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ABSTRBRACT

The Naval Facilities Engineering Command (NAVFACENGCCH)
Compapé Management gggggggg fcr FY-84 identified the need
for an alternative to the twenty year old DOD-specified
vehicle replacement criteria (age and mileage). This thesis
idertifies a model which structures the repliacement decision
as an exapminaticn cf the economic palance between average
annual costs c¢f ownerskip and operation. The rcdel is
suggested fcr dynamic application in determining the optimal
service 1lives of various vehicie types for fleet-wide
replacement programmirng. It is also recomaended as a tool
for activity level transportation managers, since it
provides a means to examine and compare the economic cconse-
quences cf management policies and practices. Its fpracti-
Vj cality for this application is enhanced by the possibility
*- that if implemented via the computer medium, it cculd ke

integrated with the electronic record keeping capability for
" Fublic wcrks transportation management currently ‘teing
Z: provided by NAVFACENGCOM's Project BEST.
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I. INTBODUCTION

A. TEE NEED FOR A NEW VEHICLE REPLACEMENT POLICY

The Naval Facilities Engineering Command (NAVFACENGCCH)
has resgcnsibility in determininyg reguirements, [prccurirng,
and assicning a family of eguipment commonly reterred to as
Civil Ergineering Sufpport Equirment (CESE). This includes
automctive vehicles, construction, railway, firefighting,
and mckile weight hardling eguifpment. Because these eguip-
ment have, for all practical purposes, finite lives, reri-
odic reglacement is required. In recent years the
replacement of the Navy's CESE has suffered from a lack of
support ty Cffice of the Chief of ©Naval Operations (CENAV)
sponscrs during the Navy's programming rhase cf the
Department ¢f Tefense (DOD) Plaanirj, Programming, and
Eudgeting Systenm. Tikis has resuited in the procureaent o:
CESE at 1levels less than those recoamended, extended thre
rejuired 1life of this equifpment beyond the current 1life
expectancy criteria, and possibly driven the operating and
maintepance funding requirements higher than anticipated.
In order to obtain 1long term doliar comnmitments Ly CPNAV
sponsors, the Ccmmander of NAVFACENGCOM has delineated the
need for "....develofing a new, salable, and effective lasis
for the CESE replacement progran, other than the 'overage'
criteria currently used" [Ref. 1: p. 8].

Additional emphasis in this area was jprovided Lty a
NAVFACENCGCOM Inspectcr General (IG) audit performed at the
Naval Construction SBattalion Center, Port Huerene,
Califcrria in September 1983. Recommendation 82-215
proposed that the Civil Engineer Support Office (CESC), the
organizaticnp within NAVFACENGCOM responsible for ccordina-
tion cf CESE replacerent programming,

0




Ee P § o ccn;unctipn_uith NAVFACENGCOH (Codes 06, Deputy
Commpander or Military Ekeadiness (SEAEBEES) and ~ 10,
Assistant Commander for Facilities and Transportaticn),
exgplore the feasikility of developing a ife cycle
managegent model for autcmotive, colistruction, _ ~and
speciai handlirg eguipment that would include readiness
N factors, maintehancCe Costs, retention, overage, acgqguisi-

ticn ccsts, emergent technology and other variables as
aprroyriate. [Rei. 2

yagas,

> A prgegngy

EAY

The primary objective of +transportation management
N within the DOD is to provide optimum responsiveness, effi-
. ciency, and economy imn support of the DOD &missicnh.
NAVFACENGCOM's interest in the development of a new tasis
for CESE rerlacement is to be able to clearly illustrate to
the OPNAV sponsors, as well as others concerned, that
failure to replace an equifpment asset at the completicn cf
its econcmic 1life will result in the use of excessive

-
A

amounts cf operating and maintenance <funds by activities to
allow fcr the asset's continued operation. Because the

'r. l".'x'-lrt. h -',,-ﬂ .-' L, e

quantity of transpcrtation ejuipment available to each

l‘ V‘

activity, identified as its "allowance", is initially estab-
lished and thereafter annually reviewed and validated lLased
. cn aprroved justifiakle requirements, the activity must fund
. the cperating and maintenance costs necessary to keefr the

asset functional in crder to pmaintain its availability for

missicn support. Not only is it possible that these costs
’é kecome uneconomical c¢ver time due to increased maintenance

-

and repair requirements, the level of responsiveness that
can ke achieved with this asset may be severely diminisked
due tc an increase in downtime as it ages. This can result
in a degradation cf the activity's nmission readiness
capakilities.

-y
A

B. TEE REPLACEMENT [ECISION

Simply stated, the objective of any replacement policy

nANA 'l_q

is to optimize the economic consequences of owning and

o’
P
L




cperating an asset while maintaining established performarce

and safety reguirements. For transportation eyuipmernt the
tasic costs entering into the eguation in both the public
and frivate sectors are the fixed cost of acgyuisiticr and
the variakle costs of operations, maintenance, and regairs.

Fer commercial enterprises, other factors such as the
cost of insurance, tlte influence of advertising, tax ccnsid-
erations, trade-in values, and an asset's contribution to
the generation of revenue in many cases also influence the
replacement decision. Clingmap states:

.eeesfrcm a financial viewpoint, a_company should drive
its cars as_long as they are operable because the equip-
ment annual ccst lLecomes less the longer the caf 1s
driven. However, employee morale, corporate image and
grestlge, enployee safety, rellanlilty,‘ and driver tiae
ost due to exCessive maintenarce wouid rule out _this
possikility for most coapanies., Therefore,  trade-in
decisicns are, based or " intangibles or difficult-to-
quantify considerations as listéd above. [Ref. 3

Safety, reliability, and image, in terms of "pride and
professicralism"™, are also cf concern to the Navy, kut
status generally is rnct, as evidenced by the fact that most
equipment is of a factory standard color and contains oaly
cinimum amenities. The Navy, like many commercial enter-
prises, has formally established replacement criteria for
CESE. Though a vehicle may meet the replacement criteria,
this does nct ensure that it will be automatically or imme-
diately reglaced. As a practical matter, there is cnly one
annual procurement cycle after approval of the budget and
release of the apprciriations. If insurfficient funds are
progyrammed and/or budgeted to replace all eligible assets,
some velkicles will nct be replaced. when this happens, an
activity must coordinate with its Transportation Equigment
Management Center (TEMC), in order to determine which of the
eliyitle assets will actually ke rerlaced.

-
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Lo TEAC's are organizations established to accomilish
ﬁ&; assigned centralized technical respoasibilities for the
N transportation equipment program in administering the

assignment, replacesent, and disposal of transpcrtation

T éﬁf
7
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equipment, and froviding technical advice and assistance in
its wmaintenance and wutilization. In the case of an
inability tc replace all eligible vehicles, the TEMC will
determine thke order c¢f priority in which assets fror each of
its activities will Le replaced.

C. SCCPE OF THE STULY

This study explcres the feasibility of implementing
within the Navy's fleet management systems an economic lased
model for use in vehicle refplacement decision-making. It is
intended that this mcdel would be used primarily by activity
transportation managers as a basis for justifying their
replacement requirements to their respective TENMC's.
Consclidaticn of these requirements could then be passed up :
the programming chain-of command for use by the TEAC's to
NAVFACENGCCM, to the OPNAV spcnsors, and to Congress. In
crder to facilitate its use, the model must be undersztand-
able to those field level managers, yet be comprehensive
enough to ke used as a tasis of documentation for the
programsing process to illustrate the ramifications of
varying levels of transportation egquipment procurement uron
operations and maintenance funding and mission readiness.

Additionally, this study investigates the merits oi the
use of static estallished age and mileage criteria as
currently employed, versus the merits of a dynamic, continu-
ally evclving fprocess for vehicle replaceaent. It is
hypothesized that although, through a centralized procure-
ment system, a vehicle's acquisition cost is egyual toc all
other 1like vehicles procured in a particular year, the

K
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current, consistently apgslied replacement policy may nct be
the mcst ccst effective. This 1is due to differing lator
rates and weathersenvironmental conditions in vatrious
regicns c¢f the country which impact upon a vehicle's cper-
ating and raintenance costs.

This study is 1limited in scope to an examinaticn of
administrative use vehicles which comprise approximately 62%
cf the total CESE fleet and, in particular, to sedarns,
staticn wagons, and 1/4 to 3/4 ton pickup trucks which
constitute approximately 77% of the adaministrative vehicle
fleet.

An administrative use vehicle is defined as "....a aotor
vehicle, usually of ccmmercial design, assigned on the tasis
of formal authorizaticn documents, to provide transportatio:n
suppcrt of an installation/activity." To provide <zIurther
cliarificaticn of this definition, a coamercially designed
vehicle is "a vehicle designed to meet civilian requireaeats
and used without majcr modifications by DOD activities for
routine rurroses in connection with the transportation of
supplies, personnel, cr equipment."” [Ref. 4: p. A-1]

13
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II. BACKGROUND

A. ORIGIN OF CURRENT DOD REPLACEMENT POLICY

The current DOD pclicy for the manajement, acquisition,
and use cf motor vehicles establishes the standard replace-
ment criteria for ccamercially designed vehicles. These
criteria are based on age and accumulated mileage variatles,
and also direct DOD components on the calculation and use of
one-time rerair limits. [Ref. 4: p. 12-5]

Frcm authority vested by published instructions of the
Secretary of the Navy, the Chief of Naval Operations and the
Chief cf Naval Material, NAVFACENGCO® has technical respon-
sibility for the admicistration, operation and procurement
cf transportation equipment for the Navy. NAVFACENGCOM has
provided guidelines for the manajement of this eguipment
[Ref. 5], which include the criteria zfor replacement in
terms of the DOD age and accumulated mileage variables as
well as the factors for the computation of cost repair
limits. Sedans, station waygyons and 1/4 to 3/4 ton pickup
trucks are eligible for replacement when one o:i the
following criteria has been met: (1) six years of age, (2)
accunulaticn of 72,J3C0 miies, or (3) «hen the one time cost
cf reprairs exceeds S0 percent of the present replacerent
value of the vehicle as determined from the computaticn
factors shown in Table I [Ref. 5: p. 10-1]. The present
replacement value of a four year old vehicle, for example,
is considered to be 42% of the current acgjuisiticn cost.
One time repairs are limited to 50% of tais amount.

The current criteria for vehicle replacement originated
as the result of a study during the early 1960's of vehicle
repair and replacement policy by staff meabers of the Office

14




TABLE I
COMPUTATION

Age in Years 1 2 3 4
Percentage of
EZquifrmen

Eérlacement Cost

75 64 53 42

FACTORS FOR REPLACEMENT

VALUES
5 6

31 20

of Assistant Secretary of Defense,

ktoth the Government
that for

data from and private

strated each mile of vehicle

use,

assisted by transpcrta-
tion representatives cf the militacy services.

Analysis of
industry demorn-

a derfinite

percentage of wear resulted under jiven operating conditicns

and maintenarce fprocedures.

the interests of econcmy and
by
certain mileage or ccndition
[(Ref. 6: p.

adcpting an objective

cost) were met.

It was therefore concluded that
efficiency could best ke served
for planned replacement when
factors (age or one time regair

"y

Frior to the establishment of these c¢riteria vehicles

were replaced when ar inspectcr judged that a vehicle was

worn cut and worthy of replacement [Ref. 7: p. 3].

B. TBECRETICAL REPLACEMENT MODELS

As an initial approach to the seacch for new replacement

criteria, consideratior was given to waat the thecretical

literature on replacement in general Las to offer. It was

reasoned that only through knowledje or what is available in

theory, could a replacemert model be identified or develojed

for practical application.
As
kegan in

summarized by Douglas,
1623 with J. S

modern replacement theory

Taylor's theory of optimizing
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:E economic life by minimizing the unit cost of output. Harold
hJCe lHotellinj simplified the process by the use of ccrntiruous
:5 functicns shortly thereafter, ard in 1940, Dr. G. A. D.
kJ Freinreich advanced the theory that the immediate replace-
.,
-7 ment decision was influenced Lty an infiaite <chkain cof
.; successor replacements. George Terborgh, in 1949, put forth
x the idea of an "inferiority gradient®; a means by whkich tke
o« inferiority of an existing wmachine could bLe guantitatively
;ﬁ measured against the relative superiority of a new potential
Ej replacement. In 1952, Dr. A. A. Alchain promoted in Rand
L Report E-224 the use c¢f exponential curves to represent the
- Yehavior of input variables, rfacilitating an analog comriater
ig soluticn to the problem [Ref. 8: pp. 69-74, 101]
- Subsequent writings have taken varied approaches to
i‘ soiving the repiacement guestion: probabilistic or deter-
2 ministic, continuous or discrete. Howard [Ref. 9: EP-
§ 54-59, 89-91], for example, devised a system of analysis
: terned tte "Policy-Iteration Method" which structures the
Froblem as a ¥Yarkoviam chain decision. Douglas himself used
o Alchain's wcrk as a tasis for his examination of replacement
{ﬁ timing <for profit rmaximization in construction eguipment
;} operations. e too used exponential ejuations to rcdel the
iy forms varicus revenues and costs may take, but additionally
allowed for the effects of taxes, inflation and variaticns
. in interest rates [Ref. 8: p. 75]. The final form of his
:E computer-rased model accepts as nany as seventy variaples
f. and utilizes thirty-three equations [Ref. 10: p. 17].
v
‘ﬁ C. FKREVIEW OF EMPIRICAL STUDIES
b
j; To determine how eyuipment replacement theory has been
1¢ applied to real-world situations, a literature search was
ra conducted to determine how empirical studies have apgroached
;? the investigation of the rerlacement guestion and what !
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-i findings resulted. Highlights of several which [pertain
;ﬁ specifically to the validity of riteria applied within DOD
are jgrovided below. Additionally, a General Accountang
Office (GAC) rerort cn the replacement of General Services
y&: Administration (GSA) sedans is examined since similar
= criteria are used for these vehicles.
¥ The inclusion of these studies is thought to be Etenefi-
. cial in that it may help to acyuaint the reader with the
:ﬁ setting in which replacement decisions are made. Also, it
Eg is instructive to consider the various findings in that
N significantiy different answers have been found tc essen-
tially tle same questiorn. No assessment is made as to the
fﬁ: legitimacy of any particular approach or the validity cf aay
%ﬂ findings. However, comment will be made subseguently
f regarding conclusiors which w®may be drawn by considering
.5 these studies as a group.
o 1. [ARCOM Study
\ This study [Bef. 11], completed in 1979, vas commis-
, sioned Ly the Army's Develorment and Readiness Command
.fﬁ (DARCCHM) specifically to frovide an update of the
f DOD-specified age ard mileage criteria for administrative
use vehicles. Statistical techniyues of regressior analysis
were apgplied to summary maintenance data froa major Army
it commands. Additionally, a special data collection eifcrt
E\ covering six installations was used to collect some data
items not included in the summary statistics. The data
- included direct 1labor man-hours, direct maintenance costs
;f (direct 1lakor and direct materials), vehicle shop days,
f? wiles driven per year and age in years.
> Scme general observations resilting from the data
gz analyses vere:
-

N a. The average number of maiutenance man-hours and

(o costs increase ufp to the eventh year, then remain ccnstant
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e€xplain these <constant or declining trends were that tiey
resulted from the applicatior of the one-time repair expen-
ditare limits to older vehicles, or froa deierring mainte-

e

nance on vehicles as they approacned the time of their

L
2

scheduied replacement. 3ince one objective of the study was
to determine new criteria, vyrewmoval oI any pias in the data
caus€d by applicaticn of the existiny criteria wvas deemed
necessary. This was accomplished by omitting the data :ior
very old vehicles, and extending the previous rising linears
trend through the later years. This trend was considered to
provide a ketter estimator under changing policies fer costs

to orerate clder vehicles.

