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EXECUTIVE SUMMARY 

INTRODUCTION 

This  report presents  a comprehensive ana lys i s  of indus- 
% .  

W t r i a l  markets p o t e n t i a l  o r  direct use ok-geothermal energy 

by a t o t a l  of s i x  indus t ry  sec tors :  

1) Food and kindred products 

2 )  Tobacco manufactures 

3) T e x t i l e  m i l l  products 

4 )  Lumber and wood products (except f u r n i t u r e )  

5 )  Chemicals and a l l ied  products 

6 )  Leather and l e a t h e r  products, 

Based upon an earlier r e p o r t  prepared by S t e r l i n g  Hobe 

Corporation,k'these s i x  indus t ry  sectors were chosen for  a 

'detailed ana lys i s  of i n d u s t r i a l  markets p o t e n t i a l  for direct 

use of geothermal energy, Five chapters  and two Appendices 

comprise t h i s  report .  

Chapter 1 presents  a brief statement regarding sectors 

of t h e  economy and n a j o r  manufacturing processes which can r e a d i l y  

u t i l i z e  direct geothermal energy 

Chapter 2 summarizes previous s t u d i e s  on p l a n t  l oca t ion  

determinants and provides appropr ia te  empir ical  data on p l a n t  

loca t ions .  Chapter 3,cri t ical  t o  t h i s  r epor t ,  p resents  l oca t ion  

deterxriinants and p o t e n t i a l  for d i r e c t  use of geothermal resources.  

- I/ 
Industry prepared for  U.S. Department of Energy, Energy Tech5 
nology, by S t e r l i n g  Hobe Corporation, Washington, D.C., August 
1979, I 

The D i r e c t  Thermal U t i l i z a t i o n  'of Geo'therma'l Resources b 
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(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. 

thermal resource marketing. 

impact on industry location decisions, 

industry executives interviewed during the course of this study. 

Chapter 5 presents our recommendations for geo- 

Appendix A presents factors which 

Apendix B presents 

Direct Application of Geothermal 
Energy to Manufacturing Operations 

Increasing energy shortages combined with rapidly rising 

prices 

energy sources at realistic price levels. 

Among the various energy sources 

have resulted in increasing requirements for assured 

geothermal energy i s  

widely available in the United States, and can be expected to 

meet a significant amount of the current energy demand, 

Among the various uses of geothermal energy its direct 

use is especially attractive, requiring relatively modest capital 

expenditures as well as operating expenses. 

data in Table 1 indicates, numerous manufacturing processes 

exist where the direct use of geothermal energy can be applied. 

Table 1 identifies 234 such processes. 

Furthcr, as the 

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 

ti) determinants has been ongoing 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 clear that the number of such factors are large 

and their interrelationships 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, production technologies and transportation 

systems 

\ 

Generally, plant location decisions include: 

e New branch plants; 

e Relocations; and 

e New firms. 

In the first two cases, an existing firm mi st deal with an 

expansion issue, or an economically inefficient location. A 

decision must be made to expand at its present location, find 

an alternate or new location, i.e., relocate; or 

its present location and expand in a newly located branch plant. 

Regardless of the type of plant, various studies have indicated 

two cornmon factors in almost all location decisions: 

(1) Firm attempts to locate the plant where profits 

will be maximized; 

Location decision is made by upper management. (2 )  

ES-3 



The most common methodology used for research of plant 

location decisions has been relatively crude, and generally 

depends on either the use of questionnaires or 

interview case studies. In the former, the questionnaire is 

of 

usually mailed to selected firms that have located, asking the 

decisionmaker to identify and rank or weigh 

that were important to the firm's location decision. 

using interview case studies, (questionnaires can also be used 

but supplementally) an interviewer sits down with the decision- 

those factors 

In those 

maker and guides of explains any item not completely understood. 

In addition, the firm's transportation costs, labor costs, and 

related items are usually discussed in detail. The case study 

approach serves to secure a higher degree of validity to the 

answers of the decisionmaker. 

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 ES-3 presents a typical 

listing of'plant location determinants. 

In order to determine the importance of plant location 

deterniinants for the six industries selected for this study, 

several of the cornpletedstudiesthat have included empirical 

data on this issue have been analyzed. The results are as , 

follows : 

Food and Kindred Products 

Critical location determinants for this sector are: 

1) 

2) Population of 100,000 or more 

Location in metropolitan suburban area 

ES-4 
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1 
! 

1 

8 

I 3) Availability of contract trucking 

4) availability of public refrigerated warehousing 

b.' 5) Highway access 

6)' Scheduled rail service 

7) Piggy back facilities 

i 

8) Industrial water supply processed 

9) Natural gas service 

10) Industria1,water processing 

11) Solid waste disposal 

12) Electricity. 

r Tobacco i 

i 
I 
i 
I 
i 
! 

Tobacco manufacturing sector has only five critical loca- 

i 1 

I 

tion determinants: 

1) Plant size of 1-4 acres 

2) Contract trucking 

3) Highway access 

4) Electricity 

5) Low wage rates. 

Textiles 

Textile sector has the following nine critical plant loca- 

l) Air passenger service 

2) Contract trucking 

tion determinants: 

. 

3) Local industrial-development group 

a)  Pool, of trained workers , 

5 )  Highway access 



6 )  Scheduled r a i l  service 

7)  I n d u s t r i a l  water supply (processed) 

8 )  E l e c t r i c i t y  

9 )  Low wage rates. 

Lumber and Wood Products 

This  

minants : 

1) 

2)  

3)  

4 )  

5)  

6 )  

7)  

sector has seven c r i t i ca l  p l a n t  loca t ion  deter- 

Non-metropolitan area loca t ion  

1-4 acres of p l a n t  s i te s i z e  

F i r e  protect ion,  

Contract t rucking 

Highway access 

Scheduled r a i l  service 

Low wage rates. 

Chemicals and A l l i e d  Products 

Surpr i s ing ly ,  t h i s  very large and complex indus t ry  sector 

has only f ive cr i t ical  p l an t  determinants: 

1) P l a n t  site s i z e  of a t  least  5 acres 

2)  Fire p ro tec t ion  

3) Cont rac t .  t rucking 

's) Highway access 

5)  Scheduled r a i l  service. 

ES-6 



i 

j 
i 

I 

W 

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 

W 

Industrial water (processed) 

7) Low wage rates. 

Clearly the data presented above has shortcomings and 

limited in coverage. Nevertheless this information provides 

a degree of knowledge regarding plant location determinants. 

In summary, the data analyzed suggest that accessibility 

to market areas via highway, rail and piggyback facilities is 

an important consideration for all six industries included in 

this repGrt. 

Low labor rates are equally important to textiles and 

leather and leather products sector. 

Kindred Products industry-surely as important a sector because 

of its size and growth potential, and proximity to large popula- 

tion concehtration-market area is an important plant location 

determinant. 

In the case of Food and 

Finally, 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 industry 

are large and therefore this industry can and does provide its 

own services as well as create the economic environment in which 

ES-7 
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it operates .  

The d i s t r i b u t i o n  of indus t ry  is  d i r e c t l y  related to  the 

f a c t o r s  tha t  ind iv idua l  firms l is t  as being important. Fortun- 

a t e l y ,  exce l l en t  although dated empir ical  data e x i s t  t o  analyze 

t h i s  issue. 

t a ined  by Economic Development Administration (EDA) of t h e  Depart- 

ment of Commerce. 

The data  is contained i n  computer p r in tou t s  main- 

From the computer p r in tou t s  maintained by EDA, a to ta l  of 

24 four -d ig i t  S I C  indus t ry  sectors have been pinpointed t h a t  

correspond t o  the s ' k  major indus t ry  sectors selected f o r  this 

study. Table 4 ( i n  the t e x t )  enumerates the sec to r s  selected. 

I n  general  terms, t h e  data c l e a r l y  ind ica t e  t h a t  accessibil- 

i t y  by t ruck rather than railroad, water or a i r  t r anspor t  is 

crit ical  t o  a l l  indus t ry  sec tors .  Conversely, a c c e s s i b i l i t y  

and not  t he  d is tance  o r  time spent  i n  de l iver ing  goods t o  
t h e  market areas i s n o s t  important i n  the o the r  s ec to r s  (excluding 

Food and Kindred Products) . 
The implicat ion of t h i s  f ind ing  i s  tha t  except f o r  Food 

and Kindred Products sector, the  loca t ion  of a f i r m  can be con- 

s iderably  d i s t a n t  from the market areas, provided the loca t ion  

has outstanding a c c e s s i b i l i t y .  

t rucking is dominantfollowed by rail .  

Among t h e  modes of t r anspor t ,  

Location i n  i n d u s t r i a l  parks is  apparent ly  of marginal 

importance t o  m o s t  h d u s t r y  sec tors .  Except for Food.and Kindred' 

r e l a t i v e l y  unimportant. 

I 
i 
i 
i 

Li, 

j 



The single plant location characteristic that requires 

additional emphasis is the,large size of plant sites utilized 

by the Chemicals and A13 d 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 190 acres.or larger. 

Thus, the availability of large parcels of appropriate indus- 

trial land is of critical importance to the Chemical and Allied 

Product sector, and to lesser but still significant extent for 

the Textiles and Ltimber 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 componeIks are highly intertwined, and the process by 

which general intercal and external location conditions are 

mutated into more or less influential 

and not completely understood. 

ocation factors is complex 

The history of the firm, the level of production, number" 

and location of already established,plants belonging to the 

firm, availability of and access to capital funds, ownership 

structure of the firm, competence, roles and personalities of 

topmanagers, attitudes and behavior of competitors, contractors, 

labor unions, chambers of commerce and local development corp- 

orations, government policies, and general economic conditions 

supply examples for internal and external conditions. In any 

ES-9 
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decision process linked to a location selection, many of these 

conditions remain unconsidered due to their actual or perceived 

relative insignificance 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 upon the effectiveness of those conditions 

which are being explicitly and consciously considered. 

a large corporation, hardly any individual will be in a position 

to state with ultimate authority which considerations have 

been responsible for specific directions and discriminating 

selections at specific junctions or in specific corporate depart- 

ments during the usually lengthy location-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 responsibility 

and the authority to make plant location decisions perhaps offer 

one of the best methods for identifying this important 

data. 

In 

Prior to reportfng the results of our interviews with the 

senior executives of 30 firms, asummaryreview of seven regional 

studies in which plant locations were the principal objective is 

presented. 

do provide useful information regarding the plant location deter- 

minants in general. 

determinants found in the seven studies summarized. The informa- 

These studies, while dated and at times contradictory, 

Table 5 presents the major plant location 

1 i 

L 
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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 are the three principal plant location 

determinants. The fourth determinant is supply of raw materials. 

In terms 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 geothermal resource area could be a very attrac- 

tive proposition, assuming that other plant location requirements 

can be satisfied. . 9 n  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 general issues that have a major impact on 

the Department of Energy marketing effort for direct utilization 

of geothermal energy should be discussed. 

The first issue pertains to the question as to who within 

determines the location of a an industrial/manufacturing firm 

new plant and/or chooses to utilize geothermal resources as a 

source of energy for the plant, 

decisions are made at a very high level in the corporate struc- 

ture of the firm. 

result of. a committee meeting, the principal member of such com- 

Interviews indicate that such 

While such decisions are in actuality the 

W 
1 
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mittee is usually a senior Vice President for Curpbrate Plan- 

ning of the firm. The committee itself, in addition to the 

Vice President for Corporate 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. 

. L r  

The implication of this hierarchical decisionmaking to 

the direct geothermal energy marketing effort by the Department 

of Energy is clear: 

be directed at the.;senior executive level of all firms con- 

any and all marketing efforts should 

sidered candidates for direct use of geothermal energy. 

The second issue.resulting from our interviews is that 

oE familiarity of the senior executives with DOE programs 

encouraging the utilization of the nation's geothermal re- 

sources in general, and with theGeothemalLoan Guaranty Pro- 

gram (GLBP) in particular. 

any doubt that the industry is almost completely unaware of 

the Department's efforts to promote direct use of geothermal 

resources. 

Our interviews indicate beyond 

While it cannot be claimed that the 30 senior executives 

interviewed are representative of typical senior executives in 

the industry, the absence of familiarity on their part with 

the Department of Energy's programs for geothermal energy 

utilization is alarming. 

ES-12 



The f inax --general i s s u e  t h h t  r equ i r e s  cons idera t ion  i s  

that of t echn ica l  knowledge of direct u t i l i z a t i o n  of geothermal 

resources (as opposed t o  i n s t i t u t i o n a l / g o v e r n e n t  related 

i s s u e s )  on t h e  par t  of t h e s e  sen io r  execut ives  who were i n t e r -  

viewed * 

I n  t h i s  regard, ou r  interviews i n d i c a t e  t h a t  m o s t  of the 
sen io r  executives are again not  familiar w i t h  t h e  t echn ica l  

f e a s i b i l i t y  of u t i l i z i n g  geothermal resources as a source .of  

energy i n  t h e  opera t ions  of t h e i r  p lan ts .  

Food and Kindred Products 

The p r i n c i p a l  plant llocation determinant in the Food and 

Kindred Products sector is  close proximity t o  the  consumer markets. 

