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EXECUTIVE SUMMARY

INTRODUCTION
Tﬁis report presents afcomprehensivgvgnaly5isvof‘indus-
O/ trial mafkets potential for direct use,o?;ééothermal energy
by a total of six industry sectors:

l) Food and kindred products

2) Tobacco manufactures

3) Textile mili'productsr |

4) vLumber and=wood products (except furniture)

5) Chemicals‘and allied pioducts

6) Leathér ahd«leatherrproducts.

Based.upoh an earlier report prepared‘by Sterling Hobe
Corporation}l/thése six industry sectors were chosen for a
detailed analysiS-Sf industfial markets potentialifor direct
use of géothermal energy;‘ Five chapters and two Appendices
comprise this report. | “ |

Chapter'l preSehts a-brief statementvregafding secﬁors |
df the economy and major manufacturing procésses which can readily
utilizé direct‘geothermal energy v A ‘

Chapter 2 summarizes previous studies on plant location
determinants and pro§ides approyriate empirical data on plant
locations. Chapter,Brcritical to this report, presengs location

determinants and potential for direct use of gebthermal resources.

1/ The Direct Thermal Utilization of Geothermal Resources by
Industry prepared for U.S. Department of Energy, Energy Tech--
nology, by Sterling Hobe Corporation,VWashington, D.C., August -

1979. o S

u S : ES"l




(The data was gathered through interviews with 30 .senior executives
in the six sectors of economy selected for study.)

Chapter 4 presents probable locations of plants in geothermal
resource areas. Chapter 5 presents our recommendations for geo-~
thermal resource marketing. Appendix A presents factors which
impact on industry location decisions. Apoendix B presents

industry executives interviewed during the course of this study.

Direct Application of Geothermal
Energy to Manufacturing Operations

Increasing energy shortages combined with rapidly rising
pricés have resulted in increasing requirements for assured
énergy sources at realistic price levels.

Among the various energf sources geothermal energy is
widely available in the United States, and can be expected to
meet a significant amount of the current energy demand,

Amohg the various uses of geothermal energy its direct
use is especially attractive; requiring relatively modest capital
expenditures as well as operating expenses. Further, as the
data in Tablell indicates, numerous manufacturing processes
exist where the direct use of geothermal energy can be applied.
Table 1 identifies 234 such processes.

In terms of industry sectors where direct use of geothermal
energy is feasible, a total of 76 sectors can be identified
(Table 2). The.heavy concentration of these sectors in the
six industries analyzed for this study is especially significant
in Food and Kindred Products, Chemicals and Allied Products, Tex-

tile Mills, and Lumber and Wood Products sectors.

ES-2
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Plant location Determinants

Significant theoretical development of plant location
determinants has been ongding in the United:'States as well as
abroad for many years. Subsequent to E. M. Hoover's original
work on factors that determine plant location, it has become
increasingly cleaf that the number of such factors are large
and their interrelatiqnshiés complex. It has also become clear
that while certain plant location determinants can be modified
by specific policies such as local tax structures; -others are
beyond change, i.e., the availability of raw materials. Plant
location determinants change over time due to changes in prod-
ucts, raw materials, productionktechnologies and transportation
systems.,

Generally, plant location decisions include:

© New branch plants;

e Relocations; and

e New firms.
In the first two cases, an existing firm must deal with an.
expansion issue, or an economicélly inefficient location. A
decision must be madé to expand at its present location, find
an alternate or new location, i.e., relocate; or
itéipresent location and expand in a newly located branch plant.
Regardless of the type of plant, varigus studies have indicated
two common factors in almost all location decisions:

(1) ‘Eirm attempts to locate the plant whefe profits'“

will be maximized; o |

(2) Location decision is made by upper management.

ES-3




The mbst common methodology used for research of plant
location decisions has been relatively crude, and generally
.depends on either the use of questionnéires or of
interview case studies. In the former, the qguestionnaire is
usually mailed to selected firms that have located, asking the
decisionmaker to identify and rank or weigh those factors
that were importanf to the firm's location decision. In those
using interview case studies, (questionnaires cén also be used
but supplementally) an interviewer sits down with the decision-
maker and guides oY explains any item not complétely understood.
In addition, the firm's transportation costs, labor costs, and'
related items are usually discussed in detéil. The case study
approach serves to.secﬁre a higher degree of vaiidity tthhe
aﬁswers of the decisionmaker.

The critical point. in both methdas‘is the use of various
location determinants. While the listing of the detérminanté
vary/from one study to énother, Table ES-3 presents a typical
listing of plant location determinants.

In order to determine the importance of plant location
deterﬁinants for the six industries selected for this study,
several of the completedstndieS'that have included empiricéi‘
data on this issue have been analyzed. The results are as

follows:

Food and Kindred Products

Critical location determinants for this sector are:
1) Location in metropolitan suburban area

'2) Population of 100,000 or more

ES-4




3) Availability of contract trucking
4) Availability of«publié.refrigerated warehoﬁsing‘
< 5) Highway access : |
6)'YSchedu1ed rail service
7) Piggy back facilities
8) _Induétri&l,watér\éupply p:ocgssed
9) Natural gas service o |
10) Industrial water processing ’
11) Solid waste disposal

'12)  Electricity.

Tobacco
‘Tobacco'manufacturing sec#or has only five critical loca-
tion determinants: ‘ -
1) Plant size of 1-4 acres
’ 2) Contract.trucking |
. ‘3) Highway acceés ’f
4) Electricity

5) Low wage“rates.

Textiles
; Téxtile,Sector has the following nine critical plant loca~
. tion determinants:f

1) Air passenger service

2) Cbntﬁaét'trucking"-' ,
3) Local industrial development group
4) Pool of trained workers = |

5) Highwéy aécess_ |

ES-5




6)

Scheduled rail service

Industrial water supply (processed)

sector has seven critical plant location deter-

Non-metropolitan area location

1-4 acres of plant site size

7)
8) Electricity
9). Low wage rates.
Lumber and Wood Products
This
mingnts:
1)
2)
3) Fire protection,
4) Contract trucking
5) Highway access.
6) Scheduled rail service
7) Low wage rates.

Chemicals and Allied Products

Surprisingly, this very large and complex industry sector

has only five critical plant determinants:

1)
2)
3)
4)
5)

Plant site size of at least 5 acres
Fire protection

Contract . trucking

Highway access

Scheduled rail service.

ES-6




i\a

Leather and Leather Products

Seven critical plant location determinants characterize
this sector:

1) Non-metropolitan area location

'2) Contract trucking services

3) Highway access

4) Scheduled rail service

5) Piggyback facilities

6) Industrial water supply (processed):

7) Low wage rates.

Clea:ly‘the data presented above has shbrtcomings and
limited in coverage. Nevertheless this information provides
a degree of knowledge regardihg plant location determinants,

In summary, the data analyzed suggest that accessibility

. to market areas via highway, rail and piggybaek’facilities is

an important consideration for all six industries included in
this report.

Low 1ebor rates are equally important to textiles and
leather and leather preducts sector. In the case of Food and
Kindred Products industry--surely as important a sector because
of its size end growth potential,_and proximity to large pbpula-,
tion concentration—-market area is an important plant location
determinant.

Finally, in the case of chemieals and allied‘products,
critical plant location determinants are relatively few, priné
cipally because the production economics of scale in thie industry
are lerge and therefore this indusery can and does provide its

own services as well as create the economic environment in which

ES-7




it operates. _

The distribution of industry is directly related to the
factors that individual firms list as being important. Fortun-
aﬁely,‘excellent élthough dated empirical data exist to’analyze
this issue. The data is contained in computer printouts main-
tained by Economic Development Administration (EDA) of the Depart-

ment of Commerce. e

. From the computer printouts ﬁaintained by EDA, a total of
24.four-digit SIC industry sectoré have been piﬁpOinted that
correspond to the six méjor'industry sectors selected for this
study. Table 4 (invthe'ﬁext) enuﬁerates the sectors seleéted.

In genéral terms, the datﬁ>c1earlyuindicate that accessibil-
ity by tfﬁck rather than railroad, water or air transport is
crificai to ‘all iﬁdustry'éectors. Conversely, accessibility
per se and not the distance or'tiﬁe spent ‘in delivering goods to
the’market aréas ismost important in the other sectors (excluding
Food and Kindred products). | |

"The implication of this finding is that except for Food -
'ana'Kindred Pioducts sector, the location of a firm can be con-
1_siderab1y‘distant from thé mérket areas, provided the location
has outstanding accessibility. Among the modes of transport,
trucking is dominant followed by rail.

Loéation»in industrial parks is apparently'bf marginal
_importancé to most industry sectors. Except fof Food and Kindréd'_
Prqducts sector, availability of public watér systems is also

relatively}unimportant.

ES-8




The single plant location characteristic that requires
additional emphasis is thc,large,size of plant sites utilized
by the Chemicals and Allied Products sector... For example, 75
percent of plants.in the industrial chemicals, i.e., SIC 2818,
category were located on plant sites 51 acres or larger, and
50 percent were,located on.sites‘lbo acres .or larger.

Thus, the availability of large parcels of appfopriate indus-
trial land is of critical importance to thé Chemical and Allied
Product sector, and to lesser but still significant extent for
the Textiles and Lumber -and Wood Products sectors.

In conclusion, our analysis of location decision focuses

upon those components of general, long-run entrepreneurial de-

cision processes having a direct or indirect bearing upon the
selection of regions, localities, and sites for the pursuit of
a firm's activities. The locational and non-locational decision-

making.componeﬁts are highly intertwined, and the process by

‘which general internal and external location conditions are

mutated into more or less influential location factors is complex -

and not completely understood.

. The history of the firm, the level of’productioh, number
and location of already estabiishcd,plants beloﬁgihé}fo,the
firm, availability of and access to capital funds, ownership -
structure of the,firm;'ccmpetence,;ro;es andkbe:sonalities of"
top ‘managers, attitcdes and behavior of ccmpetitors,"contractors,
labor unions;ﬂchambe:s;of comﬁercep and local developmentfcoip- _
orations, goyefnment policies; ana_genéral7cconomic'conditicnS'

supply examples for internal and external conditions.  In any

ES-9




decision process linked to a loeation selection, many of these
conditions remain unconsidered due to their actual or perceived
relative ihsignificance or due‘to sheer neglect or ignorance;
other conditions are indirectly, implicitly, or‘unconsciously
introduced at various stages of the decision process, thus
imposing constraints upoh the effectiveness of those'conditions~
which are beihg explicitly and.conseiously considered. In

a large corporation, hardly any individual will be in a position
to state with ultimate authofity which considerations have

been responsible for specific Airections and discriminating
selections at specific junctions or in specific corporate depart-
ments during the usually 1engthy'lecatioh—decision procedure. This
complexity can perhaps be approached by identifying stages within
the decision process on the basis of crucial thresholds which
can be reached in the evolution of spatial and non-spatial con-
straints for specific, locationally significant variables. Per-
sonal interviews with key executives who have the_responSitility
and the authority to make plant location decisions perhaps offer
one of the best methods for identifying this important

data.

Prior to reporting the results of our interviews with the
senior executives of 30 firms, a summary review of seven regional
studies in which plant locations were the principal objective is
presented. These studies, while,dated_and at times contradictory,
do provide useful information regarding the'plant location deter-
minants in general. Table 5'presents the major plant location

determinants found in the seven studies summarized. The informa-
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tion contained in this table clearly suggests that proximity to
market (and market availability), low transportation services
costs and low labor costs.aré the three.prihcipal plant location
determinants. Thé fourth determinant is supply of raw materials,
Inlﬁerms of the six industries covered.in this report, |
this means that for Textiles, Chemical and Allied Products and
for leather sectors, all of which. have nationwide markets,
location in any geOthermai resource area could be a very attrac—~
tive‘proposition, assuming that other plantiloéation requirements
can be satisfied. ‘In the case of the'Food and Kindred Products
sector, plant location must be in close proximity to population
concentrations which serve as market areas for the food products
produced. The location of plants in Tobacco and Lumber and Wood
Products sectors is governed by raw material availability. |

Plant Location Determinants: Results of
Interviews With Industry Executives

Before considering specifics of individual plant location
determinants, several éeheral iSsues that have a major impact on
the Department of Energy marketing effort for direct utilization
of geothermal energy should bé‘discussed.‘

The first issue pertains to the guestion as to who within
an -industrial/manufacturing firm determines the location of a
new plant and/or chooses to utilize geothermal resources as a
source of energy for the plant. Interviews indicate that such
decisions are méde'at a very high level in the corporate struc-
ture of’thé firm. While such decisions are in actuality the

resulﬁ of a committee meeting, the ptincipal member of such com-
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mittee is usually a senior Vice President for“Corﬁdrafe Plan-
ning of the firm. The committee itself, in addition to the
Vice President for,Corpdfate Planning, often includes the’
Chief Executive Officer of the firm, the Vice President for
Engineering,or'Chief Scientist, the Treasurer, and the Vice
President for Operations or his equivalent.

The implication of this hierarchical decisionmaking to
the direct geothermal energy marketing effort by the Department
of Energy is cleaf: any and all marketing efforts should
‘be directed at the-senior executive level of all firms con~
sidered cahdidatés for airect use of geothermal éﬁergy.

“The second issue'résulting»from our interviews is Ehat
O£;famiiiarity of the éenior'executives with DOE programs
encouraging the utilization of ﬁhe nation's geothermal ié;
sources in general, and with the Geothermal Loan Guaranty Pro;
gram (GLBP) in particular. Our interviews indicate beyond
ény aoﬁbt that the industry is élmost completely unawarehofv
the Department's efforts to prémote diréct use of geothermal
- resources., |

While it cannot be claimed that the 30 senior'e#ecutives v
interviewed are representative of typical senior executives in
the industry, the absence of familiarity on their part wits
£hé'Department of Energy's programs for geothermal energy

utilization is alarming.
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- The final-general issue that'requireswconsideratiOn is
that of technical knowledge of direct utilization of geothermal
resources (as opposed to institutional/government related
issues) on the part of these senior executives who were inter-
viewed.,

In this regard, our interviews indicate that most of the

senior executives are again not familiar with the technical

feasibility of utilizing geothermalvresources as a source of

energy in the operations of their plants.

Food and Kindred Products

The principal plant 1ocation determinant in the Food‘and
Kindred Products sector is close‘proximity to the consumer markets.
According to our interviews, the specific site for a new facility
must be 1mmediate1y accessible to a major highway network which
serves the market area.

Energy supply and cost con81derations are indeed important :
to Food and Kindred Product firms and many have an engineering
task force evaluating all energy supply options including geo-
thermal resources; however; these energy issues remain secondary
with regard to a location of new faca.lities. Assuming that an
appropriate location can be determined which has geothermal
resource, a firm in,this sector would,certainly investigate the
feasibility of direct geothermal-resourcesapplication.‘ |

The principal'current factors that militate against use
of direct geothermal energy are as follows. j,

e Lack of engineering experience wzth geothermal
energy sources by firms' engineers,

ES-13




® Considerable initial capital requirements for the
development of geothermal resources as compared to
conventional energy sources;

e Potential impacts on environment from geothermal
resource use and the need for various permits from
Federal and state environmental offices. &-w

e Absence of interest by Federal government to
encourage geothermal resource use.

According to many: executives, interviewed, geothermal Plants create a
risk factor which the managers of Food and Kindred Product

firms prefer to ignore until the geothermal resource dévelopment
costs are firmly established.

In the opinion of many executives the current Geothermal
Loan Guaranty Program (GLGP) does not offer sufficient induce—A
ment for a firm to develop geothermal resources for a new ptoduc-
tion facility.

A closely related concern expressed by almost all of those
interviewed in the Food and Kindred Products sector was that
the in-house engineering staffs of food manufacturing firms as
a rule are relatively poorly equipped to undertake the necessary
design and construction of geothermal energy facilities.

In summary, according to many of the executives interviewed,
the principal plant location determinant for Food and Kindred
Products sector is immediate accessibility to the market. If
this criterion is satisfied and geothermal resources exist on
the site, food processing firms would be interested in utiiizing
these resources providing that:

e Federal government undertakes additional engineer-
ing effort to establish feasibility of the direct
geothermal energy use;

® Initial capital costs of geothermal resource dev-
elopment are well established and reasonable;
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~® A pool” -ofiténgineering knowledge exists which can:.
render technical assistance in the design and
development of direct geothermal utilization
facilities.
‘Tobacco
The cardinal plant location determinant for tobacco sector
is close proximity to the raw materials, i.e., tobaoco growing
areas, However, the utilization of geothermal resources by a
tobacco processing firm faces several other obstacles, including:
o Absence of experiencevregarding»geothermal resource -
development by the in-house engineering staff of
tobacéo processing firms; 4

® Unknown initial capital costs of geothermal re-
source development;

e Potential environmental issues resulting from
geothermal resource use. ‘

In summary, the obstacles to the introduction of direct use
of geothermal energy in the Tobacco manufacturing sector are

almost identical to those of the Food and Kindred Products sector.

Textile Mill Products

All of the senior executives interviewed in the Textile Mill
Product sector clearly identified low labor rates and/or non-

union 1abor_ag the principal plant‘location determinant.

Lumber and Wood Products

Tunber and Wood Products Sector offers good 0pportunity
fOr’dlrect utilization of geothermal resources in kiln drying
‘ and related applications. | ' |

‘The principal determinant of whether or not firms in this
inﬁustxy will use geOtbermal resources in their operations is the

location of such resources. All of the saw mill operations are
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located on sites carefully selected to minimize transportation
costs of raw logs to the saw hill. If geothermal resources are
available at the_selected sites, utilization of geothermal re-
,;ources will be given considerable consideration. However, if
geothermal resources are not readily available at the site sel-
écted.for mill operétions; it is notrlikley that the mill site
J&ill be moved to a location where geothermal resources are avail=-
able. The principal reason is the ability of ' most wéll-designed
lumber mills to be self.sufficient in their energy demands by
utilizing‘t;ee bark and wood scrap for their‘heét requirements.
in summary, Lumber and Wood Products sector offers good
opportunity for the direct utilization of geothermal resources.
Thé;principal obstacle to increased;use'of.gébthermal resources -
by firms in this sector is their gupply'cf bark and wooden
sciap which can be uséd;to_meet the firm's‘eneréy requirements.
However, these by=-products have‘their.own utility in the manu-
facture o< plywood, wallboard and other producte. The technology.
trends in this industry.favor utilization of these by-products.
If direct utilization of'Qeothermal energy appears feasible in
this sector, firms will utilize this energy sourqe.r |
However, all of those intetviewed expressed significant doubts
about the current state-pféart»in the direct utilization of geo-
therﬁal resources. All of those interviewed also suggested that

additionalkFederal government-supported demonstration programs

should be undertaken to establish feasibility of direct geothermal

resources use as well as to establish firm capital requi:eménts.
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Chemicals and Allied-Products R P s

-, Chemicals and Allied Products sectoi presentsvan'excellent
potential for direct use of geothermal resources in their
"/ piants. -Energy supply:tga/br cost is not;.however, the principal
plant location determinant. |
-According to our interviews, the principal plant location
determinants in this sector, in order of impbrtance,‘are as
follows:
- @ -Accessibility to the markets by both rail and
truck and access to waterborne transport (both

ocean and inland waterways);

o Nearby availability of raw materials and/or access
to suppliers of raw materials;

e :Availability»bf skilled labor force or labor péol
'~ that can be trained in the necessary skills;

e Location in relatively close proximity.to the
- markets (In practical terms, this means East Coast;
Midwest centered in Chicago area and Callfornia )
The accessibility to the various modes of transportation is
clearly the dominant_location“determinant and its importance
was stressed by almost all of those interviewed.

The impottande of proximity to raw material supply as a
location determinant was emphasized by those firms which pro-
duce bulk chemicals. Those chemical andjallied product. firms
which principaliy-manﬁfacture industrial.and,conSumer end- -
products, however, stressed the iméortance of prOximity:t0~
markets as the;plantglocation determinant. . .

Several factors militate‘against adopti@n;of direct geo- -
thermalAresource;utilizationiby-the Chemiéél-and Allied Products

sector. The first is the,fadt‘thatimost pf‘thé»expansibn in
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this industry during the past decade has taken place by additions
to the existing plants rather than construction of "greenfield"
facilities. This occurrence is the direct result of various
environmental regulations which effectively prohibit construc-
tion of new plants.

Another factor that works against use of direct geothermal
energy is the presence of technological risks that such under-
takings may present. These risks are especially high because of
the limitea large-scale operations with direct utilization of
geothermal resources. However, unlike the case of Food and
Related Products sector, or Tabdcco, all of those interviewed
maintain  that their in-house engineering staffs could successfully
design and operate direct geothermal resource utilization facil-
‘ities.

| Finaily, several of those interviewed expressed the need
for an éxplicit understanding, i.e., a formal agreement, between
a firm and the Federal‘government that in the event a firm under-
takes a direct geothermal utilization project, the Federal gov-
ernment would not interfere with the operation in any Way, and
that the Federal government would not treat the facility as a
test demonstration project.

- In summary, location of chemical and allied products plants
is determined by factors such as access to transportation facil-
ities 6f all modes and accessibili;y to raw materials and markets.
Energy supply and/or cost is not the principal plant iocation
determinant. Our interviews suggest that this sector offers good

opportunity for direct geothermal resource application provided
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the industry is made aware of these opportunities for geothermal

resource utilization.

Leather and Leather Products

Leather and Leather Products sector offers only marginal
opportunities for direct use of geothermal résources. First,
the cost of energy in leather tanning, processing and shoe
manufacture is not an important'consideration. Second, the
concentratién of the 1éathér tanning and shoe manufacturing'
operations is in the Chicago region and in New England; Both
regions are dévoid of geothermal resources.

While there is a concentration of leather and leather
produéts industry in Tennessee, a region which has geothermal
resource potential, our interviews clearly'eStablished the
very depressed status of this industry with essentially no
projected capital spending for new facilities or renovation‘

of exisiing plants.
While the large number and complexity of new plant loca-

tion determinants make it very difficult to~project-future

new plant locations in the geothermal resource regions on the
basis of our interviews we have attempted tq do so.  The

results of our projections are pre$ented in Table ES-6. - However,
it must be emphasized that these projections are highly putative
and should bé fegérded 6nly as‘indicatidn of = the oxder of

magnitude of the nﬁmber of fﬁture new plant ldcﬁtions.
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CONCLUSIONS AND RECOMMENDATIONS

Our interviews with the 30 senior industry executives .and

a survey of pertinent documents unmistakably indicate a gen-

eral and pervasive absence of knowledge about the Department

of'Energy's geothermal energy ‘program.

This absence of knowledge of the various program elements
that compri#e the Department's geothetmal energy policy and
aétivities,is unfortunate because it hinders acceptance of the
Department's geothermal resource utilization marketing effort
by induétry. - Fortunately this lack of knowledge can be readily
overcome by the Department of Energy if certain programs and
activities are undertaken.

Findings and Recommendations: ZLocation
of Geothermal Resource Regions

Almost all.of the senior executives interviewed had at
best only limited knowledge regarding the spatial boundaries and
locations of geothermal resource regions in the United States.
Most of those interViewed pointed to the California and Nevada
area as the only regions which contain geothermal resources of
sufficient quality and quantity to be used by industry.

Our recommendation is'that'Department‘of Energy,prepare

a comprehensive documeht.which clearly delineates the

geothermal resource regions in the United States with

appropriate additional information related to this

réséurce.r We further recommend that thisrdocument be

méiied t6~apprqpriate senior executives (such as Vice
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firms in the nation.

vt ‘;:‘- o

Feasibility of Direct Use of Geothermal Resources

As noted, most of the executives we inte;viewed professed
ignorance concerning the feasibiiity Qf'direct use of geothermal
resources.

Our recommendation iS'that'thé'Department of Energy

prepare a concise statement on this issue supported

§y apbropriate bibliography and contact person for

further information'infthE'Department. We also recommend

that this Statement'be"distributed as above.

Policies and Act1V1tieS'of'Department of Energx
With Regard to the Geothermal Energy Utilization

None of the executlves we 1nterv1ewed had a clear under-

standing of the Department of Energy s pollcles and actlvztles .

- with regard to thergeothermal energy development. None were

aware of the GeothefmalaLoan Guaranty Program (GLGP); noné‘weré'
familiar with the Geothermal Steam Act of 1970 (PL91-581) or
Geothefﬁal;Energy:Reseaich; Development and Demonstration Act
of 1974j(Pﬁ‘93-416)‘or the activities of the Interagency Geo-
thermal'Cooﬁdinéting Council. | | |

~ Such khowledgefpn»the'part of eXecutiQes_is mandgtory in
order télp:epére them for,anyAmérketing'effort.

our=recqmmendé£ion«is that the Departmént of Energy

-vpreparefa'aoéumenfithat;presehts thig infotmation in-a

concise and clear manner and distributes this document

to the appropriate executives. At a minimum, a fact |

 33-311




sheet on these issues.with appropriate references

for the more detailed and comprehensive information -

shouldAbegptgpared‘and'disfributed,"We,also recommend

that the,Départment'of‘Energy-Create’an industry liaison

responsibility in thé Department, and that the

existence of this information‘sourCe'is'disseminated'

" throughout the industry.:

Further Marketing Activities

In this report, five industry sectors were identified

as potential candidates for direct use of geothermal resources:

1)
2)
3)

4)
59

Food and Kindred Products;
Tobacco;

Textile Mills;

Lumber and Wood Products; and

Chemicéls and 2Allied Products.

In order'to accelerate this marketing activity, our recommenda- -

rtions‘are:

That the Department of Energy prepare a document

it can render to the industry, and to distribute this

document to the senior executives of the major firms in

the five sectors of industry. Concurrently, Department

of Energy personnel should seek personal meetings with

selected executives of the firms in these five sectors

in order to present before them‘the’Department'sgpolicies

with regard to the;geothermél energy development. The De-

partment of Energy should also, on the basis,of.thisvreport,
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identify site-specific locations within geothermai

resource areas and prepare and distribute fact sheets

Bgt
v

on such locatidnsvto the industry. An alternate approach

would be for'the Department'to engage for this task a

professional organization with expertise in industrial

site location. Finally, we recommend that the Department

of Energy organize a conference for industry executives

to explain the geothermal utilization policies and activ-

ities of the Department of Energy. Judging from an aware-

ness level of those interviewed,.the Department of

Energy might address several areas of concern with poten-

tial industry users‘of'geothermal energy. These areas

concern seed money for various successful prototype opera-

tions and subsequent distribution of capital costs require-

ments information. Industry needs assurances that geo-

thermal ‘energy usage will be profitable. Details on full-

scale financing must be available upon which industry

éxééutives can base their decisions. Included with these

financial data should be a basic plan to/alleviate fears

that industry could not cope with environmental'requireménts

from other sectors of government. Environmental controls

mﬁst‘be'explained’in terms of simplicity, and assurances

- given ﬁhét_industry'will7be able to meet these requirements

ecdnbmicaily,and relatively guickly. Also, assurances that the

_gove:nmeht would serve in an advisory capadity‘would.lend

‘strong credibility to the Departmeht's program.
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- . TABLE ES-l. INDUSTRIAL PROCESSES HEAT REQUIREMENTS. BY INDUSTRY SECTOR

Application Temperature

, Requirement
. 8IC | Four Digit ' ; p 5
' Group | SIC Group Description Process/Use F (o
10 1011 ~ Iron Ore Pelletizing of Con- S '
‘ - ~ . centrates - 2350-2500 (1288-1371)
1021 . - Copper Concentrate Drying - 250 (121)
12 1211 “Bituminous Drying (including ‘ ;
. lignite) : 150-250 (66-104)
14 1442 Sand and Gravel _ : None
1474 Potash Drying Filter Cake 250 (121)
1475 Phosphate Rock Calcining 1400-1600 (760-871)
: : Drying ; 450 ‘ (232)
1477  Sulfur Frasch Mining 325-340 (163-171)
2011 Meat Packing , ,
2013 Sausages and Prepared Meats Scalding, Carcass
' . Wash, and Cleanup 140 (60)
Singeing Flame 500 (260)
Edible Rendering 200 (93)
S , Smoking/Cooking 155 (68)
© 2016 Poultry Dressing Scalding 140 (60)
2022 Natural Cheese Pasteurization 170 (77)
- Starter Vat 135 (57)
Make Vat 105 (41)
Finish Vvat - -~ -100 - (38)- -
- ~ Whey Condensing 160-20 - (71-93)
Process Cheese Blend-
ing 165 (74)
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TABLE ES-1.-  INDUSTRIAL PROCESSES HEAT REQUIREMENTS, BY INDUSTRY SECTOR -

Application Temperathre

- : Requirement
SIC -Four Digit : : . o o
Group | SIC Group Description Process/Use F °c
20 2023 Condensed and Evaporated Milk Shabilization 200-212 (93-100
- : v ' Evaporation 160 (71) .. —
Spray Drying 350-400 (177-204)
- ST SRR Sterlization 250 (121)
2026 Fluid Milk Pasteurization 162-170 (72=77)
2032 Canned Specialities ' - o S Lo
~ Beans Precook (Blanch) 180-212 (82-100)
- Simmex Blend 170-212 (77-100)
Sauce Heating 190 (88)
I S S ‘ : - Processing 250 (121)
2033 - Canned Fruits and Vegetables Blanching/Peeling 180-212 (82-100)
‘ - o : . ‘Pasteurization : 200 (93)
Brine Syrup Heating 200 (93) .
Commercial Sterliza- , :
. tion o 212-250 (100-121)
_ Sauce Concentration 212 (100)
- 2034 "~ Dehydrated Fruits and Veg-~ Fruit & Vegetable o : L
: etables Drying 165-185 (74-85)
Potatoes - Peeling 212 (100)
o Precook 160 (71)
Cook . ~ 212 . (100)
Flake Dryer 350 (177)
S Granule Flash Dryer 550 (288) -
2037 Frozen Frults & Vegetables ‘Citrus Juice Concen- ~ u
S o o : ~ tration A 190 (88)
Juice Pasteurization 200 - (93)
Blanching 180-212- (82-100)
Cooking 170-212 (27-100)
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TABLE ES-1. INDUSTRIAL PROCESSES HEAT REQUIREMENTS, BY INDUSTRY SECTOR

Application Temperature

Requirement
SIC '| Four Digit p p
Group SIC Group Description Process/Use F C
20 2046 Wet Corn Milling - Steep Water Evaporator 350 (177)
Starch Dryer 120 (49)
Germ Dryexr 350 (177)
Fiber Dryer 1000 - (538)
Gluten Dryer 350 (177)
Steepwater Heater 120 (49)
Sugar Hydrolysis 270 (132)
Sugar Evaporator 250 (121)
Sugar Dryer 120 (49)
s 2048 Prepared Feeds Pellet Conditioning 180-190 (82-88)
- Alfalfa Drying 400 (204) -
,g 2051 Bread and Baked Goods Proofing 100 (38) - :
o Baking 420~-460 (216-238)
2062 Cane Sugar Refining Mingler T25-1%5 {(52=7ay
Melter 185-195 (85-91)
Defecation 160-185 (71-85).
Revivification 750-1110 (399-599) -
Granulator 110-130 {43-54)
. Evaporator 265 (129)
2063 Beet Sugar Extraction 140-185 (60-85)
- Thin Juice Heating - 185 (85)
Lime Calcining. 1000 (538)
Thin Syrup Heating 212 (100). .
Evaporation 270-280 (132-138)
Granulator 150-200 (66-93)
Pulp Dryer 230-280 (110-138)
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TABLE ES-1. INDUSTRIAL PROCESSES HEAT REQUIREMENTS, BY INDUSTRY SECTOR

LT-ST

Application Temperature
_ - Requirement
- 8IC Four Digit m— p
Group SIC Group | Description ‘ Process/Use F C
20 2075 .~ Soybean 0il Mills - Bean Drying 160 - (71)
' ' ' Toaster Desolvenitzer 215 {(102)
Meal Dryer - 350 : (177)
Evaporator ) 225 (107)
Stripper - 212 (100)
2077 Animal and Marine Fats Continuous Rendering ,
: _ _ -0of Inedible Fat 330-350. (166-177)
2079 - Shortening and Cooking 0il Oil Heater 160-180 - (71-82)
_ Wash Water . 160-180 (71-82)
Dryer Preheat ’ 200-270 (93-132)
Cooking 0il Reheat 200 (93)
Hydrogenation Preheat 300 - (149)
: ‘ Vacuum Deodorizer 300-400 - (149-204)
2082 Malt Beverages Cooker o 212 . (100)
_ ‘ : Water Heater 180 *82)
Mash Tub - 170 (77)
Grain Dryer 400 (204)
Brew KRettle - 212 (100)
2085 . Distilled Liquor Cooking (Whiskey) 212 (100)
, ~ ‘ Cooking (Spirits) 320 (160)
Evaporation 250-290 (121-143)
Dryer (Grain). 300-400 (149-204)
_ . Distillation 230-250 (110-121)
2086 Soft Drinks : Bulk Container  Wash 170 (77)
‘ . ‘ _ Returnable Bottle Wash 170 (77)
Nonreturnable Bottle :
Warming 75-85 (24-29)
Can Warming. ~75-85 (24-29)
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TABLE ES-1. INDUSTRIAL PROCESSES HEAT RBQﬁIREMENTS; BY INDUSTRY SECTOR

Application Temperature

8¢-sd

Requi v
. 8IC Four Digit : ) v equirement
Group | SIC Group Description Process/Use Op : °c
21 2111 ' cigarettes Drying 220 (104)
: Rehumidification 220 (104)
2141 Tobacco Stemming and Redrying Drying ' 220 (104)
22 2261 Finishing Plants, Cotton Washing 200 (100)
‘ Dyeing 200 (100)
Drying 275 (135)
2262 Finishing Plants, Synthetic washing 200 (93)
o Dyeing | 212 -(100)
Drying and Heat Set-
ting 275 (135)
24 2411 Logging Camps ‘ , None
2421 Sawmills and Planing Mills Kiln Drying of Lumber 300 (140)
2435 Plywood Plywood Drying 250 (121)
2436 Veneer Veneer Drying 212 (100)
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TABLE ES-1l.

