although causality cannot be inferred from a regres-
sion analysis, a ssaningful interpretation of the relation-
ships between variables can be described in a statistical
sanse.

It is through statistical techniques, such as confi-
dence intervals and tests of hypothesas, that the
researcher can infer the extent to which changes in the
independant variables are r.fat.d to changes in the
dependent variable. Statistical statesents based on
regrassion analyses need to be distinguished from determsi-
nistic statements. Statistical statements allow for the

possibility of error in the description of a relationship.

Such statesments, through the use of probability and

ol




N
Eé statistical theory, take into account the irregularities of
..3 the real world and the problems associated with ssasurement
fﬁ errors.
:3 ) This chapter defines the population, sample, and the
,ié hypothesized independent variables influencing energy
W conservation. In addition, the methodology used to address
ié each research question is presented in much greater detail.
5 Population
The population was defined as all Air Force installa-

}% tions presently on active status. All bases, air stations,
o Air National Guard and Air Reserve stations are included in
;J the population since they are subject to the requiresents
z% of the Air Force Energy Conservation Prograa.
t; Sample
{ Regression analyists recommend that the nusber of
%i observations be 20 times the number of independent varia-
,Q bles (11:91). In this case, 15 independent variables are
:ﬁ being considered thus requiring a minimum of 300 observa-
;5 tions. The selected sample consisted of 77 bases analyzed
:; through the years 1980 - 1984, resulting in 3835 total
EE? obervations. This sample represents major, active-duty
£S§ bases from the six major air commands. These bases were

; selected as historical energy data was available and an

‘fs active energy conservation program had been initiated.
?ﬁ Overseas bases, small CONUS bases, and Air Reserve/Guard
23 stations were not considered because their -norqi

&
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TABLE 2
SAMPLE SELECTION

Climatic
« DBase Command Zone Mission #Ranking

&

KI Sawyer 8AC
Vandenburg
Fairchild
Grandforks
Loring
Minot
Wurtsaith
Offutt
Barksdale
10 FE Warren
11 Plattsburgh
12 Griffiss

13 McConnell
14 Pease

15 Whitesan

16 Malastrom
17 Blytheville
16 6rissoa

F
-

QONOCUDIDUN™

19 Dyess
20 March
21 Castle
22 Beale

23 Carswell
24 Ellsworth

S NBERNND - s (e 0N e B
nnuﬂﬂﬂ;nnnup#nwwﬂ»hpﬂnOn
FEnENBIA-RNERdoNIERERNE

25 Langley TAC 4 2 40
26 Hol l1oman 4 2 10
27 Shaw 7 2 13
28 England 6 2 33
29 Myrtle Beach 4 2 So
3@ Seymour Johnson 4 2 60
31 Secorge 4 2 28
32 MacDill é 2 3
33 Homestead & 2 11
34 Moody é 2 49
35 Nellis 7 2 SS
36 Cannon 3 2 43
37 Bergstrom &6 2 19
38 Davis Monthan 7 2 S
39 Luke 7 2 14
40 Mt Home 2 2 &1
41 Tyndall ) 1 &7
42 Scott MAC 3 3 &3
43 Charleston 7 3 43
44 Altus 4 3 51
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Table 2 ~- Continued

Climatic
No. Base Command Zone Mission #Ranking
43 Andrews TAC 3 3 295
456 Travis 4 3 37
47 Norton 4 3 47
48 Little Rock 7 3 30
49 Kirtland 3 3 17
S0 McChord 3 3 20
S1 McGuire 3 3 &6
52 Pope 4 3 19
33 Daver 3 3 32
54 Hill AFLC 1 4 9
95 Tinker 4 4 26
56 McClellan 4 4 21
57 Kelly Y 4 7
58 Robins 7 4 4
S9 Wright-Patterson 2 4 36
68 Brooks AFSC &6 4 &
61 Edwards 4 6 74
&2 Eglin & 6 &5
63 Patrick 6 7 39
64 Hanscoa 2 & 73
&3 Keesler ATC 6 S 24
&b Lackland & 3 35
&7 Lowry 2 S 38
&8 Chanute 2 S S7
&9 Sheppard 4 S 16
70 Columbus 7 S 29
71 Vance 4 S 27
72 Williams 7 S 31
73 Reese 4 S 3
74 Mather 4 S 23
795 Maxwell 7 S 46
76 Randolph & S 52
77 Laughlin é S 959

- # The 77 bases were ranked based on their percent
A reduction in energy consumption for FY84 compared to the
FY75 baseline. The ranking is from best (1) to worst (77).
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=N consumption is affected by nuserous uncontrolled factors.
i In addition, ECIP and EMCS funds were not made avialable to
these stations until 1981. Table 2 lists the 77 bases

< considered in this analysis. The database is shown in

e Appendix A.

i Data Description and Validity

i‘ After reviewing several energy consumption msodels and

: testing the author ‘s own speculations, 15 independent vari-
~$: ables (IV) were selected as possible factors affecting

Sg enargy conservation. Data was collected from several

; sources to best represant these variables. It was infeas-
{E& ible to check the accuracy of this data with any other

?é source. However, since the data were utilized for reports
= submitted to the Air Staff and ultimately to DoD, it is

%ﬁ subjected to great scrutiny. Any questionable data submit-
;E$ ted by the bases are revieswaed by the msajor air commands

:L prior to forwarding to Air Staff. For these reasons, it

:%g was believed the data were accurate and reliable for

EE purposes of this analysis.

™ Table 3 lists the candidate variables selected for the
'gi development of the regression model. The following discus-—
§E sion presents sach variable and its data source.

éﬁ Energy Conservation (Dependent Variable). The energy '
E% conservation variable represents the percent difference in
3: energy consumption (MBTU/SF) between the current year and
the FY735 baseline:

"2
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TABLE 3

Selected Indespendent Variables

Dependent Energy Conservation
Variable (% reduction in MBTU/SF)

Major Comsand
Climatic Zone

Base Mission
Cooling Degree Days
Heating Degree Days

Candidate Base Population
Independant Costs of Completed ECIP Projects
Variables Costs of Completad EMCS Projects

Facility Square Footage
Cooling Degree Day Change
Heating Degrese Day Change
Base Population Change
Facility SF Change
Baseline CDD Change
Basaeline HDD Change

EC= FY?S -CYy = 100
FY73

CY = Current Year, FYS0-04
For example, the baseline consumption for Langley AFB was
« 3635 MBTU/SF; whereas, the FY82 consumption ucs..307l
MBTU/SF. Using the equation above, their energy
conservation for FY82 is

EC = (.3635 - .3@370) #» 100 = 18.4 %
« 3633

The greater the value, the greater the success in energy
con-.rgation. A BTU, or British Thermsal Unit, is the
amount of energy required to raise the tesperature of one
pound of water one degree Fahrenheit. MBTU is one million
BTU (8).

17
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Independant Dummy Variables

Command. Each base falls under thes control and
authority of a major air command. The six sajor air
commands are identified as:

Strategic Air Command
Tactical Air Comsand
Military Airlift Commsand
Air Force Logistics Coamand
Air Force Systams Comsand
Air Training Command

CNDUN»

Geographical Climatic Zone. This variable represants

the climatic zone a base is classified under. The United
States is divided into saven zones based on cooling and
heating degree days as shown in Figure 2.

Base Mission. This variable represents the aission of

& base as identified by the DoD’'s Installation and
Prograsming Category:

Strategic

General Purpose

Airlift Forces

Central Supply and Maintenance
Training, Medical and Other Personnel
Research and Developsent

CABUNP

Independent Variables

Cooling Degree 221!, The cooling degree days (CDD)
for one day is the the.number of degrees Fahrenheit the
average daily temperature is above 63 degrees for that day
(7). This variable represants the annual CDD‘'s for each
base.

Heating Degree Days. The heating degree days (HDD)

for one day is the number of degrees Fahrenheit the average

16
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daily temperature is below 65 degrees for that day (7).
This variable represants the annual HDD’'s for sach base.

Base Population. The population on an individual base

includes all military and civilian employees, housing
occupants, contractor esployees, and non—appropriated fund
employees.

Costs of Completed ECIP Projects. The Energy Conser-
vation Investasnt Program (ECIP) was launched in 1976 te
retrofit existing buildings with energy—-saving devices that
would pay for themselves in less than 10 years. ECIP pro-
jects are to account for 12 percent of a base’'s energy
conservation efforts. However, the allocation of ECIP
money asong Air Force bases has not been evenly distribu-
ted. This variable represents the cumulative dollar amount
of completed ECIP projects. A six month time lag was used
to compensate for the period before a building bagins to
reap the energy savings. The time periods for the five

years under analysis are indicated below:

Year Cusulative Up To
Fyee Mar 1980
Fy81 Mar 1961
Fyaz2 Mar 1982
FYe3 Mar 1963
Fyesa Mar 1984

Costs of Completed EMCS Projects. Energy Monitoring

and Control Systems (EMCS) are computer-based surveillance
systems that monitor interior and exterior environsental

conditions and automatically controls building operations

to ensure all systems operate at peak efficiency (3:56).




The Air Force hopes to install EMCS systems at each base,
when cost-effective, by FY20008. Howaver, at this time only
selected bases have operational systesas. The same tise lag
aantioned above was used to adjus£ for the period before a
system provides snergy savings.

Facility Square Footage. This is the total area of

all existing energized base facilities. These values
include military family housing and base facilities during
the years 1975 and 19684.