According t o  our  interviews, t h e  s p e c i f i c  s i te f o r  a new f a c i l i t y  

must  be immediately accessible t o  a major highway network which 

se rves  the market area. 

Energy supply and cost cons idera t ions  are indeed hpor taq t  
. \  

t o  Food andKindred Product f i rms  and many have an engineer ing 

t a s k  force eva lua t ing  a l l  energy supply opt ions  inc luding  geo- 

thermal resources;  however, these energy i s s u e s  remain secondary 

w i t h  regard t o  a l o c a t i o n  of new f a c i l i t i e s .  

appropr ia te  l oca t ion  can be determined which has geothermal 

resource,  a f i r m  i n  t h i s  sector would c e r t a i n l y  i n v e s t i g a t e  t h e  

feasibi l i ty  of direct geothermal resource appl ica t ion .  

4 .  

Assuming that  an 

The p r i n c i p a l  cu r ren t  factors tha t  militate a g a i n s t  use 

of direct geothermal energy are a s  follows: . 
0 Lack of engineering experience w i t h  geothermal 

energy sources by firms' engineers;  

ES-13 



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

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

0 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 

firms prefer to ignore until the geothermal resource development 

costs are firmly established. 

and Kindred Product 

In the opinion of mapy executives the current Geothermal 

Loan Guaranty Program (GLGP) does not offer sufficient induce- 

ment for a firm to develop geothermal resources for a new produc- 

tion facility. 

A closely related concern expressed by almost all of those 

interviewed in the Food and RindredProducts sector 

the in-house engineering staffs of food manufacturing firms as 

a rule are relatively poorly 

was that 

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 utilizing 

these resources providing that: 

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

0 Initial capital costs of geothermal resource dev- 
elopment are well established and reasonable; 
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. .  0 A pool8 &?*+engineering knowledge-exists which can 
render technical assistance in the design and 
development of direct geothermal utilization 
facilities. 

Tobacco 

The cardinal plane location determinant for tobacco sector 

i s  close proximity to the raw materials, i.e., tobacco growing 

areas, However, the utilization of geothermal resources by a 

tobacco processing firm faces several other obstacles, including: 

m Absence of experience regarding geothermal resource 
development by the in-house engineering staff of 
tobaceo processing firms; 

Unknown initial capital costs of geothermal re- 
source development; 

0 

0 Potential environmental issues resulting from 
geothermal resource use. 

In summary, the obstacles to the introduction Qf direct use 

of geoaermal energy in the Tobacco manufacturing sector are 

almost identical to those o f  the Food and Kindred Produces sector. 

Textile Mill Products 

All of the senior executives interviewed in the Textile Mill 

Pr,oduct sector clearly identified low tabor rates and/or non- 

union labor as the principal plant location determinant. 

Umber and Wood Products 

&umber an8 Wow3 Prcvhctl; Segtor offers good opportuni$y 

fox direct utilization of geothermal re8ources in kiln drying 

and relsted applicatioss. 

The principal determinant of whether or not firms in *is 

industry will use geothermal resources in their operaticxis i s  the 

locatisn o f  such rosources. All of the saw mill operations are 
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located on sites carefully -selected to minlmhe transportation 

costs of raw logs to the saw mill. If geothermal resources are 

available at the selected sites, utilization of geothermal re- 

sources will be given considerable consideration. However, if 

geothennal resources are not readily available at the site sel- 

ected for mill operations, it is not likley that the mill site 

will be moved to a location where geothermal resources are avail- 

able. The principal reason is the abizity 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. 

In summary, Lumber and Wood Products sector offers good 

opportunity for the direct utilization of geothermal resources. 

The principal obstacle to increased use of geothermal resources 

by firms in this sector i s  their supply o f  bark and wooden 

scrap which can be used to meet the firm's energy requirements. 

However, these by-products have their own utility in the manu- 

facture of plyirood, wallboard an& other products. The technology 

trends in this industry favor utilization of these by-products. 

If direct utilization of geothermal energy appears feasible in 

this sector, firms will utilize this energy source. 

However, all of those interviewed expressed significant doubts 

about the current state-of-art in the direct utilization of geo- 

thermal resources. All of those interviewed also suggested that 

additional Federal government-supported demonstration programs 

should be undertaken to establish feasibility of direct geothermal 

resources use as well as to establish firm capital requirements. 
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2 .i’ ’* .- ~ ” Chdicals and Allied-Products >.. 

Chemicals 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 location determinant. 

.According to our interviews, the principal plant location 

determinants in this sector, in order of importance, are as 

follows: 

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

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

Availability of skilled labor force or labor pool 
that can be trained in the necessary skills; 

0 Location in relatively close proximity.to the 
markets (In practical terms, this means East Coast; 
Midwest centered in Chicago area and California.) 

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 importance of proximity to raw material supply as a 

location determinant was emphasized by those firms which pro- 

duce bulk chemicals. Those chemical and allied product firms . 

which principally manufacture industrial and consumer end- 

products, however,,stressed the importance of proximity to 

markets as the plant location determinant. 

Several factors militate against adoption of direct geo- 

thermal resource.utilization by the Chemical and Allied Products 

sector. The first is the fact that most of the expansion in 



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 limited large-scale operations with direct utilization of 

geothermal resources. However, unlike the case of Food and 

Related Products sector, or TQb&cco, all of those interviewed 

maintain 

design and operate direct geothermal resource utilization facil- 

that their in-house engineering staffs could successfully 

ities. 

Finally, several of those interviewed expressed the need 

for an explicit understanding, i.e.8 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. 

I n  summary, location of chemical and allied products plants 

is determined by factors such as access to transportation facil- 

ities of all modes and accessibility to raw materials and markets. 

Energy supply and/or cost is not the principal plant location 

determinant. Our interviews suggest that this sector offers good 

opportunity for direct geothermal resource application provided 
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t h e  indus t ry  i s  made aware of these  oppor tuni t ies  for  geothermal 

resource u t i l i z a t i o n ,  

Leather and Lea the r  Products 

Leather and Leather Products  sector offers only marginal 

oppor tuni t ies  for  direct  u s e  of  geothermal resources.  F i r s t ,  

the  cost of energy i n  leather tanning, processing and shoe 

manufacture is not  an important consideration. Second, the 

concentrat ion of the  leather tanning and shoe manufacturing 

opera t ions  i s  i n  the Chicago region and i n  New England. Both 

regions are devoid of geothermal resources,  

While there is  a concentrat ion of leather and leather 

products indus t ry  i n  Tennessee, a region which has  geothermal 

resource p o t e n t i a l ,  our interviews c l e a r l y  established t h e  

very depressed s t a t u s  of t h i s  indus t ry  w i t h  e s s e n t i a l l y  no 

pro jec ted  c a p i t a l  spending f o r  new fac i l i t i es  or renovation 

of e x i s t i n g  p l an t s .  
While t h e  large nunber and complexity of new p l a n t  loca- 

t i o n  determinants m a k e  i t  very d i f f i c u l t  t o  project f u t u r e  I 

new p l a n t  l oca t ions  i n  t h e  geothermal resource regions on the 

basis 

r e s u l t s  of our p ro jec t ions  are presented i n  Table ES-6, 

it must be emphasized t h a t  these pro jec t ions  are highly p u t a t i v e  

of our interviews w e  have attempted to  do so. The 

However, 

and should be regarded only as ind ica t ion  of 

magnitude of t h e  number of f u t u r e  new p l a n t  loca t ions .  

t h e  order of 
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CONCLUSIONS AND RECOMMENDATIONS 

Ir Our interviews w i t h  t he  30 sen io r  indus t ry  executives and 

a survey of p e r t i n e n t  documents unmistakably i n d i c a t e  a gen- 

eral and pervasive absence of knowledge about the Department 

of Energy's geothermal energy.program. 

Th i s  absence of knowledge of the var ious  prog- elements 

t h a t  comprise the  Department's geothermal energy pol icy  and 

activit ies is  unfortunate  because it hinders  acceptance of t h e  

Department's geothermal resource u t i l i z a t i o n  marketing effort  

by industry.  

overcome by t h e  Department of Energy i f  c e r t a i n  programs and 

activit ies are undertaken. 

Fortunately t h i s  lack of knowledge can be r e a d i l y  

Findings and Recommendations: Location 
of Geothermal Resource' Regi'ons 

Almost a l l  of the  sen io r  execut ives  interviewed had a t  

best only l imited knowledge regarding the  s p a t i a l  boundaries and 

loca t ions  of geothermal resource regions i n  t he  United States. 

Most of those interviewed pointed t o  the Ca l i fo rn ia  and Nevada 

area as the only regions which contain geothermal resources  of 

s u f f i c i e n t  q u a l i t y  and quan t i ty  t o  be used by industry.  

Our recommendation is  t h a t  Department of Energy prepare 

a comprehensive document whkh 'c lear ly  del inea. tes  the 

geothermal resource regions i n  t h e  United States w i t h  

appropr ia te  add i t iona l  information related t o  t h i s  

resource. W e  f u r t h e r  recommend ' that  t h i s  document be 

, mailed t o  appropr ia te  s.enior executives (such as V i c e  
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Pres idents  f o r  Corporate Planning.) of the' major i n d u s t r i a l  

f ,  
f i r m s  i n  t h e  nation. 

..I i. 'I." 

Feasibi l i ty  of Direct U s e  of Geothermal Resources 

A s  noted, most of t h e  executives w e  interviewed professed 

ignorance concerning the f e a s i b i l i t y  of direct use of geothermal 

resources. 

Our recommendation i s  'that' the Department of Energy 

prepare a ' c o n c i s e  statement on th i s  i s s u e  supported 

by appropriate biblfography and 'contae't persoh for 

further information *&n' the' Department. 

t ha t  t h i s  statement be 'b is t r ibuted as above. 

We also recommend 

Policies and Activit ies o'f Department of Energy 
With Resard t o  the  Geothermal Energy U t i l i z a t i o n  

None of t h e  executives we interviewed had a clear under- 

standing of t h e  Department of  Energy's policies and activit ies 

with regard t o  t h e  geothermal energy detrelopment. 

aware of t h e  Geothermal Loan Guaranty Program (GLGP); none were 

familiar w i t h  t he  Geothermal Steam A c t  of 1970 (PL91-581) or 

Geothermal Energy Research, Development and Demonstration Act 

of 1974 (PL 93-410) or t h e  activit ies of t h e  Interagency Ceo- 

thermal Coordinating Council. 

None were  

Such knowledge on the part of execut ives  i s  mandatory in 

order t o  prepare them for any marketing e f f o r t .  

Our recommendation i s  t h a t  t h e  Department of Energy 

prepare a 'document tha t  presents  t h i s  information 'in a 

concise and c2ear manner and d i s t r i b u t e s  t h i s  document 

t o  the appropriate executives. ' A t  a m i 3 i m u m ,  a f a c t  
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sheet on these issues .wit l i  appropriate references 

for  t h e  more detailed and comprehensive information 

should be prepared and d i s t r ibu ted .  

t h a t  t he  Departinent of Energy create an industry l i a i s o n  

- 

W e  also recommend 

re sppns ib i l i t y  i n  the Department, and t h a t  the 

exis tence of t h i s  i n f o m a t t o n  source i s  disseminated 

throughout the 'industty. 

Further Marketing Act ivi t ies  

I n  t h i s  report, f ive industry sectors w e r e  i d e n t i f i e d  

as p o t e n t i a l  candidates for direct use of geothermal resources: 

1) Food and Kindred Products; 

2) Tobacco; 

3) Tex t i l e  Mills; 

4 )  Lumber and Wood Products; and 

5 )  Chemicals and A l l i e d  Products. 

I n  order t o  accelerate t h i s  marketing a c t i v i t y ,  our  tecoriunenda- ' 

t ions are: 

That the Depa'rtment of Energy p repare a documeht 

summarizing its .geothermal energy p rogram arid assi'stance 

it can render t o  the  industry,  atid' t o  d i s t r i b u t e  t h i s  

document t o  t h e  sen'ior executives of the major firms i n  

t h e  f ive sectors of industry.  Concurrently, Depar-tment 

of Ener'gy personnel should seek personal' meetings with 

selected 'executives o'f the  firms i n  these five sectors 

i n  order t o  present  before them t h e  Department's policies 

w i t h  regard t o  t h e  qeotherma'l energy development. The De- 

i+ 

partrnent of Energy should also, on t h e  basis o f . t h i s . r e p o r t #  
k.' 
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identify site-specific locations within geothermal 

on such locations to the industry. 

would be for the Department to enqage for this task a 

An alternate approach 

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. Judginq 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 enerqy usaqe will be profitable. Details on full- 

scale financinq --- 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 requirements 

from other sectors' of government. Environmental controls 

must be. explained in terns of simplicity, and assurances 

government would serve in an advisory capacity would .lend 

strong credibility to the Departmeht's Droazam. 
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Group SIC Group Descr f p t i o n  Process/Use 
SIC Foul: D i g i t  

10  1011 Iron O r e  

Applxcatfon Temperature 
Requirement 

OF OC 

1021 Copper Concentrate 
1 2  1211 Bituminous 

1 4  1442 Sand and Gravel 
1 4  74 Potash 

$! 1475 Phosphate Rock 
I 
h) 
lb 1477 Sul fur  

2011 Meat Packing 
2013 Sausages and Prepared Meats 

2016 P o u l t r y  Dressing 
2022 Natural  Cheese 

. .  . ,  . . . .  