INDUSTRIAL PROCESSES HEAT REQUIREMENTS, BY INDUSTRY SECTOR
Application Temperature
Requirement.
SIC Four Digit ) - o p
Group | SIC Group Description Process/Use F B C
25 2511 Wooden Furnitura Makeup Air and
. Ventilation 70 (21)
Kiln Dryer and Drying
Oven 150 (66)
2512 Upholstered Furniture Makeup Air and .
Ventilation 70 (21)
Kiln Dxyer and Dxying ~
| Oven 150 (66)
26 12611 Pulp Mills
2621 Paper Mills
2631 Paperboard Mills
2661 Building Paper Pulp Digestion 370 (188)
Pulp Refining 150 (66)
Black Liquor Treat- ‘
ment 280 (138)
-Chemicals Recovery-' L ,
Caleining 1900 (1038)
‘ : ‘ Pulp and Paper Drying 290 (143)
2653 Solid and Corrugated Fiber Corrugating and Glue
. Boxes . Setting 300-350 (149-177)
28 2812 Alkalies and Chlorine - Mercury Cell (to be '
' - phased out by 1983)
L o ; L Diaphragm Cell 350 (177)
2865 ... Cyclic Intermediates " BEthylbenzene 350 (177)
: o ' Styrene’ 250-350 (121-177) _
Phenol 250 (121)
. 28195 _ Alumina Digesting, Drying,. o 5
) L . Heating ’ 280 (138)
" Calecining 2200 (1204)
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TABLE ES-1. INDUSTRIAL PROCESSES HEAT REQUIREMENTS, BY INDUSTRY SECTOR

. 3 Application Temperature
. v Requirement.
SIC | Four Digit :
Group SIC Group Description Process/Use Op %
28’ 2821 Plastic Materials and Resins Polystyrene, suspen-
sion process
Polymerizer Preheat 200-215 (93-102)
Heating Wash Water 190-200 (88-93)
2822 - Synthetic Rubber Cold SBR Latex Crumb
: Bulk Storage 80-100 (27-38)
Emulsification . 80-100 (27-38)
Blowdown Vessels 130-145 (54-63)
Monomer Recovery by
Flashing and Strip-
ping _
Dryer Air Temperature 150-200 (66-93)
Cold SBR, Oil-Carbon
- Black Masterbatch
Dryer Air Temperature 150-200 {66-93)
0il Emulsion Holding
Tank 80-100 (27-38)
Cold SBR, 0il Master-
batch . : .
Dryer Air Temperature 150-200 (66-93)
0il Emulsion Holding
Tank 80-100 (27-38)
2823 Cellulosic Man-made Filbers. Polyester 550 ( 288)
’ Nylon 535 ( 279)
Acxylic 250 ( 121)
Polypropylene. §4q ( 282)
2824 Noncellulosic Fibers Rayon - 212 { 100)
/ Acetate o 212 { 100)
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TABLE ES-l.. INDUSTRIAL PROCESSES HEAT REQUIREMENTS, BY INDUSTRY SECTOR

. . Application Temperature’
, E : Requirement .
SIC Four Digit _ -
Group | SIC Group | Description Process/Use - °r °c
28 - 2834 - - Pharmaceutical Preparations Autoclaving & Cleanup 250 (121)
' : ’ S Tablet and Dry-Cap- A ,
sule Drying - 250 (121)
_ Wet Capsule Formation 150 (66)
2841 Soaps and Detergents Soaps: '
: Various Processes
in Soap Mfg. 180 (82)
High~-Temperature ' -
Processes 490 (254)
m: _Spray Drying = = 500 - (260)
o Detergents: : ‘
] Various Low-Tempera- o
ture Processes 1380 (82)
High-Temperature .
‘Processes 500 . (260)
Drum-Dried Deterg-
_ents. -~ 350 (177)
Spray-Dried Deter-
_ gents : 500 \ (260)
. 2869 Organic Chemicals, N.E.C. ~ Ethanol R - 200-250 (93-121)
E : ‘ . ‘ ' Isopropanol 200-350 (93-177)
’ Cumene ‘ _ 250 - (121)
L Vinyl Chloride Monomer 250-350 (121-177)
2873 - - Urea High-Pressure Steam-
. - Heated Stripper 375 (191)
Low-Pressure Steam--
o Heated Stripper 290 (143)
2892 Explosives Dope (Inert Ingredients) -
_ Drying 300 (x49) =
Wax Melting 200 (93)
Nitric Acid Concentra-
tor ' 250 (121)
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TABLE ES-1. INDUSTRIAL PROCESSES HEAT REQUIREMENTS, BY INDUSTRY SECTOR

Appiibation Temperature

Requirement
- 8IC ‘Four Digit ‘ : ‘
Group | SIC Group Description - Process/Use Op %
28° 2892 ‘Explosives (cont'd) Sulfuric Acid Concen-
- trator 200 (93)
Nitric Acid Plant - 200 (93)
Blasting Cap Mfg. 200 (93)
29 2922 Petroleum Refining. Crude Distillation - o
o Atmospheric Topping 650 (343)
‘Vacuum Distillation - 440-800 (227-427)
Thermal Operations 555-1010 (291-543)
Catalytic Cracking 1125 (607)
! Delayed Coking 9200 (482)
& " Hydrocracking o 515-810 (268-432)
N Catalytic Reforming 925 (496)
Catalytic Hydrorefin- '
ing 700 (371)
Hydrotreating 700 (371)
Alkylation 45-340 (7-171)
Hydrogen Plant . 1600 (871)
Olefins and Aromatics 1200 (649)
Lubricants ‘ Unavail. e e
Asphalt Unavail. -
_ Butadiene- 250-350 (121-177)
2951 Paving Mixtures Aggregate Drying 275-325 (135-163)
’ Heating Asphalt 325 (163)
2952 - Asphalt Felts and Coatings . Saturator ’ 400-500 - (204-260)
: . : - Asphalt Coating -300-400 - (149-204)
Drying (Steam) - 350 - : (177)
Sealant : 300-400 - {149-204)
30 . 3011 Tires and Inner Tubes - Vulcanization 250-~340 (121-171)
3079 . Plastics Products - Blow-Molded Bottles
High-Density Poly-
ethylene 425 (218)
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TABLE ES-1. INDUSTRIAL PROCESSES HEAT REQUIREMENTS, BY INDUSTRY sscron"

£g~5d

‘ » Application Temperature
' R ‘ ‘Requirement
SIC | Four Digit o | , v .
Group | SIC Group - ‘ - Description . Process/Use O °c
31 3111 = ' Leather. Tanning and _ o ' -
‘ e - Finishing. L Bating 90 (32)
: : » Chrome Tanning - 85-130 (29-54)
Retan, Dyeing, Fat. o
" Liquor 120-140 (49-60)
Wash o 120 (49)
Drying 110 (43)
, : v : Finishing Drying 110 (43)
32 3211» . .. Flat Glass . Melting ' . 2300-2700 (1260~1482)
L o . . Fabrication (inc.
Tempering and Lam-
inating) ' 1470-2000 (799-1093)
‘ ; o , . Annealing 930 (499)
3221 ‘Glass Containers o Melting-Firing 2700-2900 (1482-1593)
- Conditioning. 1500-2000 (816-1093)
Annealing . 1200. - (649)
S S o _ Post Forming 1200 (649)
3241 . Hydraulic Cement ~ Drying - | 275-325 (135-163)
‘ ) ‘ » : v . Calecining - o 2300-2700 = (1260-1482)
3251  Brick and Structural Tile  Brick Kiln 2500 (1371)
3255 = Clay Refractories ‘Refractories Firing 3300 . (1816)
3271 Concrete Block Low-Pressure Curing 165 (74)
e _ - Autoclaving - - . 360 (182)
3273 Réady-Mix Concrete - Hot Water for Mixing
‘ B - R S Concrete 120-190 (49-88)
3274 -~ . Lime o Caleining - . 1800 - (982)
3275 . Gypsum - _Rettle Calcining -330 -~ {X66)
' o ' ’ Wallboard Drying - - 300 (149)
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TABLE ES-1. INDUSTRIAL PROCESSES HEAT REQUIBEMENTS, BY INDUSTRY SECTOR

Application Temperature

Requirement
SIC Four Digit
Group | SIC Grogp Description Process/Use Op °c
32 3295 Treated Minerals Expanded Clay and Shale
: Bloating Process 1800 (982)
Fuller's Earth 1100 (593)
Drying and Calcining
Kaolin
Calcining 1900 (1040)
Drying 230 (110)
Expanded Perlite .
Drying 160 (71)
Expansion Process 1600 (871)
o Barium
& Drying - 230 (110)
> 33 3312 Blast Furnaces and Steel High-Termperature
Mills : Uses 2700 (1482)
3321 Ferrous Castings Gray Iron Foundries
(73% of heat)
3322 Malleable Iron Found-
ries {(10% of heat)
3323 Steel Foundries
(17% of heat)
Melting in Cupola
Furnaces 2700 (1482)
Mold and Core Prep. 300-475 {149-246)
Heat Treatment and
Finishing 900-1800 (482-982)
‘ Pickling - 100-212 {38-100)
3331 Primary Copper Smelting and Fire-
Refining 2000-2500 (1095-1371)
3333 Primary Zinc Pyrolytic: Reduction 2400 (1300)
3334 Primary Aluminum Prebaking Anodes 2000 (1093)
34 3479 Galvanizing Cleaning, Pickling 130-190 (54-88)
Galvanizing (melting) 850 (454)

zinc

Page 11 of 12
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TABLE ES-1l. INDUSTRIAL PROCESSES HEAT REQUIREMENTS, BY INDUSTRY SECTOR

Application Temperature
Requirement
SIC Four Digit _ py p
Group SIC Group Description Process/Use F C
36 3621 ‘ Motors and Generators Drying and Preheat 150 (66)
: Baking 350 -~ (177)
Oxide Coat Lamina-
tions 1500-1700 (816-927)
Annealing 1500 (816)
37 3711 Motor Vehicles . ~ Baking-Prime and
' " Paint Ovens ~250-300 (121-149)
28 - 2816 - Inorganic Pigments Drying Chrome Yelloﬁ 200 - (93)

Se-sd
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TABLE ES-2

INDUSTRY SECTORS WHERE DIRECT USE OF
OF GEOTHERMAL ENERGY IS FEASIBLE

sIC _ Industry
101 - Iron Ore Mining
102 , Copper Ore Mining
121 Bituminous Coal Mining
144 Sand and Gravel
1474 Potash
1475 : Phosphate Rock Mining
1477 Sulfur Mining
201 Meet Processing
2016 Poultry Processing
202 Natural Cheese
<2023 Condensed and Evaporated Milk
2026 Fluid Milk . '
203 : Canned Fruits and Vegetables
2034 : Dehydrated Fruits and Vegetables
2037 Frozen Fruits and Vegetables
2046 Wet Corn Milling
2048 Prepared Foods
2051 Bread and Baked Goods
2062 _ " Cane Sugar Refining
2063 _ ‘Beet Sugar
2075 Soybean 0il Mills
2077 Animal. and Marine Fats
2079 Shortening and Cooking 0Oal
2082 ~ Malt Beverages
2085 Distilled Ligquor
2086 "Soft Drinks
21 Tobacco
2261 Finishing Plants, Cotton
2262 , Finishing Plants, Synthetic
2411 Logging Camps
2421 Sawmills and Planning Mills
2435 Plywood
2436 v Veneer
- 2511 ‘ Wooden Furniture
2512 , Upholstered Furniture
2611 Pulp Mills
2621 ' . Paper Mills
2631 ' ~Paperboard Mills
2661 o ' Building Paper
2653 ; _ Paper Boxes

: Page 1 of 2-
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TABLE ES~2

INDUSTRX SECTORS WHERE DIRECT USE OF
OF GEOTHERMAL ENERGY IS FEASIBLE.

Industry

2812
2865
2819
- 2816
2821
2822
2823
2824
2834
2841

2869.

2873

2892

2911

2951

2952

3011
3079

3111
3211

3221
3241

3251

3255
3271

3273

-3274
3275
3295

3312
3321
3331
3333

3334

13479

3621

3711

Alkalies and Chlorine
Cyclic Intermediates
Alumina
Inorganic Pigments
Plastic Materials and Resins
‘Synthetic Rubber
Cellulosic Manmade Fibers
_Noncellusdc Fibers
- Pharmaceutical Preparations
Soaps and Detergents
Organic Chemicals (N E.C.)
Urea
Explosives

" Petroleum Refining
‘Paving Mixtures
~Asphalt Felts and Coatings

~Tires and Inner Tubes
Plastic Products

Leather Tanning and Finishing

Flat Glass

‘Glass Containers

' Hydraulic Cement
Brick and Structaral Tile
Clay Refractories
Concrete Block |
Ready-Mix Concrete
Lime .
Gypsum
Treated Minerals

Blast Furnace and Steel Mills
Ferrous Castings
Primary Copper
‘Primary 2inc
Primary Aluminum
Galvanizing
. Motors and Generators

nbtor Vehicles

ES-37 - o Page 2 of 2.




TABLE ES~-3

TYPICAL LISTING OF PLANT LOCATION DETERMINANTS

, Deteminant ,

I. Geographic Preference:

(1) Central city of a metropolitan area
(2) Metropolitan suburban area
(3) Non-metropolitan area

II. Industrial Park Preference:

III. Community Size Preference
(1) Under 25,000 population
(2) 25,000-45,000
(3) 50,000-99,000
(4) 100,000-249,999
(5) 250,000-499,000
(6) 500,000-999,999
(7) 1,000,000 or more

IV. Plant Site Size Preference:
(1) Less than one acre
(2) 1-4 acres
(3) 5-20 acres
(4) 21-50 acres
(5) 51-100 acres
(6) Over 100 acres

- ES-38 ' " Page 1 of 2




TABLF ES-3

Determinant

V. Community Attributes Considered in
Plant Location

(1)
- (2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)
(13)
(14)
(15)

Air passenger service

Local industrial bonds
Vocational training facilities
Higher educational facilities
,Tax incentives or tax holidays
Fire protection o

Contract trucking

Public warehousing v
Public refrigerated warehousing
Police protection |
Local industrial development group
Pool of trained workers

Pool of unskilled workers
Lenient industrial zoning

Strict industrial zoning.

VI. Plant Site Features

vII.

(1)
(2}
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)

Highway access ,
Scheduled air freight service
Water transportation |
Scheduled rail service

Piggy back facilities (rail)
Industrial water supply (processed)
Industrial water supply (raw)
Natural gés service _
Industrial sewage processing
Solid waste disposal

'Soil load-bearing capabilities

Electricity v

‘Low Wage Rates

ES-39
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TABLE ES-4

INDUSTRY SECTORS SELECTED FOR MANUFACTURING
PLANT CHARACTERISTICS

SIC Code- | Sector
2086 - ~ Bottled and Canned Soft Drinks
2256 o . waip Kniﬁ Fabrics
2256 ‘ : Circular Knit Fabrics
2272 Tufted Carpets and rugs
2205 | " Vinyl Coated Fabrics
2432 | * Softwood Plywood
2432 | .Nonwood-féce Plywood
2432 Softwood Veneer |
2815 Cyclic (coal tar) intermediates
2815 Synthetic Organic Dyes |

- 2818 Miscellaneous Acyclic Chemicals
2819 , Synthetic Ammonia

" 2821 Thermoplastic Resins

- 2824 . Noncellulosic Synthetic Fibers
2833 ' Synthetic Organic Medicinal Chemicals
2834 _ Pharmaceutical Preparations
2834 Vitamins, Nutrients
2842 ‘ >, rsfecialty Cleaning Products
2844 » B , ?etfumes, etc.
2844 | Miscellaneous Cosmetics

‘ 2879 - Agriculturél Insecticidal Preparations

_ 2899 Miscéllgneous Chemicals

ES-40




.. ~TABLE ES=5.

PLANT LOCATION DETERMINANTS "FROM SELECTED STUDIES

Plant Location Determinants

Study.
Glen E. McLaughlin and 1. Market Orientation (45%).
S. Robock 2. Raw Material Availability (30%).
_ 3. Low labor costs (25%).
Wilbur R. Thompson and 1. Consumer Demand’and Market
I. Mattila . Orientation.
2. Low labor cost.

Note that Thompson and Mattila indicate
that local taxes has no significant
impact on industry location.

Benjamin Chinitz and l. Market Orientation
R. Vernon ‘
Robert Lichtenberg 1. Low transportatlon cost and
market orientation (51%).
2. External economics (15%).
3. Historical factors (14%).
4. Low labor costs (8l%).
- Harvey Perloff, et al 1. Market Orientation.
= ’ : ~ 2. ‘Agglomeration.
3. Labor.
4, Climate.
Victor Fuchs 1. 'Raw materlal availability (including
climate).
2. Low labor cost.
The Fantus Company, Inc. Weighted Score
‘Transportation:
Services 53
- Costs 41
Proximity to customers 46
State manpower training ‘
assistance 31 -
Labor cost advantage 24
Low cost electric power 24
Urbarn’ orientation 24
~ Proximity to raw materials 1)

ES-41




TABLE ES~-6

PROBABLE NUMBER OF NEW PLANT FACILITY LOCATIONS ' ‘hf
IN GEOTHERMAL RESOURCE REGIONS, 1986-1990 '

Geothermal Resource Regions

Southeastern Gulf . ]
Industry Sector U.S.’ . States = California Total
Food & Kindred
Products - 15-20 5 10-15 30-40
Tobacco 2-3- - - 2-3
Textile Hill
Products 6-8 - - 6-8
Leathexr & Leather
Products - - - -
Chemical & Allied , '
Products 2-4 3-6 2-3 7-13
Lumber & Lumber
Products €-10 - - , 6-10

ES-42
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INTRODUCTION

This report presents a comprehensive analysis of industrial

markets potential for direct use of geothermal energy by a

total of six industry sectors:

1)
2)
3)
4)
5)
6)

Food and kindred products 

Tobacéo manufactures

Te#tilé mill products

Lumber and wood products, except furniture
Chemicals and allied products

Leather and leather products.

These six industry sectors were selected for detailed

analyses of industrial markets potential for direct use of

geothermal energy, based on an earlier report prepared by

Sterling Hobe cOrporation;l/ It was determined that they

- represent sectors of economy with some growth potential and/or

manufacturing activities of these sectors and are located in

geothermal resource regions.

This report is comprised of 5 chaptersyand-z appendices.

Chapter 1 presents a brief statement regarding the sectors

of economy and major manufacturing processesAthét can readily

utilize direct'geothermal energy. Chapter 2 discusses Plant

Location Determinants and related data. Chapter 3 presents

additional information about plantilocation determinants for

the six industry Sectors,‘and most important, the tesults_from

1/ The Direct Thermal Utilization of Geothermal Resources by

Indus

Prepared for U.S. Department of Energy, Energy Tech-

nology, Sterling Hobe Corporation, Washington, D.C., August 1979.

1




our interviews with selected industry'exeéutives who expressed
their views of utilizing direct geothermal resources in their
existing or future plants. This data is central to our report
Chapter 4 presents probable locations of plants in geothermal
resource areas in the 1980 to 1990 period. Chapter 5 presents
our recommendations for geothermal resource marketingQ

Appendix A presents factors which impact on industryrloca-
tion decisions. Appendix B presents industry executives inter-
viewed;during the course of this study.

This report was prepared by Sterling Hob; Corporation; Ivars
Gutmanis was the principal author.

We are grateful for assistance provided to us'throughoﬁt
this ptbject by Dr. Fred Abel and his colleagues from the Depart-
ment of Energy. We are also grateful for the cooperation provided
to us by the numerous industry ekecutives listed in Appendix B

to this report.




CHAPTER 1

- DIRECT APPLICATION OF GEOTHERMAL ENERGY TO
MANUFACTURING OPERATIONS

Ever increasing energy shortaées, combined with rapidly
rising prices, have resulted in increasing requirements for |
assured energy:sources at realistic,price levels.

Among the various}energy‘sources, geothermal energy is
widely available in the United States, and can be expected to
provide a significant amount of current'energy démand.

Among the various uses of geothermal energy, the direct
use of such energy is especiélly'attractive, requi:ing rela-
tively modest capital expenditures as well as operating expenses.
Further,‘as.the data in Tables 1 and‘2 indicate, the number of
manufacturing-processés where the direct use of geothermél
energy can be applied is large.

Table 1 identifies 234 processes where direct geothermal
energy applications‘are feasible. Further, for 26 such processes,
temperature requirements are very low, i.e., the heat is used
to evaporate water and/or to dry material.

In terms of industry sectors where direct use of geothermal
energy is feasible, 76 sectors“cén be identified (Table 3).
These sectors are heavily concentrated in the six industries
énalyzed in this study. |

This concentration. is especiélly significant in Food and
Kindred Prodﬁcts'ana Chemcials and Allied Products éectors'

'(Table 4). However, other sectors of industry are also very




TABLE 1. INDUSTRIAL PROCESSES HEAT REQUIREMENTS, BY INDUSTRY SECTOR

-

Application Temperature

: Requirement
81C Four Digit Py p
Group SIC Group Description Process/Use o C
10 1011 Iron Ore Pelletizing of Con-
centrates 2350-2500 (1288-1371)
1021 Copper Concentrate Drying 250 (121)
12 1211 Bituminous Drying (including
lignite) 150-250 (66-104)
14 1442 Sand and Gravel None
1474 ~ Potash Drying Filter Cake 250 (121)
1475 Phosphate Rock Calcining 1400-1600 (760-871)
Drying 450 (232)
1477 Sulfur Frasch Mining 325-340 (163-171)
20 2011 Meat Packing
2013 Sausages and Prepared Meats Scalding, Carcass
Wash, and Cleanup 140 (60)
Singeing Flame 500 (260)
Edible Rendering 200 (93)
Smoking/Cooking 155 (68)
2016 Poultry Dressing Scalding 140 (60)
2022 Natural Cheese Pasteurization 170 (77)
Starter Vat 135 {57)
Make Vat 105 (41)
Finish Vat 100 (38)
Whey Condensing 160-200 (71-93)
Process Cheese Blend-
165 (74)

ing

Page 1 of 12
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TABLE 1. INDUSTRIAL PROCESSES HEAT REQUIREMENTS, BY INDUSTRY SECTOR

: Application Temperature
: Requirement .
SIicC "Four Digit Py P
Group | SIC Group . . Description Process/Use F (o]
20 2023 ‘Condensed and Evaporated Milk Shabilization 200-212 (93-100
' ' Evaporation 160 (71) -
Spray Drying 350-400 (177-204)
Sterlization 250 (121)
2026 Fluid Milk Pasteurization 162-170 (72-77)
2032 Canned Specialities : ' o
' Beans Precook (Blanch) 180-212 . {82-100)
Simmer Blend 170-212 (77-100)
Sauce Heating 190 (88)
o - ) Processing 250 (121)
2033 Canned Fruits and Vegetables Blanching/Peeling 180-212 (82-100)
; - Pasteurization 200 (93)
Brine Syrup Heating 200 (93)
Commercial Sterliza- :
tion 212-250 (100-121)
_ Sauce Concentration 212 (100)
2034 Dehydrated Fruits and Veg- Fruit & Vegetable ;
etables Drying 165-185 (74-85)
Potatoes Peeling 212 (100)
Precook 160 (71)
Cook 212 (100)
Flake Dryer 350 (177)
‘ Granule Flash Dryer 550 (288)
2037 Frozen Fruits & Vegetables Citrus Juice Concen- :
: ' : tration 190 (88)
Juice Pasteurization 200 (93)
Blanching 180-212 (82-100)
Cooking 170-212 (77-~100)
Page 2 of 12




TABLE 1.

INDUSTRIAL PROCESSES HEAT REOUIREMENTS, BY INDUSTRY SECTOR

Application Temperature

Page 3 of 12

C

_ ‘ Requirement
- 8IC | Four Digit Y
Group | SIC Group Description Process/Use Op - C
20 2046 Wet Corn Milling Steep Water Evaporator 350 (177)
Starch Dryer 120 (49)
Germ Dryer 350 (177)
Fiber Dryer 1000 (538)
Gluten Dryer 350 (177)
Steepwater Heater 120 (49)
Sugar Hydrolysis 270 (132)
Sugar Evaporator. 250 (121)
Sugar Dryer 120 (49)
2048 Prepared Feeds Pellet Conditioning 180-190 (82-88)
‘ ' Alfalfa Drying ‘ 400 (204)
. 2051 Bread and Baked Goods Proofing ‘ 100 (38)
Baking 420-460 (216-238)
2062 Cane Sugar Refining Mingler -~ 125-165 (52=73)
Melter 185-195 (85-91)
pefecation 160-185 (71-85)
Revivification 750-1110 (399-599)
Granulator 110-130 (43-54)
Evaporator 265 (129)
‘2063 Beet Sugar Extraction 140-185 - (60-85)
, Thin Juice Heating 185 (85)
Lime Calcining 1000 (538)
Thin Syrup Heating. 212 (100)
Evaporation 270-280 - (132-138)
- Granulator . 150-200 (66-93) ,
“"Pulp Dryer 230-280" - (110-138) "




TABLE 1. INDUSTRIAL PROCESSES HEAT REQUIREMENTS, BY INDUSTRY SECTOR -

v Application Temperature

: Requirement
- sIC Four Digit — -
Group | SIC Group Description Process/Use F C
20 2075 Soybean 0il Mills Bean Drying 160 (71)
ST ' o _ Toaster Desolvenitzer 215 (102)
Meal Dryer 350 (177)
Evaporator 225 (107)
; Stripper 212 (100)
2077 Animal and Marine Fats . Continuous Rendering ‘ L -
. : , of Inedible Fat 330-350 (166-177)
2079 - Shortening and Cooking 0il 0il Heater 160-180 . (71-82)
Wwash Water 160-180 (71-82) -
Dryer Preheat - 200-270 (93-132)
Cooking Oil Reheat ' = 200 (93)
~ ‘Hydrogenation Preheat 300 (149) -
- Vacuum Deodorizer 300-400 (149-204)
2082 ‘Malt Beverages Cooker 212 (100)
T Water Heater 180 *g2)
Mash Tub 170 (77)
Grain Dryer 400 (204)
Brew Kettle . : 212 (100) .-
2085 Distilled Liquor Cooking (Whiskey) 212 (100)
' Cooking (Spirits) 320 - (160)
Evaporation 250-290 (121-143)
Dryer  (Grain) 300-400 (149-204)
o T v 7 Distji-lation 230-250 (110-121)
- .. 2086..... . . .Soft Drinks. .Pulk Container Wash 170 (77)
Returnable Bottle Wash 170 (77)
Nonreturnable Bottle :
Warming 75-85 (24~29)
‘75-85 (24~-29)

Can Warming

" Page 4 of 12




TABLE 1. INDUSTRIAL PROCESSES HEAT REQUIREMENTS, BY INDUSTRY SECTOR

Application Temperature

SIC | Four Digit | Requirement

Group | SIC Group. Description Process/Use Op %
21 2111 Cigarettes Drying 220 (104)
Rehumidification 220 (104)

2141 Tobacco Stemming and Redrying Drying ' 220 (104)
22 2261 Finishing Plants, Cotton Washing 200 (100)
Dyeing 200 (100)

Drying 275 (135)

2262 Finishing Plants, Synthetic Washing 200 (93)

: Dyeing 212 (100)

Drying and Heat Set-
ting ' 275 (135)
24 2411 Logging Camps ' None

2421 Sawmills and Planing Mills Kiln Drying of Lumber 300 (140)

2435 Plywood Plywood Drying 250 (121)

2436 Veneer Drying 212 (100)

Veneer

Page 5 of 12
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INDUSTRIAL PROCESSES HEAT REQUIREMENTS, BY INDUSTR& SECTOR