Cooling Degree Day Change. This variable was devel-

oped to measure the severity of the cooling season for each
vyear compared to the FY73 baselina:
RCDD = CDD (CY) - CDD (FY73)
where CY = current year, FYS80 through FY84
For exasple, the FY82 CDD for Langley AFB was 19263 whersas
the FY?S CDD was 1577. The change in CDD is computed as:
RCDD = 1926 - 1577 = 349
A positive value indicates the current year was more severe
than the baseline cooling season. Likewise, a neagative
value indicates the current year was less severe than the
baseline. A msore severe cooling ssason should generate a
greater energy demand for comfort cooling resulting in a
decrease in energy conservation.

Heating Degree Day Change. This variable was devel-

oped to msasure the severity of the heating season for each
vyear compared to the FY73 baseline:
RHDD = HDD (CY) - HDD (FY73)

21




A positive value indicates the current year was aore severse
than the baseline and vise versa for a negative value. A
base axperiencing a heating season acre savere than the
baseline can be expected to consume more energy than it did
in FY73.

Base Population Chnggg, This variable was developed

to measure the increase or decrease in base population as
compared to the baseline:

RPOP = Population (CY) -~ Population (FY73)
A positive value indicates an increasse in base population,
whareas, a negative value indicates a decrease. A drastic
change in population is sxpected to have an impact on a
baso’lAcncrgy consumption rate and ultimately, their energy
consarvation.

Facility Square Footage Change. This variable was

developad to measure the effect of changes in facility area
on energy conservation:

RSF = Facility SF (FYB4) - Facility SF (FY73)
The FYB83 energy conservation goal is to reduce energy con-
sumption by 20 percent for existing facilities as compared
to the FY73 consumption rate. Existing facilities are
defined as all existing buildings and projects that were
beyond the 33 percent design stage as of 1 Mar 1979. This
variable sesasures the square feet of facilities that had
progressad beyond the 33 percent cutoff date. Therefore,

this timelag explains how a base can experience an increase

in existing facility square footage from FY73.
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Although energy conservation is seasured on a MBTU/SF
- basis, it is believed that a reduction (or increase) in

facility SF may have a lopsided effact on energy conserva-

,}S tion. For example, a basa that has demolished several

.

&

?y‘ older aircraft hangars will consuse less energy although

their energy conservation perforsance say decrease. This
2 is possible as the base’s square foot total say decrease in
greater proportion than the decrease in MBTU, thus result-

ing in a larger MBTU/SF value.

aﬁ Baseline CDD Representativeness. This variable was

developed to ssasure how representative the baseline CDD is

P compared to the 20-year average:

a2 .

i ARCDD = Baseline COD - 20-Year Average (CDD)

i;& Ideally, the difference should be close to zero which would
K.

indicate that the baseline is a fair representative of the
oo 20-year average. However, in many cases, a base experi-
encaed a very savere (or aild) baseline which can have a
significant impact on their energy conservation results.
This is the type of problem resulting from basing all calc-

ulations on a specific year, such as FY73.

T
.".' }1) -

i

Baseline HDD Representativeness. Siesilar to lbov.;

this variable sesasures how representative the baseline HDD

NEVEN

was compared to the 2@0-year average:
ARHDD = Baseline HDD - 20-Year Average HDD

The underlying logic with this variable is that a base that

<2 o -
S T
e, : .
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experienced an unseasonal cold winter in FY75, and norasal

iy

winters subsequently, will show a high success in energy
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conservation as their energy desand should be much less
than it was in FY7S. In other words, the arbitrarily
chosen FY735 baseline may have a significant effect on the

Air Force’s method of sesasuring energy conservation.

Data Collection
DEIS-11 Reports. The Defense Energy Inforsation

System (DEIS) is the primary data base for the Departesent
of Defense’'s energy program. The DEIS provides sanagesent
information to all levels of command to eliminate duplica-
tion of efforts. This information system was fully imple-
esantad on 1 October 1978. The Defense Energy Inforsation
System currently consists of the DEIS-I, Bulk Petroleum
Product Report; and the DEIS-II, Utility Energy Report
(31173 24:128).

Each base/wing within the Air Force subaits a sonthly
DEIS report to their respective sajor air comsand. The
MAJCOM ‘s consolidate the repaorts and submit a monthly
tabulation to the Air Force Engineering and Services Energy
6roup at Tyndall AFB, Florida. Detailed instructions for
preparing and subsitting the DEIS reports are contained in
DoD Manual 35126.446-M and AFEPPM 63-1 (3:17-18).

The FY 1988-1984 annual DEIS-II reports were used to
gather data on percent energy conservation, cooling degree
days, hesating degree days, 20-year weather data, and
facility square footage.

Domestic Base Factor Report, FY8@. The DoD, Office of

24




the Assistant Secretary of Defense, Manpower, Reserve
Affairs and Logistics published an annual report on
installation data on esach mailitary service. The report was
discontinuad in 19688, howaver, the 1988 report still pro—
vides relevant data on all Air Force installations. The
geographic climatic zones and base aissions were obtained
from the FYBO edition.

MCP/MFH ECIP Annual Report. Compiled by the Energy

Group at Tyndall AFB, the MCP/MFH ECIP Annual report
provided inforsation on all ECIP/EMCS projects that were
under design, under construction, or put on hold. The
actual completion dates were usaed to detersine the fiscal
vyear a project was completed. Projects were not considered
108X complete until they were operational.

Air Force Magazine. The annual May edition of the Air

Force sagazine provides updated desographic data on all Air
Force installations. Population figures ware ocbtained by
combining the military and civilians totals. It is recog-
nized that these figures are not precise; however, they are
adequate to indicate trends in populations which was the

primary cbjective of the population variable.

Method of Analysis

Research Question Nusber 1. Statistical analyses were

perforaed on the selected sample to answer resesarch ques—
tion number 1: Can a statistically significant relationship

be hypothesized between energy conservation and selected
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independent variableas? The Statistical Package for the
Social Sciences (SPSS) regression subprograss were used to
detersine if there were relationships between the indepen—-
dent and dependent variables.

Simple linear regression is a procedure for fitting a
line to a data set of paired variables. The process
basically relates the variability of the two variables.
This estimation device is usad extensively in statistics to
test linear hypotheses. Multiple linear regression (MLR)
is an extension of simple linear regression to account for
the effect of more than one independent variable (9:1422-
4346). Multiple regression can be viewad as: 1) a sesans
of evaluating the overall contribution of the independent
variables to a dependent variable, and 2) as a seans of
evaluating the contribution of a particular indepesndent
variable with the influence of the other variables control-
led (20:1332). In this study, the focus was on the axasina-
tion of the relationship between the dependent variable
(energy conservation) and selected independent variables.
The ability to predict energy conservation based on its
dependence on independent variables was not an objective of
this -tudy,

The general form of the model is:

Y = B.+ lel + azxz + .. ann

where Y = base—-level facility energy conservation
Xi = gselected independent variables (i.e. cooling




degree days, base population)
Bi = regression coefficients
n = total number of independent variables

The following assumptions are sade to allow statisti-

cal hypotheses to be formulated and tested:

1. The error teras, which are the vertical distances
between each data point and the regression line, are stati-
stically independent.

2. The axpected average of these error teraes is zero
measured with respect to the regression line.

3. The error terss are independently distributed about
the regression line.

4, Sample observations sust be linearly independent
[9:422-4291.

A 0.05 level of significance for hypothesis testing
was selected prior to the development of the model. This
level of signiticance is often used in statistical analyses
and is specified in AFM 25-3 for use in Air Force sanage—
meant engineering policies and procedures (20:i). In a
statistical sense, the level of significance refers to the
probability of rejecting a null hypothesis based on sample
data when in fact it is true. This is commonly referred to
as the probability of committing a Type I error. In other
words, in our testing process we are willing to make a Type
I error 3 percent of the tisme. In laysen’'s termas, a level
of significance refers to the probability we will conclude
that an independent variable affects energy conservation
when in fact no such relationship exists.

The firat step in the analysis of a statistical moadel

k.!;,.:’)s}".;'.:

is to test the hypotheses that a linear relationship does
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éi exist between energy conservation and selected independent
SE variables. The hypotheses are:
3_ Hos sl-az-as-...-an-o'
Ei Ha: At least ancBi does not equal @
33 The null hypothesis, Ho, states that all of the regression
%g coafficients are equal to zero thus a relationship does not
= exist between energy conservation and the independent
{, variables. The alternate hypothesis, Ha, states that at ‘
Eﬁ least one of the variables is linearly related to energy '
E? consarvation.
‘ﬁ. An appropriate method to test the linearity hypothesis
is based on a test for lack of fit of the assumed straight-
. line model. The analysis is based on residual variation
%? calculated from the linear fit (SSE). The SSE is conprii.d
;ﬁ af two components: one describing the pure error (variance
-; in the data); the other component describing the lack of
fg fit of the straight line (17:23). Each component is
“i divided by its respective degrees of freedom to obtain the
; pure error asean square (MSE) and the mean square for lack
E% of fit (MSR). The ratio of these two mean square errors is

o a variable which for hypothesis testing purposes has a
LJ probability distribution commonly called an F-distribution.
An F-statistic is determined as:

o Fa = MSR
MSE
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The SPSS regression subprogram conveniently calculates
the F statistic as part of its normal output. If a calcu-
lated F-value is absolutely larger than the critical F-
value for a test, the null hypothesis is rejected in favor
of the alternative hypothesis. A rejected null hypothesis
requires the acceptance of the alternative hypothesis,
namely at least one Bi.do.s not equal zero. Therefore, it
can be stated that one or more of the variables is linearly
related to energy conservation at a 0.85 level of signifi-
cance.