) Another disccvery from the analysis of data for
ﬁi' maintenance concerned the effect of the intensity of usage
during a period. It was deterwmined that higher usage cver a
year's time resulted in correspondinjly higher mainterarce
: requirements.

!. k. It was reported that over at least tlke first
nine years cf a vehicle's 1life, no significant increase in

?27 shop days as age increased could be detected. Irrespective
of the observation tkat shop days seemed to remain statle |

the study cautioned that an increase as a vehicle ages !
remained a rossibility, resulting in a need to establish a
service life lower than the established economic life. When
€stablishing the econcmic lives of the ten types of vehicles
for which adejuate data were available, no account was given
in this study tc any penalty (opportunity cost etc.) for
lost availability due to time in the shop. Should arn
increase in shop days in redlity occur, the inclusicn of
such a [feralty charge based on increasing downtime would
érive the service life even lover.

With the cavution that the eifects of the one-time
;f repair expenditure lirit on yearly averaje lives cculd not

e 18
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e predicted, new vehicle economic lives based on the study
-~ results were presented as shovwn in Table II . While the
results were reported to provide a good basis for fleet cost
predicticn, they were not claimed to be a good individvual
vehicle cost predictcrs.

The recommendation was made that an adoption of the
extended vehicle lives should be accompanied by an adcrtior
of a new pmethod for calculating repair expenditure lirits,
also developed as part of the study. Since these limits
would lead to the replacement of some vehicles before the
expiraticn cf their ccmputed economic lives, further study
- would te required to determine the effect these limits would
. Lave cn total fleet replacement policy.

2. HReidy and Sckneider Study

This 1974 nmaster's thesis [Ref. 12] set out to
examine the validity of the DOD age/mileage replacement
criteria, focusing cn 1light sedans, station wagons and
Fickufp trucks. The initial tack taken was to poll various
conmercial companies and governmental agencies to determine
what frocedures, analyses, variables and factors they used
< to decide when toc replace a vehicle. Included were agencies
cf federal and 1local governaents, auto manufacturers,
leasing and fleet maragement companies, utilities, taxi
- cperatcrs and research organizations.

It was found that age and mileage criteria were tke
ones mrost consistently used by the organizations polled, and
the ones most freguerntly stated explicitly as the tases for
at least a gquasi~formali policy. To varying degrees,
replacenment decisions were also found to have been influ-
i enced by maintenance and operating costs, and by downtime

and oksclescence. Criteria based on these factors were
generally not spelled out in the <form of a formal policy,

s kut were cnly subjectively applied as the decision-maker
'3 deemed appropriate tc the situation.
19
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Age and mileage were major considerations for
leasing and {leet maragement organizatiors, but were apriied
more in view of currercy of bedy styles or physical afppear-
ance than in regard to simply minimizing ownership and cper-
ating costs. While a governmental agency would be concerned
ir minimizirng costs, these organizations were influenced in
their decisions Lty a venicle's continued ability to maintain
consumer agpeal and offset costs by generating [frofits.
Thus, the economic decision to replace was made at a foint
sooner tham if costs alone were considered.

Iwo commercial activities, ©Eastern Air Lines and
Bell lakcratories, were rejorted to have beern develcping
scientific, computer-based decision models and irfcrmation
systems for vehicle marnagement. Efforts as part of the
rescarch for this thesis to deteraine the present status of
those cystems fourd that the Operations Analyesis
Applications Group of Bell labs, the group responsible for
designing that comrany's systen, has arpparently been
disktanded. Attempts to determine ii the Bell labs model was
Fut to tuse were unsuccessfuil. Contact with the office
responsiktle for grourd transportation replacement at Eastern
Air lines irndicated that no comfputer-based system is ncw in
use (or for that matter, even Kknown to exist). As 1in the
Fast, target ages ior replacement of various vehicle ty;es
are used as a rule of thumb. A decision to replace an irndi-
vidual vehicle sconer or later than the target age for that
particular type is subjectively made, based gererally on
that vehicle's ccnformance to cost norms.

After finding the replacement <criteria used Dy
commercial and other governmental agencies to be generally
the same as, or no better than, those of the Air Force (thus
LCOD as a whcle), Reidy and Schneider turned to the applica-
tion cf regression aralysis of historical vehicle data from
two «c¢f that agency's commands, to determine if the <[OJ

criteria were valid.
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For the groups of vehicles exaained, it was repecrted
that vehicle age was not a statistically significant
predictcr icr cost per mile to operate, or for direct lator
maintenarce manhcurs required. Further, there was no indi-
cation that out-oi-ccrmission rates or down-for-parts rates
increased significantly once a vehicle exceeded six years of
age. Scme statistical significance was said to have been
found only in an increase 1in direct labor maintenance mnan-

hours fcr vehicles driven in excess of 72,000 miles.
3. GAQ study

This 1979 study [Ref. 13] examined the 30+ year old
GSA criteria specifying replacement of sedans upon reaching
six years cf age or €C,000 miles of usage. These crateria
were aprlicable to tike 42,000 sedans in the GSA interagency
motor pocl and, by regulation, to the 22,000 other sedans
cperated ky other federal civilian agencies.

The study ccnsidered the costs of depreciaticn,
preparation (upon acguisition), selling (upon disposal),
pairntenance, repair and interest on capitalization. Several
methoeds c¢f analysis were applied under various assumpticas
to evaluate replacement cycles of from opne to six years.
The results showed that a ore-year cycle provided the lcwest
annual c¢cst option. This was believed to be the case
tecause maintenance costs were thought to be lowest durirng
the first year of operation. Also, the large depreciaticn
in a vehicle's resale value normaily expected during the
first year tends to ke offset somewhat in the government's
case by lower purchase prices resulting from kulk kuys.

In a summary c¢f previcus reports, it was noted that
shortened replacement cycies of between one and four jyears

had teen recommended by ten GSA or GAO studies ccnducted

«

since 19%4, including four conducted during the 1970°'s. It

a 2 P
[ 2

is inpnteresting to ncte that while all agreed that the

e




six-year cycle was too long, there apparently was no

consensus as to what the ecoromic replacement cycle stould
ke. Alsc noteworthy 4is that whiie this 1979 GAC =study
concluded that a one-year cycle would be the most eccncm-
ical, the second most economical choice would be a four-year
cycle under most assumptions. Therefore, 1if tne vehicles
were nct rerlaced at the end of the first year, it woula be
most e€conomical to then wait until the end of the fcurth
year for reglacenent.

This 1969 master's thesis [Ref. 14] was initiated to
study tibe validity of a then-prorosed change in the apglica-
tion cf age and mileage criteria by the Departmert of the
Air Fcrce. Previously, €xceeding the maximum aje Or tae
maximum Tileage had sigrnaled the point at which a vehicle
was due to be replaced. The proposed change was for bcth
criteria to be exceeded before a replacement action could be
initiated. The study intended to determine if combinaticns
of less than the nmraximums of both criteria could provide
;: economic justificaticn for replacement decisions.

: Considering vehicle acguisition and repair costs ior
crne major Air Force ccmmand, regression aralysis was afpylied
to determine the poirt at which the average total <cost or
cwnershiy was minimized, at which time a vehicle's ecornoric
life was considered toc have been reached. This point, as
determined in the study, is shown ia Table III for the six
vehicle tyres <considered. In addition to deteraining

economic life based cn age or mileage, a regression eguatioxn

1] l- ‘t‘ ‘l. ‘4. _'\ .

[y

was develored for each vehicle type. Including both vari-
ables, this equation was intended to be wused to determine

BRY

the eccncmic rerplacement point for various coambinations of
those variatles.
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- 5. KSiesling Study
LS
;: This 1980 master's thesis [Ref. 15] sought tc to
N determine the econogic life <¢f Navy sedans using average
o depreciaticn, oferating and maintenance costs regorted by
15 the Hertz Ccrporation and the Department of Transportaticn,
ﬁ% adjusted to better reflect Navy experiernce. It ccncluded
that average costs tc own and operate au automobile would
’F decrease through the sixth year of ownership. At that tine,
ai major maintenance wculd ke required to recondition the
f venicle. Thereafter, average costs would continue to
decline at least thrcugh the tenth year.
:j From this, it was surmised that the sixth year ol
- cwunershir represented a 1logical point at which to evaluate
fﬁ the rerlacement decision. Ir the vehicle was in relatively
. good shape with respect tc condition, safety and reli-
N ability, it should receive the major maintenance and be
E: retained through the tenth year. If not, it should be imue-
¢ diately replaced.
3 6. Rlungle Study
:. This 1969 master's thesis [Ref. 7] was initiated to
- determine Fkota the economic life of the Navy's fleet of
i Fickup trucks and the proper criteria for one-time repair
!E expense limitatioms. It was based on historical Navy and
53 GSA data for acguisition costs, maintenance expenses and
& downtiume. "Truck Blue 300k" values were used to estimate
X the exrected 1loss of salvage value of a truck. Througa
5 analysis, a rising linear trend with respect to age was
'i found tc clcsely apprcximate the expected maintenance costs
< through about seven years of ofperation. A rising linear
§ trend with a high correlatior was also found £for downtime
:3 rates through at ieast twelve years.
A)
.I
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Eased on these trends, the economic iife of a pickup
truck was determined under varying assuaptions of expense
rates (maintenance), salvage values and interest on capital-
izaticn. The results for comtinations of these assumpticns
varied retween economic lives of one and nine years. Tae
effect of salvage values was the most draaatic, changing the
decisicn pcint by as much as seven years (a longer cycle
teing associated with using a "no salvage! assumption versus
"Truck Blue Book"™ salvage values).

Under the ccrkination of assumptions considered in
the study as most likely to approximate the Navy's situation
("no salvage" case, 5% discount rate, 1linearly risinj main-
tenance expenses), a seven-year replacement cycle was found
to be o;tigmal. Based on the data and calculations, the
difference between this cycle and tne specified six-year
cycle rerresented an additional cost per vehicle of §7 per
year. Between cycles of from six to nire years, the widest
difference resulted ir an additional <cost of less than $10.
This irdicated that decision-makers could have a relatively
wide 1latitude in making the replacement decision without
sigrnificant econouic consegueances.
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IIX. SELECTION OF A REPLACEMENT MODEL FOR NAVY VEHICLES

T 1 3 -

A. INFLUENCE OF EMPIEICAL STUDIES

The preceding chapter highligated the afpproaches taker
ard conclusions reacked 1in some previous studies of the
replacement question. Several used summary vehicle cost
data to aralyze tlke validity of replacement criteria.
Cthers inccrporated an effort to collect detailed data from
various sources. With the exception of the GAO study cf GsSA
sedans, they all consiaered the validity of the
DOD-sfpecified criteria, for example, replacement after six
years of age or 72,000 miles of use for sedans and pickup
trucks.

All studies reached some conclusion regarding tlke legit-
imacy of these «criteria, Lut there was 1little consistency
among them. Some said the DOD criteria required replacement
cf vehicles too soon, others said too late, and still cthers
said the DOD criteria were akout right. Since the vari-
apility cf the conclusions seen somewhat curious, closer
examination of some f[fossibilities that may account for the
variaticns is necessary.

1. Iiming Differences Between Studies

- e e e D s D A —— > —— T ——— —————

The studies used data froam periods as early as the
mid-1%60's, through periods as late as the latter-1970's.
Pith such a range in time, variations in costs would, of
course, result frem a continuing inflationary trend.
However it is the relative variation in costs within a
replacement model whkich determines the outcome of the
replacenent decision; the balance between the ccsts of
cwnershir ard the ccsts of operation which may not vary in
direct relation with cne anoctuaer.
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Klungle reported that in the years 1961-19€9, the
purchase price of Navy pickup trucks varied by only ¢ 20,
and even dropped in some years ([Ref. 7: p. 15]. This
cccured irrespective ¢f an overall iascrease in the natioral
consuper rrice index of about 10%. Reidy and Schneider
reported that for tlke c¢ity of San Francisco, during the
early 1970's, the purchase price of vehicles had increased
70% over a feriod of several years whnile the vages of main-
tenance mechanics had increased 143% [Ref. 12: p. 72]. The
purpose in citing tlese observations is to illustrate that
the eccrcmics of the model wmay or may not conform to
economic <conditions in general, and that they can vary
significantly within the model.

Differences in timing may have come into flay in
leading the various studies to differinjy conclusicens, of
which any may have been valid for the time. However, the
fact that the replacement guestion will be iniluenced
continually by varicus and changing factors should condenmn
the application of static criteria.

2. Cost Experience Dif ferences Between Agencies

Thouch DOD replacement criteria are specitied for
use Ly all service ccmponents, the services are given flexi-
Eility in establishirg vehicle maintenance staffing levels
and rrocedures. This has led, Lhowever, in some cases to
significant differences between the services in the manage-
ment cof their vehicle fleets. A recent GAO report [Ref. 16:
ppe 2-3] stated tLat one service's staffing methcds result
in a fersonnel-to-vehicle ratio almost twice that resultiny
from the standards of another service.