- 

c 

P e l l e t i z i n g  of Con- 
c e n t r a t e q  2350-2500 
Drying 250 
Drying  (including 
l i g n i t e )  150-250 

None 
Drying F i l t e r  Cake 250 
Calcrining 1 4  0 0-16 00 
Dxying 450 
Frasch .Mining 325-340 

Scalding, Carcass 
Wash, and Cleanup 140 

Singeing Flame 500 
Edible Rendering 200 
Smking/Cooking 155 
Scalding 140 
P a s t e u r i z a t i o n  170 
S t a r t e r  V a t  135 
Make V a t  105 
F in i sh  V a t  100 
Whey Condensing 160-200 
Process Cheese Blend- 

ing  165 

(128 8-1371) 

(121) 

(6 6-104) 

(121) 
(760-871) 
(232) 
(163-171) 

(74) 
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SXC Four Digit 
Group SIC Group 

Application Temperature 
Requirement 

Description Procesa/Use OF OC 

20 2023 

2026 
2032 

M m 
I 

VI h) 2033 

2034 

2037 

Condensed andEvaporatedMilk 

Fluid Milk 
Canned Specialities 
Beans 

Canned Fruits aqd Vegetables 

Dehydrated Fruits and Veg- * 

Potatoes 
etables 

Frozen Fruits h Vegetables 

Sbabilization 2 0 0-2 12 (93-100 
Evaporation 160 (71) . - 
Spray Drying' 350-400 ( 177-2 04 ) 

Pasteurization 162-170 (72-77) 

Precook (Blanch) 180-212 
Simmer Blend 170-212 (77-100) 

Sterlization 250 (121) 

Sauce Heating 190 (88) ' 

Processing 250 (121) 

Pasteurization 200 (93) 
Brine Syrup Heating -, 200 (93) 
Commercial S terli za- 

Sauce Concentration 212 (100) 
Fruit & Vegetable 

Peeling 212 (100) 
Precook 160 (71) 
Cook 212 (100) 
Flake DlryeK 350 (177) 
Granule Flash Dryer 550 (288) 
Citrus Juice Concen- 
tration 190 " (88) 

Juice Sasteurization 200 (93) 
Blanching 18 0-2 12 (82-100) 
Cooking 170-212 ( 7 7-1 0 0) 

Blanching/Peeling 180-212 ( 8 2-1 0 0) 

tion 212-250 (100-121) 

Drying 165-185 ( 7 4-8 S)  
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SIC 
Group 

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

App4ication Temperature 
Requirement . 

Four Digit 
SIC Group Description Process/Use OF OC 

I 
Iu 
6, 

20 2046 Wet Corn Milling Steep Water Evaporator 350 

2048 

2051 

2062 

2063 

Prepared Feeds 

Starch Dryer 
Germ Dryer 
Fiber Dryer 
Gluten Dryer 
Steepwater Heater 
Sugar Hydrolysis 
Sugar Evaporator 
Sugar Dryer 
Pellet Conditioning 
Alfalfa Drying 

Bread and Baked Goods ProofincJ 

Cane Sugar Refining hingler- 
Baking 

Melter 
Defecation 
Revivification 
Granulator 
Evaporhtar 

Beet Sugar Extxac tion 
Thin Juice Heating 
Lime Calcining 
Thin Syrup Heating 
Evapoxation 
Granulator 
Pulp Dryer 

120 
350 
1000 
350 
120 
270 
250 
120 
180-190 
400 
100 
420-460 
725-15-5 
185-195 
160-185 
7 50-1110 
110-130 
265 
140-185 
185 
1000 
212 
270-280 
150-200 
230-280 

(82-88) 
(204 1 
( 3 8 )  
(216-238) 
r5-2;747- 
(85-91) 
(71-85) 
(399-599) 
( 4  3-54 1 
(129) 
(60-85)' 
(85) 
(538) 
(100) 
(132-138) 
(66-93) 
(110-138) 
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Description 
. SIC 
Group 

Application Temperature 
Requirement 

Process/Use OF OC 
Four: Digit 
S I C  Group 

c 

20" 2075 

2077 

2079 

I 
h) 
4 

Soybean Oil .Mills 

Animal and MarAns Fats 

Shortening and Cooking Oil 

2082 Malt Beverages 

2085 D i s t i l l e d  Liquor 

2086 Soft Drinks 

Bean Drying 160 
Toaster Desolvenitzer 215 
Meal' D r y e r  350 
Evaporator 225 

Continuous Rendering 
Stripper 212 

330-350 
O i l  Heater 160-180 
Wash Water 160-180 
Dryer Preheat 200-270 

.of Inedible Fat 

Cooking Oil Reheat 200 
Hydrogenation Preheat 300 
Vacuum Deodorizer 300-400 
Cooker 212 
Water Heater 180 
Mash Tub 170 
Grain Dryer 400 
Brew Kettle 212 

Cooking (Spirits) 320 
Evaporation 250-290 
Dryer (Grain) 300-400 
Distillation 230-250 
Bulk Container. Wash 170 
Returnable Bottle Wash 170 
Nonreturnable Bottle 

Cooking (Whiskey) 212 ' 

Warming 7 5-8 5 
Can Warming 75-85 

( 166-17 7) 
( 71-8 2 1 
(71-82) 
(93-132) 
(93) 
(149) 
( 14 9-2 04 ) 
(100) 
"82) 
(77) 
(204) 
(100) 
(100) 
(160) 
(121-143) 
(149-204) 
(110-121) 
(77) 
(77) 

(24-29) 
(24-2 9) 
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SIC Four D i g i t  
Descrjption Group SIC Group 

2 1  

Appl ica t ion  Temperature 
Requirement 

C 0 OF Process/Use 

22 

M. 
UJ 
I 
h) 
00 

24 

2111 

2 1 4 1  

2261 

2262 

2 4 1 1  
2421 
2435 
2436 

Cigarettes 

Tobacco Stemming and Redrying Drying 

F i n i s h i n g  P l a n t s ,  Cotton Washing 
Dyeing 
Drying 

Dyeing 
Drying and H e a t  Set- 

t i n g  

F in i sh ing  P l a n t s ,  Syn the t i c  Washing 

Logging Camps 
Sawmills and Plan ing  M i l l s  K i l n  Drying of Lumber 
Plywood 
Veneer 

Plywood Drying 
Veneer Drying 

220 
220 
220 

200 
200 
275 
200 
212 

275 
None 

300 

250 
212 

(100) 

(93) 
(100) 

. .  

Page 5 of 1 2  
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T.ABLE ES-1. INDUSTRIA& PROCESSES HEAT REQUIREPlENTS, BY INDUSTRY SECrOR 

! 

SIC 
Group 

Appl ica t ion  Temperature 
Requirement 

C 0 
Four D i g i t  

OF SIC Group Description Process/Use 

26 2611 Pulp M i l l s  . 
2621 Paper M i l l s  
2631 Paperboard M i l l s  

2661 Building Paper  Pulp Digestion 

2 
I 
N 
W 

370 (188) 
150 (66) Pulp  Refining 

Black Liquor  Txeat- 
ment 280 (138) 

-Chemicals Recovery- 
Calcining 1900 (1038) 

Pulp  and Paper Drying 290 (143) 
2653 S o l i d  and Corrugated F i b e r  Cormgating and Glue 

( 1 4  9-177 ) Boxes S e t t i n g  300-350 
28 2812 Alka l i e s  and Chlor ine  Mercury C e l l  (to be 

phased out  by 1983) 
. Diaphragm C e l l  350 (177) 

350 (177) 

250 (121) 

Heating 280 (138) 
Calcining 2200 (1204) 

2865 Cyclic Intermediates E t h y l h n z e n e  
Styrene '  250-350 (121-177) I 

Alumina Digest ing,  Drying,. . 
Phenol 

. 28195 

Page 6 of 1 2  



szc 
Group 

F O U  D i g i t  
SIC Group 

28 ' 

Application Temperature 
I Requkemerrt. 

DescrLption Process/Use OF OC 

dr 

I I I I 

200-215 
190-200 

Synthetic Rubber 
80-100 
80-100 
130-145 

150-200 

2821 Plastic Materials and Resins Polystyrene, suspen- 
sion process 

Polymerizer Preheat 
Heating Wash Water 

Bulk Storage 
Emulsification 
Blowdown Vessels 
Monomer Recovery by 
Flashing and Strip- 

Dryer Air Tempekature 
Cold SBR, Oil-Carbon 
Black Masterbatch 

Dryer Air Temperature 
Oil Emulsion Holding 

Cold SBR, Oil Master- 

Dryer Air Tf3IpeKatU?x2 
Oil Emulsion Holding 

2822 Cold SBR Latex Crumb 

ping 

Tank 

batch 

Tank 
2823 Cellulosic Man-made Fibers Polyester 

Nylon 
Acxylic 
Polypropylene. 

Acetate 
2824 NoncelPulosic Fibers Rayon 

150-200 

80-100 

150-200 

80-100 
550 
535 
250 
540 
212 
212 

r w  

Page 

(93-102) 
(88-93) 

(23-38) 
(27-38) 
(54-63) 

(66-93) 

7 of 12 
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c 

S I C  
i Group 
I 

c 

Applicatidn Temperature 
Requirement 

0 
Four D i g i t  
SIC Croup Descrlpaon Process/Use OF C 

n 28 2834 Pharmaceutical Preparations 

2841 Soaps and Detergents 

2869 Organic Chemicals N.E;C. 

2873 . Urea 

2892 Explosives 

Autoclaving & Cleanup 250 
Tablet and Dry-Cap- 
sule Drying 250 

lV@t Capsule Formation 150 
Soaps : 
Various Processes 

Hig€i-Temperature 
in Soap Mfg. 180 

Proces'se s 490 
Spray Drying 500 

ture Processes 1qo 

Detergents: 
Various --Tempera- 

Nigh-Tempera ture 

Drum-Dried Deterg- 

Spray-Dried Deter- 

Processes 500 

ents 350 

gents 500 
Ethanol 200-250 
Isopropanol 200-350 
Cumene 250 
Vinyl Chloride Monomer 250-350 
High-pressure Steam- 

Low-Pressure Steam- 
Heat'+ Stripper 290 

Dope (Xnert Ingredients) 
Drying 300 

Nitric A c i d  Concentra- 

Heated Stripper 375 

Wax Melting 200 

tor 250 
Page 

(121) 

(191) 

(149) 
(93) 

(121) 
8 of 12 
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TABLE ES-1. INDUSTRIAL PROCESSES HEAT REQUIREMENTS, BY XNDUSTRY SECrOR 

SIC Four D i g i t  
Group SIC Group Description 

Appli'cation Temperature 
Requirement 

Process/Use OF OC 

20. 

29 

I .  
w 
h) 

30 

2892 

2922 

2951 

2952 

3011 
3079 

Explosives (cont 'd) Sul fur ic  A c i d  Concen- 

Nitric . A d d  P l a n t  
Blas t ing  Cap Mfg. 

trator 

Petroleum Refining Crude Dist i l la t ion 

Thermal Opezationa 
C a t a l y t i c  Crackfng 
Delayed Coking 
Hydrocracking 
Catalytic Ref o m i n g  
C a t a l y t i c  Hydrorefin- 

Hydrotreat ing 
Alkyla t ion  
Hydrogen P l a n t  
O le f ins  and Aromatics 
Lubr icants  
Asphalt  
Butadiene 

Heating Asphalt  
S a t u r a t o r  
Asphalt  Coating 
Drying (Steam) 
Sea lan t  

Atmospheric Topping 
vacuum . bis t i l l a  t ion 

i n g  

Paving Mixtures Aggregate Drying 

Asphal t  F e l t s  and Coatings . 