Question Nusber 2. Continuing with the statistical
Qpalysil, the second ressarch question can now be
addressed:

Which independent variables contribute substantially
to the explained variation in energy con.nréﬁtion? If the
overall regression model is found to be significant, each
regression coefficient will be tested at a 0.085 level of
significance to determsine which variables significantly add
to the explanatory power of the model. The following
hypotheses are tested using the student-t distribution:

Hos B1 =0

Ha: Bi not equal to @ i= 1,2,...40

To reject the null hypothesis (Ho), the calculated t-stati-

stic must be absolutely greater than the critical t- stati-

stic.
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Any regression coefficient proven insignificant will
be grounds for deletion of thae corresponding variable to
simplify the model. The presence of these variables does
not significantly improve the descriptive power of the
maodel and they are therefore removed. The final step
involves checking for collinearity and examining the
residuals to verify whether the assumptions about the error
terms are correct. Collinearity refers to the situation in
which some or all of the independent variables are highly
intercorrelated (20:1340).

Research Question Number 3. The results obtained from
the first two questions will enable research gquestion
number three to be addressed: Does the present method used
to measure facility energy conservation provide a realistic
indication of a base’'s success in conserving energy? The
level of inferential statistics required to answer this
question is beyond the level of this study. The results
from the regression analysis will be applied in the foras of
descriptive statistics to propose modifications to the Air
Force's existing method of calculating energy conservation.
The intent is not to propose an ideal method for determin-
ing a base’'s energy conservation but rather to highlight
the weaknesses confronting the current method. The
variables identified in questions 1 and 2 should indicate
the factors having a significant influence on energy
conservation. At this point, it is hypothesized that both

controllable and uncontrollable variables affect the
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success of a base’'s energy conservation. It is imsportant
to distinguish these variables from one anaother in order to
explain why some bases have successful energy conservation
programs and other bases do not. An analysis of these
variables should explain the deficiencies resulting from
basing the entire energy conservation program on the
comparison of any given year to a specific baselinej in

this case, FY73.

Assumptions

1. All data collected from various sources is accurate
and valid.

2. The data was compiled correctly.
3. Multiple linear regression techniques, with the
underlying assumptions, are appropriate for this study.

Limitations

This prelisinary model was not designed to predict
enargy consarvation but rather to deteraine the variables
influencing the success of energy conservation. Any
increase or decreass in the independent variables will not
necessarily have a true linear relationship with energy
conservation. Inferences to the population sust be basad
on a subjective svaluation of the situation. This study
only analyzed physical variables that msay possibly affect
energy conservation. Subjective variables such as personal
attitudes toward energy consarvation, top sanagement’s
support and national socioceconomic factors were not

considered in this study.
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I1I1. Data Analysis

Data on selected variables were collected and
formulated into a single data base. Caution was taken to
ensure the data format was compatible with the computer
software used to develop the regression model. The entire
data analysis was performed on computer systeas at the Air
Force Institute of Technology, Wright—-Patterson AFB, Ohio.
The Statistical Package for the Social Sciences (SPSS) was
the sole statistical software used for this analysis.

This chapter will present the results of the
regression analysis for energy conservation using the
entire data base. The results of this analysis, as will be
shown, were not very descriptive; thus further analyses
ware performed on subsets of the sample. A detailed
statistical analysis will be presented on the first
regression madel. The other analyses will not be as
comprehensive although the results of the critical
statistical tests will be presented.

The SPSS8 NEW REGRESSION procedure cffers numerocus
options that govern the results of a multiple regression
model. The stepwise inclusion option was used to deteraine
which variables were of significance to enter the model.
Using this option, variables are examined at each step for
entry or removal based on a .85 level of significance.

This process continues until all significant variables
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The SPSS program produced the following ocutput: a
sumsary of observed data, a simple correlation matrix, an
ANOVA table, a coefficient table with related t-values,

. residual error statistics, residual histograms, and select-

?é ed scatterplots. Computer output for sach regression run

(- is presented in Appendices B through D.

= As mentioned earlier, data was collected on 77 bases
for the fiscal years 19688 through 1984. The dependent and

3?; independent variables with their algebraic notation are

. listed balow:
{af EC = gnergy conservation
e CDD = cooling degree days
o HDD = heating degree days
W ECIP = ECIP dollars spent
N EMCS = EMCS dollars spent
bt RCDD = difference of CDD from FY7S
‘w% RHDD = difference of HDD from FY7S
3 RPOP = difference in population from FY7S
%“ SF = facility square footage
T, RSF = difference in SF from FY73

difference in CDD from FY7S and 20-year avg

difference in HDD from FY73 and 20-year avg

dummay variable, SAC

dummy variable, TAC

dummy variable, MAC

dummay variable, AFLC

dummay variable, AFSC

dummy variable, climatic zone
dumsy variable, climatic zone
dummy variable, climatic zone
variable, climatic zone
dummy variable, climatic zone
dummy variable, climatic zone
dummy variable, strategic mission
dummy variable, general purpose

dummy variable, airlift forces

dummy variable, training, medical
dummy variable, ressarch & development
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The initial linear model with all variables in the equation

wWas?
Y = B. + B Xl + azxz + 33X3 + B‘X‘ ¥+ e * B X

where X = independent variables (i.e. CDD,RPOP,84)
3 .

B1 = ragression coefficient

Statistical analyses of the regression model will detereine
which of the 27 variables have a significant effect on
energy conservation. A prelimsinary review of the data
indicated a near perfect correlation between a base’s
command and its aission. Therefore, the mission variable
was deleted from the analysis to prevent any aisleading

results from occuring.

Analysis of the Initial Regression Model

Using the SPSE stepwise inclusion option and a .85
level of significance for entry into the equation, the
regression run resulted in only 9 of the 27 variables
remaining. Tables 4 and S show the results. Table I
simply presents the mean and standard deviation of each
variable.

The correlation satrix is presented in Table 4. This
matrix shows the relation between variables on a one—to—one
basis. The sign of the cosfficient reveals the direction

of the relationship. A positive value indicates a tendency

for both variables to increase or decrease together. A
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TABLE 4

CORRELATION MATRIX FOR ENERGY CONSERVATION

EC RSF 62 EMCS ARCDD ARHDD
EC 1.000 9.260 -8.217 2.1688 0.203 0.031
RSF 0.260 1.000 -0.0877 2.179 9.126 -0.0335
62 -8.217 -a.877 1.000 -0.061 0.0800 0.0821
EMCS @.1688 2.179 -8.0861 1.000 -0.000 -0.862
ARCDD 2.203 0.126 .36 -0.080 1.000 -0.406
ARHDD 9.031 -0.035 0.021 -0.862 -0.406 1.000
SF -0.819 2.210 9.188 8.372 -0.9817 0.076
ECIP 0.147 e.111 9.087 0.423 0.048 -@.176
c2 9. 047 9.159 -8.039 -0.182 2.099 -8.131
CDD -0. 163 -9.823 -8.261 0.021 -0.3957 -0.062
TABLE 4 - Continued
SF ECIP Cc2 cbD

EC -2.0819 0.147 8.067 -0.163

RSF 2.210 8.111 9.1359 -8.023

a2 2.188 0.087 -2.859 -0.261

EMCS a3723 0.423 -8.182 0.021

ARCDD -0.017 9.048 a.09%9 -0.357

ARHDD 8.076 -2.176 -8.131 -0.0862

SF 1.000 8.523 -8.255 -0.139

ECIP 2.523 1.000 -2.252 - @38

c2 -@.2235 -0.232 1.000 a.337

CDD -3.139 -2.0358 a. 337 1.000

negative value suggests that as one variable increasas in

value, the other tends to decrease.

A reasonable rule of

thumb is to say the correlation is weak if 8 <|r|< .35,

moderate if .5 <|r|< .8, and strong if .8 <|r{< 1 (9:1449).

As an example, using the first row of the matrix in Table

4, the variable ARCDD has a 0.203 correlation with energy

conservation (EC).

This value indicates the degree to

k
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TABLE 3
OBSERVED DATA

Variable Mean Std. Deviation
EC 10.82 8.26
CDD 1740.61 10829.83
ECIP 1438.53 16@87.32
EMCS 215.60 4835. 69
8F 35482.16 2788.39
RSF 254.351 4683.19
ARCDD -72.10 317.98
ARHDD -4.36 293.33
c2 0.22 0.42
82 a.09 0.29

which change in one variable is related to change in the
other. Table 4 shows that the variable RSF is the most
dominant variable affecting energy conservation with a
positive correlation of @.2680.

The correlation matrix also provides inforsation on
the correlation between pairs of independent variables.
For example, the correlation between facility square foot-
age (SF) and EMCS is 0.372. On the other hand, the corre-
lation between cooling degree day (CDD) and EMCS is sasall
at 8.021. A cosfficient above 0.8 between independent
variables often suggests that collinearity may exist. The

largest correlation (8.323) occurs bestween SF and ECIP
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which indicates that collinearity is not a problea.
Coefficient of Determination. The coefficient of

deteraination, R-square (R"2), denotes the explanatory
power of the regression model. It indicates the proportion
of variation in energy conservation "explained® by the
independent variables. Froa the Sumsary table in Appendix
B,
R*2 = Explained Variation = 0.23508
Total Variation

Therefore, 23.08 parcent of the variation in energy conser-
vation is explained by the 9 independent variables shown in
Table 4. The unexplained variation iss

Unexplained Variation = 1 - R*2 = 1- 2308 = ,7492
R*2 can be artificially increased by “forcing’ other inde-
pandent variables into the sodel even though their rela-
tionship with energy conservation say be questionable.
This was prevented by the stepwise inclusion option set at
a= @3.89.

