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CHAPTER 1
INTEODUCTICY

Deterpiration of a new nmanufacturing plant location is
an importan:t managerial decision.. The problem <“ypically
involves multiple criteria ané ougkt to be nodeled as such.
The prokler has the‘following aspects: multirle attributes,
incommensuratble units, cenflict among attributes,
intengibility, and selection problen. The 1literature on
locational decisions is huge, but there are few papers which
kave dealt with more than one criterion simultaneously. In
the past two decades, many auvthors have studied the location
problem involving a quantitative attribute to wnminimize zhe
trensportation Ccosts. In a practical application, ﬁe need
to consider several criteria simultaneounsly. Qualitative,
as well as quantitati%e, factors should be considered in
solving manufacturing plant location problems. However, an
explici+* cornsideration of both gualitative and guantitative
‘attrihutes in developing the "optipum" solution is a
difficult wundertaking. Qualitative attributes are noz
easily neasured on aL interval or ratio scale,
Conseguently, it is difficult to combine gqualitative and

guantitative attributes ir a quartitative approach suchk thet

Fe

atisfactory evaluation of alternative solution is

o
Lif)
M

ob+tained.

Mul+iple Attribute Decision Mal'ing (MADM), a relatively



-
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rew field of study, incorporates thke viewpoints of both

gquantitative ané qualitative inforratiorn, aud weighting
schenes into the analysis. So, MADH methods are heipful in

explicitly consid-ering several criteria simultaneously.
The objective o0f this thesis is +to apply a nunrber of
nultiple attributes decision making methods to obtain the

mos* reasonable solutions *o manufacturing plant location

prohlems.
Ir chapter two, attributes- for plant location
evaluation/selection are analyzed. The influence of

econonic impacts on the plant location is examrined first.
Section two follows with an investigation of +the influence
of some functicnal impacts on the plant location. The third
sectior of this <chapter 4iucludes <he consideration of
coknunity &attitudes. Final section evaluates the human
value (7uality of 1l1ife) on the influence of the ‘plant
location.

Chapter three introduces seven MADH methods ( Domimance
nethod, Conjunctive method, Consensus FPanking mnethod,
T0PSIS, ELECTRE, 2nalytical Hierarchy Process, and Oréinal
Intersection nethod ) which are enploved in the
evaluation/selection of the manufacturing plant location
probienms.

Chapter four presents five manuiacturicg plant location
problens whkich are chosen to illustrate *he applications of

the proposed MADpM methods.
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CHAPIZP 2
LOCATIOW FACTORS

This chapter reviews the major factors required inr the
determinatior of a plant location. For convenience, <“hese
are considered under the general headings of econonmic
impacts, functional impacts, commurity attitudes, ard
quality of life. The detailed classification will Dbe

introduced in each section.

2.1 Economic impacts
1. Capital/development cost

The initial investment in any manufacturing plant must
be sufficient +o enable it to compete effectively;
fu£ghermore, additional <capital must be forthcoming as
seasonally or cyclically needed. If a plarnt can not obtain
required operating funéds, it is forced +to convert fixed
assets into current assets. This causes an uneconomic plant
‘structure and eventually leads to a dissolution. Obtaining
capital is «cenerally no problem for +tte large dndustrial
corporation, whose activities are financed internally from
retained earings and depreciation reserves, and externally
in the national money market. Small firms have difficulty
in securing capitali. These firms obtain a large part oI

their funds outside the organrized mnoney market. The credit



&
nade availabkle by banks #nd other financial insti*utions is
short term and costly. Under these conéditions the capital
factor would bhe a secondary determinant for <he large

corporations but remains of major force for small firms.

There are some major items conmnprising capital cost, as
follows:

Land_acguisition: The need for land goes far beyond
simply reguiring ground on whick to put the factory. The

land occupied by the physical plant is of course very
important, but the plant itself often occupies a relatively
snall part of the land area that the firm owns. Land is
also needed for such purposes as thke storage of materials
and finished products, the parking of cars and %trucks, and
interrel vehicle.circulation. Firms with large regquirements
for land will find it mnore easily 3inr some places thar in
others. I+ will be particularly difficult to £ind in and
arouné big cities vwhere undeveloped lané is scarce arnd
compe*ition fror other users is stromng. The cost of land
varies considerably from place -to place, and the
geograrhical pa*itern that is adopted is often guite complex.