TABLE 1l.
Application Temperature
‘Requirement :
SIC Four Digit p p _
Group SIC Group 'Description Process/Use F - 7C
- 25 2511 Wooden Furniture Makeup Air and
Ventilation 70 (21)
Kiln Dryer and Drying
Oven 150 (66)
2512 Upholstered Furniture Makeup Air ‘and
Ventilation 70 (21)
Kiln Dryer and Drying
Oven 150 (66)
26 2611 Pulp Mills
2621 Paper Mills
2631 Paperboard Mills ] }
2661 Building Paper Pulp Digestion 370 - (188)
: Pulp Refining 150 {66)
Black Liquor Treat- _
ment N 280 (138)
Chemicals Recovery- = . '
Calcining 1900 (1038)
» - : Pulp and Paper Drying 290 (143)
2653 Solid and Corrugated Fiber Corrugating and Glue
Boxes Satting 300-350 (149-177)
28 2812 Alkalies and Chlorine Mercury Cell (to be
phased out by 1983)
: . Diaphragm Cell 350 (177)
2865 Cyclic Intermediates Ethylbenzene 350 . (177)
. Styrene’ 250-350 (121-177)
_ Phenol 250 (121)
. 28195 - Alumina ' Digesting, Drying, : ’
: Heating 280 ' (138)
Calcining 2200 (1204)

Page 6 of 12




- TABLE l. INDUSTRIAIL PROCESSES HEAT REQUIREMENTS, BY INDUSTRY SECTOR

Application Temperature

0t

Page 7 of 12

Requirement
SIC Four Digit , _
.Group. | SIC Group Description . Process/Use Op °c
28. . 2821 Plastic Materials and Resins Polystyrene, suspen-
" sion process
- Polymerizer. Preheat 200-215 (93-102)
Heating Wash Water 190-200 (88-93)
2822 Synthetic Rubber Cold SBR Latex Crumb ‘ ‘
Bulk Storage 80-100 (27-38)
Emulsification 80-100 (27-38)
Blowdown Vessels 130-145 (54-63)
Monomer Recovery by
Flashing and Strip-
ping: f ’ |
Dryer Air Temperature . 150-200 (66~93)
Cold SBR, Oil-Carbon
Black Masterbatch
Dryer Air Temperature 150-200 (66-93)
0il Emulsion Holding
Tank | 80-100 (27-38)
Cold SBR, 0il Master-
batch :
Dryer Air Temperature 150-200 (66-93)
0il Emulsion Holding
: Tank ‘ 80-100 (27-38)
...2823 Cellulosic Man~made Fibers Polyester 550 ( 288)
: Nylon 535 ( 279)
Acxylic 250 ( 121)
Polypropylene. 540 ( 282)
2824 Noncellulosic Fibers Rayon - co 212 -( 100)
BRI : .Acetate 212- “( 100)




TABLE 1. INDUSTRIAL PROCESSES HEAT REQUIREMENTS, BY INDUSTRY SECTOR

Page 8 of 12

Application Temperature
Requirement
. 8IC+ | -Four Digit - . S
. .Group }. SIC Group. Description - - Process/Use Op °c
.28 - .. - 2834. . . Pharmaceutical Preparations  ~Autoclaving -& Cleanup 250 (121)
. ‘ . L L o : Tablet and Dry-Cap- . o
sule Drying 250 (121)
* o : Wet Capsule Formation 150 (66)
S 2841 - Soaps and Detergents Soaps:
o Various Processes .
B - in Soap Mfg. 180 (82)
High-Temperature
.- Processes : 490 (254)
_ Spray Drying 500 (260)
- Detergents: : ;
= Various Low-Tempera- ‘ ’
ture Processes 180 (82)
High~Temperature S .
Processes : 500 (260)
Drum-Dried Deterg- ‘
ents - ‘ 350 (177)
' Spray-Dried Deter- '
; " gents o 500 (260)
- 2869 Organic Chemicals, N.E.C. Ethanol - . . 200-250 (93-121)
g _ : o Isopropanol 200-350 (93-177)
Cumene 250 - (121)
Vinyl Chloride Monomer 250-350 (121-177)
. 2873 Urea High-Pressure Steam-
o Heated Stripper 375 (191)
-~ - - - Low-Pressure Steam-- - - ..o “ o Tem e e e
e Heated Stripper 290 (143)
- 2892 - Explosives Dope (Inert Ingredients) \
Drying 300 (149)
Wax Melting 200 (93)
Nitric Acid Concentra- _—
tor . 250 (121)




- TABLE 1. INDUSTRIAL PROCESSES HEAT REQUIREMENTS, BY INDUSTRY SECTOR

Application Temperature

: Requirement
. 8IC Four Digit .
Group SIC Group Description - Process/Use Op - 9¢
28 2892 Explosives (cont'd) Sulfuric Acid Concen-
' ~trator - 200 (93)
Nitric Acid Plant 200 {93)
Blasting Cap Mfgqg. 200 (93)
29 2922 Petroleum Refining Crude Distillation
Atmospheric Topping 650 (343)
Vacuum Distitlation 440-800 (227-427)
Thermal Operations 555-1010 (291-543)
Catalytic Cracking 1125 (607)
Delayed Coking 200 (482)
e Hydrocracking 515-810 (268-432)
‘Catalytic Reforming 925 (496)
Catalytic Hydrorefin-
ing 700 (371)
Hydrotreating 700 (371)
Alkylation 45-340 (7-171)
Hydrogen Plant 1600 (871)
Olefins and Aromatics 1200 (649)
Lubricants Unavail. -
Asphalt Unavail. -
Butadiene 250-350 (121-177)
2951 Paving Mixtures Aggregate Drying 275-325 (135-163)
Heating Asphalt 325 (163)
2952 Asphalt Felts and Coatings Saturator 400-500 (204-260)
: ‘ Asphalt Coating 300-400 (149-204)
Drying (Steam) 350 N 177
Sealant 300-400 (149-204)
30 3011 Tires and Inner Tubes Vulcanization . '250~-340 (121-171)
3079 Plastics. Products Blow-Molded Bottles :
s . High-Density Poly- -
~ethylene . 425 (218)
Page 9 of 12
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TABLE 1. INDUSTRIAL PROCESSES HEAT REQUIREMENTS, BY INDUSTRY SECTOR

Application Temperature

Wallboard Drying

Paage 10 of 12

o . _Requirement
sIc Four Digit ’ P °
Group | SIC Group Description Process/Use F AN o]
31 3111 Leather Tanning and ' ’
‘ Finishing Bating 20 (32)
Chrome Tanning 85-130 (29~-54)
Retan, Dyeing, Fat
Liquor 120-140 (49~-60)
Wash - : 120 (49) .
Drying o 110 (43)
Finishing Drying 110 (43) =
32 3211 - Flat Glass Melting 2300-2700 (1260-1482)
‘ ' Fabrication (inc. . :
Tempering and Lam-
inating) 1470-2000 (799-1093)
, Annealing 930 (499)
3221 ‘Glass Containers Melting-Firing 2700~2900 (1482-1593)
- Conditioning 1500-2000 (816~1093)
Annealing 11200 (649)
_ : Post Forming 1200 (649) y
3241 - Hydraulic Cement Drying 275-325 (135-163)
Calcining 2300-2700 - {1260-1482)
- 3251 ‘Brick and Structural Tile Brick Kiln 2500 (1371)
- 3255 Clay Refractories Refractories Firing 3300 (1816)
3271 Concrete Block Low-Pressure Curing 165 {74)
: Autoclaving . 360 (182)
3273 Ready-Mix Concrete ‘Hot Water for Mixing :
Concrete 120-190 (49-88)
3274 Lime Calcining 1800 (982)
3275 Gypsum Kettle Calcining 330 - (X66)
300 (149)
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TABLE 1. INDUSTRIAL PROCESSES HEAT REQUIREMENTS, BY INDUSTRY SECTOR

Application Temperature

' Requirement
SIC Four Digit p
Group | SIC Grogp Description Process/Use Op (o]
32 3295 Treated Minerals Expanded Clay and Shale
: Bloating Process. 1800 (982)
Fuller's Earth 1100 (593)
Drying and Calcining _
Kaolin , ,
Calcining 1900 (1040)"
Drying 230 (110)
Expanded Perlite
Drying 160 (71) -
Expansion Process 1600 (871)
Barium
. Drying 230 (110)
33 3312 Blast Furnaces and Steel High-Termperature
Mills Uses 2700 (1482)
3321 Ferrous Castings Gray Iron Foundries
(73% of heat)
3322 Malleable Iron Found-
ries (10% of heat)
3323 Steel Foundries
(17% of heat)
Melting in Cupola
Furnaces 2700 (1482)
Mold and Core Prep. 300-475 (149-246)
Heat Treatment and o .
Finishing 900-1800 (482-982)
‘ Pickling ‘ 100-212 (38-100)
3331 Primary Copper Smelting and Fire- .
o Refining - 2000-2500 (1095-1371)
-3333 Primary Zinc Pyrolytic: Reduction 2400 (1300)
3334 - Primary Aluminum Prebaking Anodes 2000 (1093) .
34 3479 Galvanizing Cleaning, Pickling 130-190 (54-88)
‘ Galvanizing (melting 850 _ (454)
zinc Page 11 of 12
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TABLE 1. INDUSTRIAL PROCESSES HEAT REQUIREMENTS, BY INDUSTRY SECTOR

Application Temperature

- Requirement
SIC Four Digit o : o : o
Group SIC Group Description Process/Use F . C
36 - - 3621 Motors and Generators Drying'and Preheat 156  (66)
: : : Baking o : 350 (177)
Oxide Coat Lamina- . : , o
tions - 1500-1700 (816-927)
" Annealing 1500 (816)
37 3711 Motor Vehicles - Baking-Prime and : S
S ‘ - Paint Ovens 250-300 (121-149)
28 - .2816 Inorganic Pigments Drying Chrome Yellow 200 (93)

Page 12 of 12
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TABLE 2.

MATERIAL, BY INDUSTRY SECTOR

INDUSTRIAL PROCESSES HEAT REQUIREMENTS TO EVAPORATE WATER AND/OR DRY

#inimum Application
Temperature Requirements

SIC Four Digit ps 5
Group 8IC Group Description Process/Use F C
10 1021 .Copper Concentrate Drying 250 (121)
12 1211 Bituminous Coal Drying (incl. lignite) 150-250 (66-104)
14 1474 Potash Drying Filter Cake 250 (121)
: 1475 Phosphate Rock Drying 450 (232)
20 2046 Wet Corn Milling Starch Dryer 120 (49)
Sugar Dryer 120 (49)
2048 Prepared Feeds Alfalfa Drying 400 . (204)
2063 Beet Sugar Evaporation 270-280 (132-138)
Pulp Dryer 230-280 (110~138)
2075 Soybean 0il Mills Meal Dryer 350 (177)
2082 Malt Beverages Grain Dryer 400 ' (204)
2085 Distilled Liquor Evaporation 250-290 (121-143)
21 2111 Cigarettes Drying 220 (104)
‘ ‘ ' Rehumidification 220 (104)
2141 Tobacco Stemming and
Redrying Drying 220 (104)
28 '2841 Soaps and Detergents Soaps: Spray Drying 500 (260)
g ' Detergents: Spray-
Dried Detergents 500 -~ (260)
Drum=Dried Deterg. 350 (177)
32 3271 Concréte Block Low-Pressure Curing 165 (74)
3295 Treated Minerals Kaolin: Drying - 230 (110)
' Expanded Perlite: S
Drying 160 (71)
Barium: Drying 230 (110)

c




TABLE 3

INDUSTRY SECTORS WHERE DIRECT USE OF
GEOTHERMAL ENERGY IS FEASIBLE

SIC Industry

10l : Iron Ore Mining

102 - Copper Ore Mining

121 C Bituminous Coal Mining

144 Sand and Gravel
1474 : Potash

1475 Phosphate Rock Mining

1477 - . ' Sulfur Mining

201 Meat Processing

2016 Poultry Processing

202 : Natural Cheese

2023 Condensed and Evaporated Milk
2026 - Fluid Milk

203 Canned Fruits and Vegetables
12034 : - Dehydrated Fruits and Vegetables
2037 Frozen Fruits and Vegetables
2046 Wet Corn Milling

2048 Prepared Foods

2051 : , Bread and Baked Goods

2062 S Cane Sugar Refining

2063 _ Beet Sugar

2075 Soybean 0il Mills

2077 : Animal and Marine Fats
2079 ' Shortening and Cooking 0Oil
2082 ' Malt Beverages

2085 Distilled Liquor

2086 Soft Drinks

21 ~ : Tobacco

2261 - 'Finishing Plants, Cotton
2262 Finishing Plants, Synthetic
2411 S Logging Camps

2421 ' +  Sawmills and Planning Mills
2435 , : Plywood

2436 ' Veneer

2511 * 'Wooden Furniture _
2512 4 . Upholstered Furniture

2611 : Pulp Mills

2621 ' - ' " Paper Mills

2631 Paperboard Mills

2661 Building Paper

2653 _ Paper Boxes

Paqevl of 2
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TABLE 3

INDUSTRY SECTORS WHERE DIRECT USE OF -
OF GEOTHERMAL ENERGY IS FEASIBLE

SIC . Industry
2812 Alkalies and Chlorine
2865 | Cyclic Intermediates
2819 Alumina
2816 Inorganic Pigments
2821 Plastic Materials and Resins
2822 Synthetic Rubber )
2823 Cellulosic Manmade Fibers
2824 Noncellulosic Fibers
2834 .. Pharmaceutical Preparations
2841 Soaps and Detergents
2869 Organic Chemicals (N.E.C.)
2873 Urea \ '
2892 Explosives
2911 Petroleum Refining
2951 Paving Mixtures
2952 Asphalt Felts and Coatings
- 3011 Tires and Inner Tubes
3079 Plastic Products
3111 Leather Tanning and Finishing
3211 Flat Glass
3221 Glass Containers
3241 Hydraulic Cement -
3251 Brick and Structural Tile
3255 Clay Refractories
3271 Concrete Block
3273 Ready-Mix Concrete
3274 Lime -
3275 Gypsum
3295 Treated Minerals
3312 Blast Furnace and Steel Mills
3321 Ferrous Castings
3331 Primary Copper
3333 Primary Zinc
3334 Primary Aluminum
3479 Galvanizing
3621 Motors and Generators
3711 Motor Vehicles

18 Page 2 of 2




" TABLE 4

' DISTRIBUTION OF POTENTIAL DIRECT GEOTHERMAL ENERGY USES AMONG
MANUFACTURING SECTORS

- sIC

sIC
- 8IC
SIC
SIC
SIC
SIC

SIC
| SIC
SIC
SIC
SIC
SIC
SIC

Source:

20
21
22
24
25

26

28
31
32
33
34
36
37

Title

Tobacco

Textiies

Lumbér

Furnitu:e

Paper |
Chemicals
Leather

Concrete Products

Primary Metals

‘Food and Kindred Products

Fabricated Metalé"

Machinery

Transportation Equipment

Sterling Hobe cOrporation

ﬂlg

Number

of Sectors

18
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sectors

‘sectors

sectors

sectors

sectors
sector
sectors
sector
sectors
sector
sector
sector
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wéll suited for direct -use, i.e., resources within 70°F to
350°F range. The manufacturing processes which require energy
" within these temperature ranges are presented in Table 5.
Data indicate a totai of 113 manufactu:ing processes well
suited for the direct use of geothermal energy. Seventy-three
processes are in Food and Kindred Products sector, and 29
processes in Chemicals and Allied Products sector. 7

In summary, direct application of geothermal énetgy to
various manufacturing operations has considerable technical
potential. Whethet the use of direct geothermal resources is
initiated by the various manufacturing firms depends on numerous
plant location determinants, the energy supply and/or cost and
related factors. In the following chapter, these deterﬁinaﬁts'

and the role of direct geothermal resources are analyzed.

' 20
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TABLE 5

SELECTED PROCESS HEAT REQUIREMENTS BY MANUFACTURING SECTORS

AND BY PROCESS

Application
Temperature
_ , Requirement
Major Industry
Sic Sic Descr.iption Process of °c
Code Code _ - :
20 Food 2013 Ssusages ¢ prepared
meats Scelding, Carcazss
wash, cleanup 140 60
Edible Rendering 200 | 93
Smoking/Cooking 1 188 68
2016 Pouttry Dressing Scalding 150 €0
2022 Natural Cheese '
Manufacturing ] Pasteurization 170 77
Starter Vat 135 57
Make Vat 108 5
Finish Vat 100 38
Whey Condensing . 160-200 71-93
Process Cheese
Blending 165 74
2023 Condensed & Evaporated : |
"Mtk Stabilization 200-212% 93-100
\ Evaporation 160 n
Sterilization -~ 250 12}
2026 Fluld Mitk - |Pesteurization 162-170} 72-77
2032 Canned Speclialties = ‘ ‘ _
E Beans . » Precook (Blanch) 180-212] 82-100
| Simmer Blend 170-212] 77-100
Sauce Heating 190 88
Processing : 250 121
2033 Canned Frults and |
- Vegetables Blanching/Peeling 180-212| 82-100
Pasteurization 200 s3
Brine Syrup»Heatlng 200 - 83
Commercial Steril-
- lzation 212-2501 100-12)
, |Sauce Concentration | 212 100
21

Page 1 of 7




TABLE»S

SELECTED PROCESS HEAT REQUIREMENTS BY MANUFACTURING SECTORS
AND BY PROCESS

" Appl Ivcation
, , Temperature
Major Industry o “99°"°m°”‘
| Czéi ciég Description Procefs op °c
20 Food 2075 Soybean 011 Mills Bean Drylng 160 n
Toaster Desolventizet 215 102
Meal Dryer 350 177
Eveporater 225 107
, stripper 212 100
2078 Shortening & Cooking , , _
oIt : 011 Heater - 160=-180] 71-82
Wash Water 160-180]  71-82
Dryer Preheat 200-270f 93-132
Cooking 011 Reheat - 200 93
Hydrogenation Pre=-
, ‘ heat - 300 149
2082 Malt Beverages Cooker 212 100
Water Heater 180 82
Mash Tub 170 77
_ .Brew. Kettle 212 100
2085 Distilled Liquor Tooking (Whiskey) 212 100
: tooking (Spirits) 320 169
Evaporation 250-290] 121-143
Distitlation 230-250f 110-121
2086 Soft Drinks Bulk Contalner
_ ' Washing 170 77
Returnable Bottle
Washing 170 77
Nonreturnable Bottle .
Varming 75-85 2429
Can Varming 75-85 | 2&-29
22
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_ TABLE 5

SELECTED PROCESS REAT REQUIREMENTS BY MANUFACTURING SECTORS
AND 'BY PROCESS

Application
: , - Temperature
Major 1 Industry . Reqptrement
o sie. f sic ‘Pescription - Process . oF °c
Code Code _ . .
20 Food 2037 Frozen Frults & SRR . N
_ Vegetables Fruit & Veg. Drylng | 165-185| 74-B8%
' Potatoes = Peeling 212 100
-precook 160 n
Cook 22 100
Citrus Julce Concen= '
tration 150 88
Julce Pasteurlzation| 200 s3
8lanching 180-212| &2-100
. : N Cooking 170-212] 77-100
2046 Vet Corn Milling starch Oryer 1200 | 49
' Steepwater Hester 120 &9
Sugar Hydrolysis 270 132
Sugar Evaporator 250 121
_ . Sugar Dryer 120 49
2048 Prepared Feeds Pellet Conditioning 180~i90] 82-88
2051 - [Bread ¢ Baked Goods ' |Proofing 100 38
2062 |Cane Sugar Reflning |HMingler 125-165| 52-74
‘ - Melter 185-195] 85-91
Defecation 160-185| 71-85
Granulator “110-130| 43-5k
| _ Evaporator . 265 129
2063 Beet Sdgaf Extraction ' 140-185] 60-85
| | o | Thin Juice Hesting | 185 85
Thfn'Syrpp Reating 212 100
Evaporation - 270-280{ 132-13¢
- |Granulator ° 150-200| 66-93
|Pulp Dryer 230-280| 110-13¢
23
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TABLE 5

SELECTED PROCESS HEAT REQUIREHENTS BY MANUFACTURING SECTORS
‘AND BY PROCESS

Application
Temperature
Major Industry Requirement
SiC Sic Description Process R A
Code Code F ¢
21 Tobaceo | 2111 Cigarettes Drying 220 104
Rehumidification 220 104
214 Tobacco Stemming &
Redrying Drying 220 104
22 Textiles 2261 Finishing Plants,
Cotton Washing 200 100
Dyeing 200 100
Drying 275 135
2262 Finishing Plants,
Synthetic Washing 200 93
Dyeing 212 100
Drying & Heat Set 275 135
24 Lumber 2421 Sawmills & Planing
Mills Kiln Drying, Lumber 300 148
2435 Plywood Plywood Drying 250 121
2436 Vencer Veneer Drying 212 100
25 Furniture| 2511 [Wooden Furniture Makeup Air & Ventil-
.a' ation 70 21
Kiln Dryer & Drying
Oven 150 66
2512 Upholstered Furniture |Makeup Air & Veritil-
atlon 70 21
Kiln Dryer & Drying
Oven 150 66
26 Paper ¢ - 2661 Building Paper Pulp Refining 150 66
Allled Prods Black Liquor Treat- '
ment 280 138
Pulp € Paper Drying | 250 143
28 Plastics/
Chemicals | 2816 Inorganic Pigments Drying Chrome Yellow| 200 93

24
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TABLE 5

SELECTED PROCESS HEAT REQUIREMENTS BY MANUFACTURING SECTORS

N\ AND BY PROCESS
Application ’
» Temperature
. R
Major Industry equirement
Sic sic Description Process °F °
Code Code ’ ¢
28 Plastics/
.Chemical 2821 Plastic Materials &
Resins {Polymerizer Preheat 200-218¢ 93-102
Heating Wash Water 190-200| 88-93
2822 Synthetic Rubber Bulk Storage 80-100 | 27-38
Emulsification 80-100 27-38
- Blowdown Vessels 130-145 | 54-63
Monomer Recovery by ,
Flashing/Stripping | 120~1k0 kg-60
Dryer Alr Temperature{ 150-200 €6-93
0i1 Emulsion Holding :
Tank. 80-100 27-38
2823 Cellulosic Man-made A
Fibers Acrylic 250 121
2824 Noncellulosic Fibers |[Rayon 212 100
, Acetate 212 100
2834 Pharmaceutical Prepar- _
ations Autoclaving ¢ Clean-
up 250 12V
Tablet & Dry-capsule | _
Drying 250 12
Wet Capsule Formation 150 66
2841 Soaps & Detergents Soap ~ Various Pro-
cesses, Manufacture 180 82
Deterg. = Various o
Temperature Process 180 82
2868 " lorganic Chemicals, NEC|Ethano! 200-250 | 93-121
Isopropanol 200-350] 93-177
Cumene 250 121
2873 Urea High Pressure Steam- '
Heated Stripper 375 19

25
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SELECTED PROCESS HEAT REQUIREMENTS BY MANUFACTURING

TABLE 5

AND BY PROCESS

SECTORS

Application
" Temperature
Major Industry | Requirement
SIC SIC Descr.iption Process o o
- Code Code ‘ F g ¥
28 Plastics/ | 2873 Urea - Low Pressure Steam-
Chgmlcals ‘ Heated Stripper 290 143
2892 " lexprosives Inert Ingredients = '
, . : Drylng 300 148
{Wax Melting 200 g3
Nitric Acid Concen=
trator | 250 121
Sulfuric Acid Concen=~
trator 200 o3
Nitric Acid Plant 200 | 93
Blasting Cap Mfg. 200 83
31 Leather 3 ﬂLeather Tanning ¢ '
Finishing Bating S0 32
Chrome Tanning 85-130 28-54
‘Retan, Dyeing, Fat ‘
Liquor 120-140 | ko-60
Wash 120 kg
Drying- 110 b3
. Finishing Drying 10 k3
32 Concrete 3271 Concrete Block Low Pressure Curing 165 . 7k
' 3273 JReady Mix Concrete Hot VWater for Mixing| 120-190| 435-88
3275 Gypsum Wallboard Drying 300 k9
3295 Treated Minerals Drying 230 110
|expanded Periite Drying 160 Nn
Barfum Prying 230 110
33 Primary _ _
Metals: 3323 |[Ferrous Castings lron Foundries =
‘ : Pickling 100-212| 38-100
26 Page 6 of 7'




SELECTED

" TABLE 5

PROCESS HEAT REQUIREMENTS BY MANUFACTURING SECTORS
AND BY PROCESS

Appiication
' Temperature
L Requlirement

‘Major Industry ~ d '

Sic sic Description Process of ¢
Code Code . ’ :
3L Febricated . . '

Metals 3479 {62lvanizing Cleaning, Pickling 130-180| 54-88
36 Machinery 3621 rﬂotors ¢ Generators | Drying & Preheat 150 o 66.
37 Trenspor= ‘ | ' ‘ :

tation 7n Motor Vehlcles {|8aking=Prime & Paint :

‘ Ovens © 250-300 | 121-148
38 Profes=~ I

sional In<

strumgnts
Source: Based on varfous reports'analy'ze_d by Sterling Hobe Corporation.

Page 7 of 7
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CHAPTER 2
PLANT LOCATION DETERMINANTS

This éhapter presents a comprehensive disciussion on plant
location determinants, especially those determinants and factors
which impact specifically on the six industry sectors selected
for study.

Initially a theoretical discussion of plant location
determinants is presented, followed by presentation of available
empirical data on the characteristics of plant location for the
six sectors of industry.

| In the final section of this chapter, results are presented
of interviews with industry executives to determine what they
consider are important plant location determinants. Throughout
this discussion, the energy-related issues‘in general and the
direct utilization of geothermal resources in particular are

emphasized.

2.1 PLANT LOCATION DETERMINANTS IN THEORY

The theoretical development of plant location determinants
has considerable history of research. Significant theoretical

work on this subject has been undertaken in the United Statesll

1/ See for example: B. H. Stevens and C. A. Brackett, Industrial

Location° a Review and Annotated Bibliography of Theoretical,

Empirical and Case Studies, University of Pennsylvania Press,
thiadeipﬁia, Pa. 1967.
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as well as abroad. S
Ever since E. M. Hoover's'original workg/on the factors

which determine plant location, it has become increasingly

clear that the number of such factors are large and their inter-

relationship complex.é/ It has also become clear that some

“plant location determinants can be modified by certain policies£4

i.e., local tax structure, others are beyond"change,éf i.e., avail-

ability of raw materials. Finally, plant location determinants

change over time due to changes in products, raw materials, pro-

6/

duction technologies and transportation systems.-=

1/ F E I. Hamilton, "Models of Industrial Location" in R. J.
Chorley and P. Haggett (eds) Models in Geography, Allen and Unwin

W. F. Luttrell, Factory Location and Industrial Movement, Univer=-
sity Press, London 1962,

2/ E. M. Hoover, The Location of Economic Activity, Harvard
' Oniversity Press, Boston, 1948.

§/ See for example: L. N. Moses, "Location and the Theory of
Production” Quarterly‘Jburnal of Economics, 72:259-72, 1958, and

G. M. Nentze, "Major Determinant of Location Patterns," Land |
Economics 43: 227-32, 1967.

4/ On this see: W. Isard and E. W. Schooler, "Industrial Complex
Analysis, Agglomeration Economics and Regional Development“
Journal of Regional Science, 1:19-33, 1959,

5/ See: M. L. Greenhut Plant Locatlon in. Theory and Practice-
The Economics of Space, Unlver81ty of North Carolina Press, 1957.

6/ L. Cooper; "Location-Allocation" Problems, " Operations Re-
search, 11, 331-43, 1963, and D. C. North, "Location Theory and
Regional . Economic Growth," Journal"f'Polltlcal Economy, 63:243- -58,
1955.
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Current theoretical considerations of plant location deter-
minants appear to be based in part on decisions regarding:
® new branch plants;
e relocations; and
® hew firms.
In the first two cases, an existipg firm is faced with either
an expansion issue or an economically inefficient leation
and needs to decide:
e vwhether to expand at its present location;
° find an alternate or new location (i.e., reiocate);
e continue at its present location and expand in
a newly located branch plant.
“Regardless of the type of plant, various studies!'-/ have indicated
two common factors in almost all location decisions:
(1) Firm attempts to locate its plant where profits
will be maximized;
(2) Location decisions are made by upper management
of the firm.

This second factor has been so widely\reported that the subject

1/ See, for example: L. T. Wallace, Factors Affecting Indus-
trial Location in Southern Indiana, Lafayette, Indiana: Pur@ue
University, Agricultural Experiment Station, Research Bulletin
1961. T. M. Carrol and R. D. Dean, "Plant Location Search
Costs and the Economics of Information," paper presenteq at

the Western Regional Science Association Meetipg, San Diego,
California, 1976; and P. M. Townroe, "Industrial Location
Decisions: A Study of Management Behavior," Birmingham, Eng-
land: University of Birmingham, Centre for Urban .and Regional
Studies, Occasional Paper No. 15, 1971.
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has generated censiderable literature of its own.l/

The most common methodology employed in this research
has been relatively crude, and can be described as falling into
two categories:

(1) The use ef questionnaires;

(2) The use of interview case studles;
In the former, the questionnaire is usually mailed to selected
firms that have located, asking the decisionmaker to identify,
and rank/weight those factors central to his firm's location
decision. In the latter, questionnaires can also be used, as
' a supplemental tool, but basically ae interviewer consults with
the decisionmaker and guides or'explains any'item not completely
understood. In addition, other aspects including the firm's
transportation costs, labor‘coets; and similar items are uSually
discussed in detail. The case study apptoach eetves to estab-
lish a higher degree of . accuracy to the answers of the decision-
maker.:

The critical point in both methods is the use of various
location determinants. While the listing of the determinants
vary from one study to another, Table 6 presents a typical
‘llstlng of plant location determinants. ‘These‘determinants can
be readily grouped into two types- |

(1) Those for which quantltatlve answers can be

provzded, and

1/ For an exhaustive review of previous research, see B. H.
Stevens and C. A. Brackett, Industrial Location, A .Review and
" Annotated Bibliography of Theoretical, Empirical and Case
Studies, Philadelphia, Pennsylvania, Regional Science Research
Institute, 1967.
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TABLE 6

TYPICAL LISTING OF PLANT LOCATION DETRRMINANTS

Determinant

I. Geographic Preference:

(1) Central city of a metropolitan area
(2) Metropolitan suburban arez
(3) Non-metropolitan area

II. Industrial Park Preference:

IIT. Community Size Preference
(1) Under 25,000 population
(2) 25,000-49,000
-(3) 50,000-99,000
(4) 100,000-249,999
(5) 250,000-499,000
(6) 500,000-999,99%
(7) 1,000,000 or more

IV. Plant Site Size Preference:
(1) Less than one acre
(2) 1-4 acres
(3) 5-20 acres
(4) 21-50 acres
(5) 51-100 acres
~ (6) Over 100 acres

Page 1 of 2
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TABLE 6

Determinant’

V. ‘Community Attributes Considered in
Plant Location

(1)
(2)
(3)
(4)

- (5)
(6)
(7)
(8)
(9)

(10)

(11)

(12)

(13)

(14)

(15)

Air passenger service

Local industrial bonds
Vocational training facilities
Higher educational facilities
Tax incentives or tax holidays
Fire protection

Contract trucking

Public warehousing

Public refrigerated warehousing
Police protection

Local industrial development group
Pool of trained workers .

Pool of unskilled workers
Lenient industrial zoning
Strict industrial zoning

VI. Plant Site Features

(1)
(2)
(3)
(4)
(5)
(6)

(7)
(8)
(9)
(10)
(11)
(12)

ViI. Lo

Highway access

Scheduled air freight service
Water trahsportation

Scheduled rail service

Piggy back facilities (rail)
Indgst:ial water supply (processed)

Industrial water supply (raw)
Natural gas service
Industrial sewage processing
Solid waste disposal

Soil load-bearing capabilities
Electricity

w Wage Rates

33
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(2) Those for which it is impossible to obtain
quantitative measures.