The variables that did not enter the equation were
deleted from further analysis. Although these variables
ware hypothesized as having an effect on energy conserva-
tion, they were proven statistically insignificant in their
present form. Data transformation or expressing these
variables in a different manner could possibly incresase

their explanatory power on energy conservation but this was

not attempted in this study.




Linearity. The first step in the analysis of a
regression model is to test the linearity hypothesis. As
pointed cut earlier, the usual strategy regarding regres-
sion begins with the hypathesis that the straight-line
model is the appropriate one to use. This hypothesis say
be rejected if the data indicates the use of a more complex
sodel is waranted. The method to test the linearity
hypothesis is based on the test for lack of fit of the
assused straight-line model.

The key statistic involved is S8E, the residual sum of
squares (see Chapter 2). Recalling above, there are two
possible reasons for a large value of 88E: the first is
that there is a lot.o+ variability in the data itself; the
second is that the assumed straight-line model is not
completely appropriate. In other words, the residual sum
of squares is made up of a component describing the pure
errar and a component describing the lack of fit of the
assumed straight-line model. Each component of SSE is
divided by its respective degrees of freedom to obtain the
pure error sean square (MSE) and the ssan square for lack
of fit (M8R). The final step involves comparing the F
statistic

Fe = MSR
MSE

with an F(critical) distribution obtained from statistical
tables.

The output shown in Tables 6 and 7 were used in the
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TABLE 6
COEFFICIENT TABLE FOR ENERGY CONSERVATION

Regression
Variable Coefficient Standard Error t-Ratio
Constant 14,6227 1.1327 12.9@9
RSF Q.0026 @.459E-3 3.866
G2 -6.2738 1.3742 4.347
CbD -0.0016 0.444E-3 3.699
EMCS 0.0a32 2.879€E-3 3.630
c2 2.7392 1.0434 2.644
ARCDD a.0a71 2.0021 3. 363
ARHDD a.0a52 0.0815 3J.3545
SF -0.393E-3 -0.170E-3 3.481
ECIP a.0018 0.2946E-3 3.477
TABLE 7

ANOVA TABLE FOR ENERGY CONSERVATION

Saurce Variations DF Mean Square Fa

Explained (SSR) &573.7 9 730.6 13.95

Error (SSE) 19640.8 375 S52.4 -

Total (SST) 26216.3 384 - -
39
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statistical analysis of this model. The regression coeffi-
cients listed in Table & provided the inforsation to
develop the fitted regression sodel:
EC = 14,623 - .001464CDD + .00103ECIP + .0@3I19EMCS
- . D00593SF + .00253RSF + .0871ARCDD + .0@3522ARHDD
+ 2.739C2 - 6.274682

The linearity hypotheses were as follows:

Ho: B1 - 82 = 83 T 818 =@

Ha: At least one B1 s @ at a = .05

The decision rule for testing these hypotheses are:
I1f F# < Flcritical), fail to reject Ho
If F# > F(critical), reject Ho
where F# = computaed F-statistic
Flcritical) = F(i1-a,k,n—k~-1)
i1- a = confidence level
k = nusber of independent variable
n = sample size
Using a .25 level of significance (a=.035), the critical
value for F iss
Flerit) = F(.93,9,379) = 1.89 (9:1624)
and from Table 7, F# = 13,93
Since F# = 12,97 > 1.89 = F(crit), Ho is rejected in
favor of Ha. Therefore, it can be concluded at a 0.09
level of significance that a linear relationship does
exist and that all the independent variables considered

taogether do explain a significant amount of the variation

in energy conservation. Further testing woulid not have

Ry e AR ﬁ-:::ﬁ%six-ﬁi




::i been required if Ho had been accepted.
iy
':% At this point, it must be detersined whether the addi-

tion of each independent variable, given others already in
ot the model, significantly contributes to the explanatory
- power of the model. To test the individual regression

- coefficients, a t-test was performed to detersine if any
ﬁi variables could be dropped froa the equation. To determine
ﬁf the significance of a coefficient (Bi) in the regression

model, the effect of the other variables is held constant.

-;S The test, therefore, allows for the elimination of varia-
-;E bles which are of no help explaining snergy conservation.

k? The hypotheses for this test were:

2 Ho: Bi = @
:él Hat Bi % @, i= 1,9 at a = .05
f - The decision rules for testing these hypotheses were:
o If t < t(1-a/2,n-p), fail to reject Ho |
Eé I¢ t > t(1-a/2,n-p), reject Ho

) whare t = computed t-statistic ‘
rd tcrit) = t(1-a/2,n-p) ‘
P a= level of significance |
ﬁ n = sample size i
7 P = number of independent variables {
‘: At a 9.05 level of significance (a = 2.05), the critical 1
j;; value for t iss
ﬁ& tlcrit) = t(1-.05/2,385-9) = 1.96 (91622) |
;ﬁ; A two—-sided t—-test was performed on each coefficient as
z;% shown in Table 6. As shown, all of the t-ratios exceed the
%E. critical t-value determined at an alpha of .@835 and 374

degrees of freedom. If the test concludes that a coeffi-




TABLE 8

CONF IDENCE INTERVAL TECHNIQUE
FOR REGRESSION COEFFICIENTS

Variable Coefficient Range

Constant 13.4910 < B < 15.7557
CDD -0.0821 < B < -8.0012 .
ECIP a.08a7. < B < Q.0013
EMCS 0.0023 < B < Q.0041
SF -2. 0007 < B < Q. 0004
RSF 0.0019 < B < Q.0832
ARCDD 0. 2058 < B < Q. 0094
ARHDD @.0038 < B < Q.0871
C2 (TAD) 1.7158 < B < 3.8825
62 (ZONE 2) -7.46500 < B < -4,.9016

cient is equal to zero, it can be removed from the equation
without affecting its explanatory power. Therefore, in all
cases the null hypothesis can be rejected in favor of the
alternate hypothesis: the partial slopes of the regression
lines are not zero.

Caution is in order when using repesated t-tests.
The chance of error is significantly greater that the error
axpected from a single t-test. The rule of thumb method is
commonly used but can result in misleading results. For
example, the t-test on B3 considers only the msarginal
contribution of X3 given that the other variables are in

the model. A confidence interval technique is an easier

method to test the significance of each variable. The




confidence interval based on an a = 0.05 for each B is

approximately + 2 standard errors. If zero does not lie
within the confidence interval, Ho can be rejected. As
seen in Table 8, the results are the same as those for the
individual t-test. Therefore, each variable is significant
and improves the explanatory power of the model.

Analysis of Regression Coefficients. Multiple regres-

sion may be viewaed either as a descriptive tool by which
the linear dependence of one variable on others is deter-
mined, or as an inferential tool by which the relationships
in the population are evaluated from the exasination of
sample data. Although these two aspects of regression
analysis are closely related, it is important to understand
their differences. As a descriptive tool, regression
techniques are used to find the best linear prediction
equation and evaluate its prediction accuracy and to
evaluate the contribution of a specific variable or sat of
variables on the dependent variable. On the other hand,
regression analysis as an inferential tool enables the
researcher to seasure the explanatory power of a linear
model fited through a set of independent variables as well
as to examine the relationship between the dependent
variable and a particular independent variable.

The analysis presented earlier looked at the descrip-
tive ability of the regression model. As stated from the

beginning, the primary objective of this study was not to

be able to predict energy conservation but rather to
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identify the variables that have a significant effect on
it. An understanding of these variables may provide an
insight as to why some installations have successful energy
conservation programs and others do not. In light of this,
the following discussion describes the particular relation-
ships between the 7 variables determined to have a statis-
tically significant impact on energy conservation.

The regression equation developed for energy conserva-
tion based on the entire sample is shown again below:

EC = 14.623 - .001464CDD + .B2103ECIP + .0B03I19EMCS
- .00@593SF + .Q0255RSF + .@A@71ARCDD + .0@522ARHDD
+ 2.7359C2 - 6.27662

The numerical values preceding each variable are the par-
tial rngrnssidn coefficients. Each coefficient represents
the expected change in energy conservation resulting from a
change in that variable when the other variables are held
constant or are otherwise controlled. For example, for
every one unit change in CDD, EC will decrease by .00144
percant. Or in other terms, for every 10800 CDD increase, a
base’‘s energy conservation can be expected to decrease by
1.64 percent. The inverse relationship expressed here is
logical as one would expect a decrease in energy conserva-
tion as cooling degree days increase. It is important at
this point to analyze each variable and its expected
impact on energy conservation.

ECIP: Energy conservation can be expected to increase
by 1.03 percent for every { million dollars spent on ECIP

related projects. As expected, the relationship is posi-
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T tive. The database listed ECIP in terms of $1000 which
£y
%f accounts for the factor of 1000 in this analysis.

- EMCS8: Energy conservation can be expected to increase

vﬁf . by 3.19 percent for every $iM spent on EMCS projects.

g# Since ECIP and EMCS have identical units, a direct compari-
;. son of the regression coefficients can be made. Therefore,

iﬂi EMCS was identified as having a more significant effect on
* a base’s energy conservation success.