Pifferences such as this could have easily 1led to
varying conclusions teing reached by the different studies.
Due to the separakility of the services' umissions and
requirenments, no inference is drawn herein that they should

28
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te constraired to fcllow identical policies. However, a
criticism may be applied against the economic soundness of
specifying service-wide criteria which ignore the variaticns
which exist.

tad

. Lifferences in Model Ipputs and Form

There was some variation within the studies
regarding the tyres cf cost data corsidered in the analyses.
Where one may have included administrative costs associated
with vehicle procurements, another did not. Cne may have
imputed some cost for downtime impact while another consid-
ered only directly measurable costs. In many cases, legiti-
mate costs zay have Leen ignored due to inaccessibility of
data, either because the data were not in a form which
ailowed the costs tc be determined or they were not avail-
able at all. By a study ignoring one or more of the data
items influencing the replacement decision, a bias would
have been introduced into the results of that study's anal-
ysis, 4its magnitude dependizng cn the relative influence of
the iten.

Another rossikle cause of variation in the results
of the studies would be differences in the form of the
models used tc determine the validity of the DOD criteria.
An analysis of these differences is rnot made herein.
However, it is wortl noting that the studies were for the
most rart similar in that replacement decisions were related
to deternminations of long-run miniaua average total costs.

From this discussion of differences between findings
ir the previous studies, some conclusions may be drawn which
should serve as guides Zfor any replacement model afprlied
within thke Navy envircnment.

The chanyging economics of the replacement issue
requires the dynamic application of a decision model; that
is, it shculd be applied on a continuing basis so that

29




T IR R T TR R R RN TR TR T e AT AT ARET TR T e Ty T e e e T T S TR EELGTTL T RN W R T R W e S T e Tweesmw ey

criteria may be wupdated whenever the balarnce between cper-
ating costs and ownership costs shifts significantly. To
restrict replacement decisions to static <criteria is to
ignore the influences of an ever-changing world. Also, the
criteria should not be forced to serve applications for
which they are inapprcpriate. To apply them to too froad an
envircnment is to igrncre the unique economics of the varicus
situations which may exist.

If the correct conclusions are to be drawn frcr the
model, the input data must include all costs which will
influence the replacement decisioa. The 1literature is
consistent in stating that input data must be accurate if
the right decision is to Le reached. Faiiing to include
some cost for the izfact of dcwntime, for vxample, could
bhave significant consegquences. Tahe services have set goals
for dcwntime not to exceed 10%, and even at this rate a
vehicle will be out of service for more than one month in a
year. Corsider tlke nmission impact when downtire, as
reported for an activity of one service, reached 33% during
cne mcnth.

At the outset of this research effort, intentions
had reen to follow the same course as the previous studies.
This approach would have seen large amounts of vehicle data
assentkled, to which regression and other technigques cof anal-
ysis would have been applied. This effort would have led to
the determination of new replacement criteria which could
have then been compared to the DOD standards. Two okstacles
stood in the way of this approach.

First, cost records at activity or higher levels are
kept in neither tlhe detail necessary nor in the fornm
required to have allowed this effort to be completed within
the time availatle. Second, it became apparernt as more
insight intc the subiect was gained that any new criteria
which may have teen determined would have been valid ornly
for a particular momert in time.
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If any ore troad «criticism may be aimed at the
cutccme of studies whkich previously have developed new age
and mileage criteria, it is that these criteria are only the
product cf the data availakle at the time the studies were
conducted. These revised criteria are as locked in the past
as are tte current DCL-specified criteria. The authcrs of
the studies themselves frequently recognized this tc we =o,
and reccrmended that systems be established whereby criteria
would ccntinually be examined and updated. Rhere any one
set cf criteria may have beer valid in its time, its appli-
cability to the econcmics of today nr those of tomorrow is
questionable.

Thkis 1is not to say that one set may not yet Le
apprciriate for use in today's world, and another irn tcmer-
row's., It is certain, though, that all cannot legitimately
coexist, so the guestion remains: which can you rely ujon
for the correct decision? The path to the answver leads to
the necessity for a replacement decision model which can be
applied in a dynamic environment.

E. CCNSIDERATIONS ARL PROPOSAL FOR A MODEL

Numerous literature =<cources exist today which deal in
ore fcrm or another with the replacement question. Mazny of
these exist witbhin thke fields of engineering economics and
cperations research. The methods offered by these sources
for structuring replacement decisions are frequently guite
elaborate, some relying on the establishment of prokability
predicticns of eguifpgent cost characteristics to gquide the
decisicrn-maker.

When in the face of existirg theory the selection of a
practical model for Navy vehicle ileet managers was consid-
ered for this tlesis, procedures based on the use of contin-

uous functions were believed to be impractical. While
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fossitly aprealing tlkeoretically, they were thougkt to be
conceptually too corplex to be widely understood ard as a
result, would find little continuing practical applicaticn.
A model wikich measures iaputs and rerports outputs in
discrete forms would seer more appealing due to a promise of
more ready acceptance. To the extent that a discrete model
satisfies those characteristics reyuired to give a rodel
creditility, it would therefore hold an advantage.

Ancther choice regarding the form of a model is whetlher
it is prokabilistic cr deterministic. With either, the
quality ¢f the output will depend upon the Jguaiity of the
required input data available. As discussed sulbseguentiy,
current availability cf data in the format necessary for the
emplcyment of an ecorcmic model is a problen. Given that a
deterministic model is otherwise valid, it would agpear to
Le more aprropriate in this case since the data requiremeats
of a frolabilistic mcdel would be more severe. In any case,
probakilistic elements could subsequently Lbe introduced into
a deterministic model as necessary data became availakle.

In 1949, George Terborgn, writing on behalf of the
Machine and Allied Froducts 1Institute, gave a detailed
accounting cf the equipment replacement problem. Ir his
work, "Dynamic Eyuipsent Policy"™ [Ref. 17), he enmployed a
model rased on the ccnversicn of periodic costs into uniforn
annual ecuivalents, or periodic average costs, to facilitate
analyses and comjarisons. As structured by Terborgh, the
model is kcth detersinistic and discrete in nature. The
Frinciple ugon which it is Dbased, use of discounted cash
flow methods to determine average annual costs, 1is well
grounded in replacement theory; indeed, Terborgh's work
serves as a basis for much of the theory existing today.

The function of the model 1is to compute time-adjusted
averages for comkired ownership (capital) costs and ofera-
tion (operating and maintenance) costs. These averages are
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computed for any period by first finding the present value
cf all costs through that period. The second ster is to
determine ar annuity amount (assuming annual periods) which,
if paid each period through the period in gquestion, would
yield a (resent value ejual to that caiculated using the
actual ccsts. The use of averages smooths out the effects
cf timing cn cash flows, and allows the consequences of
retaining a machine for varying periods to be more readily
known.

In ccmparison with other methodologies availakle, that
enployed by Terborgh seems well-suited to the Navy's needs
since it maintains the simplicity necessary for rractical
application, yet remains theoretically sound. The remainder
cf this chapter describes the structure of the methcdclogy
in Terborgh's model, and discusses the model's suitability
within the coatext of the requirements expected of a cred-
ible model.

C. STRUCTURE OF THE MODEL

Using hypothetical vehicle cost data, Tables IV, V, and
VI provide a "spreadsiteet" format to demornstrate the methcd-
clogy erxrloyed by Terborygh <for converting actual periodic
costs into geriodic¢c (or annual) average costs. Table IV
concerns itself with operating and maiuntenance-type ccsts,
while Table V addresses ownersanip costs: acguisition
capital (in this example a $10,000 purchase price) ard costs
associated with maintaining that capital thereafter. Takle
VI «ccmokines the data from the previous two takles in
addressing total costs (Note: the tables contain scme

slight rcunding errors).

In Table IV, Cclumn (Col) OM2 represents in currernt
dollars the amount of the hypothetical operating and mainte-
nance ccsts incurred in each period. By multiplying a
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period's cost by ites correlated present value factor (Col
CM3), these costs are converted in Col OM4 into present
value eguivalents (all costs in "Period O" terms) reccn-
ciling cask flows frcm different time periods with cre
arother. By cumulating these adjusted costs in Ccl 045, a
present value fcr all cash <flows througnh the pericd indi-
cated is ottained.

By then dividing these amounts by the arnuity factors in
Col CF6, annual average costs in current dollars thrcugh the
varicus periods are determined as shown in Col OM7. This
means, for example, that the actual cash ilow amounts for
cperating arnd maintenance <costs through Period 7 ($7%50;
$1,119; $¥1,774; $2,003; $2,589; $2,947 and 33,412) are
€guivalent to having incurred a uniform cost of ¥1,917 in
each c¢f Feriods 1 thrcugh 7; that is, either caslk zilow will
yield the same fresert value when discounted at the stated

rate. Figure 3.1 graphs the average operating and mainte-

nance costs from Col OM7 against the periods. This graph
shows the 1rising trend in operating and maintenance costs
over time which was determined by several of the empirical
studies and is descrilted in much of the literature.

In Taktle V, a similar methodology is employed to deter-
zine the average annual costs of ownership (capital and
capital gaintenance ccsts). Col CC2 lists the salvage value
of the vehicle at the end <cf a p[period. The difference
retween this value and that at the beginning of the feriod
(value for previous feriod in Col CC2) represents the lcss
of value during the feriod. This is a cost of ownership
since this loss is incurred by <choosing to keep the vekicle
for ancther period when it may be sold for the ending
salvage value, as ofposed to selling it at the beginning of
the peériod for the higher salvage value. In short, it
represents the value "used up" during a period. Costs due

to 1oss cf value are shown in Col CC3.
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Figure 3.1 Crerating and Maintenance Costs.

Ccl CCi4 represents what in the private sector wculd be

the interest cost fcr continuing to utilize borrowed carpital
to own the vehicle fcr another period {(charged at a stated
rate on the salvage value at the beginning of a jferiod).
Agencies of the government do not, of course, firance the
purchase of nevw vehicles through loans. Government £unds
are generated through tax receipts and the sale of govern-
ment securities, and are appropriated by the Congress tc tae
various federal agencies and components. In applying the
methcdolcgy within the Navy's environment, this cost may be
considered to rerresent a cost of foregoing the opportunity
for alternative uses to which these funds might ke pliaced.
A rate of 10% is used in this exauaple for caarging oppoertu-
nity cost and discounting as specified for use by the Office
cf Management and Budget. A subseguent chapter cn gzodel
inputs will address tke rate ip more depth.
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Ccl CC5, the sum of the previous two, represents the
total cost cf ownership in each jeriod. Cols CC6 through
CC9 arpply the same methodology used in the previous talle
(in Cols CM3 through OM6) to convert periodic cc¢sts in
current dcllars to the annual average capital costs listed
in Ccl CC10. These ccsts are graphed in Figure 3.2 . This
graph shows a trend which decreases over time at a
decreasicg rate.

*

10C0.

| === =====l====== === |=======-=|==-=-—-=—| 2ER

0.0 3.0 6.0 9.0 12.0

Figure 3.2 Capital (Ownership) Costs.

In Table VI, periodic costs from the previous twc tables

(Cols CM2z and CC5) are summed into Col TO2. This refresents

the tctal cost of ownership and operation in a period. Cols
T03 through TO06 agair employ the methodology necessary to
convert the periodic costs intc averaje annual total ccsts,
showp in Col TO7. Alterrnatively, Col TO7 could have fkeen
derived ry simply sumsing Cols OM7 and CC10 for each period
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since tlese coiumns are already converted into annt il aver-
ages for their respective cost components. In this hygo-
tLhetical exampie, tctal average costs reach a rmirimum ir
Period 6 of 3$3,806. Figure 3.3 combines the previous two
graphs and includes tleir sum, the total average cost curve
?E‘ which is a plot of Col TC7 costs. This curve declires
initially due to the influence of decreasing capital ccsts,

o then rises as it is driven upward by the increasing costs of |
.f; operation. The minimum point omn this curve corresgonds to ‘
;{? the F[period in which average total costs are minirized
(Pericd €).

Feference to Col 707 in Table VI will provide sore exan-
Fles of the information available to the decisicn-raker
through use of the mcdel. First, the optimal service life

;'B of the velicle in this example would be six years. That is,
the period in which this vehicle should ke traded to cpti-
;;f cize costs is the period in which average amnual total costs
e are minimized (given that it could be replaced ther with a
vehicle nc pore costly to own and operate, and that a more i
econcmical vehicle is not available sooner). Also, the
table shows that retaining this vehicle throagh eight years,
o for example, would ccst an average of $69 ($3,875 - $3,806)
Fer year c¢f ownership more than if it had been replaced at
s the pcint cf its optimal service life.
.fi It may blre noted that the present value anruity factor
o used berein assumes that all costs are incurred at the end
of a period. This is merely a convention employed to reduce
the ccmplexity of the model. Other factors could be used to
compute average costs as though pericdic costs were incurred

at thke gpiddle of the period (or any other time, for that
U ratter). However, it 1is doulbttful that the use ary cther
:ii converticn would significantly improve the results of the
ﬁk model given the degree of accuracy with which some injut
?3 costs (such as salvage values) could be determined.
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Figure 3.3 Total Capital, Operating and Maintenance Ccsts.
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'{} The matlkematics kehind the model are shown for infcrma-
ﬁ; tion in Figuire 3.4. This figure presents the equatiorn for

o~ the determination of average total costs.

4 D. SUITABILITY OF THE MODEL

'ij Before the model's legitimacy as an aid to infcrmed
i decision-making can ke established, an examination is neces-
'ﬁ$ sary to determine its validity within the context of the
'E €lements reguired of any gjgocd model.

Cne financial aralysis guide provides the follcwing
defipiticn cf a model:

; A medel is a simplified representation of a_real-worlgd
e phep¢menon, It 1s an akstraction or generalization of
o reality. In finance, a model is almost always mathemat-
ical and, therefore, specifies the relationships among a
set of variables in the hore of describing or explaining
the system being studied.... . L .
ess.Proper use of a model will permit isolation of the
variakles deserving the most atteéntion. Add;tlonallg,
if the model is prcCperly SgGleled, informatior can be
gngra%gd that 1till lead o more effective decisiors.
ef. $ Pe

A model by this definition is then a means to visualize

ld
A 47

= some real-life situation in a simplified way that leads to
¢ ketter understanding of its ccmplexities. This descrites
}t. what is bherein being sought in answer to thke veticle
:ﬁﬁ replacement guestion: a means by which relevant facts and
%3‘ data can Le assembled to portray the reality of the situ-
. ation in an easily examined form. Necessary for the suit-
fvi ability of a mcdel are at least the fcllcwing

characteristics which determine its relative desireakbility
and usefulness:

f“. e Quality: A model should first of all present an

'}ﬁl accurate rerresentaticn of the real-world situaticr urnder

ﬁé' study. It should be capable of capturing at least the aost

;f significant aspects of tLhe system or process and facilitate
42
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their gquantification in a directly comparakle form to the

extent they are commensurable. In short, it shkould solve
the right fproblem.