A good é#ample of the former_group is local wage rates.
In the latter group, determinants as "cultural qualities of the
town" or "a state administration that is neutral in laborsr
management relations" can be noted as examples.

01early these latter determinants are difficult to quantify
and their usefulness in location determination is questionable.
Nevertheless they do impact on location decisions in several
excellent studies.l/

Three important questions arise from the above diécuésion:
(1) what are the variables considered by entrepreneurs in mak-
ing locational deciéions?' (2) to what extentrdoes the distribu-
tion of industry correlate with factors that‘individual firms
list as being important: +that is, even if they know vhere they
. should lécate, do firms have sufficient information and ability
to find a correct location? (3) what are the distinguishable
characteristics of those firms lbcated at sites‘ggg in accord
with the factors most firms claim to be important? With regard
to the variables considered, some answers can be obtained from
numerous empirical studiés on plant locations completed in the
United States in recent years.

Since the importance of the location determinants differs

among industries, separate sets of determinants for each-of‘the

;/ .See for example: M. Greenhut, Plant Location in Theory and
Practice, University of North Carolina Press, 1968.
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six industries included in this study.require analysis. Tables
7 through 12 present the. results of several studies analyzing
plant .location determinants. . As noted, the information pre-
sented in chese tables has been derived from several sources-
that are not fully comparable. Further, not all location. deter-
minants inclﬁded in these studies have been treated in a uni=-
form manner, However, some significant general information

on plant location preferences has been obtained for these six

industries.

2.1.1 Food and Kindred Products

vTablé‘G indicates that the critical location determihanta
for this sector are: |
| (1) Location in metropolitan suburban area
(2) Population of 100,000 or more
(3) Availability of contract trucking \
(4) Availability of‘public refrige;ated ﬁarehousing,
(5) Highway access | | o
(6) Scheduled rail service
(7) Piggyback facilities o
(8) Industrial water supply processed
(9) Natural gas service
(10) Industrial water. processing'
(11) Solid waste disposal- and
(12)"E1ectr1city | ,
The importance of location in a metrcpolitan suburban area with

a population of 100,000 and over represents the need for this
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TABLE 7. VALUATION OF PLANT LOCATION DETERMINANTS
’ FOOD AND KINDRED PRODUCTS

pDeterminants
Determinant Critical Important Not Important
I. Geographic Preference:
(1) Central city of a metropolitan area XXX
(2) Metropolitan suburban area- XXX XXX
(3) Non-metropolitan area XXX
II. Industrial Park Preference: XXX
III. Community Size Preference .
(1) Under 25,000 population XXX
(2) 25,000~49,000 XXX
(3) 50,000-~99,000
(4) 100,000-249,999 XXX
(5) 250,000-499,000 XXX
(6) 500,000-999,999 XXX
| (7) 1,000,000 or more XXX
“IV. Plant Site Size Preference:
(1) Less than one acre XXX
(2) 1-4 acres XXX
(3) 5-20 acres XXX
(4) 21-50 acres XXX
15) 51-100 acres XXX
(6) Over 100 acres XXX
Page 1 of 3 -
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TABLE 7. VALUATION OF PLANT LOCATION DETERMINANTS

Peterminant

Determinants

Critical

Important .

Not Important

V. Community Attributes Considered in
Plant lLocation

(1)

Alr passenger service

XXX ‘ i

(2)

Local industrial bonds

XXX

=

(3)

Vocational training facilities

XXX

(4)

Higher educational facilities

XXX

- (5)

“Tax incentives or tax holidays

XXX

(6)

Fire protection .

XXX

(7)

Contract trucking

XXX

(8)

Public warehousing

XXX

(9)

Public refrigerated warehousing

XXX

(10)

Police protection

XXX

{11)

Local industrial development group

XXX

(12)

Pool of trained workers

XXX

(13)

Pool of unskilled workers

(14)

Lenient industrial zoning

XXX

(15)

‘Strict industrial zoning

VI. Plant Site Features

(1)

Highway access

XXX

(2)

Scheduled air freight service

XXX

(3) Watex transportation

XXX

(4)

Scheduled rail service

XXX

(5)

Piggy back facilities (rail)

XXX

(6) Industrial-wa:er supply (processed)

AXX
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. TABLE 7. VALUAxldN OF PLANT LOCATION DETERMINANTS

Determinants -
" peterminant Critical Important Not Important

vI (cont'q) | . :

(7) Industrial water supply (raw) ' XXX

(8) Natural gas service’ » XX

(9) Industrial sewage processing XXX

'"li ) Solid waste disposal XXX »

(11) Ssoil load-bearing capabil;t;es , ' T XXX

(12) Electricity ‘ , - XXX ‘
VII. Low Wage Rates - - | | XXX

- Sources:

~Compiled from: B. H. Stevens and C. A. Brackett Industrial Location: A Review and

Annotated Bibliography, Philadelphia, Pa. Regional Science Research institute,
1967; R, E. Carrier and W, R. Schriver:Plant Location Analysis, Memphis State
University, Bureau of Business and Economic Research, 1969 and J. I. Griffin,
Industrial Location in New York Area, N.Y. City College Press, 1956.
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TABLE 8. VALUATION OF PLANT LOCATION DETERMINANTS

. TOBACCO
Determinants
peterminant Critical Important Not Important

I. Geographic Preference:

(1) Central city of a metropolitan area XXX
(2) Metropolitan suburban area XXX
(3) Non-metropolitan area XXX

IXI. Industrial Park Preference:

ITI. Community Size Preference .
(1) Under 25,000 population XXX
(2):25,000-49,000,. XXX
(3) 50,000-99,000 kXXX '
(4) 100,000~-249,999 XXX

- (5) 250,000-499,000 XXX
(6) 500,000-999,999 XXX
(7) 1,000,000 or mbre_ XXX
IV. Plant Site Size Preference:
(1) Less than one acre XXX
(2) 1-4 acres XXX
. e - XXX
(3) 5-20 acres o
‘2 an : XXX
(4) 21-50 acres-
. . (5) 51-100 acres . . XXX
(6) Over 100 acres XXX
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TABLE 8. VALUATION OF PLANT LOCATION DETERMINANTS

Determinants _
peterminant Critical Important Not Important
V. Community Attributes Considered in
Plant Location

(1) air passenger service XXX

(2) Local industrial bonds XXX

(3) Vocational training facilities XXX

(4) Higher educational facilities XXX

(5) Tax incentives or tax holidays XXX

(6) Fire protection XXX

(7) Contract trucking XXX

(8) Public warehousing XXX

(9) Public refrigerated warehousing XXX
(10) Police protection XXX
(11) Local industrial development group XXX ,

(12) Pool of trained workers XXX
(13) Pool of unskilled workers XXX
(14) Lenient industrial zoning XXX

(15) Strict industrial zoning XXX

VI. Plant Site Features

(1) Highway access XXX

(2) Scheduled air freight service XXX

(3) Water transportation XXX

(4) Scheduled rail service XXX

(5) Piggy back facilities (rail) XXX

(6) Industrial water supply (processed) XXX
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TABLE 8 VALUATION OF PLANT LOCATION DETERMINANTS

Detefminants,
Determinant Critical Important Not Important

VI (cont'd)

(7) Industrial water supply (raw) XXX

(8) Natural gas service XXX

(9) Industrial sewage processing XXX

(lﬁT'Sblid waste disposal XXX

(11) Soil load-bearing capabilities XXX =

(12) Electricity XXX
VII. Low Wage Rates ot

. Sources: Compiled from: B. H. Stevens and C. A. Brackett Industrial Location: A Review and

Annotated Bibliography, Philadelphia, Pa. Regional Scilence Research Institute,
1I967; R, E. Carrier and W. R. Schriver Plant Location Analysis, Memphis State
University, Bureau of Business and Economic Research, 1969 and J. I. Griffin,

Industrial Location in New York Area, N.Y, City College Press, 1956.
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TABLE 9. VALUATION OF PLANT LOCATION DETERMINANTS

(44

TEXTILES
Determinants .
Determinant - :Critical , Important. | = Not Important
I. Geographic Preference:
- (1) Central city of a metropolitan area XXX
{2) Metropolltan suburban area- XXX
(3) Non-metropolitan area XXX
FII. Industrial Park Preference:
‘III. Community Size‘Preference‘
(1) Under 25,000 population _ XXX
(2) 25,000-49,000 XXX
(3) 50,000-99,000 _ XXX
(4) 100,000-249,999 , XXX
'(5)'250,000~499,000" . : XXX
(6) 500,000-999,999 T XXX
(7) 1,000,000 or more » XXX
IV. Plant Site Size Preference: »
(1) Less than one acre ‘ : XXX
(2) 1-4 acres XXX
'(3) _5-20 acres . ‘ A ‘ : ‘ ‘ XXX
(4) 21-50 acres _ : XXX
~ {5) 51-100 acres ' ‘ XXX
(6) Over 100 acres | : XXX
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TABLE 9. VALUATION OF PLANT LOCATION DETERMINANTS

Peterminant -

Determinants

Critical

Important

Not Important .

AV.’.COmmunitj Attributes Considered in
Plant Location

(1)

Air passenger service

XXX

(2)

Local industrial bonds

XXX

T (3)

Vocational training facilities

XXX

(4)

“Higher educational facilities.

(5)

Tax incentives or tax holidays

XXX . s

oG

Fire protection.

XXX

T

Contract trucking

XXX

(8)

Public warehouSing_-

XXX

(9)

Public refrigerated warehousing

XXX

(10)

Police protection

XXX

(11)

Local industrial development group

o XXX

- (12)

Pool of trained workers

XXX

' (13)

-Pool of unskilled workers

XXX R

o aa

Lenient industrial zoning

XXX -

(15)

‘Strict industrial zoning

XXX

VI. Plant Site Features

(1)

Highway access

(2)

XXX

(3)

(4)

Scheduled air freight service
Wa : tion

XXX

Scheduled rail service

XXX

(5)

Piggy back facilities (rail)

XXX

(6)

Industrial water supply (processed).

XXX
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TABLE 9. VALUATION OF PLANT LOCATION DETERMINANTS

A Determinants
Determinant Critical Important Not. Important
VI (cont'd)
(7) Industrial water supply (raw) XXX
(8) Natural gas service XXX
(9) Industrial sewage processing XXX
“{10) Solid waste disposal XXX
(11) soil load-bearing capabilities XXX
(12) Electricity XXX '
VII. Low Wage Rates XXX

Sources: -

‘COmpiled from: B. H. Stevens and C. A. Brackett Industrial Yocation: A Review and

Annotated Bibliograggx Philadelphia, Pa. Regional Science Research Institute,
1967; R. E. Carrier and W. R. Schriver Plant Location Analysis, Memphis State

University, Bureau of Business and Economic Research, 1969 and J. I. Griffin,
Industrial Location in New York Area, N.Y. City College Press, 1956.
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TABLE 10. VALUATION OF PLANT LOCATION DETERMINANTS
LUMBER AND WOOD PRODUCTS

Determinants
Determinant J] Critical Important Not Important
I. Geographic Preference:
(1) Central city of a metropolitan area XXX
(2) Metropolitan suburban area , XXX
(3) Non-metropolitan area XXX
IIX. Industrial Park Preference:
III. Community Size Preference |
(1) uUnder 25,000 population XXX
(2) 25,000-49,000 XXX
(3) 50,000-99,000 XXX
(4) 100,000-249,999 XXX
(5) 250,000~499,000 XXX
(6) 500,000-999,999 XXX
(7) 1,000,000 or more XXX
IV. Plant Site Size Preference:
(1) Less than one acre XXX
(2) 1-4 acres XXX
(3) 5-20 acres XXX
(3;721-50 acres XXX
(5) 51-100 acres XXX
XXX

(6) Over 100 acres
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TABLE 10. VALUATION OF PLANT LOCATION DETERMINANTS

Determinants
Determinant Critical Important Not Important
V. Community Attributes Considered in
Plant Location
(1) Air passenger service XXX
(2) Local industrial bonds XXX
(3) Vocational training facilities XXX
(4) Higher educational facilities XXX
(5) Tax incentives or tax holidays XXX
(6) Fire protection XXX
(7) Contract trucking XXX
(8) Public warehousing XXX
‘(9) Public refrigerated warehousing XXX
(10) Police protection XXX
(11) Local industrial development group XXX
(12) Pool of trained workers XXX
(13) Pool of unskilled workers XXX
(14) Lenient industrial zoning XXX
(15) strict inqutrialfzoning , XXX
VI. Plant Site Features
» (1) Highway access - XXX
{2) Scheduled air freight service XXX
(3) Water transpoxtation XXX
(4) Scheduled rail service XXX
(5) Piggy back facilities (rail) XXX
(6) Industrial water supply (processed) XXX
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TABLE le.VALUATIOﬁ OF PLANT LOCATION DETERMINANTS

Determinants
Determinant Critical ' Important | Not Important

VI (cont'd)

(7) Industrial water supply (raw) = ‘ XXX

(8) Natural gas service . . o ‘ XXX '

(9) Industrial sewége proceééi;g‘ ‘ ' ‘ | XXX

{10) Solid waste disposal ' " XXX |
4‘:(11)-5011 load-bearing capabilities ' XXX

" {12) Electricity RN T T - XXX

VII. Low WaQe'RaféS‘v_ : XXX

_ L : . B ; L ® - . }
' Sources: Compiled from: B. H. Stevens and C. A. Brackett Industrial Location: A Review and

_-Annotated Bibliography, Philadelphia, Pa. Regional Science Research iInstitute,

.. 1967; R. E. Carrier and W. R. Schriver Plant Location Analysis, Memphis State

~.University, Bureau of Business. and Economic Research, 1969 and J. I. Griffin,
Industrial location in New York Area, N.Y. City College Press, 1956. :
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TABLE ll. VALUATION OF PLANT LOCATION DETERMINANTS
CHEMICALS AND ALLIED PRODUCTS

Determinants
Determinant Critical Important Not Important
I. Geographic Preference:
(1) Central city of a metropolitan area XXX
{2) Metropolitan suburban area- XXX
(3) Non-metropolitan area XXX
II. Industrial Park Preference:
III. Community Size Preference XXX
(1) Under 25,000 population XXX
(2) 25,000~-49,000 XXX
(3) 50,000-99,000 XXX
(4) 100,000-249,999 XXX
(5) 250,000~-499,000 XXX
(6) 500,000-999,999 XXX
{(7) 1,000,000 or more XXX
IV. Plant Site Size Preference:
(1) Less than one acre XXX
(2) 1-4 acres XXX
(3) 5-20 acres XXX
(4) 21-50 acres XXX
(5) 51-~100 acres XXX
(6) Over 100 acres XXX
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TABLE ll. VALUATION OF PLANT LOCATION DETERMINANTS

Determinants
Determinant Critical Important Not Important
V. Community Attributes Considered in -
Plant Location
(1) Air passenger service XXX
(2) Local industrial bonds XXX
(3) Vocational training facilities XXX
(4) Higher educational facilities XXX
(5) Tax incentives or tax holidays XXX B
(6) Fire protection XXX T -
(7) Contract trucking XXX
(8) Public warehousing _ XXX
(9) Public refrigerated warehousing _ XXX
(10) Police protection XXX
(11) Local industrial development group. XXX
(12) Pool of trained workers XXX
(13) Pool of unskilled workers XXX
(14) Lenient industrial zoning XXX
(15) Strict industrial zoning XXX
VI. Plant Site Features
(1) Highway access XXX
(2) Scheduled air freight service XXX
(Ql’ggggx_;ransportation XXX
(4) Scheduled rail service XXX
(5) Piggy back facilities (rail) XXX
(6) Industrial water supply (processed) XXX
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TABLE 11. VALUATION OF PLANT LOCATION DETERMINANTS

Determinants
Determinant Critical Important Not Important
VI (cont'd)
' (7) Industrial water supply (raw, XXX
(8) Natural gas service XXX
(9) Industrial sewage processing XXX
(10) Solid waste dlsposal XXX
(1) Soil load-bearing capabilities XXX
(12) Electricity XXX
VIi. Low Wage Rates XXX

Sources:

Compiled from: B. H. Stevens and C. A. Brackett Industrial Location: A Review and
- Annotated Bibliography, Philadelphia, Pa. Regional Science Research Institute,
-1967; R. E. Carrier and W. R. Schriver Plant _Location Analysis, Memphis State
University, Bureau of Business and Economic Research, 1969 and J. I. Griffin,
Industrial lLocation in New York Area, N.Y. City College Press, 1956.
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TABLE- 12. VALUATION OF PLANT LOCATION DéiERMINANTs
LEATHER AND LEATHER PRODUCTS ‘

137

, Determinants ,
_Determinant Critical Important Not Important
I. Geographic Preference:
! (1) Central city of a metropolitan area XXX
(2) Metropolitan suburban area XXX
(3 Non-metropolitan area XXX
II. Industrial Park Preference:
‘III. ‘COmmunity Size Preference .
(1) Under 25,000 population XXX
(2) 25, 000-49,000 XXX
(3) 50,000~99, 000 XXX
(4) 100,000-249,999 XXX
(5) 250,000~499,000 XXX
(6) 500,000-999,999 XXX_
- (7) 1,000,000 or more | XXX
IV. Plant Site Size Preference:
(1) Less than one acre XXX
(2) 1-4 acres ' XXX
!3!~5-20'acres' ‘ XXX
(4) 21-50 acres XXX
(5) 51-100 acres XXX .
(6) Over 100 acres XXX
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TABLE 12. VALUATION OF PLANT LOCATION DETERMINANTS

Determinants
Determinant Critical Important Not Important
V. Community Attributes Cbnsidered in
Plant location

(1) Air passenger service XXX
{2) Local industrial bonds XXX

(3) Vocational training facilities XXX
(4) Higher educational facilities XXX
(5) Tax incentives or tax holidays XXX

{(6) Fire protection XXX
(7) Contract trucking XXX

(8) Public warehousing XXX
(9) Public refrigerated warehousing XXX
(10) Police protection XXX

(11) Local industrial development group XXX

(12) Pool of trained workers - XXX
(13) Pool of unskilled workers XXX

(14) Lenient industrial zoning XXX
{15) Strict industrial zoning XXX

- VI. Plant Site Features

(1) Highway access XXX

{(2) Scheduled air freight service XXX
(3) Wa portation XXX
(4) Scheduled rail service XXX

(5) pPiggy back facilities (rail) XXX

TﬁT‘Tﬁaustrial water supply (processed) XXX
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TABLE 12. VALUATION OF PLANT LOCATION DETERMINANTS

Determinants o
Determinant Critical " Important Not Important
VI (cont'd) . |
(7) Industrial water supply (raw) XXX -
(8)7Natura1 gas service XXX
(9) Industrial sewage processing XXX
{10) Solid waste disposal ‘ XXX :
(11) Soil load—bearing capabilities XXX -
(12) Electricity XXX
» VII. Low Wage Rates XXX

Sources: Compiled from: B. H. Stevens and C. A. Brackett Industrial Location: A Review and
Annotated Bibliography, Philadelphia, Pa. Regional Science Research Institute,
i967; R. E. Carrier and W. R. Schriver Plant Location Analysis, Memphis State
University, Bureau of Business.and Economic Research, 1969 and J. I. Griffin;

Industrial Location in New York Area, N.Y. City College Press, 1956.

‘Page 3 of 3




industry to be in close proximity to its,markeé)area.r This .
consideration is what M. I. Loganl/calls ..."accessibility to
the consumer goods (population) markets." The_ihportancé of
the accessibility to the large population by this industry
sector can be seen from Logan's formula developed for this
industry | |
=g, 7%%372

which is a derivation of the gravity model: where iv is the
market potential of county i; mj is the mass (number of plants
or population) in county j; dij is the linear distance befween
i and j; and K is a constant.- |

The other critical location determinants for this sector
underscore the need for general accessibility to population by

this sector as well as reflect some of the unique production

technologies by this sector. For example, the critical importance

of availability of public. refrigerated warehousing facilities

reflect the perishable nature'oprroducts manufactured by this sector.

2.1.2 Tobacco
Tobacco manufacturing sector has only five critical loca-
tion determinants: |
(1) Plant size of 1-4 acres
(2) Contract trucking
(3) Highway
(4) Electricity; and’

(5) Low wage rates.

1/ M. I. Logan, "Location Decisions in Industrial Plants 1n o
Wisconsin," Land Economics, August 1970, pp. 325—27.
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This determination essentially indicates only the need for access
by highway to and from the plant. Note, however, that Table 8
does not indicate .the cefainal plant locatien.determinant for
this industry - that of close proximity to the tobacco growing -

‘regions of the nation.

2.1.3 Textiles
As the data in Table 93indicate, Textile sector has the
following nine critical plan£ location determinants:
(1) Air passenger service
(2) Contract trucking
(3) Local industrial development group
(4) Pool 6f'trained workers |
(5) Highway access
(6) Scheduled rail service
(7) Industrlal water supply (processed)
(8) Electricity: and
(9) Low wage rates.
The need for air passenger service can be explained by the
fact that it:prqvides.accessibility to plants located in rural
areas of the South to the executives of this ihdustry.e
The importance of local_indust:ial development groups also
has its roots in this industry's move from New_Ehgland to the
Southern states, with»each‘cdmmunity and staté-facilitating and
encouraging stch moves through‘the provision ef.variohs services
furnished through local industrzal development groups. |
The remainlng cr1tica1 determlnants reflect the need for
high accessibillty;by the,flrms in thls sectdrato‘major markets )
for textile products. | | R )
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The importance of low wage rates, of course, reflects the
principal concern of the textile industry to utilize non-union
labor and is one of the principal reasons for this industry's

relocation in Southern states.

2.1.4 Lumber and Wood Products
As Table 10 indicates, this sector has the following seven
critical plant location determinants:
(1) Non-metropolitan area location
(2) 1-4 acres of plant site size
(3) Fire protection
(4) Contract trucking
(5) Highway access
(6) Scheduled rail service; and
(7) Low wage rates.
All of these determinantsrrefléct the production processes
used in this sector as well as the need to have access to the

industry's market areas.

2.1.5 Chemicals and Allied Products

Surprisingly, this very large and complex industry sector
has only five critical plant determinants:
" (1) Plant site size of at least 5 acres
(2) Fire protection
(3) Contract trucking
(4) Highway access; and
(5) Scheduled rail service.
One explanation for this relatively short list of critical plant

location determinants is that the large scale of facilities
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usually associated with this industry allows it to furnish

their own services.

2.1.6 Leather and Leather Products

Tableylz indicates a total of seven critical plant loca-

tion determinants:

(1)
(2)
(3)
(4)
(5)
(6)
(7)

Non-metropolitan area location

Contract trucking services

Highway access

Scheduled rail service

Piggyback facilities

Industrial water supply (procesSed); and

Low wage rates,

Leather and leather products industry in the United States has

been undergoing steady decline in output and employment. The

industry is now located primarily in rural areas with low

wage rates.

The seven critical plant location determinants

listed in Table 12 reflect these characteristics of this sector

and indicate the need for accessibility of this industry to

its market areas.

Clearly the data presented in Tables 7 through 12 has

shortcomings and is limited in coverage. Nevertheless, this

information does provide some initial knowledge on plant loca-

tion determinants. In summary, the data in the Tables 7 through

12 suggest that accessibility to market areas via highway,

rail and piggyback facilities is an important_consideration for

all six industries.
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In summary, low labor rates are equally important to Textiles
and Leather and Leather Products sectors. In the case of Food
and Kindred Products industry--surely as important a sector be-
cause of its size and growth potential proximity to 1arge popula-
tion concentration--market area is an important plant location
determinant.

Finaily, in the case of Chemicals and Allied Products,
critical plant location determinants are relatively few, prin-
cipally because the production economics of scale in this indus-
try are large; therefore this industry can and does provide
its own services as well as create, for most part, the economic

environment in which it operates.

In conclusion, our analysis of location decision focuses
upon those components of general, long-run entrepreneurial
~decision prbcesses which héve_a.direct or indirect bearing upon
the selection of regions, localities, and sites for a firm's
activities. The 1ocational and non-locational decisionmaking
cdmponents are highly interdependent and the process by which
general internal and external location conditions are mutated
into moré or less influential location factors is complex and
nét fully understood.

The‘historyvof,the'firm, the»level of production, number |
-and location of already established plants belqhging'to the
firm, évailability of'and accessrto capital funds, oﬁnexship
struéture;of ﬁhe fi:m, competence, roles and‘pérsona1ities'of
top maﬁageté,;aﬁtifudes and behavior‘of ¢§mpetito:s, contractors,
laborAunions,jchambers of commerce aﬁd ioéai development corp-

orations, government policies, and general economic conditions
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supply .examples for internal and,external conditions. 1In any
decision process connected w;th a locatlon selectlon, many of
these conditions remain uncon51dered due to thelr actual or
perceived relative inszgnlflcance, or due to sheer neglect or
1gnorance. Other condltlons are indlrectly, implic1t1y, or .
unconsciously introduced at various stages of the decxsmon pro-
cess, thus, 1mpos;ng constralnts,upon the effectiveness of

those conditions which-are being explicitly and consciously
considereé. In»a'large'corporation, hardly any indiVidualvwill
be in a*positionato state“With ultimate authority which consid-
erations have beenﬁresponsible for'specific directions and dis-
criminatiné seiections“at>specific junctions or in specific
corporate departments durlng a usually lengthy location decision
procedure.  Thisrcomplexity caxxbe»approached analytically by
1dent;fy1ng’stages’within'therdecision»proceSS on the basis of ~
cruciaisthresholds‘Whichfare‘being reached in the evolution of
spatial“and'non-spatialiCOnstraints’for specific, locationally
significant'uariableskfh

‘_This'approach can'possibly:be accomplished'in personal

- interviews with‘key executives of the industry sector who have

the responsibility and authority to make plant location decisions.
'VInvaddition td/the‘crude-but'effective methodology to-
which used'plant;location'determinants are described above, other

more’sophisticatea*techniquestexist.f However, ‘their usefulness

, 1s llmlted in that as a’ rule they analyze and predict reglonal

economlc development rather than location potential of a slngle
plant., Nevertheless, these techniques should be discussed, as’
Qell‘as:brlefvsummaries;of>recent empirical studies that have
anaifsea*regional economic‘activity and plant locations.
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2.2 EXISTING TECHNIQUES FOR REGIONAL
FORECASTING OF PLANT LOCATIONS

Since adeéuate Summaries of techniques of regional analysis
are well publicized in the general literature; no attempt will
be méde to present an exhaustive treatment of ali possible
techniques.if However, an 6utline of the principal techniques

and the reasons for rejecting each will be presented.

2.2.1 Flow Analysis

An example of the data-describing technique is flow analysis,
which merely presents data in a form that is easy to read. The
objectives of this study attempt to go beyond descriptions of
past industrial structure. Flow analysis usually involves draw-
ing maps of the region to be analyzed (i.e., state or county)
and indicating with the use of arrows or other pictorial tech-
nigque the destination and origin or products leaving -and enter-
ing the region. Such "analysis" has little analytical content.
Another device used by flow analysis is the location guotient,
which compares a region's percentage share of a particular activ-
ity with its percentage share of a basic aggregate, such as
income, value added, population, and area. The location quotient
also is nothing more than a descriptive device, and its use may.

give rise to more confusion than understanding of causal forces.

+

‘l/ A brief summary is presented in Roberf G. Spiegelﬁan, Review

of Technigues of Regional Analysis with Particular Emphasis on
Qppllcab1114y~of These Techniques to Regional Problems, Menlo
Park, California: Stanford Research institute, June 1962, A
more comprehenszve treatment is given in Walter Isard, Methods
of Regional Analysis: An Introduction to Regional Sc1ence,
Cambridge, Massachusetts: The M.I.T. Press, 1960.
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2.2.2 Population and Industry Distribution Comparisons

Benjamin_Chinitz-and Raymond Vernon have publishéd a

technique,whigh, although still in the descriptive realm, offers

considerable insight into industrial_location.l/ Chinitz and

Vernon analyzed geographic shifts of industries using data from

the Census of Manufactures for 1939 and 1954 and found a

"marked convergence in the ratio of manufaéturing emploYment to
population among the différent regions of the country toward some
common national ratios."g/"This trend was discovered in 90 of
the 119 industries Studied by calcuiating an index of concentra-

tion deScribed'as follows:

"For each year, we compared the industry's employment
- distribution with the distribution of population among the
major areas of the country. Then we calculated how many
- workers in the industry would have to be shifted in order
to achieve a proportionate distribution of employment
among the country's areas identical to the proportionate
distribution of population. Finally, we expressed the
number that would have to be shifted in the industry as /
- @ proportion of total national employment in the industry."=

The analysis of Chinitz and Vernon can be differentiated
from the descriptive techniques in that they have attempted to
find the causes of changes in their index. HoWever, Chinitz and
Vernon use a case study and anecdotal approach and their technique
per se is consequently not applicable to our project.' Furthermore,

many of their statistical conclusions seem to be based on zero--

1/ Ibid., p. 525.

2/ Benjamin.Chinitzfand Raymond Vernon; "Changing Forces in
Industrial Location,” Harvard Business Review, January-Feburary,
1960. 7 ‘ o : -
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order correlationsé-that;is, the etatistical correlaﬁions.they
compute do not take other simultaneous influences into account.
However, the following findings are still useful as background
material: .

1) The industries which grew fastest also moved fastest to
conformity with the distribution of‘popUlation; in other words,
faster growing industries tend to be more decentfalized relative
to population. ‘ |

2) One of the principal explanations for decentralization:
is lower transport costs; insofar as freight-cost data were
available, they were p051t1vely correlated w1th a decllne in
concentration of an 1ndustry;--that is, 1ndustr1es w1th hlgher
freight costs relative to other industries tendedvto be the
industries which had the highest rates of decline ihrthe
index of concentration used by Chinitz and»Vernon, |

3) Another factor favoripg decentralizatien is the increas-
ing tendency for plants to use,already processed materials. Thue,
avaiiability of raw materials has become 1ess'importan£ as a
factor determining plant location. -

4) The motor vehiclevhas decreased the cost ef’transport in
a manner that promotes the decentralization of industry,' For
‘example, trucking has reduced the cost of ahippiﬁg in}smallrlots
relative to the cost of shipping in large lots. Chinitz and
,Vernen, however, point out that three recent developmentsvmay
have ‘effects in the opposite dlrectlon.’"the spread of coordlnated
services such as plggy-back' and 'fishy-back;' the growing use of
air freight; and the prospective reorientation of the railroad~

rate structure."
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5) Chinitz and Vernon»argue that there is a growing availa-
bility of skills in rural<areas, la:gely a8 a result of transporta-
tion innovations\and greater industrial experience. The increased
decentralization in availability of skills is thus another factor
favorlng decentrallzation of ‘industries.

6) Another related factor is that rural. areas now
can and, according to Chinitz and Vernon, frequently do provide
facilities to industry on a competitive basis, partly because of
the wider market areas of.existing facilities (such as trucking

depots).