T i r e s  and I n n e r  Tubes vulcanization 
P l a s t i c s  Products  Blow-Molded Bottles 

High-Density Poly- 
e thy lene  

c 

200 
200 
200 

650 
440-800 
555-1010 
1125 
900 
515-810 
925 

700 
700 
45-340 
1600 
1200 
Unavail. 
Unavail.. 
2 5 0-3 50 
275-325 
325 
400-500 
300-400 
350 
300-400 

250-340 

425 

(343) .  
(227-427) 
( 2 91-54 3 ) 
(607) 
(482) 
(268-432) 
(496) 

(371) 
(371) 
(7-171) 
(871) . 
(649) 

( 12 1-177 ) 
( 13 5-16 3) 
(163) 
(204-260) 
(149-204) (177) 

( 14  9-2 04) 

-- 0. -- 

Page 9 of 12 
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SXC 
Group 

Application Temperature 
.Requirement 

Four Digit 
S I C  Group Desoxiptian Pxocees/Use OF OC 



SIC 
Group - 
32 

M m 
I 
w 
IP 33 

34 

d 

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

Application Temperature 
Requirement 

Four D i g i t  
SIC Group Description Process/Use I C 

0 OF 

3295 Trea ted  Minerals 

3312 B l a s t  Furnaces and S t e e l  

3321 Ferrous Castings 
M i l l s  

3322 

3323 

3331 Primary Copper 

3333 Primary Zinc 
3334 Primary Aluminum 
3479 Galvanizing 

Expanded Clay and Shale  
Bloat ing Process  1800 ( 9 8 2 )  

Ful l e r ' s  E a r t h  1100 (593) 
Drying and Calcining 

Kaolin 
Calcining 
Drying 

Expanded P e r l i t e  
Drying 
Expansion Process  

Barium 
Drying 

High-Termperature 
Uses 

Gray Iron Foundries 
(73% of h e a t )  

Malleable I ron  Found- 
ries (10% of hea t )  

Steel Foundries 
(17% of h e a t )  

Melting in Cupola 
Furnaces 

Mold and C o r e  Prep. 
Heat Treatment and 

P ick l ing  
Smelting and Fi re -  

Pyrolyt ic :  Reduction 
Prebaking Anodes 
Cleaning, P i c k l i n g  
Galvanizing ( m e 1  t ing)  

Finishing 

Refining 

z i n c  

1900 (1040) 
230 (110) 

160 (71) 
1600 (871) 

230 (110) 

2700 (1482)  

2700 (1482) 
300-475 (149-246) 

900-18 00  (482-982) 
100-212 (38-100) 

2 0 0 0-2 5 00 
2400 (1300) 
2000 (1093) 

130-190 (54-88) 
850 (454) 

( 109 5-1371 ) 
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S I C  
Group 

Four Digit 
S I C  Group 

36 

37 

Application Temperature 
Requirement 

C 0 Description Process/Use OF 

M 28 
v1 
I 
w 
VI 

I I I 

3621 Motors and Generators 

3711 Motor Vehicles 

2816 Inorganic Pigments 

Drying and Preheat 
Baking 
Oxide Coat Lamina- 
tions 

Annealing 

Baking-Prime and 
Paint Ovens 

Drying Chrome Yellow 

150 
350 

150 0-17 0 0 (816-927) 
1500 (816) 

250-300 

200 

(121-149) 

(93) 
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TABLE ES-2 

INDUSTRY SECTORS WHERE DIPZCT USE OF 
OF GEOTHERMAL ENERGY IS FEASIBLE 

SIC Indus t r y  

101 
102 

121  

1 4 4  
1474 
1475 
1477 

201 
2016 
2 02 

02023 
2026 
203 
2034 
2037 
2046 
2048 
2051 
2 062 
2063 
2075 
2077 
2079 
2082 
2085 
2086 

21 

2261 
2262 

2411 
2421 
2435 
2436 

2511 
2512 

2611 
2621 
2631 
2661 
2653 

Iron O r e  I Mining 
Copper O r e  Mining 

Bituminous Coal Mining 

Sand and Gravel 
Potash 
Phosphate Rock Mining 
S u l f u r  Mining * 

Meet Processing 
Poultry Process ing  
Natural Cheese 
Condensed and Evaporated Milk 
F l u i d  Milk 
Canned F r u i t s  and Vegetables 
Dehydrated F r u i t s  and Vegetables 
Frozen F r u i t s  and Vegetables 
W e t  Corn  Mi l l i ng  
Prepared Foods 
Bread and Baked Goods 
Cane Sugar Refining 
B e e t  Sugar 
Soybean O i l  M i l l s  
Animal.and Marine F a t s  
Shortening and Cooking O i l  
Malt Beverages 
D i s t i l l e d  Liquor 
S o f t  D r i n k s  

Tobacco 

F in i sh ing  P lan t s ,  Cotton 
Fin ish ing  P lan t s ,  Syn the t i c  

Logging Camps 
Sawmills and Planning Mills 

L 

- 
Plywood 
V e n e e r  

Wooden F u r n i t u r e  
Upholstered F u r n i t u r e  

Pulp  M i l l s  
Paper Mills 
Paperboard M i l l s  

Paper Boxes 
Building Paper  t7 

Page 1 of 2-  
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TABLE ES-2 
\ > +' 

bi 
i 

1 

i 
i 

i 

: w  

INDUSTRY SECTORS WHEW DIRECT USE OF 
OF GEOTHERMAL ENERGY IS FEASIBLE 

SIC Indus t ry  

2812 
2865 

2822 
2823 
2824 
28 34 
2841 
2869. 
2873 
2892 

2911 
2951 
2952 

Alka l ies  and Chlorine 
Cycl ic  In te rmedia tes  
Alumina 
Inorganic Pigments 
Plastic Materials and Resins 
Synthe t ic  Rubber 
Cellulosic Manmade F i b e r s  
Noncellusbc Fibers 
Pharmaceutical  P repa ra t ions  
Soaps and Detergents  
Organic Chemicals (N.E.C.) 
Urea 
Explosives  

Petroleum 'Refining 
Paving Mixtures 
Asphalt  F e l t s  and Coatings 

3011 
3079 

Tires and Inner Tubes 
P l a s t i c  Products  

3111 Leathelt Tanning and Fin ish ing  

3211 
3221 
5241 
3251 
3255 
3271 
3273 

3275 
3295 

3312 
3321 
3331 

-3274 

3333 
3334 

,3478 

3621 

3711 

F l a t  Glass 
Glass Containers 
Bydraul ic  Cement 
Brick and Structsral  T i l e  
Clay Ref rac to r i e s  
Concrete Block 
Ready-Mix Concrete 
Lime 
Gypsum 
Treated Minerals 

Blast Furnace and S t e e l  M i l l s  
Fer rous  Cas t ings  
Primary Copper 
Primary Zinc 
Primary Aluminum 

' 

Galvanizing 

Motors and Generators 

Motot Vehicles  

ES-37 Page 2 o f ' 2 .  



TABLE .ES-3 

TYPICAL LISTING OF PLANT LOCATION 3ETERHINANTS 

De te &nant: 

I. Geographic Preference: 

(1) Central c i ty  of a metropolitan area 
(2) Metropolitan suburban area 
( 3 )  Non-metropolitan area 

11, Industrial Park Preference: 

111. Cornunity Size Preference 
(1) Under 25,000 population 
(2) 25,000-99,000 
(3)  5 0 ~ 0 0 0 ~ 9 9 ~ 0 0 0  

(4 )  100,000-249,999 
(5) 250,000-499,OOO 
(6) 500,000-999,999 
(7) 1,000,000 or more 

IV. Plant S i t e  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 

u 
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TABLF ES-3 

(5) ,Tax incent ives  or tax holidays 
(6)  Fire protection 

Determinant 

(8) Public warehousing 
( 9 )  Public re f r igera ted  warehousing 

(10) Police protection 
(11) Local i n d u s t r i a l  development group 
(12)  Pool of t ra ined  workers 
(13) Pool of unsk i l l ed  workers 
(14) Lenient i n d u s t r i a l  zoning 

1 (15) Strict i n d u s t r i a l  zoning 

VI. Plant  S i t e  Features, 
(1) Highway access 

I (2: Scheduled air  f r e i g h t  service 
(3) Water t ransportat ion 
(4 )  Scheduled ra i l  service 
(5) Piggy back fac i l i t i es  (rail) 
(6) Indus t r i a l  water supply (processed) 
(7)  Indus t r i a l  water supply (raw) 
(8)  Natural gas service 
( 9 )  Indus t r i a l  ewage processing 

(11) Soil  load-bearing capab-i l i t ies  

I 1 

i 

i 
i 
1 1 (10) Solid waste .disposal  

0 (12) Electricity 
pr 

V I I .  Low Wage Rates 

ES-3 9 Page 2 of 2 



TABLE ES-4 

INDUSTRY SECTORS SELECTED FOR MANUFACTURING 
PLANT CHARACTERISTICS 

SIC Code. 

2086 

2256 

2256 

2272 

2295 

2432 

2821 

. 2824 

2833 

2432 

2432 

2815 

2815 

2818 

2819 

2834 

2834 

2842 

2844 

2844 

2879 

2099 

Sector 

Bottled and Canned Soft Drinks 

W a r p  Knit Fabrics 

Circular Knit Fabrics 

!Cufted Carpets and c rugs 

Vinyl Coated Fabrics 

Softwood Plywood 

- 

NofiwooB-f ace Plywood 

Softwood Veneer 

Cyclic (coal tar) intermediates 

Synthetic Organic Dyes 

Miscellaneous Acyclic Chdcals 

Synthetic PJcrmonia 

Thermoplastic Resins 

Noncellulosic Synthetic Fibers 

Synthetic Organic Medicinal Chemicals 

Pharmaceutical Preparations 

Vitamhs, Nutrients 

Specialty Cleaning Products 

Perfumes, etc. 

Miscellaneous Cosmetics 

Agricultural Insecticidal Preparations 

Miscellaneous Chemicals 

ES-4 0 



..TABLE ES-5 

PLANT LOCATION DETEFNINANTS FRON SELECTED STUDIES 

Study 
_ _  

Plant. Location Determinants 

Glen E. McLaughlin and 1. Harket Orientation (45%).  
S. Robock 2. Raw Naterial Availabil i ty (30%) . 
Wilbur R. Thompson and 1. Consumer Demand and Market 
I. Mattila Orientation . 

~ 3 .  L a w  labor costs  (25%).  

2. Low labor  cost. 

Note t h a t  Thompson and Mattila indicate  
t h a t  loca l  taxes has no s igni f icant  
bipact on industry location. 

Benjamin Chinitz and 1. Market Orientation 
R. Vernon 

Robert Lichtenberg 1. Low transportation cos t  and 
market or ientat ion (51%). 

2. External economics (15%) . 
3. Histor ical  fac tors  ( 1 4 % ) .  
4. Low 'labor' costs  (81%). 

2. Agglomeration. 
3. Labor. 
4. C l i m a t e .  

Harvey Perloff,  - e t  a 1  1, Market brientation. 

Victor Fuchs 1. Raw material ava i l ab i l i t y  (including 
climate).  

2. Low .labor cost .  

The Fantus Company, Inc. Weishted Score 

Transportation: 
Services 53 
costs 4 1  

Proximity t o  customers 46 
State manpower t r a in ing  

assis tance 31 
Labor cos t  advantage 24 
Low cost electric power 24 
Urban' or ientat ion 24 ' 

P.rox'imity to' raw' materials 11 

ES-41 



TABLE ES-6 

PROBABLE NUMBER OF NEW PLANT FACILITY LOCATIONS L 
I N  GEOTHERMAL RESOURCE REGIONS, 1986-1990 

Geothermal Resource Regions 
Southeastern Gulf 

Industry Sector U.S .  S t a t e s  California T o t a l  

Food & Kindred 
Products 15-20 5 13-15 30-40 

Tobacco 2-3 c 0 2-3 

6-8 
T e x t i l e  H i l l  
Products 6-8 - 
Leather 6 Leather 
Products 

Chemical & Allied 
Products 2-4 

- 
3-6 2-3 7-13 

6-1 0 
Lumber c Lumber 
Products 6-10 

E S - 4 2  



INTRODUCTION 

W 

This  r epor t  p resents  a comprehensive ana lys i s  of i n d u s t r i a l  

markets p o t e n t i a l  for direct use of geothermal energy by a 

t o t a l  of s i x  indus t ry  sectors :  

1) Food and kindred products 

2)  Tobacco manufactures 

3) Tex t i l e  m i 1 1  products 

4 )  Lumber and wood products, except f u r n i t u r e  

5)  Chemicals and a l l i ed  products 

6) Leather and leather products. 

These six indus t ry  sec to r s  were selected f o r  detailed 

analyses of i n d u s t r i a l  markets p o t e n t i a l  for direct use of 

geothermal energy, based on an earlier r epor t  prepared by 

S t e r l i n g  Hobe Corporation.&’ It w a s  determined tha t  they 

represent  sectors of economy w i t h  some growth p o t e n t i a l  and/or 

manufacturing activities of these  sectors and are located i n  

geothermal resource regions. 

T h i s  report is comprised of 5 chapters and 2 appendices. 

Chapter 1 presents  a brief statement regarding the s e c t o r s  

of economy and major manufacturing processes that  can readily 

u t i l i z e  direct geothermal energy. Chapter 2 discusses  P lan t  

Location Determinants and related data. 

add i t iona l  information about p l a n t . l o c a t i o n  determinants for 

the s ix  indus t ry  sectors, and most important, the r e s u l t s  from 

Chapter 3 presents  

lJ The Direct The‘mal U t U h i t I o h ’  af Geothermal Res’ources by 
Industry. Prepared fc iercw Tech- 

~~ 

)r U.S. Department of Energy, Er ~~ _ _ _ _ _  
nology, S t e r l i n g  Hobe Corporation, Washington, DOC.# August 1979. 