The ckjective of tane Terborgh model is to convert the
opposing trends of decreasing ownership costs and increasing
operaticn ccsts to terms that facilitate coamprenension ani
allow ccnrarison; in this case, average annual ccsts.
Conceding that this is a valid means of comparison as justi-
fied by its apreararnce in literature addressing economic
analyses, particularly those considering the velicle
replacenent question (for examfle see [Ref. 10: PP-. 6-8,
Ref. 19: [p. 16-17, BRef. 20: pp. 70-74, and BRef. 21:
pp. 3E-1-3B-2] ), it pmeets this criterion.

An additional element of legitimacy is provided tlhis
methodclecgy (or variations of it) in tanat it has found frac-
tical application in real 1life by fleet managers ir munic-
ipal government agencies. Accounting for this may be the
fact that as oprosed to more complex approaches taken to the
problem in operations research oriented literature, this
method may be more e€asily understood at a practical level
and thus stand more chance of being received in fpractice.
Actually, it is cnly a structured format which employs prin-
ciples, such as discounted cash flow, with which many
managers are already familiar. If the model 1is otherwise
theoretically tenable, strong weight should be afforded its
potential for actual application and use.

e Simplicity: Though this reguirement is seemingly at
cdds with the one [frevious, a usable model cannot e so
complex as to become cbscure. Its purpose, after all, is to
reduce a complex set of circumstances to manageable terms.
If it attem;ts to capture too many features of the system,
it becomes cumbersome and of dubious value. Understanding
of the system should not ke clouded by the inclusicr of
variakles which are cf little relevance.
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If it is conceded that the metnodology being considered
herein presents the econozics 0f the replacement questicn in
a logical and comprehensible way, satisfaction of this
requirenent then beccmes a manajenent issue of deciding what
costs tc ipclude and i hew duch detail to include then.
Since input Jata are received and results are reported in

dollar terss, <consideratioan @nust be given as to how to
accomnmcdate legitinmate, though hidden or intangitle
€expenses.

Fer example, an activity's mission wili suffer and an
impact cost will be incurred if due to a vehiclie Leing in
the =shcp, the performance of some mission is delayed.
Obviously the quantification of this cost is no simgle
undertaking, but it is genuine and should somehow te imgputed
into the model. The allccation of indirect @maintenance
costs which vary with direct costs presents no less of a
challenge. In the final analysis, simplification of the
model reduces for tle most part to a consideraticn c¢f the
form and detail of tle input ccsts.

e Flexibility: A model should pe structured such taat
its various features may be included as separate pieces or
the whole. This allcws the behavior of various variables to
ke examined and facilitates observation of the effects on
the cutccme resulting from the aiteratioa of any particular
variatle. Within thke context of this model, this criterion
is as mwmuch as anythirg a matter of physical structure and
format.

The takles previcusly used to demonstrate the structure
of the mcdel utilize a spreadsheet format. This format (as
opposed to perhaps fresernting the model in the form of an
egquaticr) ailows the user to see input data, intermediate
calculations and output results in a consolidated regort.
During successive iterations of solving the model, varicus
input data could be altered and the resulting variaticns
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could e oktserved as the soluticn process progressed. If
desired, inputs such as operating and maintenance costs
could be trcken Jown into jreater detail to show tiends irc
the varicus input componernts. Thiouga such amanipulatiors, a
fiexikle mcdel would ke produced that would still allow the
user to cbserve the methodoloygy in proygress.

e [Data Avaiiability: The right answer based on the
wrong inprut data is cf no more value than the wrong amnsver
from the right data. IL the correct data is not directly or
immediately available, the efforts to obtain it must be
justified Ly the wultimate use to which it will te }juat.
Previous discussion addressed the problem of data avail-
ability. 3 subseguent chapter wilil include a consideration
of how this prcbler promises to be reduced througk the
introduction of new technology into the Navy's transporta-
tion management envircnment.
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IV. APPLYING MODEL IN THEQRY AND PRACTICE

The @mechanics cf the rroposed model having been
explained, <coasideration is turned toward ways in which it
may find application. This chapter first looks at how
Terborgh originally envisioned its theoretical use, then
examines scme uses it has found in practice. The chapter
concludes with a consideration of how theory and rractice
interact in implementiny the model.

A. TEEORETICAL APPLICATION OF THE MODEL

Tertorgh used the model as a means to address the
proclenm cf ejquipment replacement, which he described as a
challenge tetween an existing machine termed a "defender",
and the Lest potential replacement machine called a "chal-
lenger." Ir his "Dyramic Equipment Poiicy"™ [Ref. 17], he
develcred a procedure whereby a machiae incumbent in a job
defended its position under economic examination against the
challenge of the potertial replacement. If successful, the
incumkent remained in service. If not, it would be replaced
by the challenger. The premise of this procedure is that
econopic decisions tc replace or retaiu should be based on a
compariscr Letween the miaimum average total costs cf the
challenger machipne ard the existing defender.

Two conditions are implicit in wusiny this procedure for
analysis and replacesent decisions. They are: 1) average
cwnership costs will decline in successive periods sirLce
high iritial acguisition <costs are spread over a 1lcnger
reriod of time, and 2) operating and maintenance costs will
rise cver time resulting in successively higher averages for
these costs. The result is that average total costs for a
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machine initially decline owing to the spread of acguisition
costs, thern are driven ug by rising operation costs as was
shown graghically in Figure 3.3.

Tertorgh used tle theoretical aminimum of average totai
costs as a means by which replacement decisions <c¢culd be
made. Assuming that minimum average total costs can be
determined for both a defender machine and its challenger,
the corrarisor between these two costs will determine
whether to replace the Jefender or allow it to remain in
service. If the defender's minimum average is lower, it is
econcmically better tc retain it. If the challenger's is
lower, tke defense by the incumbent machine was unsuccessful
ard it should Le replaced since on the average, the chal-
lengyer will cost less to own and operate.

In arplying the rrocedure to model the replacement gues-
tion, Tertorgh relied upon two assuaptions to rationalize
and facilitate the decision process. First, future chal-
lengers are assumed tc have the same ainimur average total
costs as the presently availatlie challenger. This assunmp-
tion takes into accourt the fact that a decision to refplace
cr nct tc replace an existing' machine at some point irn tiane
will affect in a particular way the chnain of successive
replacenents in the future. If a machine is regplaced ncyw,
future replacements will fcllow one pattern. If it 1is
replaced after one cr more r[periods, a new challenger rnav
have by then come into being which would head a different
successicn cf future replacements.

Clearly, all future challengers will not exhibit the
same minimux average€ costs, Lut the assumption that tley
will is necessary to reduce the model to manajeable terzs in
the aksence of perfect knowledge of the future. Tkis
assumgticn gives some acknowledgement toc Preinreich's theory
of the imrmediate decision beiny influenced by future deci-

sions, and also reduces the immediate decision to refplace or




o not tc replace to a <comparisonL letweern the minimum averages

3 of only the defender and the present challenger.

The seccnd assumption Terborgh found necessary concerns

the pattern ir which a machine accumulates operating and
- maintenance costs as it ages, given that they rise at scme

rate over tinme. Terborgh assumed that a defender machire

would accurulate excess operating and maintenance costs

relative to the best available replacement at any pecirnt in

- time at a constant rate over its liifetinme. He considered
these e€xcess costs to represent a machine's ‘"cperatainy
inferiority" as compared to the lower costs which would be
experienced by that replacement. This <constart rate oz
_ accurulaticn could be defined by a rising linear trend which
r. Terktcrgh termed the "“inferiority gradient."

P Scme studies have concluded that a constant rate of
. increase for operatinyg and mainterance costs is, in fact, a
- reasonable assumption, at least when averages for several
. vehicles of the same type are considered [Ref. 7: EP.
b 25-26]. Cthers, such as FKRussell [Ref. 22: p. 8939-911),
[ concede¢ that though a constant rate is a poor descrigptor for
- the actual situation, it is used by default since it is eas
- good as anything else available. In any event, it would
4 appear that Terborgh may have made this assumption fcr two
reasons: as a matter of expediency to allcw formulas and
shortcutts tc replace the tedium of the calculations reguired
to develop the tables shown in the previous chapter, and to
rrovide some forecast of the tehavior of future costs. 1In a
later work [Ref. 23: p. 16] Terborgh expanded his origiznal
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formulas tc include two additicnal patterns of operating and

T

mainterance cost accumulaticn (rising at an increasing rate
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:’ and rising at a decreasing rate), giving acknowledgement to
:f the restriction his assumption placed on use of the model.
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E. FRACIICAL APPLICATIONS OF THE HODEL

As rentioned previously, a major factor rfavoring consid-
eraticn ¢f this nodel for use by tke Navy is that it aas
fourd its way into [practical applications; again, gerhaps
because cf its simplicity and an avility to be understocd by
fleet manaygers. Examples c¢f several of these applications
are included in an International City Management Asscciation
“"Management Informaticn Service Report" [Ref. 24], and will
te sulksequently summarized. While not employed in a way
leading to challenger-defender analyses, the annrual average
costs provided by the model are used to guide manajers
toward mcre economicaily sound decisions.

The Center for 1local Techrnology, at Oklahoma State
University, has developed twc forms for use 1in computing
average anrual total costs [Ref. 24: pp. 3-7]. One is used
to reccrd operating and maintenance expenses, and the ctler
provides a structured format within which those <c¢c¢sts and
reriodic salvage values are used to deteramine average annual
costs. The format 1is similar to that shown in the tatles
used to demonstrate the structure of Terborgh's model.
However, it 1includes a proportioningy factor whicc adjusts
costs when a vehicle's actual mileage varies £from a target
fer-pericd average &@mileage. Discounting of cash flows is
not emplcyed; rather, cumulative costs through a fpericd are
divided by the number of periods to obtain a simple arith-
metic average.

By mcnitoring the average costs period-by-period, the
fleet manager will see when average costs tegin to rise
(optiral service life has been passed), signaliny that it is
time to replace the vehicle in question. This application
has an cbvious disadvantage in that replacement is signaled

cnly after average ccsts have begun to increase from the

L; ainipum, and therefcre optimal, averaye.
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This prcblem may e accommodated by calculating a value

which represents a target operation cost for the ugccminj
period. This procedure is based on the assumption that the
average total cost curve takes on a "U" shape (see Figure
3.3) due to a declining then rising trend. After any period
through which average total costs have continued to declisne,
a cost may ke calculated for the subseyuent period wkich, if
not exceeded, will result 1ip average costs through that
pericd egualiry those through the immediate period. As lcng
as next period costs can be anticipated to be below this
limit, the average costs will continue tiae declining trerd.
Since this would indicate that the period of ainimum average
cost has yet to ke reached, the vehicle should be retairned.

Through the use <¢f a series of nomograams, the city of
Clearwater, Florida, employs this methodology in managing
its fleet [Ref. 24: [p. 5-7]. The nomograms are lrased on
similar cnes develored by the Local sovernment Operational
Research Unit, of Great Britain. d4ith them, next-period
cost limits reportedly may re determined with relative ease.
A serarate nomogram has been produced for each c¢f several
classes cf vehicles, a class beiny determined by sirmilar
patterns of depreciation. Thcugh based on vehicle classes,
this method is intended to answer the question of when to
replace an individual vehicle.

Similar nomogJgrams have been applied by over 300 1lccal
authorities in Great Eritain with resultant savings reported
to equal 10% of overall expenditures on vehicle purchase,
repair ard maintenance costs. Several limitations associ-
ated with the application of this methodology however must
ke rememkered:

. Use of a vehicle must be approximately the same
throughout its life.

o The replaceszent vehicle must exhikit a similar
pattern cf costs thrcughout its life.
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e The average ccst éurve must follow the form assumed
(once average total costs begirn to increase they will
continue tc do so).

. Costs for tle upcoming [period aust be capable o:f
being forecasted with reasonalkle accuracy.

As opposed to concentrating on irdividual vebicle
replacements, the city of Little Rock, Arkansas, uses a
group approach to manage vehicle replacements in its fleet
[Ref. 24: pp. 7-11]. This prccedure regquires the pericd of
minimum average total costs to be determined using averaged
costs for vehicles of similar expense and usage characteris- .
tics, rather than usiny individual vehicle costs. Tkis |
information is used by management to determine hcw =many
vehicles of a certain class within a fleet to schedule for
replacement. For example, if there are thirty vehicles in a
class which have (as a group) optimal lives of five years,
six vehicles (1/5 of 30) are programmed for replacement each
year.

This method of afplication has provided Little kReck with
the renefit of being able to stabilize the number of vehi-
cles which must be budgeted for replacement each year. The
city uses life expectancy tables published by the American
Pablic Wc¢rks Association to determine the replacement period
cf the varicus vehicle classes. However, local costs could
€asily be ccnverted to averagye periolic costs to determine
optimal replacement cycles Dbased on the city's actual
conditicns.

C. A CCMPUIERIZED AFEROACH

Tc comkine the &rmanagement assistance provided ty the
model with the convenience of data processing technology, a
series cf five computer programs have been developed by
Public Technology, Inc. (PTI), of Wasaington, r.c., a
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non-jprofit public interest organization. Using methcdclcgy
very similar to that employed kv Terborgyk, they are desijred
to calculate mininup average total costs for classes of
vehicles based on local cost experience [Ref. 24: EP-
11-132. Named as a group the Vehicle Replacement Package,
these programs guide managers to replace vehicles during the
Fericd in which average costs are minimized (pcint of
optimal service life). The Frackage additionally can iden-
tify vehicles =rfor particular management attention which
incur costs that differ from the class average, and wili
calculate subseguent reriod experse liaits.

PII's Executive Suamary of this pacxage describes the
furnctions of each (trogram, and [provides samples of the
management reports gernerated. It is reproduced in Aprendix
A, Lata fcr use with the package may come from any reccrd
source. However, PTI also orffers a coamputerized information
system, the Eguipment Management Information System, which
may ke used to maintain detailed, electronically retrievakle
vehicle history records.