2.3 INDUSTRIAL LOCATION THEORY

The other class of techniques that can be rejected consists
of theoretical studies of location which disregard quantification.
Location thedfy may in the long'run'lead,to important conclusions

for empirical analysis, but at present it is inappropriate for

'prdjects such as the one described in this study. Location

theory analyzes the location of firms by atudylng *he compaza-
tive costs of different firms. Thus, locatlon theory attempts

to answer the following type of question: "Given several sources
of raw materials and several markets, where will a firm locate?
The analysis can be compiieated‘by ﬁarying the processing and
transfer costs at various locations. 2 summary of the literature
on 1ocation theory?wquld be out of place in this study because
location theofy not 6hly has little empirical content, but offers

ve:y ordiﬁary theoretica1 conclusions. Location theory tends
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to be abstract and usually concerns itself with ideal worlds in
which only a few variables are impottant in location decisions,
whereas we must analyze industrial growth in the real wotld with o
all of its complications. Furthermore, even if location analysis
offered a rigorous and compiéte analysis of industrial growth,

it would be useless for our project since it requires information
which is simply not available. To apply‘locatibn theory, at a
minimum'a complete matrix of transport costs to and from‘every
county for every different product, a matrix of processing

costs of each county for every product, and a knowledge of the
demand function for every product in every county would all |

be needed.

2.3.1 Base Theory

A technique that has found wide application is base theory,
which is little more than a straightforward application of
Keynesian multiplier theory. The latter theory states that for
a simple, nonspatial, timeless economy with consumption of one
good, imports of one good, unemployment of factors of production,
and constant marginal propensities to consume and import, the
following functional relationship holds:

Y = A
l-¢c=m
where Y is income, c is the marginal propensity to consume domestic
goods, m is the marginal propensity to import, and A is exogenous
expenditure. Base theory accepts this crude model and postulates
that total regional income is proportional to exports, which are
in effect assumed to be the only exogenous expenditure. It is
| &’

64




usually postulated that the basic to nonbasic ratio of a region
will be constant, where "basic" refers to export industries and
"nonbasic" refers to local service industriés. The empirical
procedure usually consis;s%df calculating ih; base/service ratio,
prdjecting exports,.and multipljing thiS‘projeétion by the above
ration. | o |

Economic‘base theOry,'while appafently straightforward and
simple is plagued,withvdifficﬁlties, béth in theory éﬁd in
practical application. |

Many theoretical objections can be raised to baée theory;
The theory assﬁmes‘that all rélationships within the region's
economy will remain constant over time, an obviously deficient
assumption. Not only must the marginal propensityito consume
and the marginal propensity to import remain constant for all
goods, but input-output interrelationships ahong industries must
be constant over_time. Furthermore, the theory ignores invest~-
ment and assumes that exports are the only autonomous activities
in the economy. Even if the assumption'éf no exogenous invest-
ment were true, bése theory has no place for such "invisible"
incomes as interest payménﬁs from other regions. .The most funda-
mental objection is that, far from assuming that the base/service
ratio is constant, the pﬁrpose of regional economics should be to
explain the magnitude of this ratio and to be able to project
changes in the ratio. | N

Base analysis assumes that the only dynamig component of
an economy is its exports, and that all activities«within the
economy are dependent on its exports. The validity of this

assumption is not @bvious--it obviously is not true of the world
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as a whole and it has little relevance for a largely self-sufficient
economy like that of the United States. One may ask at what stagé
do exogenously determined exports. become crucial, or if they

ever become crucial. For example, changes in productivity of

local nonexport industries may be just as important for growth as
éhanges in demand for a region's exports.

_Even if the theoretical objections to base theory are
overcome, the application of the technique encounters formidable
obstacles. One immediately encounters the problem of how to
measure economic activity. The researcher encounters an even
greater difficulty trying to distinguish basic activities
from nonbasic activities. It is not cléar how firms should be
handled which produce both for export and for local consumption.
A further problem presenting theoretical as ﬁell as practical
difficulties arises when the interdependencies inherent in a |
modern economy are considered.

2.3.2 Regional Input-Output Analysis and Linear
Prodramming Techniques

, Two additional techniques have occasionally been attempted
in regional economic analysis: input-output and linear program-
ming. Both are considerably more sophisticated than the techniques
we have already analyzed, but both unfortunately possess diffi-

culties of their own for interregional forecasting.

2.3.3 Shift Analysis

We have attempted to show why the formal regional economic
models are not applicable to the problem of progectlng plant

location. Less formal approaches are~available, however, which
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may yield meaningful empirical projections, such asbthé "shift"
method used by Fuchs, Ashby, Perloff,Aand‘p;hers.l/.
vIn;the.shift methoé;}theaindustrial growth of states is
computed aftér‘an'adjustment for the effects Ofvindustrié1 ~
structure. That is, for a given state, "comparative growth,
adjusted for‘industriél stfucture;~3h0ws vhat the comparative
gain or loss would have been if all the others states had
an'industrial'structure“comparéble'tb the étate in gquestion. ‘-
Comparative‘induéirial strucure shows what the COmparative gain .
or loss would have been if each industry in the state had
grown at its‘natidnal rate‘"-g/‘

Of ‘the variables studied, the following were found: to be
significantly related to plant location: the relative extent of
unionization, climate (deviation of mean temperature from-65°),'
and population'density (population per square mile). Fuchs
' concludes that while for manufaCturing'asfa whole the degree of-
unionization in a state is an 1mportant explanatory varlable,
interstate differences 1n the supply of unskilled labor are most
important in low-wage, labbrdintensive-industries‘f'”

Fuchs also—'a‘tf.empte‘d'to' find which industry characteristics

are related to industry differences in mobility. In Fuchs' analysis,

.

1/ Vzctor R. Fuchs, Changes in the Locat;on of Manufacturzng in
the United States Sinc€ ew Haven: Yale University Press,
1962; Lowell D, AShby,‘“Reg;onal Change in a National Setting,"
Staff Working Paper in Economics and Statistics, No. 7, U.S.
Department o% Commerce, April 1964; Harvey 5. Perloff, "How a
Region Grows," Supplementary. Paper No. 17 Commlttee for. Bconomic
Development, March 1963.

2/ Fuchs, op. cit., p. 62.
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", . . mobility is defined as the extent to which an

industry is located differently in one year as compared
with an earlier year. If every state, for example, had
the same percentage of industry x in period two as it had
in period one, our measure would show zero interstate
mobility. At the other extreme, an 1ndustry would record
an interstate mobility of 100 percent if it were located
in entirely different states in period two compared with
perlod.one. The measure of mobility, or percentage "shift,"
is the sum of the gain (in percent) of all states that
increased their percentage share of a given industry
between two dates.

It should be noted that this definition "is not a synonym
for phy51cal movement. . . .An industry's geographical distribution
changes more often through differentialAgrowth than through
physical movement of plants or firms. ‘Mgbiiity measures the
extent of this change, regardless of how itAoccurred."‘g/

Fuchs tested the significence of the following industry
variables as determinants of mobility: rate of growth; horsepower
per worker; the ratio of wages to value added; concentration of
ownership; average wages per production worker man-hour; percent
of total employment in multiunit establishmeﬂfs; percent of
value added produced in small cowpanies; geographical concentration
(scatter) ; number of workers per establishment; rate of change of
- wages; industry size; and an industry specialization ratio. 1In
a multiple regression.anaiysis the following variables were found
to be statistically signficant: rate of §£bwth (positively cor-
related), with a peaking of mobility at the middle ranges of con-
centration. Somewhat suiprisingly, Fuchs §Ouﬁd-that industries

with high fixed costs were not less mobile;fceteris paribus, than

industries with low fixed costs; furthermore, the market-oriented

l/ Fuchs, op. cit., p. 105,
2/ 1bid.
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industries, taken-individually, tended to be less mobile than
other industries. 7

| As the above brief'Summary of the more sophisticated
plant location forecasting methods suggest, these are of limited
value to the principal issue in this report, i.e., how tofdeter?
mine plant 1ooations for several industry sectors which are pro-

tected candidates for ‘direct application of geothermal energy.

The principal difficulty, in addition to the problem already
- indicated, is that those methods do not differentiate between -
location of a single plant and growth of regional economic

activity.

2.4 RECENT EMPIRICAL STUDIES

»Various studies recently completed}furnish an empirical
basis for supposing that such factors as markets, climate, labor,
and thresholds contrlbute to the plant location declslon.‘ These
studies also prov;de several other locational hypotheses, for
example, the resource and agglomeratlon hypotheses. They also |
provide 1ns19hts and evzdence with whlch the interpretations
i/

and conclusions of the present study can be checkedand compared.-

A few lesser studies also merit brief attention.

- 2.4.1 The MclLaughlin-Robock Study

The earliest of the major studies is that of Glenn E.
McLaughlin- and Stefan Robock.jy Their research was confined to
a group of 13 southern states (Virginia through Oklahoma and

Texas). The authors used the interview technigue in examining

l/ Several of these studies were summarlzed from Leonard F. .
Wheat Regional Growth and Industry Location, Lex1ngton Books,
Lexington, Mass., 1973.

éka) 2/ Glenn E. McLaughlin and Stefan Robock, Why Industry Moves South,
: Washington, D.C. 1949.
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88 plants established in the South after World War II. These
plants represented all major industry groups except tabacco.
Each company official was encouraged toerelate-his‘Storyfin his
own way. Then he was queried about any omitted items‘from a
locational factor checklist.

Tﬁe authors found thatrbusiness‘almoet‘a1Ways~seleCtsrits
locations in two steps. First it selects ‘a2 _general region;
then it selects a location within the region. ‘The,general
region is one that secures the most important advantage--a
regional market, a sourcerof:raw materials, or a source of
cheap labor. Other requirements are then met by finding a
suitable location within the region. Dependlng on how the
general region is selected, a plant is (1) market—orlented,

(2) materials-oriented, or (3) labor-oriented.

Markets was easily the leading determinant of location;
45 percent of the plants surveyed were market-oriented. More-
over, about one-fourth of the market-oriented plants but less
than one-sixth of the materials-oriented and none of the -labor-
oriented ones employed over 1,000 workers; thus if impact is
measured by employment, ﬁarketseaccounted for over half of the
new industry. The market-oriented firms were mostly existing
firms seeking to tap an expanding southern market~by establishing
branch plants. Only two of the plants represented new firms.
SOmetlmes growth in the southern markeét meant that, for the
first tlme, a plant of economical scale could be. establlshed.
The branch plants were placed near their markets,ln order{to,cut

transport costs or because their products were perishable.
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Raw materials ranked second: materials. and energy .
resources attracted 30 percent of the plants. Plants were
materials-oriented when (a) the raw materieis‘were pefishable
or otherwise not freely transpoftable, or (b) freight was an
important element of the final cosf and raw materials'were-?.
more costly to transport than the finished product. With over
two-fifths of the South covered by forests, abundant pulpwood
attracted severai paper‘and paper products firms. ‘Oil and
natural gas deposits induced chemical plants to locate in the
western part of the region. Agricultural products, hydro-
electric power, sulphur, and phosphorus also served as magnets.

Labor ranked third, accounting for 25 percent of the new
plants. The South has the lowest wages, the lowest degree of
unionization, and the most surplus labor of any region. eFirms

seeking attractive labor conditions héve»therefore_gravitated

to this region. The South's abundant SurpluSalaber should -

not be underrated as an attraction. An edequate supply of labor
was often sought. as a means of reducing turnover, weakening the
competitive bidding-up of.wages, snd.allowing-marginal workers
to be weeded out. - For labor-oriented firms, transporfation -
was usually a small part of the delivered cost of the product;
the market attraction was weak. Textiles, appare1,~shoes, and:
machlnery were the pr1nc1pal labor-oriented 1ndustr1es., Labor-
oriented textile. plants went to. the northern part of the South

to be closer tornortheastern markets. Natural gas supplies o
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sometimes induced market-oriented companies to deviate from
central points within their marketing regions. Market-oriented
and materlals-orlented firms were seldom concerned about wages,
but they often checked the labor histories of varlous_communltles
before selecting a specific site.

McLaughlln and Robock discuss several other factors, but
most are community influences or have strong market overtones.
TransPOrtatioﬁ, for example, is primarily a reason for locafing
clese to markets (but can also involve raw materials). One
additional factor, climate, deserves attention. Some firms
locating in the South expected to save on construction and
heating costs, avoid w1nter shipping delays, or otherw;se
capltallze on the South's warm climate. One company chose a
southern location in preference to one in upper New York be-
cduse it was feared that the second-choice location might have

excessive absenteeism during the winter.

2.4.2 The Thompson-Mattila Study

The brior study most nearly resembling the present one in
methodology was prepared by Wilbur Thompson and John Mattila.l/
It is geared to predicting state manufacturing growth and

develops multiple regression equations for this purpose. How-

ever, most of the study deals with statistical by-products, namely,

correlations between manufacturing growth and predictive variables.

1/ Wilbur R. Thompson and John M. Mattila, An Econometric Model
of Postwar State Industr1a1 Development, Detroit, Wayne University
Press, 1959.
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Most of the significant findings'point t6 the market
influence. The strongest relatlonshlp is between manufacturlng
growth and prior growth in consumer demand | Absolute growth
shows correlatlons of +.90 and +.86 with prior absolute increases
in population and income; percentage growth has a +.62 correlation
with prior percentage increase in income. Prior growth, of course,
represents not only increased demahd but a Whole complex of forces
that influenced growth in one period and carried over into the
next. But two considerations suggest that prior growth in demand
emphasizes markets. First, it has'higher'COrrelations than a modi-~
fied prior growth variable that is clearly a better proxy for ‘
miscellaneous attractions but a poorer measure of demand: prior
growth in manufacturing employment has a +.73 correlation with
absolute growth, compared to the +.90 achieved by‘prior growth
in population. Second, correlations for ihdividual industries
known to be attracted to 1abor and raw materials are relatlvely -
low, as they should be if prlor growth in populatlon and income
describes markets.

A +.84 correlation between the number of college-trained
people and absolute grthh reiterates that strong consumer demand
spurs growth. Intended as a proxy for skills and training, the
college variable seems really to be a proxy forvpopulation and

especially income. Similarly, a +.31 correlation between‘

. percent college-educated and percentage growth seems to descrlbe

the effect of high per capita income, or high relate demand.
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‘Two labor variables, average hourly earnings in manufactur-
ing and union membership'asra percentage of nonagricultural
employment,'are examined. For all manufacturing combined, their

correlations with absolute and percentage growth are generally.
positive (the wrong sign). But this is less a denial'of labor
influences than an affirmation that high incomes attract industry.
Thus the correlations for particular industries recognized as labor-
oriented‘(e.g., apparel, leather and leather products) still come
out negative: high"wages and strong unions = low growth.

The only other findings of interest concern two tax
Variablés: state and 1oca1~taxes as a percentage of personal
‘income, and state and local nonagricultural businesa taxes per
employee. bNeither is significantly correlated with absolute or
percentage growth in any industry or for all industries combined--
provided we do not count some positive correlations (the wrong
.8ign). Taxes do not seem to be a significant influence.

2.4.3 The New York Metropolitan Region Study

In 1956 the Harvard Graudate School of Public Administration
was askad to undertake a three-year study of the New York metro-
politan region. Raymond Vernon directed the study. In order to
grasp the influences at work in the region,’the study team investi-
‘gated factOrs'shaping‘the'growth of the nation as a whole. The ..
relevant flndlngs are summarized 1n .two places., ‘1), a Harvard

Bu51ness Rev1ew artlcle by Benjamln Chinitz and Vernon and (2) a

book by Robert Llchtenberg.' Us1ng a hlstorlcal-descrlptlve approach,
the authors develop 1mportant 1n51ghts and ev1dence bearlng on

lndustrial locatiqn.
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2.4, 4 " The Chlnltz-Vernon Artlclel/

Chinitz and Vernon p01nt to a move toward decentrallzatlon,"

o4

fostered by: the desire to cut transport costs by locatlng close

to the market. Transport costs welgh heavily in the cost structures
of the decentralizing industries. At the same time, the advent of
highways and‘trucking-has radicaily'altered‘transport'cOSts. Com-
NparedFto'rail”transport, trucking offers low short-haul costs; |
truckers have lower terminal costs to spread over short hauls.
Thus, whereas’manufacturers had little to gain from decentraliza-
tion in the pretrucking days, regional plants now yield substantial
transport sav1ngs." | |

Meanwhlle, the competlng nonmarket attractions have weakened.
The resource 1nf1uence has been hurt by (a) the lengthenlng chaln
of productlon 11nk1ng raw materlals to ‘end products and (b) depletion
of the best forests and mines, which has.resulted in a ‘more even
dlstributlon of resources.v Interreglonal wage gaps have also nar-
rowed, lessenlng the attractlon of low wages. And .external
'economies once found only in certain areas are now more w1dely
avallable. |

2 4,5 The Llchtenberg Book 2/

Uslng lnformatlon from economlc hlstorles, economic geograph-
ies, 1ndustry studies, observed locatlonal patterns, and 1nterv1ews,

Llchtenberg classlfles manufacturlng accordlng to five domlnant

1/ Benjamln Chlnltz and Raymond Vernon, "Changing Forces in .
Industrial Location," Harvard Business Review 38, No. 1, January-'
Feburayr, 1960, pp. 126-36..

2/ Robert M. Lichtenberg, One-Tenth of a Natlon, Cambrldge, Harvard
Un1vers1ty Press, 1960..: _
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locational factors. He finds that 51 percent of the nation's
industry is transport-sensitive, 15 percent seeks external
economies, 14 percent is governed by inertia (historical factors),
8 percent emphasizes labor costs and supply, and 12 percent is
unclassifiable. The transport-sensitive industry subdivides

into 43 percent orienﬁed to markets and 8 percent oriented to

raw materials. o

2.4.6 The Perloff Study

The.broadest énd most useful study to date dealing with
maﬁufacturing locatiqn is that of Harvey Perloff, and others.l/
It'is»basicélly historical-desériptive in hature, but there is
somé'hypothesis testing. Judgments about locational influences
rest on historical trends, shift-share analysis coupled with
investigation 6f the causes of shifts in particular industries
(many specialized studies are brought to bear}, and a few correla-
tions.

Over the years ihdustry has shifted steadiiy from resource
to market orientation: industries selling to other industries
now produce almost 40 percent of all output, and most consumer
industries have only remote connections to raw materials. "Filling
in" growth in the South and West hasvincreased the importance of

markets. California, the prime mover in the spectacular growth

of the Far West, passed a "market threshold" beyond whiéh internal

1/ H. Perloff, et.al., Regions, Resources and Economic Growth,
Baltimore: Johns Hopkins Press, 1960. '
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and external scale economies become operative. Remoteness from
the Manufacturing Belt aided this development. Westward shifts
in final markets havé pnl;ed intermediate‘markets,along.

As eVidence,of the market attraction, ‘the authors present
rank correlations:between>employment in*specificiindustries and
population  (forty-eight states).. Industries generally regarded
as market-oriented show the highest coirelations; for'example,
printing and'publishing reads“+,93. But industries regarded as
labor-oriented or resource-oriented have relatively low correla-
tions--+.58 for lumber, +.63 for textiles, +.66 for leather and

leather products, +.69 for petroleum and coal products. Since
a particular industry cannot easily exert a strong,influence on
population, causality would seem to run mainly from population
(markets) to manufacturing employment. . |
The‘study's.main»thrustvis in the direction of a Manufactur-
ing Belt concept of agglomeration. The authors seek a balanced
»explanation'of growth--balan:ed-in\giﬁing "full attention" to both
the rapid gains of the West and the "remarkably small loss in
relative standing" of the northeastern Manufacturing Belt. Agglomera-
tion thus becomes the offset to markets, which directs growth to
the South and West.

Othe:,influences are not ranked, but resources receive the

most attention. In specific industxies,lresources_still exert a
stfpng locétiqnal pull. Examples‘?;e refining and petrochemicals
in the Southwést; othe;sghemicals in vatious p1a¢es; lumber pro-
duéts‘ih the Southwest and Wesf; pulp ahd paper in the South;

canning, preserving, and freezing in several areas; and tobacco in
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the Upper South. The pull of resources on these industries is
reflected in relatively low correlations between population
and industry employment.

Despite'thesé examples, the resource attraction has become
weak. This conclusion is supported bykancompérison of two ‘groups
of industries: (a) fitst—stage resource users, which use resources
for over 10 percent of their inputs, and (b) second-stage users,
which use fi:stfstage}products for over 10 percent of their inputs.

~ Labor, climate, and industry mix are covered briefly. Analy-
ses of individual industries credit labor with attracting textiles,
apparel, and shoe manufacturing to .the South.

2.4.7 The Fuchs Study

One major study challenges the other studies by holding
that markets is not an important determinant of manufacturing \
location. This is Victor Fuchs' study.l/ Fuchs' general approach
entails measuring interregional shifts in.manufacturing;-pinniﬁg'
these down to the industries primarily responsible, and then
explaining what happened in these industries. 'Judgments about'
the relative importance of different influences rest on (a) the
factors affecting the industries with the biggest shifts, as
suggested by a review of available literature, (b) an'industry-
wide correlation analysis relating comparative growth to several
explanatory variables, (c) other statistical analyses, and (d) theory.

VThe'shifts studies indicate rapid growth in the'Sbuth and

West (especially the West))fmoderatergrbwth in the North Central

1/ victor R. Fuchs, Changes in the Location of Manufacturing in
the United States since 1929. New Haven: Yale University Press,
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region (above average in the western part, below average in the
eastern part), and a compgfétivé loss inithéiﬁbrtheast. "The

host important factors influencing these changes in the location

of ihdustry appear to have been climate, labor, and the availability
of raw materials." Fuchs estimates that one-third of all employ-
ment .shifts between census regions were due to resources (including
climate) and raw materials; that "almost" another one-third resulted
from abundant, low-cost, nonunion labor in the South; and that the

- remaining ‘one-third was variously caused by changes in demand or
could not be assigned to identifiable influenées. The one-third
credited to resources depends “heavily" on treating climate as a
resource; . so if climate and raw materials ére separated as in the
above quotation, labor ranks first. ' "Heavily" iﬁplies that climate
ranks second, aheéd of raw materials, which is apparently third.
Since markets is not even close énough to deserve mention in the
summary quotation, one infers that Fuchs would assign markets less
than one-sixth (raw materials) and probably closer to Qne-tenth of
the credit.

Labor's first-place rank 'is supported by a finding that four,
labor-oriented industries--textiles, apparel, footwear, and furniture--
contributed heavily to the South's gains and the Northeast's losses.
Also,. a special analysiS»shOWS‘that growth in low-wage and labor-

- intensive industries is better correlated with wéges and unioniza-
tion than is growth in other industries--which support5~£hé idea

that the first industries are attracted by favorable labor conditions.
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Climate's‘importance is suggested by its great influence
on the location of aircraft manufacturing, a leading growth 
industry‘and the most important contributor to upward shifts in (;;
California and the Southwest. 'Ciimate has also influenced migra-
tion:and the location of military bases, thereby supporting the
growth of market-oriented industries. The -.53 industry-wide
correlation between temperatﬁre deviation from the "i&ealé'(GS
deQrees) and percentage shift is exceeded only the the -.57 for

patents per capifa (evidentlykaCting as a proxy for per capita
| manufacturing). (Intercorrelatioﬁs between growth measures are
not counted.) .

| Raw materials gains its;high ranking from findings that

raw materials lay behind some iﬁportant upward shifts--chemicals
in the South, lumbering on the West Coast, pulp and paper in the
South and West, and canned an@ frozeﬁ fodds in the South. The
industry-wide correlations omit raw materials because "it is not
feasible to assign a simple measure of raw material availability
to each state which would meaningfully describe the diverse

products of forests, fields, and mines that form the basis of

much manufacturing activity."

2‘4‘8. The Fantus Study

The last major study deserving attention was conducted for
the Appalachian Regional Commission by the Fantus Company, a leading
1/

plant location consulting fifm. In its report,~ Fantus drew on its

own experience and expertise. Extensive use was made of information

1/ The Fantus Compahy, Inc. The Appalachian Location Research
Studies Program: Summary Report and Recommendations, New York, 1966.
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in Fantus' files, most of it obtained during the course of several
thousand plantvlocation searches. The study consists of‘twenty—
five spbsfudies examining induétriés beliéved)to have significant
growth potehtial ih Appaléﬁﬁia. | o
- A éable in the Summary report lists a number of locational
factors,'local and regional; found to bevéignificant. We can
ignore the local factors (except'fog'ohe), thé most important of
which is an adequate locai labbr sﬁpply.' The regional factors are
(1) transportation, (2)'§roximity to customers, (3) state manpower
training assistance,‘(4) labér cost advantage, (5) low-cost electric
power, (6) urban orienfation, éhd (7) §r§ximity to rawvmatefials.
Transportation, as used in this context, is partly é local factor
(facilities) but mainly regional (cost of diétributing over a region);
power is largely a regional matter; urban orientation is mostly a
local factor but has a bearing‘on fhe attractiveness of sparsely
developed reqions. Each factor is judged, ?elative to each of the
twenty-five indﬁétries, asdbeing of (a) critical importance, (b) pri-
mary importance, - {e) impoftance, or (df minor or no:importance.
Table lipresents the results of}this'study. The number of industries
for which each factor wés of ériticél»importanéé appears next to the
weighted score for each factor. ‘
Markets are clearly the most important’reéional influence
among the industries studies: ’transport sefvices, transport costs,
and pro#imity to customers--three éspects of the market attraction--
’rank ohe, t&o, and three. Transportation can also involve raw materials,

of course, but the report indicates that outbohnd transportation is
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TABLE 13

THE FANTUS STUDY: INDUSTRIAL LOCATION FACTOR SCORES

Location Factor Weighted Score

Transportation:
Services ‘ 53
Costs 41
Proximity to customers . 46
- State manpower training assistance v 31
Labor cost advantage 24
Low cost electric power 24
Urban orientation 24
Proximity to raw materials 11

Source: Based on Fantus report, The Appalachian Location
Research Studies Program: Summary Report and Recommendations,
New York, December 1966, Table 3, pp. 12-13.
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usually what matters: most firms wish to minimize the time and
cost of shipping goods to market. According to Fahtﬁs, the high
ranking for proximity.teveustomersuindicatesathe»desirewofwmany
firms to establish deeper market penetration: regiohal Sranch
plants offer greater market access than a central plant or
regioﬁal warehouses. | | |

Two labor fastors, state manpowexr training assistanée and
labor cost advantage, come next. Note that, even taken‘individually,
both rank well ahead of raw materials. The relevant labor costs
include not just wages but fringe benefits,'Wbrk rules (unions),
turnover, and’abSenteeism. The twé_ihduStries for which labor
costs are rated "crucial" are textiles and apparel;J

Electric power and raw materials can be combined‘unéer the
heading Of~resources. Fantus states that energy is seldom a cr1t1ca1
term;"The-twé cruclal" 1ndustr1es are chlor-alka11 (chlorlne and
‘caustic soda) and primary ‘aluminum. N |

Urban orlentatlon, prlmarily a 1oca1 rather than a regional
factor,'ls lncluded in the table because of its relationship to
" two factors examlned in the present study--thresholds and the
urban'attraction. The'Fantﬁs'eoncept‘of ﬁrban‘orientatiOn is
nothing very specific but designates'a}desire“of"soﬁe industries to
locate within, in the suburbs of, or close to a city of some minimal
size. The "crucial“ industryiis'office machinery} other urban-
oriénted 1ndustr1es are paper boxes and shipplng contalners,v

plastlcs for packaalng, nonferrous metal operations, and instruments
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and controls--industries variously attracted to intermediate
markets and urhan amenities (e.g., trim neighborhoods, recrea-

tional facilities, and good schools).

2.4.9 Webber's Study

1/

In this important and novel study Webber~ explores two
additional factors that impact on a firm's decision to locate its
manufacturing facilities in certain areas.

Firstly, probability models are being used to describe town
patterns and other mass human interactions; secondly, locational
analysis is shifting away from the traditional link with economics
and is beginning to analyse'the_péychological basés of decision-
making.

Thus, an attempt is made here to define some of the ways
in which uncertainty about the effects of decisions modifies
location patterns. In each of the major‘models of location theory
assumes rational behavior. Some function (profits) is maximized
under given stated conditions. In Webber's theory maximum profits
are held to be identical to minimum costs; in the interdependence
approach and in Losch's tﬁeory, maximum profits are effectively
considered to be maximum sales. Once the profit function has
been defined, the process éf'maximization is simple and subject
to well-defined mathématicalvrules.

o The normal situation in which several deparfments of the
factory are in conflict about where to locate can be simulated

electronically. The model contains several machines, each simulat-

1/ Michael J. Webber, Impact’bf‘Ungértainty on lLocation, The MIT
Press, Cambridge, Massachusetts, 1972.
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ing one department of the firm. The machines are linked. The
decisioh process then consists of each machine proposing states
(locations) to the others, which either accept the proposals or
reject them and propose cquntér—States. Satisfactory limits are
fed into each machine and when all machines satisfy these limits
the location bargaining ceases: a location has been chosen.
By setting the limits arbitrarily high, an optimal}rathe: than a
satisfactory state may be obtained. Thus no matter how COmpli-
cated are the real world and decisions about it, an optimal ex
ante plan of location may be evolved.

But the enlarged idea of optimal decisionmaking must take
account of another factor. Part of the process of making an
optimal ex ante decision involves collecting the data upon which
to base this decision. The firm has to decide how much information
to collect and where to collect it from. This imposes further
novel elements on the theory of the optimal ex ante decision.

Webber's model considers the folldwing problem. An entre-
preneur, located at one end.qfla linear market, wishes to find
his}optimal.location.,'He knows that the profitability of sites
varies randomly'along the line: the profitabilities are approxi-
mateiy nbrmally distributed within the 1imits of.=p; The cost of
sampling is qd, whare ¢ is a constant and 4 is distance from the
entrepreneur's home site. There being no trend in profitability,
the fi:m'a best first samplé is its cheapest--i.e., at d = 0. From
A secbnd samplé is taken at d = 1. From these the firm can esti~-
mate the mean profitability of aites,and the standard deviationt
of profitabilities. The standard error of these estimates can be

computed;a.These data tell the firm the expected'profitability of
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the next site to be sampled (at @ = 2). If this expected profit- '

ability is greater than the maximum profitability of the sites

already sampled plus the discounted future value of the cost of -
sampiing-(Zc), the firm takes this third sample. Otherwise the
firm locates at the best of sites 1 and 2. The procedure contin-
ues until the expected gain from sampling is less than ﬁhe cost

of sampling. |

The firm takes an (n + 1l)th semple if

:W?. x. exp -gx;-;)z .
V& el |

X,1 « o or X)) 20C, where x is the profitability

ax - matrix(xl
’

of sites, is the standard deviation of profitability, Xyr X7 ¢ o o0 X

i
n ;
the profitability of the 1lst, 2nd, . . ., nth Sites, and nc is

the discounted cost of sampling the (n + 1)th site..

This study is broadly theoretical and presents data only
from the studies reviewed. The litefature.and'concepts,which'
are integrated into location theory are extremely diverse and
provide for a complex theory covering location of cities, house-
holds, and firms, but is of limited use because energy costs are

not explicitly considered.