8F: The regression coefficient calculated for facili-

si ty square footage was -0.0003593. The data was inputted in

i% units of 1008 square feet, therefore, for every 1,000,000

%4 square feet of energized buildings, the regression equation

‘}f for energy conservation would decrease by 9.593 percent.

?E This indicates that larger bases tend to be less successful

¥ in conserving snergy than smaller bases.

%; RSF: This variable represents the increase or

E?M decrease in a base’'s facility square footage from FY73 to

‘ FYBA. The partial regression coefficient was 0.00253 which

;g indicates that a 2.33 percent incresase in energy conserva-

tﬂ tion can be expected for every 1 million increase in

‘ facilty square footage.

'  ARCDD: This variable was developed to msesasure the

. ) representativeness of a base’'s baseline (FY73) cooling

i degree day season to that of the 20-year average. It was

%3 believed that a base that experienced a more severe base- |
§j line cooling season than in normsal years would achieve |

" greater success in energy conservation. This was hypothe-—
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sized because esach year thereafter is compared to the more
severe baseline year. Less energy for cooling would be
consumed for a normsal year than that consumed for the more
severe baseline year. The results validated this hypoth- -
esis: A 100@ CDD difference between the baseline and the
28-year average can be expected to result in a 7.1 percent
increase in energy conservation. For thoss bases where the
FY7S5 cooling season was less severe than the noram, they
would have more difficulty in achieving successful energy
conservation results.

ARHDD: The same logic used in developing the ARCDD
variable was used in developing the ARHDD variable: A base
that experienced a more severe heating season in FY739 would
achiesve greater results in energy conservation. Again,
this hypothesis was verified by the partial regression
coefficient of 9.0089522. This indicates that for every 1000
HDD difference (FY73 - 20-year average), a base’s energy
conservation can be expected to be greater by 5.22 percent
than a base whose baseline approximated the nora.

C2: C2 is a dummy variable which would only enter the
regression equation when the base is within the Tactical
Air Command. The coefficient indicates a TAC base can be
expected to have a 2.74 percent greater success rate in
energy conservation than other non-TAC bases. This
relationship reinforces the fact that TAC bases have
achieved greater results than most other commands. This

was observed in Table 1.
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82: This dummy variable represents the effect of a

base being in climatic zone two. It only enters the model

when a base is in fact from zone 2. The effect of the

other climatic zones had no statistical significance on
energy conservation. Thus, for bases in zone 2, their
energy conservation can be expected to be 4.28 percent less
than those bases in other zones. Most SAC bases are within
zone 2 which may account for their overall poor results in
energy conservation.

Constant: This regression coefficient (14.62)
represents the energy conservation a base could expect if
all the variables identified in the equation were
controlled or tock on values of zero.

One important point to mention is that the partial
regression coefficients ciﬁ not be directly compared
because of their different units. For example, ARCDD is
aeasured in CDD’s, whereas, ECIP is measured in dollars.

To overcome this restriction, the coefficients can be
expressed as standardized regression coefficients. This is
accomplished by converting the variables into units of
their respective standard deviations. The SPSS regression
program conveniently calculates this as part of its usual
output. Refer to Appendix B where the standardized coef-
ficients are labeled B (beta). Table 9 below shows the
standardized regression coefficients in order of their
relative importance on energy conservation. The cautions

in interpreting regression coefficients mentioned earlier
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TABLE 9
STANDARDIZED REGRESSION COEFFICIENTS

Variable Beta
62 -8.2186
CDD -2.2847
8F -8. 1999
ECIP 9.1999
EMCS 0.1876
ARCDD 0.1874
ROF 0. 16839
ARHDD a.1854
c2 9.1387

apply to standardized regression coefficients as well:
they show the effect of the given independent variable in
the context of the other independent variables in the
model. The imsportance of the variables within the msodel
can not be universally applied to the real world.

Analysis of Residuals. Referring back to Chapter 2,
four assumptions were msade about the error terms. At this
time, it is appropriate to verify whether thess assumptions
were indeed correct. The SPSS program conveniently
produces a histogram of the standardized residuals, a
noraal probability plot of the standardized residuals, and
a standardized scatterplot of the residuals. These plots
are shown in Appendix B. The various plots indicate that

the error terms are indeed linearly independent, have a
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32 norasal distribution, have equal variances, and a mesan of

o
3
a3 zZero.

. SN
) Final Discussion. The first regression sodel was
:E developed based on the entire sample which included 77
R
-3 bases from six different sajor air comsands. As seen from
. the previocus analysis, the results were statistically

|
0 significant although they were relatively weak. The
?& coefficient of determination (R~2) indicated that only 25.1
R

percent of the variance in energy conservation was

s
ig explained by 9 independent variables. The remaining 74.9
Eﬁ percent of the variance in energy conservation can be
~ attributed to sany factors; namely, there was a large
o

amount of variance in the data, the linear model speci-

fication was not appropriate, or other important variables

eV

- -

were not considered. In this case, it was believed the low

coefficient of determination was attributed to a high vari-
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ance in the data.
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An analysis of a subset of this sample should reduce

“3 the variance within the data. In order to test this

f hypothesis, separate regression models were developed and
9 analyzed for two subsets: Strategic Air Comsand and the

f§ Tactical Air Command.

The same analysis procedures used for the entire
sample were used for the two subsets. The discussion of
the remaining analyses will not include as such detail as
provided for the first sodel. There are, however, explicit

statistical inferences msade about each model, including a

(
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model equation, F-test for significance, t-test for
individual correlation, and analysis of the coefficient of
deteraination. Comsputer output for thess sodels are

presented in Appendices C and D.

Analysis of Strategic Air Comsand

The first subset included 24 SAC installations during
the fiscal yesars 198@ through 1984 for a total of 120
observations. Using the sase SPSS regression program and
entry criteria as the previous model, the resulting
regression equation consisted of 8 independent variables.
Observed data, correlation matrix, ANOVA table, and a
coefficient table are shown in Tables 10 through 14. The
resulting linear regression equation is:

EC = 8.83 + .002SECIP + .0098EMCS — .@014SF - .00187RPOP
+ Q0769REF ~ .GBL44RHDD + 7.69381 + 11.41383

Coefficient of Deteraination (R*2) = 0.35208
Coefficiant of Correlation (R) = 0.7217

The correlation matrix shows that change in HDD from the
baseline (RHDD) and climatic zones 1 and 3 have the largest
impact on energy conservation with correlations of -0.333,
2.2077 and 0.238, respectively. Population change (RPOP)
was moderately correlated with EMCS (0.679) and facilty
square feet (8.553). These correlations indicate that a
larger base was more apt to axperience an increase in base
population and receive sore EMCS funds.

The same hypotheses were tested to detersine whether

or not a linear relationship existed between energy

s, ow

Ny T

RN j



el A

b bl ek aal s X el el oAl Sl L. g

Cabien bann h i Jhhe S he fde b an At

o

P

e

o

N TABLE 18

20

k}'\' OBSERVED DATA - STRATEGIC AIR COMMAND

o ' Variable Mean Std. Deviation

*\ EC 11.32 8.77

. ECIP  1@66.@7 797.40

i3 EMCS  170.62 373.14

3 RPOP  231.58 1456. 40
3

SF 4941.13 1816.64

33 RSF 143.79 279.78

T RHDD  -228.57 571.97

M

= e1 0.5 .35

i es e.083 e.278

o

*&$ conservation and the 8 independent variables:

Hot Bl = B2 =B = ... = Bn =@
tj Ha: At least one Bi # @ at g = .@S
"y

: The critical value of F from an F-distribution table is,
o F(8,111,0.9%) = 2.@3

.

e and Fe = 15.08

hed

% Since F# > F(crit), reject Ho and conclude that one or more
Y of the independent variables is linearly related to energy
oAl
’ﬁ% conservation at a 8.935 level of significance.

o

%

i The following hypotheses were tested to determine the
.\' significance of the contribution of each independent
198

o variables
oo Hot Bi = @

- Hat Bi =@ i =1,8 at a = .@5

O Using the two-tailed t-test at 111 degrees of freedom, the
5

{3

&
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results are shown below:

! Coefficient t-ratio tlcrit) Conlude
Bo (ED) J.932 > 1.98 Reject Ho
:Z B3 (ECIP) 3.077 > 1.98 Reject Ho
B4 (EMCS) 4.203 > 1.98 Reject Ho
- Bé (RHDD) S.7464 > 1.98 Reject Ho
- ‘B7 (RPOP) 3.042 > 1.98 Reject Ho
B8 (SF) J.413 > 1.98 Reject Ho
8 B9? (RSF) 3J.191 > 1.98 Reject Ho
. B17(81) 5.356 > 1.98 Reject Ho
N B19(83) 5.0882 > 1.98 Reject Ho
'l‘
>, TABLE 11
L’ CORRELATION MATRIX
Y STRATEGIC AIR COMMAND
& EC RHDD 81 a3 ECIP SF
- EC 1.000 -9.333 0.277 a.238 9.207 -0.083
e RHDD -8.333 1.000 -2.015 9.0849 -2. 085 -3.279
61 0.277 -8.015 1.000 -2.382 9.152 9.141
- a3 2.238 0.049 -2. 382 1.000 -9.152 -0.220
ECIP 2.207 -0. 005 9.152 -9.132 1.000 9.392
>, SF -0. 083 -0.279 2.141 -0.220 9.392 1.000
Ry EMCS 2.173 -0.317 -@.140 -9.138 0.309 0.5%9@
N\ RSF 2.07@ 2.046 ~-@.342 @.128 0.06% 9.200
h RPOP -0.113 -0.334 -0.301 -0.836 8.151 9.3533
ul TABLE 1i--Continued
o
o
EMCS RSF RPOP
EC 2.173 0.0870 -8.113
o RHDD -@.317 29.046 -0.334
- 81 -3. 140 -2.342 -3.301