The ability to arply the model via the electronic medium
will of course increase its flexibility and accessibility.
However, as with thke manual methods previously discussed,
its validity will be restricted to the following conditions:

e The vehicles willi be used in the same manner over
their lifetimes.

. The replacement vehicles will experience costs
similar tc those replaced.

e Orerating and maintenance costs will rise over tine
and average total costs, once they begin to iacrease, will

continue tc do so.




D. INTEBACTIION OF TEEORY AND PRACTICE

The purrose of the model is to develop the replacement
decision as an econcmic decision. The economic 1life of a
vehicle may then be generally thought of as the perioil
during which it is mcre cost-effective to keep it than to
replace it. A consideration c¢f just how that period may be
defined will aid in visualizing how the theory and practice
interact in implementation of the model.

Eeterson [ Ref. 25: pp. 366-367] proposes four defiri-
tions within the context of which the concept of economic
life can be interpreted. Following 1is a discussion of the
applicability of each to the implementation of the average
cost wmcdel.

The eccnomic life o¢f a ...
t1m§ over which it has it
cost.

[vehicle]...is that fperiod of
S lowest uniform ejuivalent

This is the theory behind the approach to using the
model emplcyed by the Public Technology, Inc., Vehicle
Replacement Package, and the similar, manually arrlied
vehicle replacement systems. The object of this apgroacn is
to deterrine for a vehicle or class of vehicies the cptiral
service life; this reing the period through which periodic
average costs are minimized. In using this approach to
optimize vehicle oferations it is assumed that replacement
vehicles will be esserntially identical to those replaced and
will experience similar costs. This of course does not mean
that a vehicle must te replaced by such. It means that this
application takes no account of the possibility that a more
economical vehicle, c¢r challenger, may be availalkle sconer
than the computed =service life. This restricts the
econcoics cf the juestion to those which are internal tc the
system, or are generated solely ty the costs of the vehicle

or class being examined.
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The . eccrncmic life is that Eeriod of time which _wilil
terrinate when _a new...[veliicie]...promises a lower
equivalent annual cost than the_ cOst Or keeping the cid
eee[vehicle]...for an additional year or more.

This mcre closely descrikes the basis of Terktorygh's
applicaticn in his use of the model to structure challenger-
defender comparisons. Obviously, one would not expect to
replace a 1976 vehicle in 1984 with a new 1976 @mcdel.
Indeed, suchk a vehicle would nct even exist. To then apply
the mcdel tc derive cptimal service liives only as deterrined
by interral economics is to ignore the advantages Etrcucht
about ty advances in technology over time as reflected in
lower relative costs. Exterral economies therefore may also
influence tle replacement decision,

Terkcrgk acccunted for this in defining his ccncept of
cperating inferiority as the result of two components
[Ref. 17: p. 61]. The first, deterioration, is internally
generated through the decline in a vehicle's oferating
rerformance as ccmpared with itself at an earlier age. Thkis
would te reflected in the increase in operating, maintenance
and dcwntime impact costs theorized to occur as a vehicle
ages.

The seccnd component of operating inferiority, olksoles-
cence, is externally generated. It represents the eixcess
costs a new edition cf a defender vehicle would exferierce
in ccamparison with thcse exfperienced by the best challerger.
A cost such as this would accumulate, for example, as rnew
vehicles are designed for increasingly better fuel ecoromy.
It is pcssikle that a highly advanced challenger could cause
a defender to become obsolete before it has reached its
cptimal service life.

Therefore, the concept of economic 1lifetime may be
extended Leyoud only a simple calculation of the Lkest time
to replace a vehicle to minimize its costs. It then becoaes
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a consideration of when to replace as influenced by its own
cost exjerience and the cost experiences of Letter
challengers.

The econcmic life is that _period of time whica will
eiapse before a ... vehicle]l... will be displaced by
ancther as a result of a futdre analysis.

The implication cf this definitior is that regardless of
a defender's present age, its economic life begins with the
present and continues cnly until it can no longer defend its
position against available challengers. This brings up a
particular point regarding the computation of a defender's
average periodic costs; that is, that they shculd be
computed without regard to the costs which have been previ-
ously incurred.

That this is so 1is a reflection of past costs teing
sunk, and Laving no e€conomic influence on costs which will
ke incurred in the future. Therefore, the defender side of
the chailenge becomes an issue of the economics of retaining
the existing vehicle for a time beginning with the irmediate
period. In computing average periocdic costs for the
defender, the current salvage value is used as the acguisi-
tion value and pericdic costs from the present onward are
input into the model as if they will be incurred beyginning
in the first period.

This may be visualized ty corsidering a situaticn where
the defender is first sold for its salvage value. The chal-
lenge is then a comparisor of the choice between purchasirg
a challenger or buying back the defender for the same frice
as sold. This conceptually places the two alternatives on
the samwe conmparative lasis. [Ref. 21: p. 3B-8)

The eccpcmic life is that period of time absorbed bg the
intended service before the ...[vehicle]... is degraded
tc ancther service, or liquidated.
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The latter consideration in this deiinition, 1ligjuida-
tioan, concerns conditions where an asset will «c¢nly be
rejuired for a finite period, after which it will have no
furtber use. For all intents and purposes, the requirements
for vehicles within the Navy may be considered to continue
indefinitely, and replacement decisions need not be
concerned with this situation.

The consideraticn of a degraded service assignment
defines the concept cf economic life as a function cf a
vehicle's assignmeat within the organiczation. This is
reflected in the ccncepts of primary versus seccndary
replacement [Ref. 17: pp. 24-25]. The former would refer to
the fprocurement of a new vehicle whick can ecornomically
replace an existing one in the same job. This is the
peaning ¢f replacement which to now has been used in this
thesis. The latter refers to an asset being replaced from
within the crganizaticn because it can no longer perform its
function as econcmically as anrother. It is usually degraded
to an assigrment of less demanding service.

An ckvious example of this occurance within the Navy
regards the operatior of vehicles in security patrol assign-
ments. in compariscn with a sedan assijyned to an activity
commander, for instance, security vehicles can be exfected
to reach their optimal service 1life much sooner since the
intensity of use may cause salvage values to decline and
operaticer costs to rise at accelerated rates. Once ttley
have keen “"run into the ground", they are frequently chan-
nelled into a lower mileaye assignament, being displaced Ly a
never vekicle.

Such usage serves to complicate the use of the replace-
ment model to determine oftimal service 1lives in that it
results in cost patterns significantly different <£from the
"nora". It is possiltle that vehicles with simiiar, though
abnorrmal, rates of usage could be jJrouped together and
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modeled as a class tc accommodate this problem. However, ii

the mcdel were to be used for repiacement decisiors and if

it was fourd to be mcre economical to replace ratker than

displace thcse vehicles. The acgyuisition system would need 1
to be fiexible enough to allow this to be done.

Current DOD poiicy as igplemented in practice anas not 1
provided this reguisite flexibility. Fuzding for reglace-
ment of underage (though over-mileage) vehicles is
frequenrtly rot forthccmingy, perhaps because the econcmics of
one alternative as ofrosed to the other cannot now ke demon-
strated to funding sponsors. Dollar amounts required fer
vehicle fcr new acguisition funding are relatively conspic-
uous ir ccmparison with operating and maintemance funds
requirerzents for an individual vehicle within an existing
fleet. Ccst conscicus managers understardabiy will tend to
defer furding of refplacement assets and decide 1in favcr of
continuing to operate and maintain existing, though older,
assets if the econozic consequences of such action are not
apparent. An immediate application possibility for the
replacement model is therefore suggested by such situations.

Functional displacements <¢f vehicles within the fieet
are ccmhcn occurances since they can be so easily acccem-
plished. Few "switching costs™ will be attendant to such a
shuffling of assignments except when attached gear (radics,
tool lroxes, etc.) mnust be removed and reinstalled. Good
sanagerent then reguires a method by which the prokler can
econorically be accommodated. Appendix B discusses one such
method. Developed intermally within NAVFACENGCOM, it serves
to minimize vehicle operation costs by helping managers fput

bhign cost vehicles isto low mileaje assignments, and vice
versa.
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V. INPUT DATA: REQUIREMENIS AND AVAILABILITY

In calculatingy average total costs, certain infcrmation
is required by the mcdel. Input data will comsist c¢f the
costs of vehicle ownership and ofperation. Although some of
these ccsts are common to any application of this tyge,
whether within the jublic or [private sectors, cthers are
unigue due to the nature of the vehicle replacement prchblenm
from the Navy's fersrective.

Freviously, it was noted that the literature addressing
vehicle cr other equipment replacement 1is consistent in
stating that accurate input into a replacement model 1is
necessary tc produce valid conclusions. In ligat of the
importance given to data accuracy, this chapter is devoted
to a discussion of the input requirements for a rodel
applied to the Navy environment and the present availability
cf that data.

A. INPUT DATA REQUIRED

The fcllcwing discussion addresses the types of cost data
which would be necessary for model implementation.

e Acguisiticno: The bulk of this cost will be the
rurchase price of a new vehicle, to which administrative and
cther costs incurred as a result of the vehicle's frocure-
ment should be added. Examples of these additional costs
are costs incurred Lty the fprocurement organization as a
result c¢f the procurement action, costs of acceptance
inspecticns, transpcrtation costs to the uitimate destina-
tion and costs tc prepare a vehicle for service

59




- - Y LA M —. v ETr s - Rowv s ¥ o N - P SR Sl R e S e A A A S B )

(installaticn of tocl boxes or security 1lights, for
: example) . In short, the total acguisition value consists of
h all costs which would not otherwise Dbe incurred if a
‘1- purchase action was nct undertaken.

Discussed previously was the need to keep a reglace-
pent pod<l simple ip crder to keep it manageable. A consii-
eraticn of how to allocate the <costs of a purchase
organizaticn to cne fparticular action presents an exaaple of
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how the model can easily become complicated. However, to
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ignore such costs is to introduce into the model a kias in
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favor of replacement rather than retention. This provides
- an exarple of a situvation where, should the costs ke of
- sufficient magnitude to affect the outcome significantly, a
. manager may be forced into making a simplifying assumption

to facilitate manageakility of a model (such as procurement
5; costs r[ferhags representing a percentage of the ;urchase
o price).
' . Salvage Value: Two cases may be <considered
regarding the determination of salvage values. One is
essentially a "no-salvage" approach whereby initial acguisi-
tion costs are simply apportioned over the total rericd of
cwnershig; the longer the total period considered the
) smaller the apporticnment necessary per period for carital
v}j LEeCOVEry.
- In some resfpects, this in general represents the
- Navy's situation due to the disposal system urder whica it
operates. When a disposal action is taken against a
- vehicle, it is transferred to a Defense Property disgosal
;- Cffice salvage yard where it may be screened in crder of
N precedence Ly other L[CD activities, other Federal agencies,
P, state agencies, and service/educational organizatiocns (such
*2’ as the Boy Scouts of Aumerica). If desired by any omne of
'{ these organizations, the vehicle is then retransferred to it
'{x at no cost. If none desire to reguasition it, it is sold at



public auction. Freguently, those veniclies passed over
during tke screering process and eventually sold are 1in a
conditior which will justify a price ejual only to its scrap
value [Ref. 26 ]. Regardless of whetaer a veticle is trans-
ferred tc another agency or sold at auction, the Navy
receives nc remuneration (no salvage) from the disposal
acticn.

The result «c¢f using a no-salvage apprcach in
accounting for <capital costs 1in the replacement model is
that average capital costs will be much greater than thLose
produced by "real life" salvaye values, particularly during
earlier periods. This is the case since under a no-salvage
assumrticn, the entire value of the asset is absorbed in the
periods through which average costs are being calculated,
regardless cf how few periods are considered (if ccmputing
average costs for one period, for exampie, the entire value
of the vehicle is <charged to 1loss of value for that cae
geriod). Mathematically, this gives the impressiorn that an
asset "“derreciates" nmuch mcre rapidly than it does in
reality, «causing tke average total cost pattern to reach
pinimum at a point later than it otherwise would Lased on
actual trends. Use of this approach would mean that Navy
funds mapagers would tend to favor continued retention of a
vehicle rather than replacement.

An alternative way to view the salvage question is
to assign to a vehicle a salvage value equal to tke frice
for which it could be sold on the open market given its age
and ccndition in a particular period. Publications sucn as
the "Kelly Blue Book"™ or the "N.A.D.A. Official Used Car
Guide" wculd provide guidance for determining these values
in the cases of sedans and trucks. While the rfrices
rrovided by these pulklicaticns reflect features attributatie
to market conditions (relative desireability of a particular
tody style, for ibstarce) which are not directly appiicatle
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to the Navy's needs, they also reflect a venicle's ability
to command higher resale values resulting from higher fuel
€economy cr lower maintenance Treguiremeunts relative to ctger
years and models. In this respect, market-deterrired
salvage values thecretically more closely reflect the
retained value of a vehicle as time goes by. While the
no-salvage apprcach is more indicative of the finarncial
aspects cf the replacement decision, the imputed salvage
value arproach 1is a better indicator of the eccrornic
aspects.

The choice of how to account for salvage is nct ac
insigniricant consideration. In Klungle's examination of
the rerlacerent policies for Navy pickup trucks, tke choice
caused tke determination of ortimal service lives +to vary
from as few as three to as many as seven years depending on
the <chcice of the <cther variables in the model (lcnger
replacement cycles Leiny associated with the no-salvage
case) [Ref. 7: pp. 50-53].

Action 1is f[fresently underway to revise disposal
Folicies to allow Puklic Works Centers (PHC's) to sell used
vehicles on the open market and apply the proceeds to
rurclhases of replacement assets (tnis Deing a reflecticn of
the Lusiness orientation of Navy Industrial Fund activities
such as P¥C's). Here, the @market value salvage case is
directly applicable. Applying that <case in modeling the
€conomics of PWC vehicle repiacements and then appiying the
no-salvage case elsewhere could result in a wide disparity
in the ages of vehicles available to PWC-served activities
versus activities served by in-house public works
departments.

¢ Interest/Liscount Rate: DOD guidance prescrites
the use of a discount rate of 10% in performing econonic
analyses to reflect the premise that public investients

should exrlicitly consider the alternative use of funds they
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displace or absorb [ kef. 27: Encl (1), p. 6-7]. The use oI

a discourt <rate aisc shows a preference for the timing of
cash flows, those teing received earlier in the fperiod of
analysis being weighted more heavily than those received
later.