Site preparation, _foundation, _and construction: The

cost may vary from place <o place, and this can Lave an
importart tearing on the locational choice of a plant where
cornstruction costs form a significant element in total cost
or in the iritial investment. There is somre evidence o

show +that the cost of factory constructiorn can vary
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industries which +raditionally pay low wages and reguire
many unshilled workers are nost readily attracted to tle
South. dnother importanrt index wkich hLelps to explain roz
only regional wage rate differences but also wage rate
differences within the same region for identical Jobs, is
the size £ the city in which +the manu%acturing plant is
located. 2 manufacturing plant located in a small <owr or
rural area would pay lower wage rates for identical -Hobs
than one located in a large city within the same region.

Transportation: Transportation is a vital determinant
of plant location when freighkt cost is large relative to
total cost and when it varies widely at alternative sites.
This factor generally has a dispersing influence on
industry, particularly when freight cost is hLigh ané tte
plant serves an extensive market area. There are two kinds
o consideration Gue to the ffeight rate.

1. Market oriented industry - 2 locationr at or near tlre
market indicates maximum gains wken (a) the final product is
moTre expensive to transport than the rav ma+terial, (b). the
finished gooé is perishable, {c) tlLe consumer demand is
capricious and volatile, so that a location close to buyers
will allov holding inventories *o a minipum.

2y ¥aterials oriented ipdustries - This kind of
industries generally follow a common pattern: {a)
transportation costs vary more wicdely +han otker costs at

alternative sites. (b) the rav mnaterial loses weight in its



conversion into the finished product.

Different transportation services have different ratios
of termiral +o line-haul costs. For example, *truck service
has lower *erminal cost relative to lirne-kaul cost than does
rail service. Lov terminal cos% makes the truck service the
lovest cost carrier over the short distance, and higk
terminal cost makes water service the lowest cost over the
long distance. Rail service is the most economical form of
transportatiorn for intermediate Gistance. The actuzal
distance at which one medium kas a cost advantage over
another differs according to thke goods being shipped, as
well as other factors.

mhe highk cost of freight on many items has forced itke
relocation of plant in some instances, and establishment of
branck plants in other caséé. kew, light-weight containers
have been designed. Packaging engireers are contipually
working out new and improved methods of reducing costs of
cortainers, and lowvering the freight costs because of tlLe
reduced size or increased capacity of the containers thus
developed.

Taxation: Wherever a plant locates, it is generally
Jiable to some fora of taxation on its operating cost.
Because taXxes have become a part of industry's operating
cos*, this item should e closely checked for the
possibility of state or local taxes whichk micht be inposed

on all industry 4in ar area, or on certain tyvypes of
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irdus+ries. Some comnurities provide landé and/or buildings
+ax free to prospective industries for ceritaiu periods, in
an effort %o attract new sources of employment.

Power _and Fuels: There are very few modern indusiries

that do not use some form of powerel machinery, although the
amount and type of energy needed will of course vary from
industry to industry according to the nature of the activity
conducted ard +the kirnd of +technology applied. Those
industries wkose processes reguire urnusually large amounts
of fuel and/or power, suchk as certain metallurgical arnd
chemical industries like aluminum and copper processing and
the production of fertilizers, are especially sensitive to
the cost of pover, and areas that cah produce electricity
very cheaply kave atiracted these <types of manufacturing
plants. The development of aluminum production in +the
Pacific Northwest ard in the Tenneésee Valley are exanmnples.
Bovever, there are always likely to bhe some areas tha* have
a particular attraction for some irdustries in virtve of
local circumstances which allow powver to be produced
relatively cheaply.

Few raterials: 211 manufacturing activities require

material, =since an industrial process is the conversion of
something into a good. Some industries, like metal smelting
or cotton spimning, use a very small number of pmaterials,
vhereas others, like the manufacture of motor cars, may

recuire components from hundreds of separate suppliers. The
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expenditure incurred in acquiring material involves both tre
cost of extraction and production and the cost of
transporting them to the factory. The cost of extracting a
mineral or manufacturing a component will affect the
locational decision only i1f +here are significant variations
of price at different locatiomns. It appears to be
increasingly the case for such variations to be reduced or
elimina*ed, sonetimes by agreements within the supplying
industry, and +there is also a tendency for +the large
corpora+ion to extend its ownership to include major sources
of material so that the price and supply are fully within
its control. Thus, the cost of materials can be ignored as
an influerce on plart location. Because the <cost of
material mainly depends on transportation charges, some
industries are forced to locate near the source of the
materials <0 +take advantage of lower transportatioﬁ costs.
The s=teel indus+ry which is located near the coal it uses in
suchk great quantities, the 0il refineries near the o0il
fields, the furniture industries located rear wood-producing

areas are examples.