;hd I 

i 
i 
I 
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our interviews w i t h  selected indus t ry  execut ives  who expressed 

t h e i r  views of u t i l i z i n g  d i r e c t  geothermal resources i n  their  

e x i s t i n g  or f u t u r e  p l an t s ,  This data is c e n t r a l  t o  our r e p o r t  

Chapter 4 presents  probable loca t ions  of p l a n t s  i n  geothermal L 
resource areas i n  t h e  1980 t o  1990 period. 

our recommendations for geothermal resource marketing, 

Chapter 5 presents  

Appendix A presents  factors which impact on indus t ry  loca- 

Appendix B presents  indus t ry  executives i n t e r -  t i o n  decisions.  

viewed during the  course of t h i s  study. 
I 

This  r e p o r t  w a s  prepared by S t e r l i n g  Hobe Corporation; Ivars 

Gutmanis was  the p r i n c i p a l  author,  

W e  are g r a t e f u l  f o r  a s s i s t a n c e  provided to us throughout 

t h i s  p r o j e c t  by D r .  Fred Abel and his  col leagues from the Depart- 

m e n t  of Energy. 

t o  us by the numerous indus t ry  executives listed i n  Appendix B 

to this report, 

We are also g r a t e f u l  for  the cooperation provided 

2 



CHAPTER I 

DIREXT APPLICATION OF GEOTHERMAL ENERGY TO 
MANUFACTURING OPERATIONS 

Ever increas ing  energy shortages,  combined w i t h  r ap id ly  

r i s i n g  p r i ces ,  have r e su l t ed  i n  increas ing  requirements for 

assured energy .sources a t  r e a l i s t i c  p r i c e  levels. 

Among the various energy sources,  geothermal energy is 

widely ava i l ab le  i n  t h e  United States, and can be expected t o  

provide a s i g n i f i c a n t  amount of cu r ren t  energy demand. 

Among the var ious uses of geothermal energy, the  d i r e c t  

use of such energy is  espec ia l ly  a t t r a c t i v e ,  r equ i r ing  rela- 

t i v e l y  modest capital expenditures as w e l l  as opera t ing  expenses. 

Further ,  as the  data i n  Tables 1 and 2 i nd ica t e ,  t h e  number of 

manufacturing processes where the direct use of geothermal 

energy can be appl ied  i s  la rge .  

Table 1 i d e n t i f i e s  234 processes where direct geothermal 

energy app l i ca t ions  are feas ib l e .  Further ,  for 26 such processes,  

temperature requirements are very low, i-e,,  t h e  hea t  is  used 

t o  evaporate water and/or t o  dry material. 

I n  terms of i ndus t ry  sectors where direct use of geothermal 

energy is feasible, 76 sectors can be i d e n t i f i e d  (Table 3).  

These s e c t o r s  are heavi ly  concentrated i n  t h e  six i n d u s t r i e s  

analyzed i n  this study. 

This concen t r a t ion . i s  e spec ia l ly  s i g n i f i c a n t  in Food and 

Kindred Products and Chemcials and A l l i e d  Products s e c t o r s  

(Table 4 ) .  However, other s e c t o r s  of indus t ry  are also very 

3 



TABLE 1. INDUSTRIAL PROCESSES HEAT REQUIREMENTS, BY INDUSTRY SECTOR 

S I C  
Group 

IP 

Application Temperature 
Requirement 

Four Digit 
S I C  Group Process/Use Description OF OC 

10' 1011 

1021 
12 1211 

14 1442 
1474 
1475 

1477 
20 2011 

2013 

2016 
2022 

Iron Ore 

Copper Concentrate 
Bituminous 

Sand and Gravel 
Potash 
Phosphate Rock 

Sulfur 
Meat Packing 
Sausages and Prepared Meats 

Poultry Dressing 
Natural Cheese 

Pelletizing of Con- 
centrates 
Drying 
Drying (including 
1 ignite ) 

Drying Filter Cake 
Calcining 
Drying 
Frasch Mining 

Scalding, Carcass 

Singeing Flame 
Edible Rendering 
Smoking/Cooking 
Scalding 
Pasteurization 
Starter Vat 
Make Vat 
Finish Vat 
Whey Condensing 
Process Cheese Blend- 

Wash, and Cleanup 

ing 

2350-2500 
250 

150-250 
None 
250 
1400-1600 
450 
325-340 

140 
500 
200 
155 
140 
170 
135 
105 
100 
160-200 

165 

(1288-1371) 
(121) 

(66-104) 

(121) 
(760-871) 
(232) 
(163-171) 

(60) 
(260) 
(93) 
(68) 
(60)  

(77) 
(57) 

(38) 
(71-93) 

(74) 

(41) 

Page 1 of 12 
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P Description Process/Use 

20 2023 Condensed andEvaporatedMilk 

Application Temperature 
, Requirement 

OF OC 

2026 Fluid Milk 
2032 Canned Specialities 

Beans 

v, PO33 Canned Fruits and Vegetables 

2034 Dehydrated Fruits and Veg- 
etables 

Potatoes 

2 037 Frozen Fruits & Vegetables 

Sbabilization 
Evaporation 
Spray Drying 
Sterlization 
Pasteurization 

Precook (Blanch) 
Simmer Blend 
Sauce Heating 
Processing 
Blanching/Peeling 
Pasteurization 
Brine Syrup Heating 
Commercial Sterliqa- 

Sauce Concentration 
Fruit & Vegetable 

Peeling 
Precook 
Cook 
Flake Dryer 
Granule Flash Dryer 
Citrus Juice Concen- 

tration 
Juice pasteurization 
Blanching 
Cooking 

tion 

Drying 

200-212 
160 
350-400 
250 
162-170 

180-2 12 
17 0-21 2 
3.90 
250 
3.80-212 
200 
200 

212-250 
212 

165-185 
212 
160 
212 
350 
550 

190 
200 
180-212 
170-212 

(93-100 - 
(71) 
(177-204) 
(121) 
(72-77) 

~(82-100) 
(77-100) 
(88) 
(121) 
(82-100) 
(93) 
(93) 

( 1  100-121 
(100) 

(74-85) 
(100) 
(71) 
(100) 
(177) 
(288) 

(88) 
(93) 
(82-100) 
(77-100) 
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TABLE 1. INDUSTRIAL PROCESSES HEAT ReOUIREMENTS, BY INDUSTRY SECTOR 

Description 

Application Temperature 
Requirement 

Process/Use OF OC 

20 2046 

S I C  
Group 

2048 

Four Digit 
SIC Group 

b, 
2051 

Wet Corn Milling Steep Water Evaporator 350 
Starch Dryer 120 
G e r m  Dryer 350 
Fiber Dryer 1000 
Gluten Dryer 350 
Steepwater Heater 120 
Sugar Hydrolysis 270 
Sugar Evaporator 250 
Sugar Dryer 120 

Alfalfa Drying 400 (2041 
Prepared Feeds Pellet Conditioning 180-190 (82-88) 

Bread and Baked Goods Proof ins 100 (38) - 
Baking 420-460 ( 216-2 3 8 ) 

PIelter 185-195 (85-91) 
Defecation 160-185 (7 1-8 5) 
Revivification 750-1110 ( 399-599) 
Granulator 110-130 (43-54) 
Evaporator 265 (129) 

2062 Cane Sugar Refining M m e r  125-16s (52-’7a)--- 

2063 Beet Sugar Extraction 
Thin Juice Heating 
L i m e  Calcining 
Thin Syrup Heating 
Evaporation 
Granulator 
Pulp Dryer 

J40-185 
185 
1000 
212 
270-284 
150-200 
230-280 

(60-85) 
(85) 
(538 1 
(100) 
(132-138) 
(66-93) 
(110-138) 



SIC Four Digit 
Group SIC Group 

Application Temperature 
Requirement 

Description Process/Use OF OC 



Description 
I I t I I 

Application Temperature 
Requirement 

Process/Use OF OC I 
21 2111 

2141 

22 2261 

2262 

db 

24 2411 
2421 
2435 
2436 

Cigarettes Drying 
Rehumidification 

Tobacco Stemming and Redrying Drying 

Finishing Plants, Cotton Wa s hi ng 
Dyeing 
Drying 

Dyeing 
Drying and Heat Set- 
ting 

Finishing Plants, Synthetic Washing 

Logging Camps 
Sawmills and Planing Mills Kiln Drying of Lumber 
Plywood 
Veneer 

Plywood Drying 
Veneer Drying 

220 
220 
220 

200 
200 
275 
200 
212 

275 
None 
300 
250 
212 
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Q 

SIC 
Group 

TABLE 1. INDUSTRIAL PROCESSES HEAT REQUIREMENTS, BY INDUSTRY SECTOR 

Application Temperature 
Requirement 

Four Digit 
S I C  Group Description Process/Use OF OC 

25 

26 
u) 

28 

2511 

2512 

26x1 
2621 
2631 
2661 

2653 

2812 

2865 

28195 

Wooden Furniture 

Upholstered Furni-ture 

Pulp Mills 
Paper Mills 
Paperboard Mills 
Building Paper 

Solid and Corrugated Fiber 

Alkalies and Chlorine 
Boxes 

Cyclic Intermediates 

Alumina 

Makeup Air and 
Ventilation 

Kiln Dryer and Drying 
Oven 

Makeup Air &nd 
Ventilation 

Kiln Dryer and Drying 
Oven 

Pulp Digestion 
Pulp Refining 
Black Liquor Treat- 

Chemicals Recovery- 

Pulp and Paper Drying 
Corrugating and Glue 

Mercury Cell (to be 

Diaphragm Cell 
Ethylbenzene 
Styrene' 
Phenol 
Digesting, Drying, 
Heating 

Calcining 

ment 

Calcining 

Settilig 

phased out by 19'83) 

70 

150 

70 

150 

370 
150 

280 

1900 
290 

30 0-3 50 

350 
350 
250-350 
250 

280 
2200 

(1038) 
(143) 

( 14 9-17 7 ) 
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TABLE 1. INDUSTRIAL PROCESSES HEAT REQUIREMENTS, BY INDUSTRY SECrQR 

Four Digit 
SIC Group 

SIC 
Group 

Application Temperature 
Requirement 

Description Process/Use OF OC 

28 2821 Plastic Materials and Resins 

2822 Synthetic Rubber 

)-L 
0 

2823 Cellulosic Man-made Fibers 

2824 Noncellulosic Fibers 

Polystyrene, suspen- 

Polymerizer Preheat 
Heating Wash Water 
Cold SBR Lakex Crumb 
Bulk Storage 
Emulsification 
Blowdown Vessels 
Monomer Recovery by 
Flashing and Strip- 

Dryer Air Temperature 
Cold SBR, Oil-Carbon 
Black Elasterbatch 

Dryer Air Temperature 
Oil Emulsion Holding 
Tank 

Cold SBR, Oil Master- 
batch 

Dryer Air Temperature 
Oil Emulsion Holding 
Tank 

Polyester 
Nylon 
Acxylic 
Polypropylene. 
Rayon 
Acetate 

sion process 

ping 

200-215 
19 0-2 0 0 

80-100 
80-100 
130-145 

150-200 

150-200 

80-100 

150-200 

80-100 
550 
535 
250 
540 
212 
212 

c 

. .  
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c- 

( 93-1 02 ) 
( 88-93 ) 

(27-38) 
(27-38) 
(54-63) 

( 66-9 3 ) 

(66-93) 

(27-38) 

(66-93) 



c 
_. * ?. t 

SIC 
Croup 

A , - .  - * - .  

TABLE 1. INDUSTRIAL PROCESSES HEAT REQUIREMENTS, BY INDUSTRY SECTOR 

Application Temperature 
Requirement 

C 0 
Four Digit 

I S I C  Group Description Pxocess/Use OF 

C 

28 j - 2834 Pharmaceutical Preparations Autoclaving & Cleanup 250 
Tablet and Dry-Cap- 
sule Drying 250 

Wet Capsule Formation 150 
- t  2841 Soaps and Detergents 

2869 . Organic Chemicals, N.E.C. 

2873 Urea 

. . , ,.. . .  I . .A . .. 1 .  : . . ... ~ . - .. 