A discussion cf the guestion of whether or not this
is indeed tlre prcper rate to use is beyond the scope of this
WOL K. However, it can be noted that use of an incorrect
rate wmay not significantly affect the outcome of the
replaceaent wmodel. Kiesling [Ref. 15: p. 37], for exarnmple,
fournd that variations of at least five percent will ke
insignificant, and Klunjle [Ref. 7: p. 52], coacluded that a
similar variation changed only slightly tke determiraticn cf
the optimal service life for pickup trucks. The actual
impact c¢f the disccunt rate will depend on the relative
magnitude <¢f ownership and operation costs; reiatively
higher <cwrership costs causinj the minimum average total

cost to cccur in a mcre distant period.

2. Cperating and Maintenance Costs.

It is within this category that costs which result
from operating a vehicle (fuel, c¢il, lubricants, etc.) are
incurred. Aiso, mpaintenance, repairs, and other costs
necessary to sugport those ofperations are included. In
applying the model, it is necessary to include only costs
wiich vary over time or with the choice o0f a particular
vehicle. Costs which do not change with these variatles,
which are essentially fixed, are not relevant to the deci-
cions which are based on the use of the model.

The differences in costs which occur over time are
due to deterioration, which is chargeable to a vehicle irn
comparison with its "%earlier self." Differences due to
choice are reflected in obsolescence, chargeable to a
vehicle as compared to a more economical replacement. A
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difference in costs which would be <fixed for orne or beth of
the alternatives in a challenger-deiender analysis, Fut at
different levels, 1is also relevant. An exauple of such a
cost would Le special tools which would be required tc rain-
tain a pctential challenger. [Ref. 28: p. 482]

In calculating the ortimal service life of a rartic-
ular vehicle, only deterioration (the amount each pericd by
which a vehicle becomes inferior to a new replica of itself)
is applicatle. The cbjective of the service life calcula-
tion is to determine when decreasing costs of ownershif are
offset by increasing costs of operation. Terborgh used the
convention when determinring the service life of challenger
vehicles c¢f setting the value of his inferiority gradient
(essertially, a measure of operation costs) to zero rLor thae
first reriod since a vehicle is oot inferior to itseif when
nev. Subseguent periods were then incremented to reflect
the arcunt by which cperating and maintenance would increase
with age [Ref. 17: pp. 76-77]. 1In the case of a challenger-
defender ccmparison, the defender vehicle must Le charged
with kcth deterioration and obsolescence costs to reflect
the amounts by which it is inferior to the potential
replacenent.

In the practical application of the rerlacement
model for decision-raking, the separation of fixed costs
from varying costs is actually not a necessity, simplitying
the rrocesses of determining values for input data. This is
true since even though only varyiag costs influence the
decisions based on the amodel, the inclusion of fixed costs
will not cause those decisicns to change.

To illustrate this, Table VII manipulates the hygo-
thetical data used tc develop the tables in Chapter III.
Other than values for operating and maintenance costs which
are shown in Table VII, all other input data remain
unchanged. The first two cclumns in the table repeat the

()




original values for the operating and maintenarnce ccsts and
the arnual average total costs. The second two <ccluzns
parallel the first two except that for ililustration,
Terbergn's convention of setting first period costs to zero
has keen employed (each period decremented by the amount of
first fpericd costs). The third ard tourth of tLe twc-cciumn
sets are similar to the previous two except that values of 3
5,000 and $§ 15,000 have Leern added respectively in each
pericd tc represent two possilkle levels of fixed ofperatiny
and maintenance costs.

Notice that in every case, the decisions which wculd
result frcm applying the replacement model would bte the
same. The optimal service life is in all cases six years.
The average cost per year of retaining a vehicle for ten
years, for example rather than replacing it at the six year
point (difference between average total costs of sixth and
tenth years in each case) 1is always 3184. The result of
adding fixed operating and maintenance costs is merely tiat
the tctal average annual costs in each period are irncreased
consisterntly by that amount.

Hcw does this simplify the practical application of
the mcdel? Considering for instance the ruel costs cf cper-
ating a vehicle, deterioraticn would be represented Ly an
increase in these expenses (assuming constant usayge and fuel
prices) as a vehicle aged and the engine became uwore ineffi-
cient. Obsolescence would be reflected by the savings in
fuel expenses which could result from operatiny a challenger
designed for increased fuel economy relative to the tne fuel
consunption of the existing vehicle. Due to the fact that
the nonvarying compcnent of fuel expenses (reflected in
neither deterioration nor obsolescence) will not aiffect the
final decision if included in the model, the model user is
spared tte chore of separating it out from those corponents
wnich represent deterioraticn and obsolescence.
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Ancther consideraticn with respect to operating and

maintenance costs is Low to accommodate capital additicmns or
improvements. An example of a capital addition could ke the
installaticn of a retrofit air conditioner in a sedan, given
that it would not ke removsd prior to disposal and its
installatior increases the value of the asset. Major cver-
hauls such as engine replacements (a «capital improvenent),
unlike “"rcutine"™ maintenance and repairs which tend &wuore
toward rreserving a vehicle at approximately its frresent

condition, return it to a previous (more valuakle)
conditicn.
Costs of capital additions/improvements are

addressed at this frarticular point since they ray be
included within the ncdel as if they were pormal costs of a
vehicle's cperation. Thouyh they could be included as a
capital cost, it is conceptually perhaps more 1logical to
group them as an operation cost since they probably will be
incurred in the same facilities and by the same personnel as
routine maintenance and repairs. Also, including them as if

they were operating ard maintenance costs will siaplify the
process of maintaining cost records necessary to [rrcvide
input data.

within the regylacement model, the difference Letween
computing capital addition/irfrovement costs as carpital
costs or as operatirg and maintenance costs 1is that the
former case will result in average periodic capital costs
will decline at a slcwer rate while in the latter, average
periodic operaticng and maintenance costs will rise at a mcre

rapid rate. Either way, there is no difierence ir the

.
’ DRI

values ccmputed for average total costs. The choice as to
how capital addition and improvement costs are categorized
within the zodel then is nct of any computational signifi-

LA J. :?;.;‘__.

cance. What is of imfortance is that salvage values must be

’

oy 'l f.

adjusted by the amounts by which they are increased as a
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result of the additicn or improvement, and this will affect
the final ccmputation of average total costs.

3. [Lowntinme

Sore studies have approached tne problem of downtime
from the ccnverse perspective, choosing rather to determine
effectiveness (the time a vehicle is "up"). Effectiveness
has Leen defined as having elements of availability and
reliakility; availability being the probability an eguigment
asset will ke availalle for a mission when needed, and reli-
ability keing the prcbability it will complete a mission
cnce legun. [Ref. 29: pp. 11-13 and Ref. 30: pp. 82-84]

As discussed in a grevious chapter, the data
requirements for a probabilistic approach to vehicle
replacement would be mcre rigorous than a deterministic one.
Given that data in tle detail necessary for develcyment o=
availalkility and reliability estimates of vehicle types may
not ke practically available, costs associated with vehicle
downtime are then best related to availability [Ref. 10: p.

‘93 By determining the time in which a vehicle is unavail-

able fcr wuse (in the shop for repairs), a penalty can be
assessed against it as a cost of operatioan.

This penalty cost should be in dollar terms to
provide ccmmensurablity with other moldel inputs. It can be
the rental «cost of another vehicle to replace the velicle
that is dowr or if a rental replacement is not feasilkle, it
should ke a function c¢f the cost of impact on the activity's
pission frcm the vebicle not being able to carry out the
purpcse for which it 1is intended. These 1impact costs
reflect time lost by fersonnel who would nave had a need for
the vehicle and costs resulting from the personnel nct Leing
capakle cf carrying cut the tasks for which the vehicle was
needed. Little thought concerning this subject is rneeded to
visualize situations in which iapact costs could be incurrel
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in almpost infinite «combinations due to "ripple effects".

Determinirg the value of these costs would cbviously be a
highly suljective exercise.

However, to ignore these costs in the rerlacement
decision is tantamount to denying their existence alto-
gether, and they are as legitimate to the economics cf the
replacement model as are the Jdirect labor costs of mainte-
nance mechanics. However, they are so difficult to deter-
mine that they are freguently "assumed away", resulticg in
an unjustified bias Leing introduced into the model tcoward
retention.

Since the mcdel deals exclusively in terms of
dollars, it regquires that a dollar value be assigned to take
downtime costs into account, whether determined by the costs
of a replacement vehicle, as a proportion of repair costs as
suggested by Bussell [Ref. 22: p. 903], or as an arount
directly related to the degradation of an activity's ability
to carry out its mission.

It may be asked of those who would object to an
accounting for these costs because the subjectivity of the
situation can easily lead to an incorrect dJetermination,
will the inclusion of no costs be any less incorrect? 1It is
reasonakle to believe that neither will reflect the true
value of impact costs experienced by the activity, Lut the
resoluticn cf this rroblem rests not on whether or nct to
include these costs, but on the degree to which they can be
accurately assessed.

The illustration of the conversion of periodic costs
into average costs in Chapter III did not, for the sake of
simplicity, include dcwntime costs. Introducinj them would
ke sisrly a matter c¢f adding them to the model in the same
fashion as the operating and maintenance costs.

The analyses of vehicle operation histories 1led
Streilein to the conclusion that downtime rates wculd not
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vary with a vehicle's age [Ref. 11: p. 20] (though he
cauticned that an increase could occur). Klungle's data led
to an oprosing coaclusion; that a definite increase occurred
for Navy G[fpickup trucks at an almost constaat rate as ttey
age {Ref. 7: p. 26-20]. Though supporting data were not
included, cther literature scurces aldressing the sukject
wkich were examined during the research of this thesis were
all Ltut wunanimous frroponents of the increasing trend.
Ceferring tc the preponderance of opinions supporting the
increasing trend, the influence of costs resulting from
downtime impact must be considered since they will afiect
the model in a way similar to that caused by deterioraticr.

4. Disrposal Costs

Just as costs incurred as a result of a vehicle's
acquisition are valid to the replacement model, so, too, are
costs which occur when that vehicle must be disposed.
Exanples wculd include administrative and transportation
expenses, and costs to prepare it for disposal (remcve
radios, security vehicle lights, etc.).

Should Public Works Centers eventually be allowed to
sell used vehicles on the open market, attention would need
to be given to how kest to present the vehicles fcr sale.
Higher ©pprices may te paid for vehicles which have tean
"fixed ug", but managers must evaluate cost trade-cffs to
ascertairn that srecial preparation expenses will be returned
in the form of a sufficiently higaer price.

-

5. Productivity Costs

It may ke ncted that throuynout this thesis the
implication has been that the vehicles to which the regplace-
ment model will be afpplied can be compared only with respect
to costs; that there is no input component which acccunts
for renefits received as a resulit of productivity
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differercces between two vehicles. Particularly withk respect
to administrative use vehicles (cars, pickup trucks, tusses,
€tc.) none is regquired since tke product of their oferation
(transpcrtation of fersoanel and material) will be essen-
tially eguivalent regardless of the choice or age of the
vehicle. Therefore, consideration need only be given to
differences in costs between two alternatives necessary to
obtain tlese eguivalent products.

Scme CESE assets, howvwever, are of such a nature that
a difference is discernabie between various choices in Lboth
costs and output. Equipment within this category would
inclade such assets as construction and wveight handling
eguifprent. The reglacement model is capable of Leiny
extended tc cover this situation. This could be accon-
Flished Lty making some accountinyg for productivity ckscles-
cence in the form of a charge to operatiny costs. It would
require a value to be on the improved production which could
be gained fiom a potential replacement, and appiying it as a
Fenalty cost against the existing Jdefender. Increased
productivity carpot ordinarily be measured in reverue terms
withip the Navy's ervironment as it aay in the conmmerciail
world. However, its influence nevertheless is valid tc the
replacenent guestion; its effect Leing somewhat similar to
obtaining ar eguivalent level of productivity at a lower
cost.

B. EXISIING DATA BASE

Ncw that the input rejuirements <for the model have Leen

idertified, the comfosition and structure of the data vase

which fresently exists for Navy vehicles willi be undertaken.

A registraticn number, generaily referred to as a "USN"
number, is assigned and affixed to each vehicle at the time
of its acqguisition ky the Navy to establish and maintain
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permanent and positive identification of that vehicle during
its lifetime. Additionally, an individual egjuipment histcry
record file is established for each vehicle and is requirel
to be maintained in a complete and up-to-date status Ly the
vehicle hclder from the time the vehicle dis acguired until
it is transferred <for disposal or excess. History reccrd
files accodrany vehicles transferred frow one activity to
another and contain as a minimum the following: (1) orig-
iral receipt documents, which norwally include the acguisi-
tion ccst and contract number under which the vehicle was
procured; (2) technical identification and specification
data; (3) Shop Repair Orders (SRO's) coveriny all inspec-
tion, maintenance, and repair items accomplished to date;
(4) accident reports; and (5) other appropriate documenta-
tion considered necessar; for further reference [purfpocses,
such as warranty work and unsatisfactory equipment rejorts
[Ref. 5: p. 17-13].

The SRO is utilized to authorize, coantrol, and account
for lakor and material expenditures for each instance of
gaintenance, repair, modernization, alteration, or imfprove-
ment c¢f an item ¢f eguipment. Examination of the infcrma-
tion recorded on each SRO provides a manager with the
ability to determiné the dates the vehicle entered and left
the shog, computé the amount of time the vehicle spent in
the =slor (downtime), identify what type of work was
performed (maintenance, repair, or other), identify the
costs of that work as segregated by labor and nmaterial
charges, and note the accumulated mileage incurred by tae
vehicle at the time of work performance. Although this
information 1is available from the individual SEKO's, the
structure of current management information systems employed
does not allow the extraction of data in the reyuired fcrmat
(annual maintenance and repair costs, fuel costs, and accu-
rulated mileage for each jyear of the vehicle's 1life)
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necessary fcr the ccmputation of the average annual cost
required to be utilized by the model.

Vebhicles are generally either assigned to azprcpriated
fund activities who ferfora in-house maintenance and refgairs
for that activity, c¢r to <centralized Public Works Centers,
Ravy Industrial Fund activities that fulfill transportation
rejuirements and perform vehicular amaintenance and regairs
on a reigkturseable Lasis fcer the appropriated fund activi-
ties in their vicinity. Each has its own managyement infor-
gation system as discussed below to satisfy its respective
needs.