-0.138 0.128 -9.836
ECIP @.309 0.061 9.1351
a.553
0.4679
a.322
1.000

-,
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- TABLE 12
RN
LA
37 COEFFICIENT TABLE - STRATEBIC AIR COMMAND
; N Regression
\_x Variable Coefficient Standard Error t-ratio
- Constant  8.@35 2.043 3.93
: ECIP 9.0025 9. 22081 3.08
o EMCS @.00978 2.00233 4.21
e RHDD -0. 00644 0.00112 5.76
RPOP -0.00187 0. 20862 3.04
o SF -0.00161 0.00047 3.41
LN
o RSF 0.0087467 2.08241 3.19
- e1 7.695 1.436 .36
AD8
S 83 11.413 2.246 .08
e
O
TABLE 13
e ANOVA TABLE
RS STRATEBIC AIR COMMAND
3
2
PN Source Variations DF Mean Square F
" Explained 4770.6 e 596.3 15.08
3
_‘) l;i:: Error 4389.2 111 39.5
=
o Total 9159.8 119
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In esach case, Ho was rejected in favor of the alternate
hypothesis. Therefore, the 8 independent variables were
statistically identified as having a significant influence
on energy conservation.

Discussion. The explanatory power of a regression
model for energy consarvation was enhanced by using a
subset of the original sample. By limiting the sample to
24 SAC bases, the coefficient of determsination increased
from 25.1 to 352.1 percent. Therefore, the SAC model
explains more than 32 percent of the variation in energy

conservation at a 0.035 level of significance.

Four of the eight variables identified in the SAC
model were also identified in the overall regression msodel.
These variables are: ECIP, EMCS, SF, and RSF. The
relationship of these variables on energy conservation were
identical, although the regression coefficients were
different as would be expected. For example, the SAC model
produced a regression coefficient of +@8.00769 for RSF,
whereas, the overall model identified a cosfficient of
+0.0025. The key point here is that both models showed a
positive influence on energy conservation. The regression
coefficients can not be compared directly as esach sust be
analyzed within the context of its model.

The SAC model resulted in four differsnt variables
that did not enter the overall model: RHDD, RPOP, B1 and

G3. The following discussion presents the relationship of

[l
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these variables with snergy conservation.

RHDD: This variable was intended to seasure the
effect of a severe heating season on a base’'s energy
conservation efforts. It was defined as RHDD = HDD(CY) -
HDD(FY73) where CY = current year. The model indicates
that a base’'s annual energy conservation can be expected to
decrease 6.44 percent for every 100@ HDD's above the FY73
baseline. For example, a SAC base that recorded 5700 HDD's
in FYS83 and 5280 HDD‘s in FY73 can expect to conserve 3.22
percent less energy than a SAC base whose RHDD was zero:

(—-0.00644) # (5700 -5200) = -3.22,
given that the other variables in the model are zero or are
controlled. This validates the hypothesis that extremes in
weather have a significant but uncontrollable effect on
facility energy conservation. 8ince SAC bases are sainly
concentrated in northern climates, it sight be expected
that heating degree days would have more effect on SAC than
on the Air Force as a whole.

RPOP:s This variable was designed to easasure the
effect of population change on energy conservation. The
results indicate that for every 1088 person increase in
base population from the FY73 baseline, a base’'s energy
conservation can be axpected to decrease 1.87 percent.
Again, this variable validates the original hypothesis that
increases or decreasas in population have a significant

influence on snergy conservation.

Gis This dummy variable represents the effect of a
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TABLE 14

STANDARDIZED REGRESSION COEFFICIENTS
STRATEGIC AIR COMMAND

Variable Beta
61 0. 4404
RHDD -0.4196
EMCS 0.41359
a3 8.3611
SF -2.3333
RPOP -8.3112
ECIP 9.2273

base being in climatic zone 1. It only enters the equation
when a base in question is from zone 1. The results
indicate that energy conservation for a base in zone 1 can
be expected to be 7.70 percent higher than those bases in
other zones (except zone 3, see below).

83: Similar to zone 1, a base in zone 3 can expect to
have energy conservation results 11.41 percent greater than
other bases ocutside zone I (except zone 1, sae above).

The relative importance of each variable can not be
determined by the value of its regression coefficient.
Howaver, as previously explained, their coefficients can be
converted to standardized regression coefficients which
allow direct comparison. Table 14 lists the standardized
regression coefficient of each variable in order of their

relative importance on energy conservation.
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The residual plots shown in Appendix C indicate that
the original assumptions concerning the error terms were

indeed correct.

Analysis gﬁ Tactical Air Command

This subset included 17 TAC installations during the
fiscal years 1988 through 1984 for a total of 85 ocbserva-
tions. Using the same SPSS regression program and entry
criteria as the previous models, the resulting regression
equation included S5 independent variables. Tables 135
through 18 show the results of this regression. The
resulting linear regression model is:

EC = 8.678 + .003@8ECIP -~ .@@S34RCDD + .Q0854ARSF
- .@0158RPOP - 7.2362

Coefficient of Determination = ,3850
Coefficient of Correlation = .6205

The correlation matrix in Table 16 indicates that RSF
and 62 have the largest correlation with energy conserva-
tion, 9.340 and -0.346, respectiviely. A correlation of
-3.306 was ocbserved hetween RSF anf 82 which may indicate
that bases in zone 2 tended to experience a decrease in
facility square footage since FY735.

The following hypotheses were tested in order to
deteraine whether a linear relationship existed between
energy conservation and the five independant variables:

Hot: Bl = B2 = BI = BA = BS = @
Ha:t At least one Bi ¥ @ at a = .05

The critical value of F from an F-distribution table is,
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Flcrit) = F(5,79) = 2.35
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and Fe = 9,89

-
R
-

Since F* > F(crit), reject Ho and conclude that one or more

of the five independent variables is linearly related to

R W R
PR
LN

energy conservation at a .83 level of significance.

The following hypotheses were tested to deteraine
which variables significantly contributed to the explana-
{; tory power of the model:

- Ho: Bi = @
i Ha: Bi # @ i=1,5 at a = .05

For 79 degrees of fresdom, the results of the two-tailed t-

test are shown in Table 17. The null hypothesis was

ﬁg raejected in each case thus each variable is statistically
gg identified as having a significant influence on energy
e conservation.
?5 Discussion. The .xplinatory power of this regression
E? model was greater than the aoverall model but substantially j
fz less than the SAC model. Only 38.5 percent of the variance
‘%3 in energy conservation at TAC bases can be explained by the j
,E five independent variables at a .05 level of significance. |
%? An interesting point to note, howaver, is that three of the
;g five variables were also identified in the overall model
;E (ECIP, RSF, B2). In addition, three of the variables were
_2 present in the SAC model (ECIP, RSF, RPOP). The common :
EEQ variables in all three models were ECIP and RSF.
’§3 The only naew variable that entered the TAC model was
b: RCDD. Similar to RHDD discussed in the SAC analysis, this
o
2
1 8
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B TABLE 15

8

e OBSERVED DATA

Ri TACTICAL AIR COMMAND

& Variable Mean Std. Deviation

L%

?.} EC 11.86 6.73

¥ . ECIP &69.64 6084.78

RCDD -18.92 333.84

"Z RPOP 549.88 1209.13

4.8

e RSF 434.53 436.29

% a2 0.86 8.24

b

N

25 TABLE 16

- CORRELATION MATRIX

‘ TACTICAL AIR COMMAND

o

N

R EC a2 ECIP RCDD RSF RPOP
25

sl EC 1.000 -3.346 0.3e9 -08.216 0.340 -8.124
o 82 -0.346 1.000 -28.056 -a. 100 -0.306 -2.0135
! ECIP 2.3a9 -8.836 1.000 -2.896 2.166 0.229
'*-" RCDD -0.216 -2.100 -0.896 1.000 @.185 0.047
:;D RSF 2.340 -0.386 0.166 @.1895 1.000 2.300
P RPOP -0.124 -0.015 2.229 0.847 0.300 1.000
ﬁv

_1 variable was intended to msasure the severity of the

.f cooling season to that experienced during the FY73 base-
AS)

8]

R line. It was hypothesized that a base experiencing a mare
',L‘- savere cooling season than FY73 would result in a decrease
§:j in their success to conserve esnergy for that year. The

. results indicate that for every 1000 CDD’'s above the FY75
S

W 59
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TABLE 17
COEFFICIENT TABLE - TACTICAL AIR COMMAND

Regression Standard
Variable Coefficient Error t-ratio
EC 8.578 1.070 8.11
62 ~7.250 2.649 2.74
ECIP 0. 08388 2.00102 3.01
RCDD ~-0.00534 20.08182 2.94
RSF 0.08540 2.00153 3.52
RPOP -2.00158 2. 00a33 2.99
TABLE 18
ANOVA TABLE

TACTICAL AIR COMMAND

Source Variations DF Mean Square F+
Expl ained 14465.5 ] 293.1 9.89
Error 2340.7 79 29.6

Total 388S.2 84

baseline, a base’'s energy conservation can be expected to

be 5.34 percent less than a TAC base whose cooling season

matched their baseline. This validates the hypothesis

" s
Yeletatat

stated above.