™

2+ 2 Functional iwpacis
1. laboz

Availabilitv: ¥without a supply of competent workers no
plant carn rur efficiently ard competitively. For thkis
reason proof of the availability of a gualified labor force
that can be emploved at a reasonable cost is oftern required
by a nasufacturirng plant. An area's overall unemploynment
rate 1s frequently vieved as tlhe key index ir evalvating the
labor pmactket. Partly because 0of past experience, many
industries intuitively believe that where unenmployvuent 1is
high, many people are ir the Job market and they will have
little difficulty in attracting workers. If a substantial
nunber of +he unermployed are skilieéd and married full-tinme
workers between twernty and IZifty-four yvears old, the chance
are excellent +that a qualified labor force is available.

Turnover rate: The rete of labor turnover is a good

index of the relationship between nmanagement and labor. A
Lhigh turnover rate shows up in a hich lahor cost, and i+ is
directly related to productivity. However, *the emploved are
unmarried, part-time, female, teenage workers that tend *o
change Jobs because these workers have higk turnover rates
in addi*ion to high rates of absenteeisn,. Industries that
eilploy many persons from this segment of the labor force
need a larger nunber of availarle workers.

Srill level: Iocal corcentration of an industry
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fosters the developmert of & labor Zforce particularly
productive in that indusiry. 2 rubkber marufacturing center
like Akron or a clothing manufacturing center like ¥ew York
City comes <o have an advantage over rival locations in tte
form of srilled and experienced labor. There 1is a double
incentive *o concentration in a few centers where cdemands on
workmanship are most exacting and the product most
individualized; such advantages reside in the superior skill
of *he individual workman and can be carried by him to a new
location if he sees inducenments to move. But the character
of the local labor force as a group might be evern nmore
important. 2 shoe mrarufacturer in one of the big centers
like Chicago can rormally get additional or substitute help
with adequate.experience at a few hour's notice, whereas an
isolated shoe manufacturesr in a small +town cannot. In
o+*her cases such as the confectionery industry, vhere
previous +raining is not essential for most of the johs,_#he
overall size of +tlke local labor supply is the dinportant
factor.

Cnionization: The extent to whick the area's workers
are involved in union activity should be analyzedéd carefully
in plant =site selectiomn. However, labor unions are not
peculiar *o any part of the country. They tend to be more

ereral in larce cities than in the small towns, but are noz
g ’

e

]
e

rited to arny size group of cities. TVorkers in small towns

tave fever possibilities for otler employment, sheunld union
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ir nature. Some of the aspects of industrial operations
requlated by law are hours of work, minimum ages, mirimum
wages, workmen's compernsation, and working conditions for
vomen enployees. Yor example, the state of New Jersey has
stringent restrictions on the employment of women after

Ay
midnightii17L3 Erployment Practice Acts should be stucied
along wigﬁ the rulings of the Interstate Comnerce
Comnmission, whkich nay penalize certain types of industries
in some areas.

The overall influence of labor force factor on plant
location is thus difficulit +to evaluate. Increasing
mechanization, automation, and the substitution of capital
for labor may reduce the importance of iabor in the modern
indus*rial nations. But significent region advantages with
respect to labor cost, c¢uantity, and quality still exist.
The increasing sophistication of industrial processes
reduces the need for unskilled labor ir many industries, but
tke workers with special technique skills can give sone
sites big labor advantages., On the world level, there are
still many areas where the 1low cost of labor is the rain
competi<ive indus*trial advantaqge, particularly in the

developing countries of Africa and Asia.
2. Fuel and power

There are very few nederr 1industries that do not use

some forn of povered machtinery, although the amount ard type
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of enercy needed will vary frorn industry to industry and
from plant to plant accordirg *0o the nature of the
aciivities conducted and the kind of tectnology applied.

Availability: Practically every industry requires fuel
and power. The first consideration is the adequacy of the
fuel and/or power supply for all possible reguirements. For
those industiries which require larce amounts of fuel and/or
povwer, the decision makers would prefer plant locations near
the sources of fuel and power. ¢criginally water power was
the source of the pover for many processes, and plants were
located where running water was conveniently available.
Later, water power gave away to eleciricity pover, and
plants moved near to sources of electricity.

Heliability: The second consideration for fﬁel and
power is the reliability of the service. Interruptions of
profduction due %o féilure of power or fuel service are
costly and should be guarded against. A manufacturing plant
can get the best insurance of the reliable service if‘the
plant can obtain the fuel apd/or power from more +than one

source and from more than one route.
3. Transportation

The movement of mnaterials car consume a very high
percentage of the operating cost. There are many ways iz
vhich goods and materials can be moveé from one place o

anocther. In order +to select +the proper transportation
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service, t+he shipper should consider the following:
{1) The relative cost for thke various service
{2) The urgerncy of the shiprent
(3) Tte demand for special services, e.g. refrigeratior

ck: The extensive construction of improved highways

-
o
A

I3

throughout the country and the progress in the desigr of the
motor carriers Lave made tke truck an important factor in
transpota*tion. The truck is at a substantial advantage in
that less careful packing of goods is required. In additiorn
+o this are convenience of loading apnd discharge, tine
ecconony, and flexibility arising from the fact +that plart
owned trucks may be started on their way at any hour of the
day or night. Whenever a product is separated into
semifinished components which are made at different plants,
truck service is considered as a possible econonye.