Soaps : 
Various Processes 

in Soap Mfg. 
High-Temperature 
Processes 

Spray Drying 

Various Low-Tempera- 
ture Processes 

Hi gh-Tempera ture 
Processes 

Drum-Dried Deterg- 
ents 

Spray-Dried Deter- 
gents 

Detergents: 

Ethanol 
Isopropanol 
Cumene 
Vinyl Chloride Monomer 
High-pressure Steam- 
Heated Stripper 

Low-Pressure Steam- 
Heated Stripper 

180 

490 
500 

180 

500 

350 

500 
200-250 
200-350 
250 
250-350 

375 

290 
Explosives Dope (Inert Ingredients) 

Drying 300 

Nitric Acid Concentra- 

2892 

Wax Melting 200 

tor 250 

(177) 

(260)' , 
( 9 3-1 2 1) 
(93-177) 
(121) 
(121-177) 

(149) 
(93) 

(121) 
Page 8 of 12 



SIC 
Group 

28 ' 2892 Explosives (cont'd) Sulfuric Acid Concen- 
trator ' 200 (93) 

Nitric Acdd Plant 200 (93) 
Blasting Cap Mfg. 209 (93) 

Application Temperature 
Requirement 

Four Digit 
S I C  Group Description Pwocess/Use OF OC 

c, 
N 

36 

2951 

2952 

3011 
3079 

Paving Mixtures 

Asphalt Felts and Coatings 

Tires and Inner Tubes 
Plastics Products 

Atmospheric Topping 
Vacuum Distitlation 

Thermal Operations 
Catalytic Cracking 
Delayed Coking 
Hydrocracking 
Catalytic Reforming 
Catalytic Hydrorefin- 

Hytlrotreating 
Alkylation 
Hydrogen Plant 
Olefins and Aromatics 
Lubricants 
Asphalt 
Butadiene 

ing 

Aggregate Drying 
Heating. Asphalt 
Saturator 
Asphalt Coating 
Drying (Steam) 
Sealant 

Vulcanization 
Blow-Molded Bottles 
High-Density Poly-. 
ethylene 

650 
440-800 
555-1010 
1125 
900 
515-810 
925 

700 
700 
45-340 
1600 
1200 
Unavail. 
Unavail. 
250-350 
275-325 
325 
400-500 
300-400 
350 
300-400 

'250-340 

425 

29 2922 Pktroleum Refining Crude Distillation 

Page 9 of 12 

c 

-0 

(.121-17 7 ) 
(135-163) 
(163) 
(204-260) 
(149-204) 
(177) 
4 1 4 9-2 0 4 ) 

( 121-171 ) 



c c 

SIC 
Group 

31 

TABLE 1, INDUSTRIAL PROCESSES HEAT REQUIREMENTS, BY INDUSTRY SECTOR 

Descr fpti6n Pxocess/Use 

3111 Leather Tanning and 
Finishing Bating 90 (32) 

Chrome Tanning 85-130 (29-54) 
Retan, Dyeing, Fat 
Liquor 120-140 (49-60) 

Wash 120 (49) 
Drying 110 (43) 
Finishing Drying 110 (43) 

3211 Flat Glass llelting 2300-2700 (1260-1482) 
Fabrication (inc. 

Annealing 

32 

Tempering and Lam- 
w inating) 1470-2000 ( 79 9-1093 ) 

930 (499) 
w 

Glass Containers Melting-Firing 2700-2900 (1482-1593) 
(816-1093) Conditioning 1500-2000 

3221 

Annealing 1200 (649) 
Post Forming 1200 (649) 

3241 Hydraulic Cement Drying 275-325 (135-163) 

3251 Brick and Structural Tile Brick Kiln 2500 (1371) 
3255 Clay Refractories Refractories Firing 3300 (1816) 

3271 

Calcining 2300-2700 (12 6 0-14 8 2) 

Low-Pressure Curing 165 (74 1 
Autoclaving 360 (182) 

Concrete Block 

3273 

3274 

Ready-Mix Concrete Hot Water for Mixing 
Concrete 120-190 

Lime Calcining 1800 
3275 Gypsum Kettle Calcining 330 c (166) 

Wallboard Drying 300 (149) 

?acre 10 of 12 



S I C  Four Dig i t  
Group SIC Group Description Pxocess/Use 

a 32 

Application Temperature 
Requirement 

OF OC 

3295 Trea ted  Minerals  

I-' 
eb 

33 3312 

3321 

3322 

3323 

34 . 

c 

3331 

3333 
3334 
3479 

B l a s t  Furnaces and S t e e l  

Ferrous Cast ings 
M i l l s  

Primary Copper 

Primary Zinc 
Primary Aluminum 
Galvanizing 

Expanded Clay and Shale  
Bloating Process  1800 

F u l l e r ' s  Ear th  1100 
Drying and Calcining 

Calcining 1900 
Drying 230 

Expanded P e r l i t e  
Drying 160 
Expansion Process  1600 

Barium 
Drying 230 

High-Temperature 
U s e s  

Gray Iron Foundries 
(73% of hea t )  

Malleable Iron Found- 
ries (10% of heat )  

S t e e l  Foundries 
(17% of hea t )  

Melting i n  Cupola 
Furnaces 2700 

Mold and C o r e  Prep. 300-475 
Heat Treatment and 

Smelting and Fire-  

Pyro ly t ic .  Reduction 2400 

Kaolin 

2700 

Fin ish ing  900-1800 
Pick l ing  100-212 

Refining 2 00 0-2500 

Prebaking Anodes 2000 

Cleaning, P ick l ing  130-190 
Galvanizing (mel t ing  850 

Page 11 of zinc 

(1040) 
(110) 

'(1482) 

(1482) 
(149-246) 

(482-982) 
(38-100) 

(1095-1371) 
(1300) 
(1093) 

(54-88) 
(454) 
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SIC 
Group Process/Use 

I -  . .  

Application Temperature 
Requirement 

OF I C 
0 

TABLE 1. INDUSTRIAL PROCESSES HEAT REQUIREMENTS, BY INDUSTRY SECTOR 

Four Digit 
SIC Group Description 

36 3621 

37 

28 

3711 

-2816 

Motors and Generators Drying and Preheat 150 (66) 
Baking 350 (177) 
Oxide Coat Lamina- 

Annealing 1500 (816) 
tions 15 0 0-17 0 0 (816-927) 

Motor Vehicles Baking-Prime and 
Paint Ovens 250-300 ( 12 1-1 4 9 )  

Inorganic Pigments Drying Chrome Yellow 200 (93) 

I I 
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SIC Four D i g l i t  
Group SIC Group Descr ip t ion  

10  

12 

1 4  

flinimum Application 
Temperature Requirements 

Process/Use OF OC 

20 

s 

2 1  

28. 

32 

1021 Copper Concentrate 

1211 Bituminous C o a l  

1474 
1475 

2046 

2048 
2063 

2075 
2082 
2085 

2111 

2141 

2841 

3271 
3295 

Potash 
Phosphate Rock 

Wet Corn M i l l i n g  

Prepared Feeds 
B e e t  Sugar 

Soybean O i l  M i l l s  
Malt Beverages 
Di s t i l l ed  Liquor 

Cigarettes 

Tobacco Stemming and 
Redxying 

Soaps and Detergents 

Concrete Block 
Treated Minerals 

Drying 250 

Drying ( inc l .  l i g n i t e )  150-250 

Drying F i l t e r  Cake 
Drying 

Starch  D r y e r  
Sugar Dryer 
A l fa l f a  Drying 
Evaporadon 
Pulp Dryer 
Meal D r y e r  
Grain D r y e r  
Evaporation 

Drying 
Rehumidification 

Drying 

Soaps: Spray Drying 
Detergents: Spray- 

Dried Detergents 
Drum-Dr ied  Deterg. 

Low-Pressure Curing 
Kaolin: Drying 
Expanded P e r l i t e :  

B a r h m t  Drying 
Dryins 

250 
450 

120 
120 
400 
270-280 
230-280 
350 
400 
2 5 0-2 90 

220 
220 

220 

500 

500 
350 

165  
230' 

160 
230 



TABLE 3 

bs 
INDUSTRY SECTORS WHERE DIRECT USE OF 

GEOTHERMAL ENERGY IS FEASIBLE 

SIC Industry 

101 
102 

121 

144 
1474 
1475 
1477 

2 01 
2016 
2 02 
2023 
2026 
203 
2034 
2037 
2046 
2048 
2051 
2062 
2063 
2075 
2077 
2079 
2082 
2085 
2086 

21 Y 

2261 
2262 

2411 
2421 
2435 
2436 

2511 
2512 

2611 
2621 
2631 
2661 
2653 

Irbn Ore Mining 
Copper Ore Mining 

Bituminous Coal Mining 

Sand and Gravel 
Potash 
Phosphate Rock Mining 
Sulfur Mining 

Meat Processing 
Poultry Processing 
Natural Cheese 
Condensed and Evaporated Milk 
Fluid Milk 
Canned Fruits and Vegetables 
Dehydrated Fruits and Vegetables 
Frozen Fruits and Vegetables 
Wet Corn Milling 
Prepared Foods 
Bread and Baked Goods 
Cane Sugar Refining 
Beet Sugar 
Soybean Oil Mills 
Animal and Marine Fats 
Shortening and Cooking Oil 
Malt Beverages 
Distilled Liquor 
Soft Drinks 

Tobacco 

Finishing Plants, Cotton 
Finishing Plants, Synthetic 

Logging Camps 
Sawmills and Planning Mills 
Plywood 
Veneer 

Wooden Furniture 
Upholstered Furniture 

Pulp Mills 
Paper Mills 
Paperboard Mills 
Building Paper 
Paper Boxes 

W Paqe 1 0f,2 
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TABLE 3 

INDUSTRY SECTORS WHERE DIRECT USE OF 

L’ OF GEOTHERMAL ENERGY IS FEASIBLE 

SIC Industry 

28 
28 
28 
28 
28 
28 
28 
28 
28 
28 

112 
165 , 

119 
116 
I21 
122 
123 ’ 

124 
I34 
141 

2869 
28 73 
2892 

2911 
2951 
2952 

3011 
3079 

3111 f 

3211 
3221 
3241 
3251 
3255 
3271 
3273 
3274 
3275 
3295 

3312 
3321 
3331 
3333 
3334 

3479 

3621 

3711 

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

Petroleum Refining 
Paving Mixtures 
Asphalt F e l t s  and Coatings 

Tires and Inner Tubes 
Plastic Products 

Leather Tanning and Finishing 

Flat Glass 
Glass Containers 
Hydraulic Cement 
Brick and Structural Tile 
Clay Refractories 
Concrete Block 
Ready-Mix Concrete 
Lime 
Gypsum 
Treated Minerals 

Blast Furnace and Steel Mills 
Ferrous Castings 
Primary Copper 
Primary Zinc 
Primary Aluminum 

Galvanizing 

Motors and Generators 

Motor Vehicles 

18 
bill#+ 
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TABLE 4 

DISTRIBUTION OF POTENTIAL DIRECT GEOTHERMAL ENERGY USES AMONG 
MANUFACTURING SECTORS 

Title 
Food and Kindred Products 
- SIC 

SIC 20 

SIC 21 

SIC 22 

SIC 24 

SIC 25 

SIC 26 

SIC 28 

SIC 31 

- Number of Sectors 
1 8  sectors 

2 sectors 

2 sectors 

Tobacco 

Textiles 

Lumber 3 sectors 

Furniture 2 sectors 

sector 

sectors 

sector ' 

sectors 

sector 

1 

11 

1 

4 

1 

1 

1 

I 

Paper 

Chemicals 

Leather 

SIC 32 Concrete Products 

Primary Metals 

Fabricated Metals 

Machinery 

SIC 33 

SIC 34 

SIC 36 

SIC 37 

sector 

sector 

sector Transportation Equipment 

Sterling Hobe Corporation Source: 

19 



well suited for direct.use, i.e., resources within 7OoF to 

350°F range. 

within these temperature ranges are presented in Table 5. 

The manufacturing processes which require energy 

Data indicate a total of 113 manufacturing processes well 

suited for the direct use of geothermal energy. 

processes are in Food and Kindred Products sector, and 29 

Seventy-three 

processes in Chemicals and Allied Products sector. 

In summary, direct application of geothermal energy to 

various manufacturing operations has considerable technical 

potential. 

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 determinants 

and the role of direct geothermal resources are analyzed. 

Whether the use of direct geothermal resources is 

20 
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TABLE 5 

b) 

Ka jor 
SIC 

Code 

20 Food 

1 

.w 

SELECTED PROCESS HEAT REQU I RfHENfS BY HANUFACTUR1 N t  SECTORS 
AND BY PROCESS 

201 3 

201 6 

2022 

2c23 

2026 

2632 
I 

2033 

I ndus t ry  
SIC 

Code 
Des cr.1 p t 1 on 

jusages 5 prepared 
meats 

out t r y  Dressing 

aturel Cheese 
Hanuf actur i ng 

'ondensed & Evapotatc 
Milk 

rlui4 tii'tk 
h n e d  Specialties - 

Beans 

hnned Fruits gnd 
Vegcta b 1 es 

21 

Process 

calding, Carcass 
Nssh, cleanup 

dlble  Rendering 

mokt ng/tooking 
ea 1 di  ng 

4 

as teur I t a t  ion 

tarter Vat 
lake Vat 

'lnish Vat 
hey Condensing 
'rocess Cheese 
8 fend I ng 

;tab! 1 tiatlon 
Evaporation 
iteri tiretion 
'as teurfta t ton 

'recook (Blench) 
Simmer Blepd 
5aucc Heat t ng 
Processing 

Blanehlng/Peel 1ng 
Pasteur t t a  t I on 
Brine Syrup Heatin 
Commercla1 Steri 1- 

Sauce Concentratio 
i ta t ion 

Tempera tute 
Requ 1 remen t 

140 

200 

155 
140 

170 
135 
105 
1 QO 
160-20 

165 

200-2 1 
160 
250 
162-11 

180-21 
170-2' 

190 
250 

186-2 
200 
200 

212-2 
212 

age 1 

- 
O C  - 
60 

93 

68 
60 

77 
57 
41 
38 
71-93 

74 

93-1 00 

71 
121 
72-77 

82-1 00 

77-1 00 
88 
121 

82-1 QO 
93 
93 ' 