1. Euklic Works Lepartzents

Eublic ‘VWorks Departments provide in-house wmainte-
narce and repair services for vehicles assigred agaainst
their activity's allcwance. The formal information sjysten
utilized by transportation managers is comprised of the
NAVCOMPT Form 2168, Cperating Budget/Expense Report aud the
BAVCCMET Form 2169, Ferformance Statement. These regorts
are frrocuced monthly by the standard activity accourting
system utilizing the SRO costing data and records of iuel
issues, and are provided by the activity Comptroller/Fiscal
Cfficer.

The Operatingy Budget/Expense Report provides accrued
expenses, accumulated for the year to date by Equigmert Cost
Code (z2CC), (a four digit numerical <code utiliized by
NAVFACENGCOM to distirctly; differentiate types of equirment
by function and capakility: i.e. ECC 0313 describes a two
wheel drive 1/2 ton [rickup truck whereas ECC 0316 descrites
a four wheeli drive 1,z ton pickup truck), ard summarized by
kudget cost account line item. The Performarce Statenent
Frovides actual fiscal year to date totals for accrued
expenses for each cost account line item and the percerntage
of its budget amount. Although cumulative costs for each

73




) F Jhnth Sl Al PR <n et - e ORI TGS £ B i s S Bl A i et e = i St ol i Lgtttearh ot o i B Rl d 8 e B\l - Shadie oot \zﬂ!lr'.ﬂ'.."-.. Al i Site M

. 4

LR
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use 1irn the proposed model 1s by iniividual USN numkereil
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vehicle.

R |

Extensive manipulation of the mairntenarce and repair
costing data contaired in the SRO's would be reguired in

4544545y

crder tc rrovide cunmulative costs for e2ach year of eaca

vehicle's life. Additionaily, determinations of mileage
accunulated per year ty each vehicle are difficult tc accu-
- rately access sclely from SRO data due to the relative
-l infrequency of maintenance and repair reguirements.

- Although accurate ctrrent year mileage information Ly USN
number may be extracted from the fuel issue records, activi-
'i ties normally only retain the current backup data used as

A

input tc that year's activity accounting systen. Upon

commencexent of a new year, the source data is discarded,
and only the activity accounting system output is retained
as a rpermanent record of expenses.

e e
~ " -t
A At

2. Public Herks Cenmters

Fublic Works Centers, due to their nature as Navy

v

Industrial Fund activities operatingy in a busiress-like

’ v a s
P .

envirconment where ccsts and revenue must be continually

monitcred, have estaltlished a highly computerized maragement

system. The information and procedures necessary to perforn

[ R

the functiors of this management system are published irn

“

five volumes of a NAVFACENGCOM publication, one of wtich

T e
& T A

addresses transportation management [Ref. 31). This area is
further divided into four subsystenms: Transgcrtatiorn

»

Mainterance Production, Transportation Maintenance,

el S g

Iransportation Operations, and Transportation Cost

Reporting.

The kasis fcr vekicle maintenance and repair cost
data is again individual SRO's, with fuel consumgtion also
input into the systen. Utilizing a combination of
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estatlisted uwmoxnthly reports, all of the data elements
required for the [froposed model are accumulated and
presented <ty the periods morth-to-date, guarter-to-date,
current year-to-date, and inception-to-date. Although
detailed by USN number, the system does not have the ability
to retain the data as accumulated for each year of a vehi-
cle's ayge. Once a current year elapses, a new current
year's file is established. The inception-to-date file is
tihe only record of rast costs incurred that currently is
kept. Ccsts for each year of a vehicle's life could Le
maintained Lty retaining a hard copy or electronic record of
the reguired reports at year end, but this has not histori-
cally keen accomplished and therefore, such data are rot
Fresently availalblie.
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VI. NAVY APRLICATIONS OF THE MODE

P - ———

In previous chapters, a model considered to be suitakle
for practical application within the Navy has been identi-
fied and descrited. Theoretical and actual applications
have Leen discussed, and consideration in some detail bhas
Yeen given to the input required to exercise the model rror-
eriy. This chapter addresses specific applications in whkich
it is thought the @model can be used within the Navy's

vehicle management ernvironment.

A. FLEET WIDE REPLACEMENT POLICY

Cne aprarent use cf the model is as a means to determine
the ortimal service lives of various vehicle types within
the Navy's fleet. The result of such an application would
Ee an updating of the age criterion used to signal the time
for a vehicle's replacement.

That, of course, was the objective of the empirical
studies discussed irn an earlier chapter. In order for
service lives to be redetermined, the steps followed in
several ¢f those studies would be retraced using current
cost data. 1In general, the procedure would be as follows:

) Cost data fcr the required model inputs, for
whichever vehiclie tyre is being considered, would have to be
collected centrally. A sufficiently wide sampling would be
required to prevent any bias due to regional influences from
teing intrcduced.

. The data would be combined to determine the mean
pericdéic costs of that vehicle type Navy wide. Particular
attention in this regard would be necessary to accurately
portray cperating and maintenance costs for older vehicles.




It is widely held that operation costs will contirnue to
increasc under normal conditions and signal a definite
replacement point. Taree reasons are gJiven to explain why
some DOD data (the previously cited DARCOM study, for
exanple) have occasicnally indicated otherwise: (1) as a
vehicle gyets older and more <costly to ofrerate, it is
frequently relegated to a lower-use assignment where it will
have fewer opportunities to accumulate costs; (2) cne-tinme
repair limits artificially hold down repair costs fcr cider
vehicles arnd (3) required maintenance as a vehicle
aprprcaches its replacement age 1is simply deferred irdefi-
nitely. Cre GAO rejcrt cited the results when one service,
faced with extreme limitaticns on vehicle procurement
funding, liberally waived the one-time repair 1limits.
Maintenance and regair costs rose dramatically, in some
cases exceeding the jrice of a new vehicle.

The fossibility of other than a continually rising trend
would therefore appear to result from replacement policies
rather tkan the true economics of the replacement questicn.
The effects of these folicies should be exorcised before the
input of oreration ccsts into the model if the correct deci-
sions are tc be derived therefrom. The DARCOM study accom-
piished for this by determiniry a reyression equation using
the cost data from earlier years which defined operation
costs as a function cf time. By using this eguation, a
continually rising trend was extended through the 1later
years wkhich was believed to represent the form costs would
take if nct constrained by external policies. This seems to
ke a reasorable approach to the problem, and would apgear to
ke a way in which "mean" values for Navy operation ccst data
could te determined fcr use with the modeli. A similar tech-
nigyue would be necessary to accurately reflect dcwntine,
which would also be influenced by management policies (for
instance, an older vehicle in a low-use assignment would
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have less <chance to "go down" than if subjected tc norrmal

use) .

] Cnce fleet-wide mean costs have been deteramined,
revised cptimal service lives could be determined for Navy
vehicles which would be based on nmore current ccst
experiences.

The use of mean costs to determine replacement ages dces
have a drawkack. Although it will result in the determina-
tion cf a fleet wide averaye service life for a particular
venicle type, management of individual vehicles will not be
cptimized ty adherence to this averagje life with nc regard
for unigue coaditiors. Navy wide <cost experiences are
influenced ty wide ranges c¢f geograpnic and climatic ernvi-
ronments, local wage conditions and mainterance procedurcs,
and mission requirements. Inherent differences betweern two
separate vehicles alsc influence costs significantly. Use
of a fleet-wide average life to replace individual vehicles
will result in some teing regplaced prior to their optiaal
lives, and some later.

In San Francisco, Califcrnia, for example, vehicles cre
subjected to a coastal environment; hilly terrain; and
heavy, stop and go traffic. Wage rates for the area are
extremely bhigh relative to many parts of the «ccurtry.
Obviously the <costs of a vehicle's operation in Sau
Francisco should have no influence on individual vehicle
replacement decisions at an activity located ir a more rural
setting, where vehicles oferate on flat roads and in less
intense traffic, and wage rates for maintenarnce mechanics
may ke much lower.

It must be conceded, however, that mean value targyets 3o
have their flace. Tkte Navy centrally managyes the procure-
ment of all CESE assets. In Fiscal Year 83, the Navy's
kudget submission for automotive vehicles amounted to scme ¢
<5 millicn for 1,82€ varicus equipment itenms. The 0D

7¢&
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tudgeting syster is such that it required estimates for this
submissicn to begin years earlier.

When considering the reguirement to forecast ana grcjiaxz
vehicle replacements ocn a scale of this ragnitude, it
tecomes apparent that practicality forces the use of meawn
values tc introduce manageability into the system. Fithian
this ccntext, the replacement model may be used to deter-
mine, ased on the economics existing in the recent rast,
the average number of vehicles in the fleet which will reackh
their optiral service lives at various times ir the ZIfuture.
With this informaticn, Frogramners may Lkecome ELetter
equipped for forecasting procureument numbers for wupccring
years.

E. INDIVIDUAL VEHICIE REPLACEMENIS

The arplication to which the model seems most adafptalle
and in which it is believed to offer the most ‘tangitle
kenefits, though, is at the field level; in the hands of the
activity transportaticn manager. Regardless of the fpolicies
establislted and acticns taken at NAVFACENGCOM and cther
headgquarters levels, it is his actions which will ultimately
determine the success of the Navy in maraging its transpcr-
tation assets, meeting mission requirements while optimizing
the e€conorics of vehicle ownership and operation. Mear
values for Navy-wide cost data used to determire flcet
service lives are, in the final analysis, very much a furnc-
tion c¢f how well each individual asset has been managed.

The model's value as an activitjy-level mRanager's tool

would not merely be restricted to aiding replacement deci-

sions. Since it structures in a comfprehensille 1form the

. results c¢f all acticns which influernce the costs of owLing
;' and operating a vehicle (or group of vehicles), it reflacts
;j the effects of all management policies. As muck value as it
-
L |
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may have in making chcices in the present or in £creca
the future, more may be found in its ability to shc
real eccnomic outcome of the past. B8y hkaving at
disposal a means to view the product of past policies,
managers can be better equipped to know how to direct
cies of the future.

For an example, return to the prokler cited i
eariier charter of hcw to manage security velicles, usa
which far exceeds that of vehicles in most assigumernts.
DOD mileage criterion (72,000 for sedams and 1l1ligat t:r
may ke exceeded witkir just a few years, yet activitie
frequently faced with sponsors who rely mostly on tk
criterion (six years) to signal replacement eligibility
a result, activities must retain vehicles throughkcut
full chrcnological lives as determined by the age crite
even tiough the vehicle may be driven many more miles
the mileage criterion reguires. The question then ar
would it be more cost effective to place a new vehic
the high mileage assignment ipitially then later, wt
may be mcre prone to require maintenance actions, rel
it to a lower mileage assignment; or would it te
economical to follow an opposite course and grovide in
mileage assignments a vehicle which is older, but ir
condition? By being able, through use of the mcdel
examine the effects c¢f having followed different alt
tives in the past, better decisions regyarding guesticus
as these can be made in the future.

The case for suggesting, at this time, the use ¢
model as an activity-level tool 1is enhanced by a forty
circumstance of timinge. Appendix C describes Project
the ccmputerized management system presently being i
mented for activity public works departments. Witk
transportation managezent software module, technoiogy n
to electronically stcre and retrieve the cost data nece
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to effect the model's use in a dynanic setting w#ill scon bpe
Fut into place at many activities. The software rnecessary
to interface with the existing system and assemble the data
in the form necessary for the model could possilkility be
included as an extension to this iaitiative.

For the activity-level transportation manager, the zodel
could prcvide the following benefits.

e The results of all mpanagement actions which affect
costs could Le structured in an understandable and ccafpa-
rable forr.

e Ortimal service lives could be forecasted for tke
future, at least as accurately as cost estimates will allcw,
and cculd ke determined in retrospect to see if proper deci-
sions have fteen made in the past.

e Expense targets for upcoming periods could ke caicu-
lated. Management's assessments of the possibility of
meeting a target, expressed as a range above and below,
would ke shown as an e€conomic ccnseguence.

e Cost trade-offs between continued retention of clder
vehicles and procurement of pew ones could ke demorstrated
to tke TEMC's.
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A. SUMMARY

In Chapter I of this thesis, the reguirement <ZIcr an
alternative to the currently-specified DOD vehicle replace-
v ment criteria was identified. Chapter 1II discussed the
o origin of these 20+ year old criteria, arnd looked briefly at
?f the developaent of equipment replacement theory. This
chapter also highlighted several empirical studies that
question the validity of the DCD criteria.

ll ‘l :l ?

N In Chapter III, the results of those studies were used
to estaklish a case agaianst the application of any criteria
which remain unchanged, regardless of <changes which 1mav
cccur over time in the economics of the replacement deci-
sion. A case was also made against applying identical
criteria service wide, with no accounting £for variaticns
ketween the services. An econcmic model was then identifiel
and propcsed as a means to structure the replaceaert deci-
.t sion ipn dynamic practical applications.

Chapter IV examined uses for the model proposed in

theory, anrd uses to which it has actually Lteen placel in
:% practical arplications. Chapter V described the input data
E; which would be required for the model to be used to guide
~ Navy vehicle replacement decisions, and the current avail-
ability of that data.
o In Chapter VI, the model was sujgested as an aid for
ti vehicle replacement rrogramming due to its ability to deter-
g mine ogtimal replacement cycles. Also suggested, in
=, conjunction with thke Project BEST computerized transgcrta-
e tion mana <ment system, was 1its use as a tool to assist
f& activity vehicle fleet managers in achieving the cost effec-
:3 tive maragement of individual vehicles.
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E. CCNCILUSIONS AND ERECOMMENDATIORNS

This thesis has nct concluded that replacement decisions
kased c¢n age are inappropriate in and of ‘therselves.
Indeed, it has fropcsed a model for structuring replaceaent
decisions based cn tle eifects of various expenses a vehicle
will incur as it ages. What it has concluded is that incor-
rect decisions will result from the application <c¢f age
criteria which give pnc account to the changing economics of
the rerlacement decision, or which do not account for ail
influencing costs. The proposed nodel was selected because
it was tleoretically sound, yet simple enough to lend itsel:
to both fleet wide replacement prograaming and the mnarnage-
ment of individual vehicles. Applied in a dynamic setting,
it will result in criteria which will change as appropriate
to the ever-evolving economics of the replacement Juestiox.