2T aﬂ

As expained for the other madels, the relative impor-

.
4 2

tance of each variable on energy conservation can not be

determined by a direct comparison of the regression coeffi-
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TABLE 19

STANDARDIZED REGRESSION COEFFICIENTS
TACTICAL AIR COMMAND

Variable Beta

RSF 0. 3499
RPOP -a.2a831
ECIP 0.2763
RCDD -8.2663
82 -8.23549

cients because of different units. However, Table 19 lists
the standardized regression coefficients listed in order of
their relative importance. The variable RSF was identified
as having the greatest change in energy conservation in
terms of standard deviations per standard deviation change
in RSF.

The residual plots shown in Appendix D indicate that
the original assumptions concerning the error teras were

indeed correct.

61
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IV. Summary, Conclusions and Recomsendations

Susmary

The purpose of this research was to investigate and
analyze the factors affecting the success of facility
energy conservation at Air Force installations. The Air
Force has been actively pursuing energy consearvation since
the realization that the nation’s energy supply was
uncertain as a result of the 1973 oil embargo. It is
becoming apparent the Air Force will fall short of the FY83
goal of reducing facility energy use by 2@ percent per
gross square foot caompared to the FY73 consumption rate. A
clear und.fstandinq is needed as to why certain bases have
met this goal and other bases have not.

This study presented a background on federal energy
consumption and its importance to the mission of the United
States Air Force. The Air Force's energy requiresents,
energy conservation goals, and strategies to mseet these
goals were discussed. Related research on modeling energy
consumption was reviewed to learn from the efforts of
others.

The research sethodology discussed the sample
selection, data collection, and data validity. The actual
analysis included 77 CONUS bases from six major air
commands during the years 1980 through 1984. Fifteen

independent variables believed to have a significant affect

[
4




on energy conservation were identified and defined. Froa
this point, the specific approach to answer each research
question was discussed. Multiple linear regression
analysis was used to deteraine the overall and individual
contribution of the independent variables on energy
conservation. Statistical hypothesis testing techniques
ware used to infer the extent to which changes in the
independent variables are related to changes in energy
conservation. Statistical statesments based on regression
analyses take into account the irregularities of the resal

world and the problems associated with seasuresent errors.

Conclusions

Each research question can now be answered from the
overall analysis. Inferential and descriptives statistics
were usad to reach these conclusions and to provide an
insight into the problems facing the Air Force’'s present
method of sesasuring energy conservation.

Research GQuestion Number 1. Can a statistically
significant relationship be hypothesized betwesen energy
conservation and sslected independent variables? A linear
relationship was hypothesized and tested using statistical
techniques. Nine independent variables were identified as
having a significant linear affect on energy conservation
at a 0.05 level of significance. These variables include:

CDD = cooling degree days
ECIP = dollars spent on ECIP projects

EMCS = dollars spent on EMCS projects
SF = a base’'s facility square footage

% . 9 q.'lq ‘ . . ol '] " :'l nl,:.‘.Jl b
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RSF = the change in a base’'s facility square
footage from FY7S to FYB4
ARCDD= the difference in a base’'s FY75 CDD sesason

from the 20-year average
ARHDD= the difference in a base’'s FY75 HDD sesason

from the 20-year average

c2 = the effect of being in TAC

a2 = the effect of being in zone 2

The other independent variables were proven statistically
insignificant. The nine variables that were detersined
significant only explained 25.1 percent of the variation in

eanergy conservation. A 25.1 percent coefficient of

N N S P O P P P Y N ST S U Py >

deteraination is considered relatively low for this type of
analysis. The remaining 74.9 percent of the variance in
enargy conservation was balieved to be attributable to a
high variance in the data and to the failure to consider

several key variables affecting energy conservation.

—————

Factors such as upper level sanagesent support for the
snergy conservation ﬁrogran and energy awareness camspaigns
may have a significant effect on energy conservation.
Howaever, they are not sasily quantifiable and so were nat
considered in this report.

Since nearly three quarters of the variance was not
explained by the initial model, additional analyses were
performed on subsets of the original sample. The second
analysis considered only bases within the Strategic Air
Command. This increased the coefficient of deteramination
to 32.1 percent. The statistically significant variables

affecting energy conservation at SAC bases include:

ECIP
EMCS
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the difference in HDD’'s for any given year

from the FY73 baseline

= the difference in base population for any
given year froam the FY73 baseline

61 = the effect of being in zone 1

82 = the effect of being in zone 3

J 88

The model of the Tactical Air Command, the third
analysis, resulted in a coefficient of determination of
38.5 percent. Although this was an improvessnt aover the

initial model, it was substantially lower than the SAC
B e

P A 2

s

model. The four variables having a significant affect on
snergy conservation at TAC bases include:

ECIP

RSF

RPOP :

RCDD = the difference in CDD’'s for any given year
from the FY73S baseline

w-eath--anadyeieyrit—-con-be-concluded--at-a-8-88-level
of significance that a linear relationship does exist and
that the independent variables remaining in each msodel do
explain a significant amount of the variation in energy
conservation.

Research Question Number 2. Which variables

contribute substantially to the explained variation in
energy conservation? The nusber of independent variables
in a multiple regression model has a definite impact on the
validity of the results. Each variable was analyzed to
determine whether it significantly contributed to the

explanatory power of the model. The intent is to simplify

the model by deleting the variables that do nat explain a
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significant amount of the variation in energy conservation.

All nine variables in the initial regression analysis
were determsined to make a significant contribution to the
explanatory power of the model. Therefore, the sodel was
not simplified by deleting any of these variables. The
variable RSF was the most influential accounting for 6.5
pcrénnt of the variance in energy conservation. The
variables RSF, 62, and CDD together explained 13.4 percent
of the variation in energy conservation. Thus, these three
variables accounted for approximately 61 percent of the
variance explained by the nine variables.

The eight variables in the SAC model were also deter-
mined to significantly contribute to the explanatory power
of the model thus none were deleted. The variable RHDD was
the most influential, explaining 11.1 percent of the
variation in energy conservation. The variables RHDD, 61,
83, and SCIP together accounted for 33 percent of the
variation or approximately 63 percent of the total
explained by the eight variables.

The four variables in the TAC msadel significantly
contributed to the explanatory power of the sodel. The
variable 62 was the most influential (12.0 percent) while
the variables G2 and ECIP together explained 18.5 percent
of the variation in energy conservation.

Research Question Number 3. Does the presant method
used to mesasure facility energy conservation provide a

realistic indication of a base’'s success in conserving

4 G S R et Y S o e T




energy? The heart of this research effort centers upon
this question. Understanding the relationship of each
variable on energy conservation prepares us to answer
question number 3. It is important to realize that some of
these variables are controllable and some are uncontrol-
lable. The only truly controllable variables affecting
energy conservation are the expenditure of ECIP and EMCS
funds. The seven other variables are uncontrollable but as
can be seen, have a significant affect on the success of
anergy conservation. At this point, it is important to go
back to the variables highlighted earlier and explain their
true relationship on energy conservation. There is auch to
gain from the initial regression analysis although the
results were relativiely weak.

As explained in Chapter 3, the variables ECIP and EMCS
were determined to have a positive linear affect on energy
conservation. A base’s energy conservation can be expected
to increase relative to the amount of ECIP and EMCS funds
spent on their base. This indicates that the Energy
Conservation Investment Program initiated by the DaD is
succersful in increasing snergy conservation at Air Force
installations. Every $1 million invested in ECIP and EMCS
projects at a base accounts for 1.03 and 3.19 percent
paints in energy conservation, respectively.

Cooling degree days (CDD) have an inverse affect on
snergy conservation as might be expected. This indicates

that bases in southern climates can expect to experience a
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lower success in energy conservation. This msay be attribu-
table to an increase in the number of air conditioners used
to support electronic equipment and for comfort cooling at
these bases. Thus both increased technology and people
awareness programs have affected energy conservation.

The variable square footage (SF) resulted in an
inverse relationship with energy conservation. This indi-
cates that larger bases tend to be less successful in
energy consarvation. On the other hand, the variable RSF
has a positive affect on energy conservation which indi-
cates that the buildings built after FY73 are more
efficient than those built earlier.

The variables ARCDD and ARHDD were designed to measure
the representativeness of a base’s weather baseline as
compared to a 20-year average. The results validate the
original hypothesis that the baseline weather does indeed
have a significant affect on energy conservation. A base
that experienced a much warmer cooling season in FY73
consumed more energy that year than in prior years. The
results indicate that a baseline 108@ CDD’'s above the 20-
year average will result in a base having an energy conser-
vation program 7.1 percentage points above a base whose
baseline approximated the norm. The ARHDD variable indi-
cates the same axcept the percent gain is 3.22.

Command and geographic zone were also determined to

have an effect on energy consarvation. Bases in the Tacti-

cal Air Command can be expected to have a more successful
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snergy conservation progras than other cossands by 2.76
percentage points. This reflects upon two points: first,
TAC has placed much ssphasis on energy conservation, both
financially and sanagerially; second, most TAC bases are
located in midsouthern states where the weather is condu-
cive for flying. These areas are normsally free of any
extremes in weather.

Bases in zone two were determined to experience less
successful results in energy conservation by 6.28 percen-
tage paoints. As seen in the climatic map in Chapter 2,
zone 2 covers a wide stretch of area. Most SAC bases are
located in zone 2 which may account for their low reduction
in energy use (11.4%) compared to the Air Force average of
14.1 percent (FYB4 figures).