100-121 
100 

7 



TABLE 5 

ha jor 
SIC 

Code 

20 Food 

SELECTED PROCESS H U T  REQU I REHENTS BY ' )IANLlFACTURl Nt SECTORS 

Industry 
SIC 

Code 

2075 

2079 

2082 

2085 

2086 

AND BY PROCESS 

&PI icstlon 
Temperature 
Rtqu I temen t 

DestrJpt ion 

oybcan 011 Htllr 

hortenlng 6 ,Cooking 
01 1 

a 1 t Beverages 

ltstIlltd Llqwr 

loft Ortnks 

22 

Proces s 

lean Drylng 
barter Oesolvent~te 
k a t  Dryer 
ivrporator 
it rl pper 

)I1 Heater 
?ash Water 
kyer Prthea t 
:ookIng 011 Reheat 
4yd rogena t I on P te- 

h a t  
koktt 
Ja ter Hee t e r  
b s h  Tub 
3rew. Kett 1 e 

:ooklng (Whlokey) 
boklng (Sptrl ts) 
ivaporat ton 
Dist 11 latton 
Bulk Cantatner 

Mas hl ng 
Returnable Bottle 
Washlng 

Nonreturnable Bottic 
Warming 

Can Warmlng 

- 
O F  

160 
21 5 
350 
US 
212 

160-18r 

- 

160-1 81 
200-27( 
200 

300 
212 
180 
170 
212 
212 
320 
250-29 

530-25 

170 

170 

75-85 
75-85 

Page 2 of 7 

71 
102 
177 
107 
100 

71-82 
71-82 
93-1 32 
93 

149 
100 
82 
77 
100 
1 00 
163 
121-143 
110-121 

77 

77 

24-29 
24-29 



TABLE 5 . .  
SELECTED PROCESS HUT REQUIREHENTS BY. HANUFACTURING SECTORS 

Ha Jor 
SIC 

coac 

20 Food 

l k )  

1 
I 
i 

Industry 
SIC 

Code 

2037 

2046 

2048 
2051 
2062 

2063 

AND BY PROCESS 

'Dercr.tpt Ion 

rozen Fruits C 
Vegetsbl es 

e t  Corn Ht 11 ing 

repared Feedi 
read C Baked Goods 

ane Sugar Ref tntng 

leet Sugar 

23 

Process I 

r u i t  t Veg. Drying 
otetoes - Peeling 
recook 
took 
I i t rus Jut ce Concen- 
t ra t t on 

Iu i cc Past cur I za t t on 
11 aneh 1 ng 

:ooking 
itarch Dryer 
; tetpwater Hea tcr 
;u@t Hydrolysis 
;ugar Evaporator 
h g a r  Dryer 
le 1 1 e t  Cond i t  Ion 1 ng 

'roof t ng 
3 i  n g l e t  
.le1 ter 
Defecation 

Evaporator 
Extraction 
Thtn Juice Heating 

Thtn Syrup Heatlng 
Eva pora t 1 on 
Granulator 
Pu lp  Dryer 

AppI icetion 
Temperature 
Requ 1 runen t - 
O F  

165- 1 85 
212 
160 
212 

190 
200 
1800211 
170-21 1 
120 
120 

270 
250 
120 
180.; 91 
100 
125-16 
185-1 9 
160-1 8 
110-13 
265 
140-1 8 
185 

212 
270-2E 
150-2( 
230-2E 

74-85 
too 
71 
100 

88 
93 
82- 1 00 
77-1 00 

49 
49 
132 
121 

49 
82-88 
38 
52-74 
85-91 
71-85 
43-54 
129 
60-85 
85 

100 

132-13e 

66-93 
110-13~ 
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Hajor 
SIC 
Code 

21 Tobacco 

22 Textiles 

24 Lumber 

25 Furnituri 

26 Paper C 
Allied Prod! 

28 Ptasticsl 
Chant ca 1 s 

TABLE 5 

SELECTED PROCESS HEAT REQU 1 RTHENTS BY MNUFACTUR I NG SECTORS 
AND BY PROCESS 

I ndust t y  
SIC 
Code 

2111 

2141 

226 1 

2262 

2421 

2435 
2436 
251 1 

2512 

266 1 

2816 

Des cr.t pt ion 

: i ga re ttes 

Tobacco Stermning & 
Red ry  i ng 

nishlng Plants, 
Cotton 

inishtng Plants, 
Synthct IC ' 

9wni11s 5 Planing 
ni i IS 

lywood 
meer 
moden Furni ture 

pholstered Furnt ture 

uilding Paper 

norganlt Pigments 

24 

Process 

Irying 
kehom 1 d i f i cation 

Wa s h I ng 
ye i ng 
tying 

ash1 ng 

rying & Heat Set 

,;In Drying, Lumber 
lywood Drying 
enetr Drying 
lakeup A i r  E Venttl. 

3 l n  Dryer C Drying 

lskeup Air t Ventill 

3111 Dryer t Drying 

'ulp Refining 
slack Liquor Treat- 

'ulp & Paper Drying 

ation 

wen 

ation 

Oven 

men t 

jrylng Chrome Yella 

AppI ication 
Temperature 
Requ 1 remen t - 
OF 

220 

220 

220 

200 

200 

275 

200 

212 

275 

300 

250 
212 

70 

150 

70 

150 
150 

280 

290 

200 

Page 4 c 

1 04 
1 04 

lo4 

100 

100 
135 

93 
100 
135 

149 
121 
100 

21 

66 

21 

66 
66 

138 
143 

93 

7 



Ha j o r  
SIC 

Code 

28 Plastics 
Chemical 

TABLE 5 

SELECTED PROCESS HfAT REQU 1 REHENTS BY HAHUFACTURI NG SECTORS 
AND BY PROCESS 

I ndust r y  
S I C  

Code 

282 1 

2822 

- 

2823 

2824 

2834 

284 1 

2869 

2873 

Des cr.1 p t i on 

las t ic  Haterials E; 
Res i ns 

'ynthetic Rubber 

:el lu 1 os I c Man-made 
Fibers 

ioneel lulotic Fibers 

'harmaceu t 1 ca 1 Prepa r 
atlons 

Soaps t Detergengs 

3rganfc Chemtcals, NI 

Urea 

25 

Process 
-- 

>l ymeriter Preheat 

:ating Mash Water 

r 1 k Storage 

nu 1 s i f i ca t I on 
I owdown Vessel s 
x m e r  Recovery by 
F1 a s h ing/S tr I pp lng 

ryer A I  r Tempera tur 
f l  Emulsion Holdlng 
Tank 

cry1 le 
ayon 

ceta te 

utoclaving t Clear 

ablet & Dty-capsulc 

'et Capsule Forrnatic 
oap - Var ious Pro- 

cesses, Manufactui 
leterg. - Various Lc 

Temperature Proce: 

:than01 
I sopropanol 

UP 

W i n 9  

hmene 
l i g h  Pressure Steam 
Heated Sttlpper 

Appl icetion 
Temperature 
Requ I remtnt - 
O F  

200-21 5 
190-200 
80-1 00 
60-100 
130-145 

120-1 Lo 
15o-zoa 

80-1 00 

250 

212 
212 

250 

250 

150 

180 

180 
200-25 
200-3s 

250 

375 

- 
e C  - 

93-1 02 
88-93 
27-38 
27-38 

54-63 

49-60 
66-93 

27-38 

121 

too 
100 

I21 

121 

66 

82 

82 

93-121 

93-177 
12t 

191 

Page 5 of 7 



TABLE' 5 

Ha Jor 
SIC 
C o b  

28 P l a s t i c s /  
them1 cels 

31 Leather 

32 Concrete 

33 Prrmry 
Hetelb. 

SELECTED PROCESS HEAT REQUIREHEHTS BY HANUFACTURIWG SECTORS 
AND BY PROCESS 

I ndust ry 
SIC 

Code 

2873 

2892 

3111 

3271 
3273 
3275 
3295 

3323 

Desc r.i p t ion 

ea t h t r  fanning d 
Fin I sh ing 

oncre t e  Block 
,eady Hix Concrete 

YPsm 
' reated Hinerais 

xpanded Per 1 1 t e  

larIum 

'errous Castings 

26 

Process 

.ow Pressure Steam- 
Heated S t r ipper  

Inert lngred 1 ents - 
DtyIng 

!ax He1 t Ing 

t t t r t c  Acfd Concen- 
trator 

iu 1 f u r  I c Ac I d Concena 
t ra tor 

t i t r l c  Acid Plant  
3 las t ing  Cap Hfg. 

3atIng 

zhrome Tannl ng 
h t e n ,  Dyeing, Fa t  

lash 
k y l n g -  
F i  n i s h I ng Dry1 ng 
Low Pressure Curing 
Hot Water. for Hixlng 
dal lboard Drying 

Liquor 

D t y  f ng 
D r y  1 ng 
Drying 

I ron Foundries - 
Pick1 ing 

Appl i cation 
Tempera tute 
Requ 1 runent 

O F  

290 

300 
200 

250 

200 

200 
200 

90 
85-1 30 

120-140 
; 20 

110 
110 
165 
120-1st 
300 
230 
160 

230 

100-2 t : 

- 
* C  - 
143 

149 
93 

121 

93 
93 
93 

32 
29-54 

49-60 

49 
43 
43 
74 
49-88 
149 
110 

71 
110 

38-1 00 
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, I  

TABLE 5 

Hajor Industry 

Coile Code 
SIC S I C  Descr.1 p t I on Process 

34 Febrfcated 

36 Hachincry 3621 Hotors f'ftncratorc Drying 6 Preheat 

37 ttenspot- 

Metals 3439 Gal van It lng Cleaning, Pickling 

tation 371 1. %tor VehI clcs Beking-Prime t PaInt 
Ovens 

38 Profes- 
sional In- 
struments 

L) 

Appl lcation 
Tempera ture 
Requl rumnt 

I 

O F  6 C  

13D-190 ' 54-88 

150 66 

. 
250-300 121-149 

SELECTED PROCESS HEAT REQUIREHENTS BY WUFACTURING SECTORS 
AND BY PROCESS 

Source: Based on various reports analyzed by Sterling Hobe Corporation. 

. I  
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CHAPTER 2 

PLANT LOCATION DETERMINANTS 

This chapter presents a comprehensive discussion on plant 

location determinants, especially those determinants and factors 

which impact specifically on the s i x  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. 

this discussion, the energy-related issues in general and the 

direct utilizatiqn of geothermal resources in particular are 

emphasized. 

Throughout 

2.1 PLANT LOCATION DETERMINANTSIN THEORY 

The theoretical development of plant location determihants 

has considerable history of research. Significant theoretical 

work on this subject has been undertaken in the United States- 1/ 

1/ See for example: Bm H m  Stevens and C. Am Brackett, Industrial 
bcation; a Review and Annotated Bibliography of Theoret'ical, 
-Empirical and Case Studies, University of Pennsylvania Press, 
Philadelphia, Pa. 1967. 

28 
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1/ as well as abroad.- 

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.?' It has also become clear that some 

plant location determinants can be modified by certain policies-, 

i.e., local tax structure, others are beyond change,?' i.e., avail- 

4/ 

ability of raw materials. 

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

duction technologies and transportation systems.- 

Finally, plant location determinants 

6/ 

- 1/ 
Chorley and Po Haggett (eds). Models in Geography, Allen and Unwin 
Ltd. London 1967, pp. 361-424. 

F.E.I. Hamilton, "Models of Industrial Location" in R. 5.  

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

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

3J. See for example: L . . N .  Moses, "Location and the  Theory of 
Production" Quarterly Journal of Economics, 7 2 : 2 5 9 - 7 2 ,  1958, and 

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

4/ On this see: W. hard and E. W. Schooler, "Industrial Complex 
halysis I Agglomerbtion Economics and Regional Development" 
Journal of Reqional Science, 1:19-33, 1959, 

- 5/ See: 
The Economics of Space, University of North Carolina Press, 1957. 

M. L a  Greenhut Plant Location in Theory and Practice: 

.... 6 /  L. Cooper, "Location-Allocation Problems," Operations Re- 
search, 11, 331-43, 1963, and D. C. North, "Location Theory and 
Regional Economic Growth," 3ourna1 of Political Economy, 63:243-58, 
1955. 

29 



Current theoretical considerations of plant location deter- 

minants appear to be based in part on decisions regarding: 

0 new branch plants; 

0 relocations; and 

0' new firms. 

In the first two cases, an existing firm is faced with either 

an expansion issue or an economically inefficient location 

and needs to decide: 

0 whether to expand at its present location; 

8 find an alternate or new location (i.e., relocate); 

0 continue at its present location and expand in 

a newly located branch plant. 

Regardless of the type of plant, various studiesL'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: Purdue 
University, Agricultural Experiment Station, Research Bulletin 
1961. T. M. Carrol and R. D. Dean, "Plant Location Search 
Costs and the Economics of Information," paper presented at 
the Western Regional Science Association Meetipg, San Diego, 
California, 1976; and P. M. Townroe, "Industrial Location 
Decisions: 
land: 
Studies, Occasional Paper No. 15, 1971. 