2.4.10 Charles Revelle et al Fcrmulation Sector iocation Models

In this comprehensive study by Charles Revelle'acd his”
1/ , , =

coileagues,— recent models of location are drawn‘together and

compared as to structure, criteria, and constraints. 'Private

1/ Charles Revelle, D. Marks and J. C. Liebman, "An Ana1y51s of
Private and Public Sector Location Models"™ Management Science '
Vol. 16, No. 11, July 1970, PP. 692-707.
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sector models are distinguished as those in which the total cost
of transport and facilities is isolated as the_objective to be
minimized; Thevsolutioﬁ"techniques of sir,such models are dis-
cussed. Public sector models are characterized by a criterion
function involving a surrogate for social utility and by a con-
straint on investment -in facilities or .on the number of facilities.
Five'models with this format are discussed and compared. The two
types of problems, location in the private sector and location
in the public sector, are seen to have the same conceptual founda-
tion, but formats differ of necessity -due to our inability to
relate social utility to dollar value. |
- Problems in location analysis can be classified into two

major structuraltcategories. These categories are:

A, Location on a Plane |

B. Location on a Network
A. Location on a plane is characterized by -

(1) an infinite solution space.  That is, central facilities
hay be located anywhere on the plane and are confined
neither to nodes of the network nor to ooints on the
links between those nodes.

(2) distance measurements according_to‘a.particuiar metric.
One example is the Euclidian metric where

| )2

N |
) Yy

dij = (x r xj ff‘yif'
S aij = the“diStéﬁoe between points”i‘ahd 3

‘:xi, Yi = the coordinates in a. rectangular system
‘of the ith p01nt. o : .

Another example is the metropolitan metric where
dij = l*i "le +|Yi - le v
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B. Location on a network is characterized by
(1) a solution space consisting of points on the network
(both nodes and points on the arcs which join the nodes),
(2) distance measurement or time measurement along,fhe net-
work. |

di' = the length (time) of the shortest path
J from node i to node j.

Define
w. = the weight attached to the ith point (goods demanded,
resources sent, population, etc.):;
X590 ¥y < the location of the ith point relative to some fixed
carthesian coordinate system;

the unknown coordinates of the central point P;

~
"

n = the number of points which are served; and

dip = the Euclidean distance from point i to central point P.
The objective is
n 2 2.3
(1) Minimize 2 = Li=1 wi[xi - xp) + (yi - yp) ]

_ _ 2 _ 2.%
(2) where dip = [(xy xp) + (yy yp) ]

Again, the principal shortening of this study is that energy costs

are not explicitly considered.

2.4.11 Toyne's Study
Peter Toyne's studyl/presents an excellent discussion on
organization location and behavior but this study is too theoretical

to be of any value for policy decisions.

1/ Peter Toyne, Organization Location and Behavior, John Wiley
and Sons, New York, 1974.
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Toyne regards nodal region as a system whose eléments comprise
the visual objects of human landscape occupance: the various resi-
dential, industrial, commercial, agricultﬁrél, transportational
and recreational features which give every region its unique char-
acter of physical infrastructure. However, the recognition of
elements in the landscape is dependent on the resolution level of
the system. Hence, the residential elements may be considered
variously as the individual dwelling units in their successive
groupings into streets, neighborhoods and districts within ham-
lets, villages, towns or cities.‘

| In the human 1andscépe system, all the inputs and.outputs
emanate from the various decisions that individuais and grouﬁs
make about the organization and location of all forms‘of economic |
activity. The decision-making process thus constiﬁutes the control
system which gives the morphological structure of human landscape
organization its peformahce.

Considerations of scale are fundéméntélly iﬁportant because
‘they may condition not only‘the profitability of any enterprise

but also its locational requirements. Similarly, the cost, avail-

ability and allocation of the factors of productipn-lahd, labor
and capital-affect the possibilities of the organization, loca-
tion and profitability of human activity. MofeoQér, since dis-
tance separates‘all locations in geographical space, bonsider#-
tions of transfer inevitably enter into thé'locational decision;
and the conditions of demand and supply are pérhapé the maﬁor  
economic determinant of production and consumption levels within

the system.
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Decision mekers may therefore find it necessary to intro-
duce a series of constraints and incentives to their own decision-
making process in order to counteract the mechanisms of the con-
trol system that they themselves have/created. The eyaluation
of each of these elements is conditioned by an equally wide range
of elements relating to the 1nformatlon, preferences and motiva-
tion of different dec151on makers. |

The report presents an extensive review cf government loca-
tlonal and develcpment policies and programs. However, energy

policies are omltted.

2.4.12 Summer's Report

This study undertaken by Gene F. Summers and his collabora-
torsl/contains considerable empirical material which unfortunately
is dated and does not cover energy considerations.

ThiS‘report attempts to assess the validity of the view that
the location of industry in small cities, towns, and rural areas
is an important tool for solving the dual problems of rural pov-
erty and urban crisis. The authors draw upon case study docu-
ments for research resnlts about the impact of industrial develop-
ment upon (l)sthe pcpulation dynamics, (Z)Athe private sector, .
(3) the public sectcr) and (4) the quality of individual well~being
in thejhcst communities. Data, from 1945 cn; was collected from
186 case studies'on plsnt location in nonmetropclitan'communities;

(primarily focnsing on the Midwest and the-scuth). The empirical

-1/ Gene F. Summers et al, Industrlal Inva51on ‘of Nonmetropoll—
tan America: A Quarter Century of Experlence, Praeger Publish-
er, New York, 1976.
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generalizations drawn from the findings are then considered in
1ight»ofnpublicly;stated"policy-goals. Because most of the studies
’\aJ ' were done prior to publi¢iiconcern oyer‘eﬁercy this aspect is mnot

covered in the report.

2. 4 13 Nentze's Study

This study by G. M. Nentzel/descrlbes the four major 1n¥
fluences on location patterns- natural features, costs of trans-
\port and communlcatlon, production technology and demand patterns.
These 1nf1uences determlne the location and spaclng of the first
towns to appear in a reglon which is important because of the im—
mobility of'industries‘and’tOWns. By examining the process of
town formation'in a’context of regional economic growth it has
been possibleftoppaintvampicture'of‘the/original'process. As
long as'inertia is not underrated, changes in the above factors
can help‘to explain}many OEathe'changes that occur in patterns
of location. Again, energy costs are not considered in this

report. -

2.4.14 ‘McMillan's Report

Thls reportz/dlscussés’the results of survéys administered
to area manufacturers to determine why they chose a partlcular o
area."Raw materials and market generally ranked first or second

infthe'surer}results.v‘oﬁé éurvéy conducted by Industrial Econ-

1/ ‘G. M. Nentze "Major Determinants of Location Patterns,
Land Economics, Vol. XLIII No. 2, May 1967

2/ T. E. Mchllan, Jr.; “Why Manufacturers Choose Plant Loca-
tion vs,. . Determinants:of Plant Locatlons,? Land Economics, Vol. XII,
No. 3, September 1975, pp. 239 =244,
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omics Research Division, Texas Engineering Experiment Station,
Texas A&M University in October 1954, included laws and regulations
in its categories of determinants. Results from 350 weighted
returns.indicated that one firm considered it fifst, 2-second;
5-third; 6-fourth; and 14-fifth. The other respondents did not
consider regulations to be crucial to industrial siting. Results
are summarized in the Table 14 below.

As the data presented in Table 14 show, energy costs are
relatively unimportant as location factors, This, however, can
be readily éxplained by the fact that these factors represent

- conditions as of 1954.

2.4.15 BHarris' Model
1/

This model~' presents an interregional, multi-industry model

designed to explain industrial location. The model considers two
groups of stimuli to industry location-regional factor prices

and regional agglomeration effects. Multivariate regression
analysis is used to examine the importance of various éxplanatory
variables on location as measured by the change in output. The

model accounts for interregional and interindustry relationships.

The'major data source is the County Business Patterns for 1965 and

1966. Other data sources include Waterborne Commerce of the Corps

of Engineers, Highlights of U.S. Export and Import Trade, 1963

Census of Transportation. As in most previous studies reviewed

in this report, this model is dated and does not reflect the cur-

rent energy costs and energy supply COnsiderations.

1/ Curtls C. Harris and F. E. Hopkins, Locatlon Ana1y515, D. C.
Heath and Company, 1972.
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TABLE 14

POSITIONS OF LOCATION FACTORS
(from 350 weighted returns)

o/ - o , v Total Percent
Factor o ~1st 2nd | 3rd  4th  5th Points ‘Weight
Market 118 44 35 24 13 928 18.9
Labor | 33 78 45 34 31 711 14.5
Raw Materials - 73 36 18 17 8 605 12.3
Building = . 26 . 28 29 15 9. 368 7.5
Site ‘ 7 18 30 22 14 25 329 6.7
Transportation 14 32 32 31 22 378 7.7
Distribution 10 25 37 31 20 343 7.0
Living Conditions 14 11 29 . . 35 35 306 6.2
Climate 11 g8 11 22 25 189 3.9
Industrial Fuel 3 12 20 14 14 165 3.4
Water | 3 7 12 10 8 107 2.2
Industrial Power 0 3 14 15 - 11 95 1.9
Financial Help 8 7 7 7 5 108 2.2
Taxes 5 5. 3 14 22 104 2.1
Laws and Regulations 1 2 5 6 14 54 1.1
Miscellaneous , 15 5 2 1 4 107 2.2
Source: Survey by Industrial Economics Research Division, Texas Engin-

eering Station, Texas A & M University, October 1954.
o/
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2.5 SUMMARY AND CONCLUSIONS

The studies reviewed above, whi;e dated, and at times
contradictory, provide useful infofﬁétion regarding the p;ant
location detefminants in general. ‘Table 15 présenis the major
plant 1océ£i6n’déterminants found in the seven studies summarized.
The‘information contained in this‘table clearly sgggesﬁs that
7proXimity to'market (and availébility), low transportationvservices
costs, andvlow labor costs are the three principal plant location de-
terminants. The fourth,determinant‘is the sﬁpply of raw matérials.

In terms of the six industries covered in this report,
this méans that for fexﬁiles,’cOﬁhcil and allied products and
fof ieather sectors, all of which have nationwide markets, 1oca- A
tion in any geothermal resource aréa could be a very attractive
proposition assuming that other plant 1ocation‘réquifeménts can
be satisfiéd, In‘the case of théjrood and Kindred Products sector,
‘plant 1ocation'mﬁs£ be close to population concentrations which
‘serve as market areas for the,food products produced; Lodation
for plants in tobacco and lumber and wood products sectors is

governed by raw material availability.
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TABLB 15

PLANT LOCATION DETERMINANTS FROM SELECTED STUDIES

Study

Plant Location Determinants

Glen E. McLaughlin and
S. Robock

1. Market Orientation (45%).
2. Raw Material Availability (30%).
3. Low labor costs (25%).

- Wilbur R. Thompson and
I. Mattila

1. Consumer Demand and Market
Orientation.
2. Low labor cost.

‘Note that Thompson and Mattila indicate

that local taxes has no significant

impact on industry location.

Benjamin Chinitz and
R. Vernon

1. Market Orientation

Robert Lichtenberg

l. Low transportation cost and
market orientation (51%).

2. External economics (15%).

3. ‘Historical factors (14%).

4. Low labor costs (81l%).

HarVey Perléff; eﬁ al

1. Market Orientation.

2. Agglomeratlon.
3. Labor.

4. Climate.

Victor Fuchs

1. Raw mater1al availability (lncludlng
climate).

The Fantus Company, Inc.

2. Low labor cost.

Weighted<sbore

Transportation:

Services _ - 53

Costs 41
Proximity to customers 46
State manpower training
. . assistance 31
Labor cost advantage - 24
-Low cost electric power . 24
Urban orientation 24
Proximity to raw materials = 1l
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CHAPTER 3

PLANT LOCATION DETERMINANTS:
RESULTS OF INTERVIEWS WITH INDUSTRY EXECUTIVES

3.0 INTRODUCTION

This chapter presents the views of over 30 industry exec-
utives (see Appendix A) interviewed in the course ofrthis‘study,
regarding the issues that determine‘locationrof industriai
plants in general and the impact'of'geothermal energy availabil-
ity on plant locatipon in particular. | o |

All of the executives interVieWed comprise senior personnel
in 30 companles which represent the six sectors of economy anal-
yzed in this study, i.e., Food and Klndred Products, Tobacco,
Textiles, Lumber and Wood Products, Chemicals and Allied Products,

and Leather and Leather Products.'

3.1 GENERAL COMMENTS

The interviews reihforced the findings regarding plant loca-
tion determinants presented in previous chapters of this report.
However, several general issues also contribute to the informa-
tion that impacts on the Department of Energy marketing effort
for direct utilization of geothermal energy.

The first issue pertains to the question regarding who within
an industrial/manufacturing firﬁ determines the location of a
new plant and/or chooses to utilize geothermal resources as a
source of energy for the plant. Our intertiews indicate that
such decisions are made at a very high level in the corporate struc-

ture of the firm. While typically such decisions are the result
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of a committee meeting, the principal member of such a committee
is usually a senior Vice President of a firm responsible for
corporate planning. The*cemmittee itself, in addition to the
Vice President for_Corporate Planning, typically includes the
Chief ExecutiveIOffieer of the firm, the senior representative
for engineering; i.e., Vice President for Engineering or Chief
Sc1entlsts, the Treasurer and the senlor representatlve of the
flrm for operatlons, i.e., Vlce Pre51dent for 0peratlons. While
at tlmes such a committee may request formal plant location
study (either from the internal staff of the firm or from outside
consultant), more ofren the locatioﬁ decisioﬁ'is made without
benefit of formel study.

The 1mp11cat10n of this method of dec1s1onmak1ng to the
direct geothermal energy marketlng effort by the Department of
Energy is clear--any and all marketlng efforts should be directed
at the senior executive level of all firms considered candidates
for direct use of geothermal energy.

The second issue resulting fyrom our interviews is that of
the familiarity of‘the senior executives with DOE - programs
to encourage utilization of the nation's'geothermel resources
in general and with the geothermal loan guaranty program
(GLBP) in particular. |

Our interviews with the senior executives in the six
sectors of economy indicate‘beyoﬁd~any doubt that the indus-
try is almost completely unaware of DOE's efforts to promote
direct use of geothermal resources. To be quite specific,

among the senior executives interviewed, only 13 were aware of
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the existence of the Federal Nonnuclear Energy Reseafch and
Development Act of 1974 (PL 93-577), only 3 out of 30 were aware
of the activities of Interagency Geothermal Coordinating Council,
and none were familiar with the existing Geothermal Loan Guar-
anty Program (GLGP).

While it cannot be claimed that the 30 senior executives
intef&iewed are representative of typical senior,executives-in
the industry, the absence of familiarity on their part’with fhe
Department of . Energy's programs for geothermal energy utiliza-
tion is élarming. In this light, our recommendation is that |
the Department of Energy prepare é'document which clearly~out-
lines thé Department's program for direct utilization of geo-
thermal resources as well as the procedures for geothermal<loan
guaranty programs.

The final general issue is that of technical knowledge of
diréét‘ﬁtilization of geothermal resources (as opposed'to insti-
tutional/government related issues of this) by the interﬁiewed
senior executives. |

In this regard, our interviews indicate that most of the
senior executives are vefy familiar with the technical feasibil-

ity of utilizing geothermal resources as a source of energy in

the opération. of their plants. In fact, 11 of the 30 senior

execuﬁives interviewed indicated that their firms have undertaken

investigations of geothermal energy use on their own.

This action suggests that the Department of Energy in its

-geothermal marketing program should concentrate on issues related

to financial and institutional assistance which the Department

can offer to the firms rather than on the technological feasibilify

S8

b

<




of the direct use of geothermal resources.
The remainder of this chapter presents the results of our
interviews with the 30 senior executiVes in the six sectors of *

industry selected for this report. -

3.2 FOOD AND KINDRED PRODUCTS

The principal plant location determinant in the Pood and
Kindred Products sector is close proximity to the consumer
markets. According to J. D. Forbes, Vice PreSident, Technicalﬁlw
Development of,the Kellog Company, a11 of the Kellog Company si
existing plants'are located within the large metropolitan areas;
of the nation and such location is a prerequiSite for all new
facilities. Purther, according to ocur interView with Mr. Forbes,
the specific site for a new facility must have immediate accessv‘
to a major highway which serves a market area. - B |

Energy supply and cost considerations are indeed important
to Kellog Company and this- firm has an engineering task force
evaluating all energy supply options including geothermal re-
sources; however, these energy issues‘remain secondary with
regard to a location of new facilities. Provided that an
appropriate location can be determined which has geothermal 4
resource, Kellog Comapny would certainly investigate the feasi-f
bility of direct geothermal resource application. | w

' The principal current factors whichndlitateagainst use
of,direct»geothermal;energy‘according}to:Mr. rorbesware as
follows:‘”i‘ | ) . | |

e Lack of engineering experience With geothermal
energy ‘sources by Kellog engineers;

. S
P
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® Considerable initial capital requirements for the
development of geothermal resources as compared
to conventional energy sources;

e Potential impacts on environmental from geothermal
resource use and the need for various permits
from Federal and state environmental offices.

e Absence of interest by Federal government to
encourage geothermal resource use.

‘Mr, Forbes' comments regarding high initial capital costs
of geothermal resource development were fully supported by
Gerard Coiley, Pﬁrchasing Director, American Brands, Inc. Accord-
.ing to Mr, Coiley, the absence. of any major prototype full
scale direct geothermal resoufce utilization plants creates a
risk factor which the management of American Brands Inc., pre-
fers not to face until the geothermal resource development
costs are firmly established.

In Mr. Coiley's opinion, the current Geothermal Loan Guar~-
anty Program (GLGP) does not offer sufficient inducement forb
- a firm to develop geothermal resources for a new production
facility.

The same opinion was held by Mr. Geofge King, Manager of
Planning of R. J. Reynolds Industries, Inc., by Mr. Jay Lind,
President, Sebastian Stuart Fish Company, and by almost all
other executives we interviewed,

‘A closely related concern-expressed by almost all of those
interviewed in the Food and Kindred Products sector, was that
the in-house engineering staffs of food manufacturing firms’as
a rule are relatively ill equipped to undertake the necessary
design and construction of geothermal energy facilities.

An example of this factor's importance in the-utilizatiqn
of geothermal resources by a firm can be readily seen in the
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case of Del Monte éorporation, a major food processor and a
subsidiary ef'R. J. ReyneldsVIndustﬁies. Del Monte Corporation's
numerous food processing’facilities are located difecﬁlvaithin'
several geothermai resource areas in California. Further,
another subsidiary of R. J. Reynolds Industries, Aminoil USA, Inc.
is one of the principal developers of the Geysers geothermal
steam-powered electric generating facility. |

In spite of the obvious expertise in geothermal resource‘
development by Aminoil Usa, inc., Del Monte Corporation's
engineers, according to George King, have not considered the
use of geothermal resources in their California facilities
because of their unfamiliarity in this aree.

‘Ail of the factors related to potential use of geothermal
resources by the Food and Kindred Products sector discussed above
have been supported by Dr. Lee Harrow, the Principal Scientist
of H. J. Heinz Company. According to Dr. Harrow, the principal
plant location determinant for Food and Kindred Products sector
is immediate accessibility to the market. If this criteria is
satisfied and geothermal resources exist on the site, food pro-
cessing firmsg would be interested in utilizing these resources
provided that:

e Federal government undertakes additlonal engineer-
. ing effort to establish feasibillty of the direct
geothermai energy use;

e Initial capital costs of geothermal resource dev*
eloPment are well established and reasonable;

e A pool of englneerlng knowledge exists which can
" rénder technical assistance in the design and
development of direct geothermal utzllzatlon

- facilities.
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Since a large number of seafood processing,plants in the
Nofthwest states are located in geothermal resource regions, a
special;effort was made to determine the potential of geothermal
reeource application  to seafood processing faciiities;

" The principal plant location determinants for seafood. -
processing firms are accessibility to the rail, truck and water-
borne transportation facilities rather than the supply and cost of
energy- for operations.

According to Jay Lind, President of Sebastian Stuart Fish
Company, all seafood processing plants must bevlocated in close
proximity.to the ports and harbors where raw material is un-
loaded from the fishing boats. The reason for this'is;?of
course, the perishable nature of the seafood. |

Further, as stated by Dr. William Jensen, President of
West Coast Fisheries Development Foundation, most‘of‘the pro-
cessed seafood is transported to the markets by ra11 and truck
and therefore, access to these transportatlon serv1ces 1s of
cardinal importance. Note that in the case of seafood process-
ing operations located in Alaska, all of tnese companies trans-
port their processed products to markets by eeaborne commerce
and therefore all of the Alaskan seafood processing plants are
vlocated close to harbors. | |
| Furthermore, as stated. by Mr. Lind, Dr, Jensen and
by Anthony V. Mizetich, the Dlrector of Government Relatzons,}
Starkist Foods, Inc., energy requlrements ;n seafood processing
are not an important consideration. In summary, seafood pno- .
cessing operations represent a'marginal,canoidate for direct use

of geothermal energy resources.
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In summary, our interviews with the senior executives in
Food and Kindred Products firms, as well as the information and .
empirical data contained in,verious_reports;kindicate}that the .
principal plant location determinant for tﬁis sector is close .

proximity to large population. concentrations, i.e., immediate

proximity to the market area of the firm's output.
_Provided that this location requirement can be satisfied,
considerable interest exists in the Food and Kindred Products
industry to use geothermal resources as a source of energy
in their operaﬁions,
! However, it is clear from our interviews that in order .
to successfully assure direct utilization of geothermal energy

by this sector, the Department of Energy must provide additional

technical and administrative information to the industry.

3.2.1 Tobaeco
The cardinal plant lbceﬁion_deﬁefminanﬁ for tobacco sector
is close proximity to the tobacco grOWing‘areas; aceording
to Gerard CoileY},?uréhaSing Manager, Americén Brands, Inc.
and George King, Manager Of‘Cerperste Planning; R. J. Reynolds
Industries, Incorpe:aﬁed; . | |
'However,'the'utilizeﬁien'Of geotherdal resourcesvby a
tobacco proce551ng flrm faces several other obstacles,'lncludlng'
. Absence of experlence regarding geothermal re-
source development by the in-house englneerlng

staff of tobacco proce551ng firms;

° Unknown 1nit1al capital costs of geothermal
resource development;

e Potential’ environmental issues resulting from
geothermal resource use,
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Invsﬁmmary, the obstacles to introduce direct use of geo-
thermal energy in Tobacco Manufacturing sector are almost
identical to those in Food and Kindred Products sector. How- -
ever, the fact must be stressed again that'neither of the two
executives interviewed in this sector of economy, and indeed
both Mr. George King and Mr. Gerard Coiley are senior executives
in their}respective firms, had information on Department of

" Energy Geothermal Resource Programs.

3.2.2 Textile Millé Products

All of the senior executives interviewed in the textile
mill product sector clearly identified low labor rates and/or
nonunion labor as the principal plant location determinant.

| As stated by Gordon T. Washington, Vice President for
Engineering of Blue Bell Incorporated and Irhy Wright, Energy
Coordinator, also with Blue Bell Incorporated, the low labor
rates factor dominates all other considerations in plant site
~_selection.

The third top determinant according to O'Jay Niles, Dir-
ector of Government Relations, American Textile Manufacturers
Institute, Inc., is accessibility by truck to major markets.
Energy is an important consideration but according to Mr.

Niles the Federal government has done little if anything to

prove information concerning the technical feasibility of the
direct use of geothermal energy. Further, the textile industry
has experienéed several major technical difficulties in their solar
applications, and before any major textile firm will undertake

planning for direct use of geothermal energy it will require
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considerably more technical informatiop‘from the Depéftmént of
Energy. |

An identical view was also strongly"édﬁocated by Mr.
John Morgan, Director of Energy of Burlington Industries.
ﬁowever, Mr. Morgan did indicate that the potential of direct
utilization of geothermal energy in textile industry is signif-‘
icant provided that tne pDepartmernt of Energy undértakes necessary
R&D efforts to clearly establish the feasibilitygof geo-~

thermal resource use as well as capital and operating costs.

3.2.3 Lumber and Wood Products

Lumber and Wood Products sector offers good opportunities
for direct utilization of geothermal resources in kiln drying
and related applications.

The principal determinant of whether or not firms in this
industry will use géothermal resources in their'opérations,
according to Alex M. Fisken, Senior Vice President for Faéil-
itieé, Planning and T2chnology of Weyerhaeuser Corporation, is the
location of such resources. VAs stated by Mr. Fisken, all of
the Weyerhaeuser saw mill opérétions (and this is true for the
other firms in this sector) are located on sites carefully sel-
ected to minimize transportation costsiof'raw logs to the saw
mill. | | |

I1f geothermal résourcés’are available at the selected
éites, utilization of geothermal resources willfbe given con-
siderable consideration. Weyefhaeuser'CorpOratioh, for example,
has in the last two years undertéken several feasibility'Stﬁdies

on this issue. However, in the event that geothermal resources
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are not readily available at the site selected for mill opera-
tions, it is not likely that a  mill site will be moved to:
a location simply to access geothermal resources.

The principal reason for not moving is the ability of
most well-designed lumber mills to be self sufficient in their
energy demands by utilizing tree bark and wood scrap for their
heat requirements. According to B. Taggart Edwards, Vice
President, Lumber and Plywood Division, St. Regis Cempany;
most mills constructed or planned for construction after the mid-
1970's have been designed to be energy self sufficient.

Two types of mills are an exception to this rule: mills
designed after 1960 but before 1975; and mills with log input
of less than 30 million board feet per annum.

The former type is an exception because these mills were
designed during a time when oil was relatively inexpensive
and no prbvisions were made in -the ‘design of these facilities
to utilize bark and wood scrap.

The number of such facilities, however, are limited, ac-
cording to Carval T. Tolar, Vice President, Engineering, Georgia
PacifiC'Corpqration. Further,-eveh in this case, the economics
of design ahd‘construction may favor redesign of these facilities
for use of bark and wood scrap as a source of fuel rather than
to use dlrect geothermal energy. However, since bark and wood
scrap can be readlly used by the flrm in productlon of plywood
and. related products, or sell these by-products to pulp and
paper mllls, utilization of dlrect geothermal resources appears’

to be a'very ‘attractive propos;tlon.
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© Thus, the smaller lumber mills which comprise pert of the
market.are~more'likely(tergets,for direct use of geothermal
resources.~" o ;; gggﬁu

In summary, the Lumber and Wood Products sector offers good

opportunities for the direct'utilization of-qeOthermal'resources.
The principal obstacle to increased use of geothermal resources
by firms in this sector is their supply of bark and wooden
scrap which can-be used to meet the firm's energy requirements.
HoWeVer,]as.noted”aboVe, these byproducts can also serve in the manu-
facture of pleood,,wallboard,and‘other products.

"According‘to Mr.'C.iT. Toler, the technology trends ‘in
this'industry vaor utilisation’of these byproducts. If it
can be shown that direct utilization of geothermal energy is
feasible in this sector, firms will utilize this energy source.

However, all of those.1nterv1ewed expressed 51gn1f1cant

doubts'ebout;the:current'stateeof-art‘in'the direct utilization-
'of5geothermal resources. .All. of those interviewed suggested that
additional‘Federaljgovernmént-supported demonstrationmprograms
should be undertaken to'clearly’establish feasibility of direct
geothermal resources use as well as to establish firm capital

¢requ1rements.

3. 2 4 Chemicals and Allied Products

Chemlcals and Allied Products sector presents an excellent
potential for direct use of geothermal resources in their plants.
Energy supply and/or cost is not, however, the principal plant |

1ocation determinant.,
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According to our interviews, the principal plant location
déterminants in this sector, in order of importance, are:

(1) Accessibility to the markets by both rail and truck
‘and access to waterborne transport (both ocean and
inland waterways);

(2) Nearby availability of raw materials and/or gcceSs
td suppliers of raw materials;

(3) Availability of skilled labor force or 1abot pool
thatlcan be trained in the necessary skills;

(4) Location in relatively close proximity to the markets

(in practical terms this means East Coast, the Midwest,
center in the Chicago area, and California.)
The accessibility to various modes of transportation is clearly
the dominant location determinant and its importance was
stressed by almost all of those interviewed.

The importance of prqximity'to raw material supply as a
leccation determinant was emphasized@ by those firms which produced
bulk chemicals such as Mr. Hal Rozier, Vice President, Royster
Company;‘w. H. Glick, Vice President, Engineering and Adminis-
tration, BASF Wyandotte Corporation; P, L. Maisto, Director of
Energy and Feedstocks BASF Wyandotte Corporationm, and Chester
Knowles,‘Director'Enﬁironment»and Energy, Olin Corporation.

, On the other hand, those chemical and allied product firms
which principal1y manufacture industrial and consumér end-
products stressed the importance of proximity to markets as the
plant'location determinant. For example, this factor was em-

phasized by J. Lawrence Wilson, Group Vice President, Chief
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Financial Officer and Treasurer of Rohm and Haas Company, Roy
Djuvik, Director of Operations,?North America, Rohm and Haas
Company, Robert L. Harness, Manager Regulatory Affairs, Monsanto
Corporation and Robert B Murray, Vice Pre51dent, Director
Corporate Planning, Eastman Kodak Company.: |

- Several factors adversely affect the adoption of direct
geothermal resource utilization by the Chemical and Allied Pro-
ducts sector. The first of these is the fact that most of the
expansion in this industry during the past decade has taken
place by addltrons to the existing plants rather than construc-
tion of "greenfield" facilities. This, according to Mr. Carl O.
Skoggard, Senior Vice President, Westvaco Corporation, is the
direct result of various environmental regulations which ef-
fectively prohibit construction of new plants.

. Anotherﬁfactor‘that,militates against use of direct geo-
thermal energy is the presence of technological risks that such
undertaking may present, as empha51zed by Wllllam B. Hayes,
Vice President for Operations of Kerr McGee.

These’rlsks are especially high because of the limited
large-scale operations with direct utilization of ‘geothermal
resources. Most of thoseAinterviewed haa,very limited‘knowledge
of the location 6f'§e0thrmal resource regione,“and'ofathe tech-
nolegies empleyed‘in direct geothermal'energy applicatien.
However, unlikelthe'case;of Food and Kindred Producta sector, or
Tobacee sector, all of those iuterviewea maintained that their .
in-heuse enéiueering staffs couldsucceasfulkyaesignVand‘bperate-

direct geothermal resource utilization facilities.
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Finally, several of those interviewed expressed the need
for an explicit understanding (i.e., a formal agreement)ﬂbétween
a firm and the Federal government that in the event a firm under-
takes a direct geothermal utilization project, interference of -
any kind by~the Federal government should be avoided, and that
the Federal government should‘not treat the facility a§ a test
demonstration project.: ’

In summary, location of ‘Chemical and Allied Products:
plants are determined by factors such as access to transpo:ta-
tion facilities of all modes aqd accessibility to raw materials
ana ﬁarkets,‘ Eneréy‘supply ahd/or‘céstris not the principal
planfllodétion detefminant.} Neverfheless, our intervigws sug-
gest.that this séctor Offers,good opportuﬁity for diréct'geo-
théiﬁal'resdurcebaéplication, prévidedlﬁhé.indust:y isvmade

aware of these opportunities for geothermal resource utilization.