Fater: Oldest among the modern transportation services
is the water shipping. It is slow relative to rail service,
but it is cheap and canr hanéle nuch more merchandise. For
exanmple, cars manufactured ir Deitroit can be landed at
Buffalo or Cleveland by boat at very low rates via the Great
Lakes. %Water +transportation is well standardized in its
operations and limited ir its accessibility to markets and
sources of materials.

Rgil: Ton-rile efficiency has risern notably, as well
as the speed 0f service and the faclility of handling at

terminals. Package-car service has beer introcduced,
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regulting in immeasurabie Lenefit to tke concern nraking
frequent shipments in smail gquantities. Thke improved
cervice, including the establishment of joint rail and water
service, truck and rail service over a videned area, vwill be
more beneficial to manufacturing. For exanple, at a nunmber
of sea and lezke ports, +he combination of rail service with
steamship wharves is equipped to handle a variety of goods
and materials with tre utmost speed and economy.

Air: iir service is designed to handle merchandise

vi+h speed, for instance, perishable goods.
2.3 Cormunity attitude

The attitude of a community *oward the establishment of
a new manufacturing plant is highly important. Burdensone
regulations and high taxes on industrial property are
indicative of an unfavorable community attitude. Tax
exenption, cash bonuses, free land or rent and the existeance
of industrial foundations or factory funds are sonetinmes
inéicative of a favorable attitude. In many cases, special
local favors have contributed materislly to success. of
course, the reliability of such gestures should be checked
before any agreement is made to locate the plarnt in a
particular_community. The first thing a site selection ifean
nust do is to evaluate the disadvanptage and advantage of the
community a5 the location of a plant. The tTeamr's tasi

includes firnding ont +he community's atitractive features and



also recognizing +the unattractive features.

Most cities and towrs, regardless of size, have eitlLer
a2 Crabnker of Commerce, a board of trade, an industrial
kureau, or at least ar industrial comnittee. Trhey are the
show winfows; +*he attitude expressed is not always the true
astitude of the conpmunity. This is one of the reasons why
more and more manufacturing concerns are making their
location investigations secretly.

For many vears cities and towns, particularly those of
small and medium size, have offered special inducerents to
atiract industries suck as the cash bhonus, tax exermptiorn,
free land or the free use of vacant buildings, subscriptiorn
to stock or bond issues, ard general financial assistance
+hrouch +the industrial foundation.

Por vyears the cash bonus was the most commorn way
ﬁroviéed by a community to attract industry. The community
would furnish +he money if +Lhe manufacturer would build a
plant.

Tax exemnption is ore of the inducerments frequently
provideé to industries. Exemptior nearly always applied *o
local taxes only, or to local and county taxes at most:; but
these generally constitute the major turden on property, for
some plant location cases, this concession may be of
considerable importance.

The oIfer 0f free 1land or +he free use of vacant

builéings has bhecome guite common for communities or sone



other <civic organization seeking o a**tract indusiry.
Freguerntly, a land owner will get benefit from *he sale of
Louse iots or store sites nearby because a factory means a
denand for homes of plant emplovees.,

It is becoming more and more commonr for communities to
offer subscrip*ions to preferred stock or bond issues at par
as inducements +to a manufacturer. The manufacturer issues
preferred stock against Lis assets, agreeing to pay interest
on tkem at a certain rate. This kiné of assistance to the
manufacturer seems mnore businesslike than the 0ld <ype of
bonus giving.

Although +the dinducements mentioned above are quite
commor, most manufacturers often prefer to pay their own way
ané make a reasonakble profit. The Chamber of Copmerce or a
similar group may be sounded out regarding the general

attitude of the community towardé a new industrvy.
2.4 Quality of life.

When a nev manufacturing blant fails +o achieve
projected profit and production level, the reason can
frecuently te found not in the investment éecisions, butr in
managenentts failures to give proper consideration to
cuality of life factors in site selection. With appropriate
attention to botk economic and human values, ar effective
plant can be located in a cornunity which provides

opporturities for a satisfying life style for +he assigned












































































































































































































































































