This thesis also presents the opinion that a method of
managing tke —replacement of individual vehicles at the
activity 1level, which the model facilitates, promises to
provide a more cost effective basis on which to nake
replacement decisions. Once activities are given the capa-
bility tc structure vehicle cost data in a way which facili-
tates examination and comparison, information regarding the
economic conseguences of management decisions and policies
will e available. Preserntation of that iniormation to
TEMC's and cognizant CPNAV sponsors will help convey to tien
the eccncric impact of replacement vers"s retention
decisicns.

The current sturkling block to immediate implementation
Oof this prccess is the format of tne avaiiaile cost data.
An essential key to the successful use of tihis model is the
accurate recording «c¢f cost data on ar individual vetkicle
basis for each year cf life. Because it may not be possitle
for activities to recover past costs for irput into the
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model, use of the mcdel may hold more promise for struc-
turing the replacemert decisions of the future than for
those of the present. The integration of the replaceaent
model with the electronic record keeping capabilities of
Project EEST promises to provide a viable mears by which the
model may ke implemented.
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ARPENDIX A

i PUBLIC TECHNOLOGY, INCORPORATED VEHICLE BEPLACEMENT PACKAGE

.::: Introduction

L }\

. L

The purchase of 2 new municipal vehicle by a department is a highly visible

\ expenditure usually involving a budgetary appropriation by the city council. The

:'.Ej' department’'s expenditures to operate and maintain its existing vehicle fleet are

~ less visible, if not invisible, being part of its day-to-day operating expenses.

‘ - A council that seeks value for its money should regard both kinds of expenditures

:IE:: as cqually important for both contribute to the total cost of the vehicle fleet,

W Action to reduce one kind of expenditure, often leads to an increase in the other,
L i Deferring a purchase for too long can lead to increases in operating and mainte-
Sa nance costs just as attempts to reduce these costs by premature purchases can

::: lead to high procurement costs.

" What is needed is an accurate and easily understood method for indicating

N when a vehicle should be replaced. This method will show, on a regular basis,

%f whether replacement or retention is recommended, what cost penalties the city

L.

A will incur if it retains a vehicle that ought to be replaced or replaces a vehicle that
) ought to have been retained. The first of the above requirements allows the line
*

s official, say the Director of Public Works, to make a concrete recommendation.
>

| N The second allows the council to decide whether it can justify a capital expenditure

e in the current budget.

:'.:_':T What is the Problem?

_::'E Each year at budget time, vehicle fleet managers review their need for new

s

; vehicles and find they must decide, for each of their vehicles, whether to:

T

.f.

" e buy a new vehicle of similar capability to replace it, or to

::'.E; e make do with the old vehicle for another year.

-
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To come to a reasoned decision an administrator must have a means of comparing
the cost he will incur by keeping the vehicle another year to the cost of buying
a new vehicle and operating it for the same period of time. His basic comparison
is between two future costs. He wants to take the course of action that will

minimize his future costs. The vehicle replacement model will help him

determine his course of action.

Vehicle replacement decisions are based on a shift in vehicle-ownership
costs with the passage of time. In the early years of ownership, these costs |
are dominated by the declining resale value of the vehicle. In later years, this

decline levels off and is obscured by rising operating and maintenance costs.

What is a Vehicle Replacement Model?

It is a systematic methad for:

o Recording relevant past costs due to operation, maintenance and decline

in market value of vehicles

e Estimating typical costs of keeping and of replacing each vehicle

e Comparing vehicle performance against norms to detect exceptions.

What Does the Model Do?

e It uses vehicle information grouped in functional vehicle classes

e It summarizes past costs into patterns to give economic lifetimes
for each class of vehicle

e For a specified vehicle, it calculates

¢e its anticipated economic lifetime compared to that of the average
vehicle in its class

®e its maximum repair limit-- the amount of money it is worth
spending on a one-time repair when the resale value of the
unrepaired vehicle is known

® [t provides the decision-maker with information needed to set and

administer policies.
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*-:" e It will not make the final decision of keep vs. replace.

} e It will only measure and indicate; it will not interpret measurements w
) and take action, l
>, ;
A model iz a diagnostic tool. [t is not bound by the constraints that bind the |
= administration. For this reason, a model's recommendations should be subjected :

. to the manager's interpretation and judgment. For example, a model will often 5
.' indicate te a manager that it would cost the city an additional sum of money to

keep a vehicle rather than replace it. It would be up to the manager to decide

N whether this sum is large enough to justify an appropriation request for replacement. i
\ How Does the Model Work? :
T, |
;: The PTI Vehicle Replacement Package consists of five computer programs and
associated documentation: (1) a curve-fitting program, (2) an economic-lifetime i
:‘_: program, (3) an expense-trend ~omparison program, (4) a repair-limits program, !
.:E and (3) a depreciation curve estimation program. .
" . e The curve-~fitting program (CURVEFIT) combines cost data on similar

. equipment to determine patterns in operating and maintenance expense,

‘ These patterns are updated periodically with the most current figures
- available,

e The economic lifetimes program (LIFETIME) combines expense patterns
v with effective cost due to loss in resale value (depreciation), to deter-

~. mine the point in the equipraent life cycle where rising operation costs

e overshadow the loss in value. This length of life is recommended as

:;: a replacement policy, since it gives a minimum average cost per period

" (MACP), usually expressed as minimum average annual cost. A shorter
life cycle costs more on the average due to replacement purchase costs,
whereas a longer cycle costs more due to rising maintenance cost.

e The trends comparison program (TRENDS) identifies upcoming replace-
ments and those vehicles which are costing appreciably more or less
than the average.
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The repair limits program (RE PAIRLM) produces tables of economic
repair limits giving rules of thumb for repair vs, replace decisions.

A very real dilemma arises when an older vehicle comes up for an
unexpected repair. Does its limited remaining life justify the cost of
the repair, or is the city better off getting rid of the unrepaired vehicle
and buying a new one? If an upcoming repair will cost more than the
corresponding limit value, a city is better off selling the vehicle in its
unrepaired condition.

The depreciation curve program (DPRCURVE) shows the patterns of
declining resale values indicated by actual experience. These patterns,
again by vehicle type, are used to establish the net cost due to lost
value for each possible replacement cycle in the LIFETIME Program.

What do these Reports Look Like?

The following figures show sample outputs for a single class of vehicles,

The data represents actual values for a medium-sized eastern city, for a group

of seven vehicles in similar use.
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bis APPENDIX B
. ECONCMIC VEHICIE ASSIGNMENT/REPLACEMENT MODEL
.
?ﬁf Mr. E. G. Mattimcre (Management Engineeriny Branch Head,
by

Public Works Center Industrial Yanagement Divisicn,

e NAVFACENGCOM DET San Diego, California) has developel an
i econcmic Ltased model intended to assist transportation
A managers in minimizing the costs of operatingy their vehicle

fieets. This mcdel clearly illustrates the need to exaain=

- the costs incurred Ly individval vekicles in order to make
'Ef cost effective assigrment or replacement Jecisioans.

iﬁ The following simplifying assumptions were incorgcrateid
*? in the mcdel's develcpment:

:}} e (QOrerating costs (fuel) of new vehicle egual the

i:} Cperating ccsts of o0ld vehicle

\Eﬁ e Maintenance costs are auch more dependent on a veki-
- cle's mileage than age .

ﬁﬁ e A simple straight line formula is reguired to deter-
Eﬁ mine target maintenance costs per aile

5@ Historical maintepance data were obtained rfrom a joint
) Cffice of Management and Budget/General Services
:?j Administration (OMB/GSA) study of GSA sedans [Ref. 32].

fﬁf These data were utilized tc derive a basic forzula for
jﬁ target nraintenance ccsts per mile (CPM). This formuia,
™ illustrated Lty Figure B.1, accourts for both the efiects of
%3 the mileage incurred for the year of service as well as tkc
53? vehicle's total accunmulated mileage.

'ﬁ The formula frovides a reasonable prediction of mainte-
"g_ nance costs per mile when compared to the historical ccmpu-
gs tations as shown by Figure B.2 This information can be usel

+ﬁ§ to illustrate the effect that an activity's vehicle assign-
-ﬁ ment fpolicy can have cn expected maintemance costs.
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2; Starting Mi. + Ending Mi. 1
Ny D Gy = CPK
N _ 2 1,900,000
N
o
:g Figure B. 1 Maintenance CPA for Sedans.
n Service Ave Annpual Ave Accun GSA Maint From

Year Mi/Vehicle Mi/Vehicle Cost/ii Formula
& T 71,927 0 T Taw,927 -0101 L0075
< 2 14,720 29,647 .0228  .0223
® 3 13,966 43,613 L0372 .0366
4 11,481 55,094 L0449  .04Sy
5 3, 189 64,283 L0464  .05S7
& 6 8,825 73,108 0455 .06¢7
Average 12, 18¢ .0322  .0366
] Figure B.2  Historical vs. Derived Maintenance CPA.
;i Consider a situation where a manager has a fleet of two
S vehicles, cne with an accumulated mileaje of 10,000 miies,
:? and the cther with an accumulated mileage of 100,000 miles.
¥?J The ranagJer has requirements to assign the vehicles to
:& different users who historically have put respectively 2,000
Ej and 30,000 miles on their vehicles annualiy. If the manager
:? were to kudget his maintenance costs for the year based ufon
Ei the averages shown ir Figure B.3, the expected cost would be
{ﬂ $ 2,016. However, as shown by Figure B.4, by considering
EQ the vehicles and the individual combinations of their pcten-
,g? tial assignments tle predicted total maintenance costs
L
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Ry
‘_"\' VEHICLES ASSIGNHMENTS
g 1. Accum Miles 10,000 1. 2,000 miles
5 2. Accun miles 100,000 2. 30 000 miles
Y —we—ee e —eecce-
L Averages: 55,000 16,000
- 55,000 + 71,000 1
L Target CPM = ===mmm=c=cecec= § =cc=co=== = .063
2 1,300,000
N
iﬂ .063 x 16,000 mi = $ 1,008/vehicle x 2 =3 2,016 Total
::l::
. Figure B.3 Expected Maintenance Costs Using Averages.
‘oY
fﬁ: drastically change frcm a minisum of 3 902 to a maximum of 7
"l 3,472. The application of assigning the lowest <cost jer
o5 mile vehicle to tle highest mileagje user to nmirimize
o expected maintenance costs can be <further taken to the
;ﬂ larger fleet application and utilized in the decision-making
. process for vehicle refplacemeuts.
STAET MI  END MI TARGET CPM  MI/YR coSs1
) D A SER RPNy AR ADEEy 0 ANV Ememb A m egm Ay 0 A ED SRR ED Ak R ARy 2|0 A EED apay S a»ap e e an e
o 10,000 40,000 «025 30,000 $ 750
o 100,000 102,000 . 101 2,000 202
ot Total = $ 902
START MI END MI TARGET CPM MI/YR COStT
3; 100,000 130,000 «115 30,000 $ 3,450
N 10,000 12,000 0N 2,000 22
o Total = $ 3,472
‘:3 Figure B. 4§ Vehicle Assignment Has An Effect.
I:-;-. ‘
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In order to utilize the model for replacezent decisiors,
the total ccst of the nevw vehicle must be compared with that
cf the old vehicle. Consideration of the capital costs of
€ach vehicle must ncw be utilized as part of the aralysis.
This mcdel assumes straight line depreciation on the fkasis
of the current DOD six jear age criteria for sedans. Figure
B.5 illustrates that as vehicles with thLe highest nmainte-
nance ccst per mile are replaced with new vehicles, the
total exrected mainteramce costs for the fleet continve to
decline. However, the effects of the carital costs on tiae
anticipated total cost for the year soon overcoue the main-
tenance cost reducticns. The point at which the cptiaun
nunber c¢f replacement vehicles is attained is where the

total annual cost is the minimum. It should be ncted that
Figure 3.5 was develcred utilizing the lowest cost ger nmile
vehicles assigned tc the highest mileage users, ard that

while the rnew vehicles were costed at the target cost jer
pile rates the old vehicles were costed at their current
cost fper mile rates.

Previous illustrations utilized data from sedanzs.
Multirlier factors bhave been derived from historical data,
as shcwn by Figure EB.6, to establish target rmaintenarce
costs per pmile for use of this model with cther tyfpes of
transportation equirpmert.
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Figure B.6 Multipliers For Maintenance Cost Per Mile.
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PROJECT BEST

BEST is the name of an cngoing NAVFACZINGCOM sgcnsored
Froject to provide a computerized managenent system zior
Public Works Derartments. The system is iatended to be
comprised of four basic software packages, or modules, which
are presently in varicus stages of development and igpleaen-
taticn, and is designed to assist medium-sized and larger
activities in the Housing, Maintenance and Utilities,
Planning and Estimatirg, and Transportation areas. ‘%Waile 81
activities are currently prcgrammed to receive at least scae
of the mcdules, only t0 locations are planned to receive the
Transportation module. Criteria for receiviny this mcdule
are a pipizrum population of 300 pieces of equipment ard an
activity's willingness to fund its installaticn.

The prototype transportation module undergoing testing
at the Naval Air Station, Miramar, California was exarirned
as part of the research for this thesis to learn zore about
its pctential for future wuse with the proposed vehicle
replacement model [Ref. 33].

The xodule includes the following four segments:

e Administration: Contains the activity's equipment
inventcry and pertinent statistics, such as vehicle USN
number, ECC, year, make, model, procurement contract number,
delivery date, purchase cost, etc.

e Orerations: Provides controls <for dispatching of
vehicles and vehicle assignments.

e Mairtenance: Provides controls for gemnerating SFO's,
assigning and tracking work, monitoring downtime, tracking
direct 1lakcr and material costs, and monitoring vehicle
maintenance and repair histcry.
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N e TFuel Systenm: Interacts with tae Fuel Automated Data
A System (FADS) to be 1installed at each activity to iacut
=" daily fuel transacticns and monitor fuel consumption.

The repcrts which can be generated by this module can be

ij stratified to individuval USN numbers and have tke akility to
b display maintenance and repair costs for the life-to-date of
L

§ the vehicle, the previous fiscal year, the current fiscal
o year-to-~date, the past six month period, the curient acnth,
% and for each of the fast 13 months. Although there is much
- flexibility in the system's akility to sort ard display the
' information, the ability to retain a vehicle's mainterarnce
o and rerair costs for each year of age does not exist past
.; the previous fiscal year. As with the Puklic Works Center
= Transportation Management System, retention of that data
éf would re accomplished throujh generation of ye¢ar end rejorts
& in hard cory form «cr through the implementation of addi-
fj tional steps to provide a means of electronic storage and
S retrieval.
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