3.2.5 ‘Leather:and'LeatheraProdﬁCts

Leather and Leather Products sector offers only marginal
opportunity for -direct use of geothermal resources. A number
of factors contribute to this observation.

First, according to Roberf Stix,:G:oup Vice President,
Manufacturing Operations, U.S.‘Shoe Corporation, cost<bf’energy
in leather tanning, proéessing ahd shoe manufacture is not an
importaht consideration. Rather, according to Mr. Stix, and
‘he is suppdrted in this by Mr. Robert Feitler; President of the
Wegenbérnghoe Manufacturing Company, thé concentration'of the
leather tannihg énd shqe mahufacturing opérationsfin Chicago

region and New England has beenvdetermined histofically.' Both
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regions are void of geothermal resources.

While there is a concentration of leafher ‘and leather
products . firms in Tennessee, interviews with Mr, Dan Gregory;
Deputy General Manager, Footwear Sector, Mr, George Langstaff,
Manager of Operations, and Mr. R. E. McLendon, Facilities, all
of Genesco, Incorporated, clearly established the very depressed
status of this ihdustry, with essentially no capital spending

for new facilities or rennovation of existing plants.

3.3 CONChUSIONS

- Our éonclusions,'based oh intérviews, suggest that in the
case of'chemicéls and Allied Products, Textiles and Food and
Kindred Products sectors, good opportunities exist for,the‘ap-
plication of direct geothermai enefgy in their producfion pro-
cesses, | | o o A

| Tobacco sector offers more llmlted opportunity, ‘and in the
Leather and Leather Products sector, such opportunities are
margihal at best. ‘

However, in our intefviews we have alsovdete:mined that a
number of changes in the Department of Energy Geothermal Pro-
grams must be made in order to assure industries’ interest in
direct use of geothermal resources. .

- The following chapter contaiﬁs our recommendations for

such changes.
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CHAPTER 4

PROBABLE ‘PLANT LOCATIONS IN
GEOTHERMAL RESOURCE REGIONS

The objective of this chapter:is to indicate the probable

number of new facilities of the éix‘industry sectors co&exed

in this report that can be reasonably expected to be located

in the 1980 to 1990 period in geothermal resource regions.
Because of the complexity of the piant location factors‘already
discussed it should be clear that'ény indications of the future
plant locations are highly putativeiand tenative. Nevertheless'
on the basis of our interviewé some indication of probable

facility location in geothermal‘resource regions ié possible.

4.1 FOOD AND KINDRED BRODUCTS

Our interviews suggest that in the 1980 to 1990 decade
about 15 to 20 neﬁ major faci;ities of this industry will be
located in the Southeasiern gebthErmal resource region with an
additional 10 to 15 new facilities located in California, and

not more than five in the Gulf States.

4.2 TOBAéCO

Our interviews suggest that not more than two or three new
major tobacco processing/manufacturing facilities will be
established in the 1980 t071990 period. BAll of these will be
located within tobacco growing areas in Virginia and the

Carolinas.
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4.3 TEXTILE MILLS PRODUCTS

On the basis of our interviews we estimate that about
six to eight new textiieuﬁiils‘wiil be located in the South~

Eastern Geothermal resource region in the 1980 to 1990 period.

4.4 LEATHER AND LEATHER PRODUCTS

Our interviews indicate that iﬁ is reasonable to expect
about twobtd four1new'facilitieé}of thisFSegtox,to be established
in the Southeastern geoﬁhermal résource fégion; with an additional
three to six such facilities in the Gulf states and two to three

new facilities in California.-

4.5 LUMBER AND LUMBER PRODUCTS"

Our ihtervieWS'indicate that there will be a major geographic
shift of the lumber and lumber proddcts sectorraCtivitieé from
the P;cific No;thwest tq the Southéasternruhited4States; Such a
geographic relocation of.this.sector will result in establishment
of new processingrfacilities in the Southeastern geothermal
résource region. Our estimates, based on interviews, suggest that
it is reésonable to expect gpproximately six to ten such new

facilities to be established in the 1980 to 1990 period.
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

Our interviews with the 30 senior industry éxecutivés,
subseqﬁént discussions with these e#ecutives and surveys of
pertinént documents, unmistakably indicate a general and per-
vasive absence of knowledge of the Department of Energy'Geo-
thermal Energy Program by industry executives.

This absence of knowledge of the various program elements
that comprise the Department's Geothermal Energy Policy and
activities is unfortunate because it stymies the success of the
Department's marketing effort.

Fortunately, this lack of knowledge can be readily over-
come by'the Department of Energy if certain programs and activi-
ties are undertaken. The remaining portion of this chapter will
present, in a summary manner, our principal findings and our
recommendations.

5.1 FINDINGS AND RECOMMENDATIONS:
' LOCATION OF GEOTHERMAL RESOURCE REGIONS

Almost all of the senior executives interviewed had at
best only limited knowledge regarding the spatial boundaries
and locations of geothermal resource regions in the United
States. Most of those interviewed pointed to the California
and Nevada area as the only regions which contain geothermal
resources of sufficient quality and quantity to be used by

industry.
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Our recommendation is that Department of Energy prepare

a comprehensive document*whiCh'clearly delineates the

geothermal resource reglons in the ﬁnlted States with

g\sJ ' appropriate additlonal 1nformatlon related to this

resource. We further recommend that thls document be

nailed to approprlate senior executlves (such as Vlce

Pres;dents for Corporate Plannzng) oF the major indus-

,trlal firms in the nation.

5.2 * FEASIBILITY OF DIRECT USE OF GEOTHERMAL RESOURCES

As noted,'most of the ‘executives wefinterviewed profeSSed
lack of knowledge of the feasibility of direct ‘use of geothermal
resources. | | B |

Our recommendation is for the Department of Energy

to prepare a concise statement on: this issue ‘supported

" by approprlate bibliography and contact person for

further information in the Department. ' We also recommend

that this statement lbe distributed'as above. -

5.3 POLICIES AND ACTIVITIES OF DEPARTMENT OF ENERGY :
REGARDING GEOTHERMAL ENERGY UTILIZATION ,

None of the executives we'interv;ewed had a clear under-
standing of the Department of Energy's policies and activities
with regard to the geothermalrenergy development,w~None were
aware of the Geothermal Loan Guaranty Programd(éLGP);-none"”
were familiar with the Geothermal Steam Act of 1970 (PL 91-581)
or Geothermal Energy Research, Development and Demonstration
Act of 1974 (PL 93-410) or the activ;tles of the Interagency

Geothermal Coordlnatlng Council.r
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Such knowledge on the part of executives is mandatory in
order to prepare these executives for marketing efforts.

Our recommendation is that the Department of Energy

prepare a document which presents this information in a

concise and clear manner and distributes this document

to the appropriate executives. At the‘minimum,Va fact

sheet on these issues with appropriate references for

the more detailed and comprehensive information, should

be prepared and distributed. We also recommend that the

Department of Energy appoint a person on its staff with

industry liaison responsibility and that the existence

of this person (resource) is made known to the industry.

5.4 FURTHER MARKETING ACTIVITIES

In this report the following five industry sectors were
identified as potential candidates for direct use of geothermal
resources:

(1) Food and Kindred Products;

(2) Tobacco;

(3) Textile Mills;

(4) Lumber and Wood Products; and

(5) Chemicals and Allied Products.

In order to carry this marketing activity forward, our recommenda-

tions are:

That the Department of Energy prepare a document

summarizing its geothermal energy program and assistance

it can render to the industry, and distribute this document

 to_the senior executives of the major firms in the five
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- sectors of industry. Concurrently the Department of

Energy personnel should seek personal meetings with

selected executives of the firms in these five sectors

to present before them the Department's‘policieS'with

»gggard'to the geothetmal energy development. The De-

partment of Energy should also, on the basis of this

report, identify site-specific locations within geothermal

resource areas and prepare and distribute fact sheets on

such locations to the industry. An alternate approach

to the above would be for the Department to engage for

this task a professional organization with expertise in

industrial site location.

Finally, we recommend that the Department of Energy

organize a conference for industry executives with the

objective of explaining Department of Enexgy geothermal

"utilization policies and activities. Judging from the

awareness level of those interviewed, the Department

of Energy might address several areas of concern with poten-

tial’indust:y users of geothermal energy. These'areas con=~

cern seed money for various successful prototype operations

and subsequent distribution of capital costs reguirements

igformation. Industry needs assurances that geothermal

energy usage will be profitable. Details on full-scale

"financing must be available upon which industry executives

can base their decisions. Included with these financial

data should be a basic plan to alleviate fears that industry

could not cope with environmental reguirements from other
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sectors of government. Environmental controls must be ex-

plained in terms of simplicity, and assuranc

industry will be able to meet these'requirements ecoﬂom-

ically and relatively quickly. Also assurances that govern-

ment would serve in an advisory capacity would lend credi-

bility to the Department of Energy's marketing efforts.
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APPENDIX A

" INDUSTRY LOCATION FACTORS FROM

.. ECONOMIC DEVELOPMENT ADMINISTRATIONS FILES




Excellent although dated empirical data pertaining to indus-
try location factors exist in EDA files. These data are contained
in computer printouts maintained by Economic Development Admin-
istration (EDA) of the Department of Commerce.l/ The data per-
tain to the‘year 1970 and according to EDA is the result of a
carefully conducted survey of a total of 2,950 companies.

The following is a pertinent description of this survey

as stated by EDA:

1/ For brief‘description of this data base see: Economic Dev-
elopment Administration, Manufacturing Plant Characteristics,

1870, June 1973.




Manufacturing industries which had demonstrated
reasonable growth between 1958 and 1967, or which ap-
peared to have good growth prospects in 1970, were
selected for inclusion in this: survey. These indus-
tries were identified by their Standard Industrial
Classification (SIC) and the Bureau of the Census 5-
digit product class. code number. Within these industries
and product classes, only plants with the following - -
characteristics were. included: (1) were primarily
engaged in the production of the growth product classes
(represented. by 50 percent or more of the total value
of shipments of the plant); and (2) had 100 or more
employees. It should be noted that manufacturing activ-
ities which are not eligible to receive assistance from
EDA to locate in designated areas (e.g., apparel manu-
facturing) were excluded from the scope of this survey.

The mailing panel consisted of selected individual
manufacturing ‘establishments in 254 product classes taken
from the 1967 Census of Manufacturers name and address
file. This listwas then matched against the 1570 Annual
Survey of Manufacturers to update plant identification
records for such items as name and address.

The panel selected, mail canvass, and proéessing of
‘returns were conducted by the Bureau of the Census as
collecting and compiling agent for EDA.
A total of 2,950 companies in 254 product classes
was selected as the mailing panel for this survey.
They received 5,500 Form ED-707A's and 3,800 Form ED-707B's.
Of these, 66 and 70 percent, respectlvely, were filed
and are included in. the tabulations. Respondents occas-
1onally omitted resporises to one or more of the specific
inquiries on the forms. No followup attempt was made to
secure a 100 percent response rate for all questions. 1/
From the computer printouts maintained by EDA, a total of
24 four-digit SIC inaustry sectors have been selected which“
correspond to the six major industry sectors selected for this
study. Table 13 enumerates the sectors selected.
As the information contained in Table lA suggests, the
‘industry sectors for which plant characteristics are available

-do not fully correspond to the six major industry sectors

.1_-/ Ibid l. 4 pp. 3-4 .




TABLE 1A

INDUSTRY SECTORS SELECTED FOR MANUFACTURING
PLANT CHARACTERISTICS ‘

743 : ‘}. L

SIC Code . : ‘ ~':  Sector

2086 | - ' ‘C 4 ﬁoﬁtled and Canned Soft Drinks
;256 ' ' Warp Knit Fabrics

2256 I-_C - T Circuiarbxnit Fabrics

2272 SRS Tufted Cafpets‘and rugs

2295 o R Vinyl Céeted~Fabrics

2432 . softwood Plywood

243é | “: I;‘ o | Nonwood-face Plywood

2432 IAI‘A , Softwood Veneer

_2915' o - L Cyclic (coal tar) 1ntermed1ates
»2815' | S Synthetlc Organic Dyes |
Iéélé o | : | Anlscellaneous Acyclic Chemicals
2819 o Synthetic Ammonia |
2821 ' ' , v ihermpplestic’Resins

2824 | | 7'; | , Noncellulosic Syhthetic Fibers
2833 | : | Synthetie Organic Medicinal Chemicals
2834 | A'JVV | . . Phermaceutical‘Preparations
2834u N N o Vitamine,‘Nutrients |
2?42‘, ‘k" : | | Specialty Cleaning Prp&uets
2844 , \ . 77 o Perfumes, etc.

28#4“ | o N Miscellaneous Cosmetics

2379 - ' VLAF\ Agricultural Insecticidal Preparatlons

2899 - | - ‘M;scellaneous Chemicals




selected for this study. |

bata for only one sector of the Food and Kindred Products
industry is available; there is no information for Tobacco and
Leather and Leather Products sectors. Nevertheless, the data
for the 27 industry sectors which are available provide some
indication whether the plant location determinants which in-
dustry asserts to be of c:itical importance are indeed important.

Tables 2A through 25A present the EDA data for the 27 sec-
térs of indﬁstry. These data clearly support our principal
findings reported previously. In general terms, the data clearly
indicate that accessibility by truck rather than railroad, water
orvair transport is of critical_importance to all industry sec-
tors. Conversely, in the other sectors accessibility per se
and not the distance or time spent in delivering goods to the
market areas is important, except in the case of Food and Kindred
Products sector.

The implication of this finding is that except for Food
and Kindred Products sector, the location of a firm can be
distant from the market areas, provided the location has out-
standing accessibility. Among the modes of transport, trucking
is dominant followed by rail.

Location in industrial parks is apparently of marginal
importance to most industryrsectors. Except for Food and Kindred
| Products sector, availability_of public water systems,is also
relatively unimportant.

The single important plant location characteristic that

should be additionally emphasized is the large size of plant site




used by Chémicals and Allied Products sector. For example, for
industrial chemicals (i.e., SIC 2818), 75 percent of plants
‘were lodatédrcn'plant sites 51 acres of larger, and 50 percent
were located on sites loo\écres oiulargefitw

Thus,“availability of large parcels of appropriate indus-
trial land is of critical impdrtance for the Chemical and Allied
Product sector; to a SOm;whaf'iesserléxtenf, this is also trﬁe

for Textiles and Lumber and Wood Products sectors. : J




I1.

III.

IV.

- TAELE 2A

&ﬂNEY(E‘MN%E%GHEENGI&ANT(JERH:HQHSTKEL INDUSTRY

S1c 2086

Population of City or Place in Wthh
- Plant is Located

(1) 50,000 or more
(2) LeSs than 50,000

Distance of Plant From City

(1) Less than 50 miles
- (2) 50 miles or more.

A. Is Plant Located in an Industrial Park

‘(1) Yes
(2) No

B. Approxlmate Size of Plant Site

(1) Less than one acre
(2) 1-4 acres

(3) 5-20 acres

(4) 21-50 acres

(5) 51-100 acres

(6) Over 100 acres

'Productsyénd Material Delivery Schedules

A. Products Shipped by Plant

(1) Same day delivery

(2) Overnight delivery

(3) Next day delivery

(4) Two-days delivery "
(5) More than two-days delivery

B. Materials Received at Plant

(1) Same day delivery

(2) Overnight delivery

(3) Next day delivery

(4) Two-days delivery

(5) More than two-days delivery

Percent of Plants

Wi
OINJ WIS

73

13"
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VI.

Source:

TABLE 2A

SUMEX’GF)@NWNIHURD«;PHMHTCE&ECH&ESﬂKS, INDUSTRY

SIC 2086

Deiivery Methods for Products and Materials

: A:-‘Products Shipped by Plant

(1) Air

(2) wWater

(3) Rail
. (4) Truck

B. Materials Received at Plant,

(1) Air

(2) Water
(3) Rail
(4) Truck

- Water Supply

A. - Does&This Plant Use a Public Water System

(1) Yes
(2) No

Characteristics, 1973,

Percent of Plants

lololo

)

N

i [}

\lqwoo

O+

Economic Development Administration, Manufacturing Plant

-A-? : Page 2 of 2




11,

I1I.

TAEIE 3A

SURVEY OF MANUFACTURING PIANT CHARACTERISTICS, INDUSTRY

SIC 2256
Population of City or Place in Which
Plant is Located

(1) 50,000 or more
(2) Less than 50, 000

Dlstance of Plant From Clty

(1) Less than 50 mlles
(2) 50 miles or more

A. Is Plant Located in an Industr1a1 Park

(1) Yes
(2) No

B. Approx1mate Size of Plant Slte

(1) Less than one acre
(2) 1-4 acres

(3) 5-20 acres

(4) 21-50 acres

(5) 51-100 acres

(6) Over 100 acres

Products and Material Delivery Schedules
A. Products Shipped by Plant

(1) Same day delivery

(2) Overnight delivery

(3) Next day delivery

(4) Two-days delivery :

(5) More than two-days delivery

B. Materials Received at Plant

(1) same day delivery
"(2) Overnight delivery
(3) Next day delivery
(4) Two-days delivery -
(5) More than two-days dellvery

Perceﬁt of Plants

93

79
21

" ‘

{

N :
olwjolNjolo

e

20
33
20

13
20
20
47
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TABLE 3A

SﬁWEY(E’MN%E%CHEEMSPLMGTCHMGCHEHSNIS,IND&HRY

SIC 2256

gy

V. Delivery Methods for Products and Materlals

A. Products Shlpped by ‘Plant

(1) Air

(2) Water
- (3) Rail
- (4) Truck

B. Materials Received at Plant
(1) Air
(2) Water

- (3) Rail .
(4) Truck

VI.' Water Supply

* A. Does This Plant Use a Public Water System

(1) Yes
(2) No

Percent of Plants

20
80

67
33

Source: Economic Development Admlnlstratlon, Manufacturlng Plant

Characterlstics, 1973.
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II.

I1I.

.

TARLE 4A

SURVEY OF MANUFACTURING PLANT CHARACTERISTICS, INDUSTRY

- sIC 2256

Population of City or Place in Which
Plant is Located

(1) 50,000 or more
(2) Less than 50,000

Distance of Plant From City

‘(1) tess than 50 miles
(2) 50 miles or more

A. 1Is Plant Located in an Industrial Park

- (1) Yes
(2) No

_B.ﬂ'Approximate Size of Plant Site

(1) Less than one acre
(2) 1-4 acres

(3) 5-20 acres

(4) 21-50 acres

(5) 51-100 acres

(6) Over 100 acres

Products and Material Delivery Schedules
A. Products Shipped by Plant

().) Same day delivery

(2) Overnight delivery

(3) Next day delivery

(4) Two-days delivery _

(5) More than two-days delivery

B. Materials Received at Plant

(1) Same day delivery
(2) Overnight delivery
(3) Next day delivery
(4) Two-days delivery
. (5) More than two-days delivery

A-10

- Percent of Plants

25
1S

73
27

100

25
40
25

10

15
25
50

10
10
10
20
50
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VI,

s

TABLE 42

SUNEﬂ’QFD@NWNKEURDMEPEANT(JFEACHEESEKS, nuxtnﬂy

SIC 2256

Delivery Methods for Products and Materials

(1) ‘Air

(2) Water

(3) Rail
- (4) Truck

B. Materials

- (1) air
(2) Water
(3) Rail
(4) Truck

,Water Supply

. A. Does This

(1) Yes
(2) No

2. Products Shipped by Plant

Received at Plant

Flant Use a Public Water System

Characteristics, 1973. '

" percent of Plants

75
25

Economlc Development Administraticn, Manufacturing Plant

‘a-11  Page 2 of 2




I1.

} III.

Iv.

TARIE SA

SURVEY OF MPANUFACTURING PLANT CHARACTERISTICS, INDUSTRY

SIC 2272

Population of City or Place in Which
Plant is Located ' :

(1) 50,000 or more
(2) Less than 50,000

Distance of Plant From City

(1) Less than 50 miles
"~ (2) 50 miles or more

A. 1Is Plant Located in an Industrial Park

(1) Yes
(2) No

' B. Approximate Size of Plant Site

(1) Less than one acre
(2) 1-4 acres

(3) 5-20 acres

(4) 21-50 acres

(5) 51-100 acres

(6) Over 100 acres

Products and Material Delivery Schedules

A. Products Shipped by Plant

().) Same day delivery

(2) Overnight delivery

(3) Next gay delivery

(4) Two-days delivery

(5) More than two-days delivery

B. Materials Received at Plant

(1) Same day delivery
(2) Overnight delivery
(3) Next day delivery
(4) Two-days delivery
(5) More than two-days delivery

A-12

Percent of Plants

18
-

617
34

29
71

21
45

1]
_ 16~

138

11

13

13
11
58
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'TABLE 5A

SUHWﬂ'GFD@NWNKHURDI;EU%H‘Gﬂ%&CﬂﬂUSﬁKﬁ, INDUSTRY
SIC 2272

Percent of Plants

V. Deiivery Methods for Products and Materials
‘A, Products Shipped by Plant

(1) airxr
(2) Water
(3) Rail o
(4) Truck 9

Ininb b

B, Materials Received at Plant

(1) air
(2) Water
(3) Rail
(4) Truck : ; 9

~jwlojo

VI. Wate:.Sﬁpplyv v
| A. Does This Plant Use a Public Water System

(1) Yes | | o o 87
(2) No _ | 13

- Source: Economic Development Admlnlstratlon, Manufacturlng Plant
Characteristics, 1973.
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o . TARIE 6A

SHN"Y(E‘MN“E%CHEEMSPﬂMﬂ?GWﬁECHﬁESﬂES,]NU%HRY

SIC 2295

_I,,,Populatlon of City or Place in Which
B -Plant is Located

(1) 50,000 or morer,
(2) Less than 50,000

II.. . Dlstance of Plant From City

,(1) Less than 50 miles
(2) 50 miles or more

III. A. Is Plant Located in an Industrial Park

(1) Yes
:(2) No _

. B.. Approxmmate Size of Plant Site

- (1) Less than one acre
(2) 1-4 acres

(3) 5=20 acres

(4) 21-50 acres

(5) 51-100 acres

(6) Over 100 acres

1v. :Proﬁuctsfand Material Delivery Schedules
A, Prbducts Shipped by Plant

(1) Same day delivery

(2) Overnight delivery

(3) Next day delivery

(4) Two-days delivery

(5) More than two-days delivery

B. Materials Received at Plant
(1) Same day delivery
(2) Overnight delivery
(3) Next day delivery

(4) Two-days delivery
(5) More than two-days delivery

A-14

Percent of Plants

da

80
20

—TU0

YV
~5g

22

11
11
~%3

‘ BN :
ojslwlojvio

L ()
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TABLE = 6A

Sﬂ%&ﬂ'ﬁ?D@NWNKHURD«?PU@H‘CHKHKHERI&HIS,'DEXETRY
SIC 2295 o

v R

:PerCent'of'Plants

-/ v. ‘Delivery Methods for Products and Materials
A. Products Shipped by Plant R

(1) Air
(2) wWater
- (3) Rail L e ’
- (4) -Truck _ o 10

ojojolo

B. Materials Received at_Plant

(1) air

. (2) Water
(3) Rail : v
(4) Truck , o oo 10

O Ol Qj O

VI. Water Supply
. A.  Does This Plant Use a Public Water System

(1) Yes | o : £
(2) No , 91

‘Source: Economic Development Administration, Manufacturing Plant
R Characteristics, 1973.
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II.

I1II.

Iv.

TABLE 7A

SURVEY OF MANUFACTURING PLANT CHARACTERISTICS, INDUSTRY

SIC 2432

bPopulation of City or Place in Which

Plant is Located

(1) 50,000 or more
(2) Less than 50,000

Distance of Plant From City

(1) Less than 50 miles
(2) 50 miles or more

A. Is Plant Located in an Industrial Park

(1) Yes
(2) No

B. Approximate Size of Plant Site

(1) Less than one acre
(2) 1-4 acres

(3) 5-20 acres

(4) 21-50 acres

(5) 51-100 acres

(6) Over 100 acres

Products and Material Delivery Schedules
A. Products Shipped by Plant

(1) Same day delivery
(2) Overnight delivery
- (3) Next day delivery
(4) Two-days delivery
(5) More than two-days delivery

B. Materials Received at Plant

(1) Same day delivery
(2) Overnight delivery
(3) Next day delivery
(4) Two-days delivery
(5) More than two-days delivery

A-16

Percen

t of Plants

14

86

32.

68

17

83

28

28

17

28

lo

olojo oo
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TABLE 7A

SURVEY OF MANUFACTURING PLANT CHARACTERISTICS, INDUSTRY
SIC 2432

Percent of Plants

V. Delivery Methods for Products and Materials

A. Products Shipped by Plant

(1) air 0
(2) Water ’ 0
(3) Rail , 100

- (4) Truck v 1]

B, Materials Received at Plant

(1) air 0
(2) wWater ‘ 3
(3) Rail v 17
(4) Truck 75-

VI, Water Supply
A, Does This Plant Use a Public Water System

(1) Yes 53
(2) No S 47

Source: Economic Development Administration, Manufacturing Plant
‘ Characteristics, 1973. ' : -

Page 2 of 2
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TAELE 8A
&ﬂNEY(E‘MNWE%CHEENSPHMH?Cﬂﬂmpﬁ§E$H£S,IMIEHRY

SIC 2432 Percent of Plants

~I. Population of City or Place in Whlch
: ' Plant”istocated

(1) 50,000 or more . ‘ .25
(2) Less than 50,000 - ‘ 15

II. Distance of Plant From City

1 7 (1) Less than 50 miles N Y
- -(2) 50 miles or more | —33"

IiI. A. Is Plant Located in an Industrial Park

(1) Yes o ] - 38
.(2) No . : 162

B. Approximate Size of Plant Site

(1) Less than one acre ‘ 0
(2) 1-4 acres 25
(3) 5-20 acres = _ \ o 25
(4) 21-50 acres ' __ 25
(5) 51-100 acres 0
'(6) Over 100 acres ~ 25

v. ,Products and Materzal Delivery Schedules

A. Products Shipped by Plant.

(1) Same day delivery , 0
(2) Overnight delivery ' 0
(3) Next day delivery - - : E 13
(4) Two-days delivery > o 13
(5) More than two-days delivery 74

B. Materlals Recelved at Plant

(1) Same -day delivery 13
(2) Overnight delivery 0
(3) Next day delivery 13
(4) Two-days delivery 0
74

(5) More than two-days delivery

A=lt Page 1 of 2




VIo ’

Source:

TABLE 8a

SURVEY e MANUFACI‘URING PI.ANI’ CHARACIERISTICS, INDUSTRY '

SIC 2432

[
i

Delivery Methods for Products and Materials

- A+ Products Shipped by plant

(l).Air
(2) wWater
{3). Rail
-{4) 'I’ruck

"~ B Materials Received at. Plant

(1) Air

" (2) Water

" (3) Rail
(4) Truok :

Water Supply |
"‘Aa Does This Plant Use a Public water System -

(1) Yes
@) No

g

Characteristics ¢ 19 7 3 .

[ % . -
oo ' ' A-19
(O .

_Percent of Plants

88

,”

Economic Development Administration, Manufacturing Plant

Pagerz-of'z




1I.

I1I.

TAELE 9A

SﬂNEY(E‘MNME%CHEUNSPEMH?CEM&CﬁﬂESﬂES,IMIEHRY

SIC 2432

Population of City or Place in Which
Plant is Located

(1) 50,000 or more
(2) Less than 50,000

Distance of Plant From City

(1) Less than 50 miles
(2) 50 miles or more

A. Is Plant Located in an Industrial Park

(1) Yes
(2) No

B. Approximate Size of Plant Site

(1) Less than one acre
(2) 1-4 acres

(3) 5-20 acres

(4) 21-50 acres

(5) 51-100 acres

(6) Over 100 acres

Products and Material Delivery Schedules
A. Products Shipped by Plant

(1) same day delivery
i2) Ovarnight delivery
- {3) Next day delivery
(4) Two-days delivery
(5) More than two-days delivery

B. Materials Received at Plant

(1) Same day delivery
(2) Overnight delivery
(3) Next day delivery
(4) Two-days delivery v
~(5) More than two-days delivery

A-20

Percent of Plants

100

Page 1 ol 2

-




V. Delivery Methods for Products and Materials

TABLE %A

SURVEY COF MANUFACTURING PLANT CHARACTERISTICS, INDUSTRY
SIC 2432

Percent of Plants

A. Products Shipped by Plant
(1) Air 0
(2) Water 0
(3) Rail 50
(4) Truck 50
B. Materials Received at Plant
(1) air 0
(2) Water 0
(3) Rail 0
(4) Truck 180°
VI. Water Supply
A. Does This Plant Use a Public Water System
(1) Yes 33
(2) No %]
Source: Economic Development Administration, Manufacturing Plant

Characteristics, 1973.
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II.

III.

iV.’

TARLE 10A

SURVEY OF MANUFACTURING PLANT CHARACI'ERISTICS, INDUSTRY

SIC 2815

. Population of City or Place in Which

Plant is Located

(1) 50,000 or more
(2) Less than 50,000

Distance of Plant From City

;(1) Less than 50 miles
(2) 50 miles or more

A. 1Is Plant Located in an Industrial Park

(1) Yes
(2) "No

B. Approximate Size of Plant Site

(1) Less than one acre
(2) 1-4 acres

(3) 5-20 acres

(4) 21-50 acres

(5) 51-100 acres

(6) Over 100 acres

Products and Material Delivery Schedules
A. Products Shipped by Plant

(1) Same day delivery
(2} Overnight delivery
© (3) Next day delivery
(4) Two-days delivery
(5) More than two-days delivery

B. Materials Received at Plant

(1) Same day delivery

(2) Overnight delivery

(3) Next day delivery

(4) Two-days delivery

(5) More than two-days delivery

A-22

Percent of Plants ‘

36
54

100

100

%:g:%&ujc

N WOWIO

N
[ Ko Yo RN 3

13
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TABLE 10A

E SUMEE’QFIQQMFACHEENSIEANT(3%RN:E§ESTKE% INDUSTRY
- szc 2815 | o
Percent of Plants

V. Delivery Methods for Products and Materials
.A.. Products Shipped by Plant
(1) Air . L ! 0

(2) water ' S ’ 10
(3) Rail ' , : 45
- (4) Truck o L 45

' B. Materials Received at Plant - 1
(1) air - | 0

-+ (2) Water 36 .
(3) ‘Rail 36
(4) Truck o 28

VI. Water Supply _
. A, Does This Plant Use a Public Water System o

(1) Yes - 36
(2)-No : _ 64

Source:- Economic Development Administration, Manufacturing Plant
Characteristics, 1973. . .

2=23. ‘ Page‘z of 2
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II.

III.

v.