As discussed earlier, the majority of the nine varia-
bles affecting energy consarvation are uncontrollable. An
argumsent could be made that a base should be able to
control approximsately 73 percent of its energy conservation
since these variables explained less than 25 percent of the
total variance in energy conservation. Regardless, the
success of a base’'s energy conservation prograa is contin-
gent upon numerous factors beyond their control. The
presant sethod used by the Air Force to msasure energy
conservation is based strictly on a base’s annual energy
consumption (in MBTU/SF) comparad to its FY75 consumption
level. There are two primary flaws associated with this

approach. First, this approach measures the change in
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energy consumption without any consideration for the
conditions of the baseline year nor subsequent years
theresafter. For example, the weather during the baseline
year msay have been more severe or mild than normal years or
a base may have increased in size and population since
1975. Second, this approach fails to account for the
numseraus factors affecting energy conservation. All the
bases are compared together without any consideration for
weather patterns nor climsate zones.

In light of this, it is concluded that the present
method to measure energy conservation does not provide a
true indication of a base’'s energy conservation efforts.
There are numerous factors affecting energy conservation
that the current approach fails to account for. These
uncontrollable factors may prevent a base from achieving
successful results regardless of their energy conservation
efforts.

Although the preceding discussion was based on the
initial regression analysis, the same conclusions were
reached using the SAC and TAC models. In each case, sever-
al uncontrollable factors were determined to influence the

success of a base’'s energy conservation efforts.

Recommendations for Further Raesearch

M i LR R T
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The author recommends several areas requiring further

e
Y
()

research. A study should be conducted to identify a new

approach to better reflect the energy conservation efforts
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of a base. This approach should provide a seans to account
for the uncontrollble factors affecting energy conserva-
tion. In addition, this study should investigate for
additional factors that may explain a greater share of the
variation in energy conservation. As identified in this
analysis, the factors affecting energy conservation varied
between SAC and TAC. Therefore, it msay be appropriate to
develop different adjustment factors that apply to sach
command. This will alleviate the probleas resulting from
large variations between comsands.

Another study is recommended to investigate the
qualitative factors affecting energy conservation. A
survey instrusent is needed to ssasure the off;ct of energy
awareness prograss, MAJCOM's support, top sanagement s
support li.e. wing commander, base civil engineer), on
energy conservation. In addition, this research should
study the affect of socioceconomic factors, such as the
price of gasoline, to mesasure the general apathy toward the

nead to conserve energy.
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The following headings refer to the column numbers indicated
on the succeeding pages:

Applndix‘ﬁj Database

Heading

QONOCUADUN

-----------

Counter
Observation number

Base

(see Table 2)

Fiscal year

Coamand

Climatic zone
Mission

Energy conservation
Cooling degree days
Heating degree days
Base population
ECIP (cumulative)
EMCS (cumulative)

RCDD
RHDD
RPOP

was not used
Facility square footage

ARCDD
ARHDD
RSF
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1 6 L8001 ke 7.7783 232, 7313, 4213, 48,0 0 - 260 -212, M9, A, %6, -33. -4225.
2 20 2,800 1, % 6 11,4508 97, 2245, 10741, 57,3 AN77 26, -1325¢ 4234, 999, 9178, -1, 415,  -8866,
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7 7. 7,800 L L 10 17,3704 479, 7639, 3549, 162140 0 <25 1. 97. 999, A4S, 22, -325. -30%.
8 8 8,80 1,2 1, 7.4924 1290, 6194, 14548, 1321.3 8533 154, 194, 1722, 999, 10104, -5, 138, -9121,
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1010, 10, 800 1. 1. 1, 8,2554 408, 7202, 4116, 208.0 £ A8, 621,  -235, 999, 38l -1235, 347, -32%0.
111, 11,80, 10 1 10 9,428 411, 7638, W58, 93,5 0 -it4  -107.  -78, 999. 3083, 168, <295, 5043,
12 12, 12, 80, 1. 1. 10 18,1992 461. 7024, 4743, 11149 469,10  -87. -1S5, -894. 799. 5563, ., -8, -%645,
13 13, 13, 80: 1. 30 1, 14,4111 2380, ¥715. 4089, 248.¢4 0 773, <206, 324, 999, W29, -122, ”, N
14 14, 14, 80. 1. 1, 1. 22,1288 540, 4467, 4391, IM.4 243.3 2. -170. -133. 999, 3574, 1, -134 <347,
13 15, 15, 80, 1, 3 1, 23,7120 1624, S154, 3497, M0L.9 0 247, -1 -168, 999, 313, -14, 89, -3375.
16 14 16, 80, 1. 1. 1. 29,2142 249, 6830, 4172, S547.8 0 79, -1410. 227, %9, . -180. 338, -4886.
17 17,17, 80. 1. & 1. 3.9271 2386, 3834, 3217. 78.0 0 532, W3, 116, 999, 2470, 26, -194,  -2280.
19 18, 18, 80. 1. 2, 1, 2,108 1269, 5908, 4879, 1094.7 0 3. <19, 1200, 799, 342, 38,  -184. -3M43.
19 19, 19, 80. 1. 7. 1. 3.362% 2940, 2972, 35273, 9144 W0 939, -262, 9. 999, 3316, 429, 80, -3204.
0 20, 20, 80. 1. 4. 1. 5.4432 1248, 1798, 35582, 417.4 0 161, -892, -203, 999, 2, 184, 79, -40%8.
21 21, 2, 80, 1, 4 1, 9.9835 1208, 2450, 4515, 399.1 O <185, -5, 21, 999, M5, -112, %9 -3197.
2 22, 22, 80« 1. 4 1, 20,7190 1205, 2965, 4945, 13549 435.2 -478, -138, 4%, 99, 47el. 0. -6, 4376,
3 2.2, 80. 1,7, 1. 10,2813 3250, 2350, 4328, 142.1 0 793, -2, K06, 999, 324, -390, 5. -3093,
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25 25,25, 800 20 4 2, 16,2136 1926, 3623, 10438, 957.8 0, 9. 384, 99, 6255, 2, -17%. -84,
26 264 26, 80, 2, 4. 2, 9.2578 2046, 3237, 6415, 103.7 0 37, 68, 2361, 999. 482, -90. -5, -S13.
7 27, 0,80. 2,7, 2, 17,7019 2121, 2567, 062, 270.2 0 110, 197, 10, 999, 5244,  -139, -4, -4000.
28 24, 28, 80, 2, 6, 2, 5.9906 2068, 1985. 3530,  61.4 O 642, N8, 200, 999, 2378, M, -9 -2
29 29, 29, 80, 2, 4 2, 12,5357 2182, 23i1. 4009,  &9.8 O -4 80, 687,999, D0, 94, -59%. -2572,
30 30, 30, 80, 2, 4 2. 11,3260 1969, 2909, 6329, 891.9 0 -1320 M0, N5, 999, 4MS, 2, -5 -3,
N A, AL 00020 4 2,0 16,1651 1794, 2689, 5386, 2.1 0 88, -S07. 116, 999, 472, 2. 03, 433,
2 32, 2, 0. 2. 60 20 12,0819 3832, 497, 7631, 1236 0 <221 198, 974, 999, A2, 325, -0 -390,
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1
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3% 36, 80, 2, 30 2
7,37, 80. 2, & 2,
38, 38, 80, 2, 7. 2,
¥ ¥.080.2.7. 2
40. %0, 80. 2. 2, 2,
1. 4, 8. 2, 4 1,
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The following headings refer to the columsn numbers on the
succeading pages:
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Heading

Observation

Pase (see Table 2)
CDD 20-yesar average
CDD in FY75

HDD 208-year average
HDD in FY75
Facility sgqaure footage
Base Population
MBTU/SF baseline
ECIP (FY 76-79)
EMCS (FY 76-79)
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Aggendix Initial Regression Model
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SUNARY TARLE

STEP MATR RSO ADURSO  F(EQW) SIGF  RSOCH FCN STCOM VARIABLE BETAIN COMREL  LABEL
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Aggendix C:

NORMAL PROBABILITY (P-P) PLOT ~ SELECTED CASES
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“ Appendix D: Tactical Air Command
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STEP MATR ADRSD  FEW)
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fﬁ& ’ This investigation studied -numerous> factors affecting
' facility energy conservation at Air Force installations.
As of 30 Sept 1984, the Air Force has collectively achieved
AR a 14.1 percent reduction in facilty energy consumption
e which is far short of the 20 percent goal set for FY8S. A
S Clear understanding is needed as to why certain bases have
f}j successful energy conservation praograms and others do not.
The study was accomplished by a statistical analysis
bt of a multiple linear regression model based upon energy and
Ji: weather data collected on 77 bases during the years 1980
i through 1984. The investigation considered 27 variables
AN believed to affect energy conservation. The results indi-
W cated nine independent variables have a significant linear
s effect on eneérgy conservation at a 8.05 level of signifi-
b cance. These variables include coaling degree days, costs
- of EMCS and ECIP projects, square footage, change in square L
’ footage from the baseline, difference between the baseline
weather and the 2@-year average, climatic zone 2, and bases
within the Tactical Air Command.
It was concluded that the present method used to
- measure energy conservation does not provide a true indi-
IE; cation of a base’s energy conservation efforts. The
-1 current method fails to consider the effect of numerous
') uncontrollable factors affecting energy conservatznn.q In
A particular, variations between the weather during the'
f}i current year and the baseline year are not accounted for.
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