TABLE 11A

SURVEY CF MANUFACTURING PLANT CHARACTERISTICS, INDUSTRY

sic 2815

'Populatlon of City or Place 1n Whlch

Plant is Located

(1) 50,000 or more
(2) Less than 50, 000

Dlstance of Plant From Clty

(1) Less than 50 mlles
(2) 50 miles or more

A. 1Is Plant Located in an Industrial Park

fa(l) Yes
v(2)~No

B. Approximate Size of Plant Site

(1) Less than one acre
(2) 1-4 acres
(3) 5-20 acres -
(4) 21-50 acres
(5) 51-100 acres
- (6) Over 100 acres

Products and Material Delivery Schedules

A. Products Shipped by Plant

(1) Same day delivery
(2) Overnight delivery
(3) Next day delivery
(4) Two-days delivery
(5) More than two-days dellvery

B. Materials Received at Plant

(1) Same day delivery

(2) Overnight delivery

(3) Next day delivery

(4) Two-days delivery

(5) More than two-days delivery

A=-24

Pércent of Plants

71
.29

100

100

29
14

29
29

Lo =]

wlow

o slojolo

0]
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TABLE llA

SUH&Q’GFDHWMEN:HEENGIEANP(EERNIHE&SEKS, INDUSTRY

SIC 2815

V. Delivery Methods for Products and Materials
'BA. Products Shipped by Plant ~

(1) Air
(2) Water
(3) Rail
(4) Truck

B. Mateiials Received at Plant
(1) air
(2) Water
-(3) Rail
(4) Truck

vI. Water Suppiy_

A. Does This Plant Use a Public Water System

(1) Yes
(2) No

- Percent bf Plants

nire
qk»

fSource:' Economic Development Admlnistratlon, Manﬁfacturing Plant

Characterlstlcs, 1973.

A-25
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II.

I1I.

¢ IV,

TARLE 12A

fSUBVEY(E‘NENUEMﬂREﬂNG PIANT CHARACTERISTICS, INDUSTRY

SIC 2818

Population of City or Place in Which
Plant is Located

(1) 50,000 or more
(2) Less than 50,000

Distance of Plant From City

(1) Less than 50 miles
(2) 50 miles or more

A. Is Plant Located in an Industrial Park

(1) Yes
(2) No

B. Approximate Size of Plant Site

(1) Less than one acre
(2) 1-4 acres
(3) 5-20 acres
(4) 21-50 acres
, (5) 51-100 acres
* . (6) Over 100 acres

Products and Material Delivery Schedules
A. Products Shipped by Plant

(1) Same day delivery
(2) Overnight delivery
(3) Next day delivery """
(4) Two-days delivery
(5) More than two-days delivery

B. Materials Received at Plant

(1) Same day delivery

(2) Overnight delivery

(3) Next day delivery

(4) Two-days delivery

(5) More than two-days delivery

A-26

Percent of Plants

47
53

88
12
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VI.

QSOurcez;

TABLE 12A

ﬂEWEYCE‘MN%E%CHEEMSFLMH‘CEQ%CEﬂHSﬂKS,JDEUSHW

SIC 2818

Delivery Methods for Products and Materials“

4

A. Products Shipped by Plant

(l) Air
(2) Water
(3) Rail
(4) Truck

B. Materials Received(ataPiant ,
(1) Air | "
(2) Water

(3) Rail
(4) Truck

WaterASupply

| A'_ Does This Plant Use a Public Water System‘;”"

(1) Yes
- 2) No

Characteristics, 1973.

A=27

' Percent of Plants

__28
72

Economic Development Administraticn, Manufacturing Plant

Page 2 of 2




1I.

III.

Iv.

TARLE 13A

SURVEY OF MANUFACTURING PLANT CHARACTERISTICS, INDUSTRY

SIC 2819

‘Population of City or Place in Which

Plant is Located

(1) 50,000 or more
(2) Less than 50,000

Distance of Plant From City

(1) Less than 50 miles
(2) 50 miles or more

A. 1Is Plant Located in an Industrial Park'

(1) Yes
(2) No

B. Approximate Size of Plant Site

(1) Less than one acre
(2) 1-4 acres

(3) 5-20 acres

(4) 21-50 acres

(5) 51-~100 acres

(6) Over 100 acres

Products and Material Delivery Schedules
A. Products Shipped by Plant

(1) same day delivery
(2) Overnight delivery
(3) Next day delivery
(4) Two-days delivery
(5) More than two-days delivery

B. Materials Received at Plant

(1) Same day delivery
(2) Overnight delivery
(3) Next day delivery
(4) Two-days delivery
(5) More than two-days delivery

A-23

Percent of Plants

_19
Bl

77

[N .
ujnjololole

~jdo
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TABLE 13A

SUEEX’GFlﬂNmﬁ{EURn«5PU%HTCW“&CHﬁHSTREL INDUSTRY
- SIC 2819

L Percent of Plants
v. Delivery Methods for Products and Materials -

A Products Shipped by Plant |
(1) Air 0

(2) Water 6
(3) Rail , o 63
(4) Truck - 31

B. Materials Received at Plant
(1) Air 0

(2) Water 6
(3) Rail : 23
© . (4) Truck : : S0

VI. Water Supply
A. 'DOes This Plant Use a Public Water System'

(1) Yes 3]
(2) No | __£9

Source: Economic Development Administration, Manufacturing Plant
Characteristics, 1973.
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I1I.

Iv.

iII.

A,

B.’*Approximate Size of Plant Site

A.

B.

TARIE - 14A

| SURVEY OF MANUFACTURING PLANT CHARACTERISTICS, INDUSTRY

SIC 2821:
;Populatlon of City or Place in Which

-Plant is Located .

(1)
(2)

L (1)

-50,000 or moré

Less than 50,000

Less than 50 miles

(2) 50 miles or more

(1)

S (2)

(1)
(2)
(3)
(4)
(5)
(6)

Yes
No

Less than one acre
1-4 acres

5-20. acres

21-50 acres

51-100 acres

Over 100 acres

Distance of Plant From City

Is Plant Located in an Industrial Park

;Products and Material Delivery Schedules

Products Shipped by Plant

(1)
{2)

(3)

(4)
(5)

Materials Received at Plant

(1)
(2)
(3)
(4)
(5)

Same day delivery
Overnight delivery
Next day delivery
Two-days delivery

More than two-days delivery

Same day delivery
Overnight delivery
Next, day delivery
Two—-days delivery

More than two-days delivery

A-30

Pércent of Plants

33
o/

= |-
al—‘OC_O\'

NIV IO [O [N

Page 1.of 2
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o ' _ TABLE 142~

sumnﬂ'cs»mumyxnunnm;Pﬂ»ﬂ:CﬂNﬂ{ﬂEﬁ:Sﬁms, nmxmnny
N : SIC 2821

‘percent of Plants

| SRR
N V. Delivery Methods for Products and Materials =

A. Products Shipped by Plant

| : (2) water AR — %
| | (3) Rail L | 5
*(4) Truck o E
B. .Métériéls Received at Plant o
(1) Air | - 0
{2) Water : ' ' 28
(3) Rail 44
(4) Truck A - 28

VI.  Water Supply 7
R A. Does This Plant Use a Public Water System

(1) Yes | R 28
(2) No | 72

Source: Economlc Development Admlnlstratlon, Manufacturlng ‘Plant
: Characterlstlcs, 1973. h S

./ ' ' A=-31 Page 2 of 2




CITI.

I1I.

IV,

TABLE 15A

SURVEY OF MANUFACTURING PLANT CHARACTERISTICS, INDUSTRY

SIC 2824

Population of City or Place in Which
- Plant is Located "

(1) 50,000 or more
(2) Less than 50,000

Distance of Plant From City

(1) Less than 50 miles
(2) 50 miles or more

A. 1Is Plant Located in an Industrial Park

(1) Yes
(2) No

B. Approximate Size of Plant Site

(1) Less than one acre
(2) 1-4 acres

(3) 5-20 acres

(4) 21-50 acres

(5) 51-100 acres

(6) Over 100 acres

Products and Material Delivery Schedules
A. Products Shipped by Plant

(1) Same day delivery
(2} Overnight delivery
(3) Next day delivery
(4) Two-days delivery
(5) More than two-days delivery

B. Materials Received at Plant

(1) Same day delivery

(2) Overnight delivery

(3) Next day delivery

(4) Two-days delivery

(5) More than two-days delivery

A-32

Percent of Plants

100

50
50

100

o b

oK

ojo|o|olo

bbb

[ aud

q

o 4
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TABLE 152

SURVEY COF MANUFACTURING PLANT CHARACTERISTICS, INDUSTRY
SIC 2824 :

Percent of Plahts

V. Delivery Methods for Products and Materials

A. Products Shipped by Plant

(1) Air 0
(2) Water : 0
(3) Rail , . 0
(4) Truck ' 100

B. Materials Received at Plant

(1) air 0
(2) Water _50
(3) Rail ‘ ‘ 50
(4) Truck )

vI. Water Supply
A. Does This Plant Use a Public Water System

(1) Yes , 0
(2) No . 100

BN

Source: Economic Development Administration, Manufacturlng Plant
Characterlstlcs, 1973.
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IIO'

I11.

TNEE'IEA

)

SHNEY(E'MNME%CHEGNGIEANTCHNECﬁﬂESHES,IMIEHRY

SIC 2833

aPopulatlon of City or Place in Which

Plant - 1s Located

(1)-50,000-or more
(2) Less than 50,000

Distance of Plant From City

(1) ‘Less than 50 miles
(2) 50 miles or more

A. Is Plant Located in an Industrial Park

(1) Yes
(2) No

B. Approxlmate Size of Plant Site

(1) Less_than one acre
(2) 1-4 acres

(3) 5-20 acres

(4) 21-50 acres

-(5) 51-100 acres

(6) Over 100 acres

Products and Materlal Delivery Schedules

A. Products Shipped by Plant

(1) Seme dry delivery

(2) Overaight delivery

(3) Next day delivery

(4) Two-days delivery

(5) More than two-days delivery

B. Materials Received at Plant

(1) Same day delivery

(2) Overnight delivery

(3) Next day delivery

(4) Two-days delivery

(5) More than two-days delivery

A-34

Percent of Plants

14
86

67
33

100

| T
wlwlolnlo

b

clobbb
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v.

VI,

. Sources -

DeliverY‘Methods for Products and Materials

TABLE 16A

SENEYCE‘MNWE%CHKEMSPHMH‘Cm%mcnﬁquKS,IDEUQH& |

'SIC 2833

Percent of Plants

Products Shipped by Plant

(1) Air 0
(2) wWater 0
~(3) Rail 29

(4)Tnmk 71

Materials Received at Plant

(1) Air : 0

- {2) Water 0

(3) Rail ‘ 86

(4)>T;u0k I 14
Water Supply ‘

Does This Plant Use 2 Public Water System

(l) Yes . v . }7q

(2) No 7

Economic Development Administration, Manufacturlng Plant

Characteristics, 1973. ,

A-35
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II.

I1I.

TAELE 17A

SURVEY CF MANUFACTURING PLANT CHARACTERISTICS, INDUSTRY

SIC 2834

Population of City or Place in Which
Plant is Located

(1) 50,000 or more
(2) Less than 50,000

Distance of Plant From City

(1) Less than 50 miles
(2) 50 miles or more

A. 1Is Plant Located in an Industrial Park

(1) Yes
(2) No

B. 2Approximate Size of Plant Site

(1) Less than one acre
(2) 1-4 acres

(3) 5-20 acres

(4) 21-50 acres

(5) 51-100 acres

(6) Over 100 acres

Products and Material Delivery Schedules
A. Products Shipped by Plant

(1) Same day delivery

(2) Overnight delivery

(3) Next day delivery

(4) Two-days delivery

(5) More than two—days dellvery

B. Materials Recelyed at Plant

(1) Same day delivery
(2) Overnight delivery
(3) Next day delivery
(4) Two-days delivery
(5) More than two-days delivery

AY

A-36

Percent of Plants

40
60

100

20.

20

60

10
10
80
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A-37

TABLE 172
SURVEY OF MANUFACTURING PLANT CHARACTERISTICS, INDUSTRY
| | SIC 2834
- , R T ~ Percent of Plants
V. Delivery Methods for Products and Materials
. A. Products Shipped by Plant o
(1) Air 0
(2) Water 0
(3) Rail 20
(4) Truck 80
B. Materials Received at Plant

(1) Air 0
(2) Water 0
(3) Rail 20
(4) Truck 80

VI. 2,Water Supply

) a. Does Thls Plant Use a Public Water System o
(1) Yes . 70
(2) No 30
Source: Economlc DeVelopment Adminlstratzon, Manufacturing Plant
- Characterlstlcs, 1973,
Y
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II.

III.

.

TAELE 18A

SHNEY(E‘MNME%CﬂE&MEPUMH‘CHM&CHEESHCS,INIEHR!

SIC 2834

'Population of City or Place in Whlch

Plant ls Located

(1) 50,000 or more
(2) Less than 50,000

Distance: of Plant From City

‘?Kl) Less than 50 miles -
(2) 50 miles or more

A. Is Plant Located in an Industrial Park

. (1) Yes
,¢(2) No |

B.! Approxzmate Size of Plant Site

(1) Less than one acre
(2) 1-4 acres

(3) 5-20 acres

(4) 21-50 acres

(5) 51-100 acres

~(6) Over 100 acres

‘Products and Mater;al Del;very Schedules

A. Products Shipped by Plant

(1) Szme day delivery

(2) Overnight delivery

(3) Next:day delivery

(4) Two-days delivery

(5) More than two-days delivery

B. Materials Received at Plant

(1) Same day delivery
(2) Overnight delivery
(3) Next day delivery
(4) o-days delivery
(5) More than two-days dellvery

A-38

71
29

100.

14
86

14
29
.29
14

R

[N O [ X
=ojw|ojo-

dddde

Page'lrof’zb
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TABLE 18A

| QENEY(E'MNME%CHHENGIENW?CE%&CE&&SEKS,IDEUSHN

' SIC 2834

V. Delivery Methods for Products and Materials

A. Products Shipped by Plant

(1) Air
(2) Water
(3) Rail
{4) Truck

B; Materials Received at.Plant.
(1) air |
- A2) Water

~(3) Rail
(4) Truck

Vi.‘ Water Supply

A Does Thls Plant Use a Public Water System , a

(1) Yes
- (2) No.

Percent of Plants

100

Source: Economlc Development Administratlon, Manufacturlng Plant

Characterlstics, 1973,

a-39
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II.

III.

Iv.

- (s)

TARIE 19A

SURVEY COF MANUFACTURING PLANT CHARACTERISTICS, INDUSTRY

SIC.2834.

Populatlon of City or Place in Which
Plant is Located

(1) 50,000 or more
(2) Less than 50,000

Distance of Plant From City

(1) Less than 50 miles
(2) 50 miles or more

A. Is Plant Located in an Industrial Park

(1) Yes
(2) No

B. Approximate Size of Plant Site

(1)
(2)
(3)
- (4)
(5)

Less than one acre
1-4 acres

5-20 acres

21-50 acres

51-100 acres
Over 100 acres

Products and Material Delivery Schedules
A. Products Shipped by Plant

(1)
(2)
(3)
(4)
(5)

Same day delivery
Ovarnight delivery
Next day delivery
Two~-days delivery '
More than two-days dellvery

B. Materials Received at Plant

(1)
(2)
(3)
(4)
(5)

Same day delivery
Overnight delivery

Next day delivery

Two-days delivery

More than two-days delivery

A-40

Percent of Plants

ol ‘
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- TABLE 192

SUHEX’GFDENWHKHURD«;PIA?%;%QGACH&ESTKEL INDUSTRY
SIC -

Perceht of Plants

V. Delivery Methods for Products and Materials
A. Products Shipped by Plant
(1) Rir
(2) Water

(3) Rail : o ’ '
- (4) Truck § | SR , 10

b

=j=3=7

B. Materials Received ét Plaht

(1) air
(2) Water
(3) Rail o -

(4) Truck - : R ' ‘ 10

(o) o} e =)

VI. Water Supply
- A. Does This Plant Use a Public Water System","

(1) Yes ' o 7“ .50
(2) No | R 50

Source: Economic Development Admlnlstratlon, ‘Manufacturing Plant
Characteristics, 1973, : . :
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II.

III.

Iv.

TABLE 20A

SURVEY OF MANUFACTURING PLANT CHARACTERISTICS, INDUSTRY

SIC 2834

Population of City or ?lace in Which

Plant is Located

(1) 50,000 or more
(2) Less than 50,000

Distance of Plant From City

A(l) Less than 50 miles
= (2) 50 miles or more

A. 1Is Plant Located in an Industrial Park

(1) Yes
(2) No

B. Approximate Size of Plant Site

(1) Less than one acre
(2) 1-4 acres
(3) 5-20 acres
(4) 21-50 acres
(5) 51-100 acres
~-{6) Over 100 acres

Products and Material Delivery Schedules
A. Products Shipped by Plant

(1) Same day delivery

(2) Overnight delivery
(3) Next day delivexry '’ =
(4) Two-days delivery

(5) More than two-days delivery

PN

B. Materials Received at Plant

(1) Same day delivery

(2) Overnight delivery -

(3) Next day delivery

(4) Two-days delivery

(5) More than two-days delivery

A-42

Percent of Plants

50
50

50
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TABLE 20A

SENEY(E‘MNWE%CHHENGIEANT¢3FBN:H§HSﬁKS,'DEUSH&
‘ SIc 2834 :

V. Delivery Methods for Products and Materials

A. :?;oducts Shipped by Plant

(1) Air
(2) Water
{3) Rail

- (4) Truck

B. Materials Received at Plant

(1) Aair
{(2) Water
(3) Rail
(4) Truck

VI. Water Supply

A. Does’fhis Plant Use a Public Water System;i:'

(1) Yes
(2) No

L 4

;Percéht’of‘Plants

50
- 50

25
75

isoutce.' Economlc Development Administration, Manufacturlng Plant

Characteristics, 1973.

£
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II.

III.

TABLE 21A

SURVEY CF MANUFACTURING PLANT CHARACTERISTICS, INDUSTRY

SIC 2842

Populatlon of City or Place in Whlch
Plant is Located

(1) 50,000 or more
(2) Less than 50,000

Distance of Plant From City

(1) Less than 50 miles
(2) 50 miles or more

A, 1Is Plant Located in an Industrial Park:

(1) Yes
(2) No

B. Approximate Size of Plant Site

(1) Less than one acre
(2) 1-4 acres

(3) 5-20 acres

(4) 21-50 acres

(5) 51-100 acres

(6) Over 100 acres

Products and Material Delivery Schedules
A. Products Shipped by Plant

(1) Same day delivery

(2) Overnight delivery

(3) Next day delivery

(4) Two-days delivery

(5) More than two-days delivery

B. Materials Received at Plant

(1) Same day delivery

(2) Overnight delivery

(3) Next day delivery

(4) Two-days delivery

(5) More than two-days delivery

A-44

Percent of Plants

50
o0

100

- 50
- 90

50
25

235

25
25
50

25_
25
50
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TABLE 21A

'~ SURVEY CF MANUFACIURBQG PIA!zﬂ'gszARACI'ERISTI&, INDUSTRY
SIC

: | Percent of Plants
V. Delivery Methods for Products and Materials ‘

A. Products Shipped by Plant

(1) Air
(2) Water
{3) Rail ' '

(4) Truck ‘ .10

ojojo

B. Materials Received at Plant

(1) Aair

(2) Water
(3) Rail o : : _
(4) Truck . o 10

(= No fo L=

VI. Water Supply
A. Does This Plant Use a Public Water System

(1) Yes . L1100
(2) No 0

Source: Economic Development Administration, Manufacturing Plant
Characteristics, 1873.
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| TARIE ?ZA : _
SHNEY(E‘MHﬂE%CHEEMSPDNH‘CW“ECHﬂ&SﬂrS,INﬁmﬂRY L ,
SIC 2844 Percent of Plants

I, _Populatlon of City or Place in Which
- . Plant is Located
(1) 50,000 or more 25
(2) Less than 50,000 » . {78
II. Distance of Plant From City
(1) Less than 50 miles T
. (2) 50 miles or more Py
III. A. 1Is Plant Located in an Industrial Park o
(1) Yes ’ 1 50
. (2) No , ‘ __ 50
'B; Approximate Size of Plant Site
(1) Less than one acre : 25
(2) 1-4 acres ‘ 0
(3) 5-20 acres ‘ ' __ 25
(4) 21-50 acres : : . 25
(5) 51-100 acres 25
(6) Over 100 acres : L 0
IV. Products and Material Delivery Schedules
A. Products Shipped by Plant " |
(1) Same day delivery _ 1
(2) Overnight delivery ‘ : ' O
(3) Next day delivery o o " o5
(4) Two-days delivery ) SR .25
(5) More than two-days delivery 25
B. Materials Received at Plant
(1) Same day delivery 25
(2) Overnight delivery 25
(3) Next day delivery B e -1
(4) o-days delivery - - 0
(5) More than two-days dellvery ‘ ' 0




TABLE 228

SENEY(E‘MN%E%CHKEMSPDNH?CHM&CHEESHCS,IMIEHRY

SIC 2844 '

V. Delivery Methods for Products and Materials

»{””'"A{ f?rodu6ts Shipped by Plant

(1) Air
(2) wWater
(3) Rail
(4) Truck

B. Materials Received at Plant
- (1) air
- (2) Water

" (3) Rail
(4) Truck

' VI. vWater Supply

" A§ ‘Does ‘This Plant Use a Public Water System

: (1) Yes
(2) No

»Pércént of Plants

BcL

=
[ »]
[» >N

75
25

;degge- Economic Development Admlnistratlon, Manufacturlng Plant

Characterlstlcs, 1973.
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II. )

11I.

Iv.

TARLE 23A

SURVEY OF MANUFACTURING PIANT CHARACTERISTICS, INDUSTRY

SIC 2844

Population of City or Place in Which
Plant is Located

(1) 50,000 or more
(2) Less than 50,000

Distance of Plant From City

(1) Less than 50 miles
(2) 50 miles or more

A. Is Plant Located in an Industrial Park

(1) Yes
(2) No

B. Approkimate Size of Plant Site

(1) Less than one acre
(2) 1-4 acres

(3) 5-20 acres

(4) 21-50 acres

(5) 51-100 acres

(6) Over 100 acres

Products and Material Delivery Schedules
A. Products Shipped by Plant

(1) Same day delivery
(2) Overnight delivery
(3) Next day delivery
(4) Two-days delivery
(5) More than two-days delivery

B. Materials Received at Plant

(1) Same day delivery

(2) Overnight delivery

(3) Next,  day delivery

(4) Two-days delivery

(5) More than two-days delivery

A-48

Percent of Plants

69
31

15
25

15
85

15
31
31

1o

g
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VI.

Source:

TABLE 23A

SUNEX(E‘MNRE%CHH&NSPLNW?CW“&CHEI&NRS,IMIEHRY

SIC 2844

Delivery Methods for Products and Materials
A. Products Shipped by Plant

(1) Air
(2) Water
(3) Rail
(4) Truck

B. Materials Received at Plant
(1) Aair
(2) Water

(3) Rail
(4) Truck

Watexr Supply

A. Does This Plant Use a Public Water System

(1) Yes
(2) No

Characteristics, 1973.

Percent of Plants

N{0OO

N
WO

~J
-~

. 85
15

Economic Development Administration, Manufacturlng Plant
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TAELE . 24A

SURVEY COF MANUFACTURING PLANT CHARACTERISTICS, INDUSTRY

SIC 2879 Percent of Plants

- I. Population of City or Place in Which : W
' Plant ‘is Located , . ' v ,

(1) 50,000 or more . ‘ 62
(2) Less than 50,000 . 38

II. Distance of Plant From City

(1) Less than 50 miles | 83
(2) 50 miles or more 17

I1I. 2. 1Is Plant Located in an Industrial Park

(1) Yes al 419
(2) No L 81

B. Approximate Size of Plant Site

(1) Less than one acre 0
(2) 1-4 acres ] 6
(3) 5-20 acres : 31
(4) 21-50 acres ‘ 31
- (5) 51-100 acres : 19
- (6) Over 100 acres 13

IV. Products-and Material Delivery Schedules

A. Products Shipped by Plant

(1) Same day delivery €
{2) Ov=arnight delivery , j9
(3) Next day delivery S ' 95
(4) Two-days delivery ' 13
(5) More than two-days delivery 38

B. Materials Received at Plant

(1) Same day delivery 6
(2) Overnight delivery 13
(3) Next day delivery )
(4) Two-days delivery 13
(5) More than two-days delivery 69
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VI.

Source:

TABLE 242

SURVEYCE’MNNEH!HURIMS]HJ@H?CHAEMﬂERISEKEb INDUSTRY

SIC 2879

Dellvery Methods for Products and Materials
A. Products Shipped by Plant

(1) air
- (2) Water
(3) Rail
- (4) Truck

B. Materials Received at Plant

(1) air
(2) Water
(3) Rail
(4) Truck
Water Supély
A, Does Thls Plant Use a Public Water System

(l) Yes ‘
(@) v

Characteristics, 1973.

A-51

' Percent of Plants

19
76

13
€S
19

50
50

Economlc Development Administratzon, Manufacturlng Plant
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TAELE 252

&HNEY(E‘MNﬁE%CREdNEPﬂ%g‘cmﬁmcnﬁﬂgﬂts,INMEHRY
I o
8IC 99 Percent of Plants

I. Population of City or Place in Which - o Q;'
‘ Plant is Located N

(1) 50,000 or more : 58
(2) Less than 50,000 — 42

II. -Distance of Plant From City

(1) Less than 50 miles ' 88
(2) 50 miles or more . 12

'III. A. 1Is Plant Located in an Industrial Park

(1) Yes 15
(2) No : 84

B. 2Approximate Size of Plant Site

(1) Less than one acre : 0
(2) 1-4 acres 11
(3) 5-20 acres 63
- (4) 21-50 acres ' 21
(5) 51-100 acres 0
(6) Over 100 acres 5

IV. Products and Material Delivery Schedules

A. Products Shipped by Plant

(1) Same day delivery _ 5
(2) Overnight delivery ' 0
(3) Next day delivery . 16
(4) Two-days delivery ’ 16
(5) More than two-days delivery , 63

B. Materials Received at Plant

(1) Same day delivery _11 _
(2) Overnight delivery 0
(3) Next day delivery . 0
(4) Two-days delivery , 11
(5) More than two-days delivery 79
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TABLE 25A

| SUNEH’GFl@&ﬂ@ACHEEM%;%Hg%g?ANMHERISﬁKS, INDUSTRY

- , | Percent of Plants
v. Delivery Methods for Products and Materials ‘

'A. Products Shipped by Plant

(1) 2air 0
(2) Water B 0
(3) Rail : 1in
(4) Truck on

B. Materials Received at Plant

(1) air | : 0
“(2) Water _ 0
(3) Rail : 26

(4) Truck ‘ o 74

VI. Watexr Supply
-A. Does This Plant Use a Public Water System

(2) Yo ‘ | 1

Source: Economic Development Administration, Manufacturing Plant
‘ Characteristics, 1973,
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APPENDIX B

INDUSTRY EXECUTIVES INTERVIEWED
DURING THE COURSE OF THIS STUDY




Chemicals

Fred Hoerger, Ph.D., Director
Regulatory and Legislative Issues
Health & Environmental Sciences
Dow Chemical Company :
2030 Dow Center

Midland, Michigan 48640

Robert L. Harness

Manager, Regulatory Affairs
Monsanto

1101 17th Street, N.W.
Washington, D.C.

J. Lawrence Wilson, Group V.P.
Chief Financial Officer, Treasurer
Rohm and Haas Company
Independence Mall West
Philadelphia, Pennsylvanla 19105

‘Hal Rozier

Vice President, Production
Royster Company

P.0O. Drawer 1940

Norfolk, Virginia 23501

Roy Djuvik, Director of Operations
North America

Rohm and Haas Company
Independence Mall West
Philadelphia, Pennsylvania 19105

P. L. Maisot, Director of Energy
and Feedstocks

BASF Wyandotte Corporation

100 Cherry Hill Road

Parsippany, New Jersey 07054

John Ianos, Vice President, Finance
Reichhold Chemicals, Inc.

525 North Boradway

White Plains, New York 10603

W. H. Glick, Vice President
Engineering & Administration

BASF Wyandotte Corporation

100 Cherry Hill Road
Parsippany, New Jersey 07054

Carl O. Skoggard, Senior Vice President
Westvaco Corporation

299 Park Avenue

New York; New York 10017




Chemicals (continued)

Robert B. Murray

Vice President, Director Corporate Planning
Eastman Kodak Company

343 State Street

Rochester, New York 14650

Chester Knowles.

Director, Environmental Energy
Olin Corporation

120 Long Ridge Road

Stamford, Connectlcut 06904 .

\
Food

Dr. Lee Harrow

Senior Scientist

H. J. Heinz Company

P.O. Box 57

Pittsburgh, Pennsylvania 15230

G. E. Costley, Senior Vice President
Corporate Development

J. D. Forbes, Vice President
Technical Development

Kellog Company

235 Porter Street

Battle Creek, Michigan 49016

Robert Fasick

Vice President, Admlnlstratlon
Liggett Group, INc.

100 Paragon Drive

Montvale, New Jersey 07645

Anthony V. Nizetich, Director
Government Relations

Starkist Foods, Inc.

Terminal Island, California 90731

William B. Hayes
Vice President Operations
Kerr McGee Corporation :

- Oklahoma City, Oklahoma 73125

George Langstaff

General Manager

Genesco Inc.

Genesco Park

Nashville, Tennessee 37202




Food (continued)

Lumber

Nashville, Tenn.. 37202
&

R. E. McLandow, Manager of OPerations

- Genesco Inc.

Genesco Park ... . .. -

George King

Manager of Planning - -~ 0
R. .J.. Reynolds Industrles, Inc.
Wlnston-Salem, N.C. 27102

Gerard C011ey '_
Purchasing Director
American Brands, . Inc.

. 245 Park Avenue .

New York, N.Y. lOOi7v

Dr. William Jensen:

President West K Coast Flsherles Development Foundation
720 S. Washington »

Portland, -Oregon 97205

Jay Lind

President

Sebastian Stuart Fish Company
P.O. Box 70548 =

Seattle, Wash. 98107

B. Taggart Edwards

Vice President, Lumber and Plywooa Div.
St. Regis . :
150 East 42nd sSt.

New York, N.Y. 10017

Carroll T. Tolar

V.P., Engineering -

Georgia=-Pacific

900 Southwest Fifth Avenue

Portland, Oregon 97204

‘Alec M. Fiskew -

Senior Vice Presmdent
Facilities, Planning’ Technology

Weyerhaeuser

Tacoma, Wash., 98477




Textiles

Leather

Gordon T. Washington

Vice President, Engineering

Blue Bell, Inc.

Greensboro, North Carolina 27420

John Morgan

Director of Energy

Burlington Industries

3330 West Friendly Avenue
Greensboro, North Carolina 27420

0'Jay Niles, Director

Government Relations/Regulatory ,
American Textile Manufacturers Institute, Inc.
1101 Connecticut Avenue, N.W.

Suite 300

Washington, D.C. 20036

George Langstaff

R. E. McLendon

Dan W. Gregory, Deputy General
Manager Footwear Sector

Genesco, Inc.

Genesco Park

Nashville, Tennessee 37202

Robert Stix

Group Vice President
Manufacturing & Operations
U.S. Shoe Corroration

1658 Herald Avenue
Cincinnati, Ohio 45212

Robert Feitler, President

Weyenberg Shoe Manufacturing Company
234 E. Reservoir Avenue

Milwaukee, Wisconsin 53201

B-4
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