A Study of Management Behavior," Birmingham, Eng- 
University of Birmingham, Centre for Urban and Regional 

30 
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has generated considerable literature of -its own. Y 
The most common methodology employ,ed in this research 

has been relatively crude, and can be described as falling into 

two categories : 

(1) The use of questionnaires; 

(2) The use of interview case studies. 

In the former, the questionnaire is usually mailed to selected 

firms that have located, asking the decisionmaker to identiify, 

and rank/weight those factors central to his firm's location 

decision. In the ratter, questionnaires can also be used, as 

a supplemental tool, but basically an 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 costs, and similar items are usually 

discussed in detail. The case study approach serves 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 

listing of plant location deteminants. 

be readily grouped into two types: 

These determinants can 

. (1) Those for which quantitative answers can be 

provided; and 

- 1/ 
Ste3ens and C. A. Brackett,'Indu'strial Location, A.Review and 
Annotated Bibliography of Theoretical,' Empirical' and Case 
Studies, Philadelphia, Pennsylvania, Regional Science Research 
Institute, 1967. 

For an exhaustivezeview of previous research, see B. H. 

31 



TABLE 6 

TYPICAL LISTING OF PLANT LOCATION DETERMINANTS 

Determinant 

I. Geographic Preference: 

(1) Central c i t y  of a metropolitan area 
(2) Metropolitan suburban area 
(3)  Non-metropolitan area 

11. Industrial Park Preference: 

, 111. Community S i z e  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 )  500,000-999,999 

(7) 1,000,000 or more 

IV. Plant S i t e  S i z e  Preference: 
(1) L e s s  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 

Determfnan t 

V. Community A t t r i b u t e s  Considered i n  
P l a n t  Location 

(1) A i r  passenger s e r v i c e  
( 2 )  Local i n d u s t r i a l  bonds 
(3) Vocational t r a i n i n g  f a c i l i t i e s  
( 4 )  Higher educat ional  f a c i l i t i e s  
(5)  Tax incen t ives  or t ax  hol idays 
( 6 )  Fire p ro tec t ion  
(7) Contract  t ruck ing  
(8  1 Publ ic  warehousing 
( 9 )  Publ ic  r e f r i g e r a t e d  warehousing 

(10) Police p ro tec t ion  
(11) Local i n d u s t r i a l  development group 
(12)  Pool of t r a i n e d  workers 
(13) Pool of unsk i l l ed  workers 
( 1 4 )  Lenient i n d u s t r i a l  zoning 
(15) S t r i c t  i n d u s t r i a l  zoning 

V I .  P l a n t  Site Fea tures  
(1) Highway access 
(2) Scheduled air f r e i g h t  service 
(3) Water t r a n s p o r t a t i o n  
( 4 )  Scheduled r a i l  service 
(5) Piggy back faci l i t ies  ( ra i l )  
(6) I n d u s t r i a l  water supply (processed) 

I n d u s t r i a l  water supply (raw) 
Natural  gas  service 
I n d u s t r i a l  sewage processing 
So l id  waste disposal 
Soil load-bearing c a p a b i l i t i e s  
E l e c t r i c i t y  

V I I .  Low Wage Rates 

33 Page 2 of 2 



(2) Those for which it is impassible to obtain 

quantitative measures. 

A good example 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 labor7 

management relations" can be noted as examples. 

Clearly 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. A/ 

Three important questions arise from the above discussion: 

(1) what are the variables considered by entrepreneurs in mak- 

ing locational decisions? (2) to what extent does the distribu- 

tion of industry correlate with factors that individual firms 

list as being important: that is, even if they know where they 

should locate, do firms have sufficient information and ability 

to find a correct location? (3) what are the distinguishable 

characteristics of those firms located at sites - not in accord 

w i t h  the factors most firms claim to be important? With regard 

to the variables considered, some answers can be obtained from 

numerous empirical studies 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 

l/ See for example: M. Greenhut, Plant Location in Theory and 
Fractice, University of North Carolina Press, 1968. 
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TABLE 7 .  VALUATION OF PLANT LOCATION DETERMINANTS 
FOOD AVD R I W R E D  PRODUCTS 

Determinants ., 
Critical Important N o t  Important Determinant 

I. Geographic Preference: 

(1) Central c i ty  of a metropolitan area xxx 
‘12) Metropolitan suburban area- xxx xxx 
( 3 )  Non-metropolitan area xxx 

X I .  Indus tr ia l  Park Preference: xxx 
111. Community Size Preference 

w (1) Under 25,000 population xxx 
(2)  25,000-49,OOO xxx 
( 3 )  50,000-99,000 
(4 )  100,000-249,999 xxx 
( 5) 2 50,O 00-4 99,000 xxx 
(6) 500,000-999,999 xxx 
(7) l1OOO,O0O or more 

QI 

xxx 
IV,  Plant  S i t e  Size Preference: 

L 

(1) Less than one acre xxx 
( 2 )  1-4 acres xxx 
(3)  5-20 a c r e s  xxx 
c4) 21-50 acres XXX 
(5) 51-100 acres xxx 
(6) Over 100 acres xxx 

I I I - 
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Dei=erm.€nant 

V I  (cont*d) 
( 7 )  I n d u s t r i a l  w a t e r  supply (raw) 
( 8 )  Natural gas service 
(9) XndustriaL sewage processing 
(10) Solid w a s t e  disposal 
(11) Soil load-bearing capabi l i t ies  
(12) E l e c t r i c i t y  

VXX. Low Wage Rates 

Sources: Compiled from: Bo H. Stevens and C. A. Braekett  Indus t r i a l  Location: A Review and 
Annotated Bibliography, Philadelphia, Pa. Regional Science Research I n s t i t u t e ,  
967; R. E. Carrier and W. 2. Schriver .Plant  Location Analysis, Memphis State 

University, Bureau of Business and Economic Research; 1969 and J. I. Grif f in ,  
l n d u s t r i a l  Location i n  New York Area, N.Y. C i t y  College Press, 1956. 

.Determinant 8 

Not .Important Critical Important 

xxx 
xxx 
xxx 
xxx 

xxx 
xxx 

Page 3 of 3 
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c c 
TABLE 8. VALUATION OF PLANT LOCATION DETERMINANTS 

TOBACCO 

c Preference : 

W 
10 

.~ 
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TABLE 8 .  VALUATION OF PLANT LOCATION DETERMINANTS 

Determinant Cri t ical  

V. Community At t r ibu tes  Considered i n  
Plant  Location 

(1) A i r  passenger service 
(2 )  Local i n d u s t r i a l  bonds 
(3) Vocational t r a in ing  f a c i l i t i e s  

(5 )  Tax incentives or tax  holidays 
(6) Fire protect ion 
( 7 )  Contract trucking xxx 

/ 4 )  Higher educational f a c i l i t i e s  

lb 

0 

Important N o t  Important 

xxx 
xxx 

xxx 
xxx 

xxx 
xxx 

(8  1 Public warehousing 
( 9 )  Public re f r igera ted  warehousing 

(10) Police protect ion 
(11) Local i ndus t r i a l  development group 
(12) Pool of t ra ined  worke r s  
(13) Pool of unskilled workers 
(14) Lenient i ndus t r i a l  zoning 
(15) Str ic t  i ndus t r i a l  zoning I 

xxx 
xxx 
xxx 

xxx 
xxx 
xxx 

xxx 
I I xxx 

V I .  P lan t  Site Features 
(1) Hiqhway access 
(2) Scheduled a i r  f r e igh t  service 

~- ~~ 

xxx 
xxx 

I I I 
'Page 2 of 3 

(31-Water transPort a t i o n  
( 4 )  Scheduled r a i l  se rv ice  
(5 )  Piggy back f a c i l i t i e s  ( r a i l )  
(6) Indus t r i a l  water supply (processed) 

xxx 
xxx 
xxx 

xxx 



TABLE 8 VALUATION OF PLANT LOCATION DETERMINANTS 

Critical Determinant 
I Determinants , 

Import a n t  Not Important 

(7) Industrial water supply (raw) 
(8) Natural gas service 
(9) Industrial sewage processing 

(11) Soil load-bearing capabilities 
(10) Solid waste disposal 

xxx I 

xxx 
xxx 

_ 

xxx i' 

(12) Electricity 
I I 

xxx JS VII. Low Wage Rates 
P I I 

xxx 

I I I 

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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Determinant’ 

I. Geographic Preference: 

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

11. Industrial Park Preference: 

111. Community S i z e  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) 500,000-999,999 
(7) 1,000,000 or more 

S b  

h) 

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 

/ 

TABLE 9- VALUATION OF PLANT LOCATION DETERMINANTS 
TEXT I LES 

Determinants .. 
Critical Important. Not Impor tan t 

xxx 
xxx 
xxx 

xxx 
xxx 

xxx 
xxx 
xxx 
xxx 

xxx 

xxx 
xxx 

xxx 
xxx 
xxx 
xxx 
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Critical Determinant 

TABIiE 9. VALUATIOR OF PLANT LOCATION DETERMINANTS 

I m p o r t a n t  N o t  I m p o r t a n t  
J .Deteminan t s 

_". ~ 

- 1  

. ._ 

&% 
w 

. .  

., . .. 

(4) Scheduled rail  service-- xxx 
( 5 )  Piggy 6ack facilities (rail)  xxx 
(6) Industrial water supply (processed) xxx 
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TABLE 9 .  VA1;UATION OF PLANT LOCATION DETERMINANTS 

V I  (cont'd) 
(7) Indus t r ia l  w a t e r  supply ( r a w )  
(8) Natural gar3 service 
(9 )  Indus t r i a l  sewage processing 

(11) S o i l  load-bearing c a p a b i l i t i e s  
(12) Electricity 

(10) Solid waste disposal 

1 .De terminan ts 

XXX 
xxx 
xxx 
xxx 

xxx 
xxx 

Critical  I m p o r  t an  t N o t  Important  I I Determinant 
I 

xxx A VIX.  Low Wage R a t e s  
A 

Sources: Compiled from: B. H, Stevens and C ,  A. Brackett' I ndus t r i a l  Location: A R e v i e w  and 
Annotated Bibliography, Philadelphia, Pa. Regional Science Research I n s t i t u t e ,  

967; R. E. Carrier and W. R. Schriver P lan t  Location Analysis,  Memphis S t a t e  
University, Bureau of Busirress and Economic Research, 1969 and J. I. Gr i f f in ,  
. Industr ia l  Location in New York Area, N.Y. City College Press, 1956, 
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(1) C e n t r a l  c i t y  of a metropolitan area 
(2) Metropolitan suburban area 
(3) Non-metropolitan area xxx 

11. I n d u s t r i a l  Park Preference: 

c 

xxx 
xxx 

T A B L E ~ O .  VALUATION OF PLANT LOCATION DETERMINANTS 
LUMBER AND WOOD PRODUCTS 

Determinants. 

1x1.  Community Size Preference  
(1) Under 25,000 population 

v, (2) 25,000-4 9,000 

(3) 5Of000-99,0O0 
(4 )  100,000-249,999 
(5) 250,000-499f000 
( 6 )  500,000-999f 999 
( 7 )  1,000,000 or more 

OP 

IV. P l a n t  S i t e  Size Preference: 
(1) Less than  one acre 
(2)  1-4 acres 
(9 5-20 acres 

Determinant Critical Important  N o t  Important I I 

xxx 
xxx 
XXX 
xxx 
xxx 
xxx 
xxx 

xxx 
xxx 

xxx 

I I I 2. Geographic Preference: 

( 4 )  21-50 acres 
( 5 )  51-100 acres 
(6) Over 100 acres 

xxx 
xxx 
xxx 
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Critical 

TABLE 10. VALUATION OF PLANT LOCATION DETERMINANTS 

Important Not .Important Determinant 

VI (cont’d) 
(7) Industrial water supply (raw) 
(8) Natural gas sewice 
(9) Industrial sewage processing 
(10) Solid waste disposal 

(12) Electricity 

A VII, L a w  Wage Rates 

,.^ 

. -- 

’ (11) Soil load-bearing capabilities 
.~ 

4 

c 

I xxx 
1 xxx I 

.. xxx 
xxx 

xxx 
I 

xxx 
~- e 

Sources: Compiled f r o m :  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, 
Zndustrial Location in New York Area, N.Y. City College Press, 1956. 
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TABLE 11- VALUATION OF PLANT LOCATION DETERMINANTS 
CHEMICALS AND ALLIED PRODUCTS 

.De terminan ts .t 
Critical Impor t a n  t Not Important De terminan t 

I. Geographic Preference: 
_I 

(1) Cent ra l  c i t y  of a metropolitan area 
(2 )  Metropol i tan  suburban area- xxx 

xxx 
l I I 

(3) Non-metropolitan area I I xxx I 
11. I n d u s t r i a l  Park Preference :  I I I 
111. Community S i z e  P re fe rence  I I I xxx 

(7) l,OOO,OOO or more xxx 
fV. P l a n t  S i t e  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 

/ 

I I I 
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TABLE 11- VALUATION OF PLANT LOCATION DETEIh4TNANTS 

Crit ical  Important 

VI 
0 

Not Important 

c 

VII. Low Wage Rates 

Determinant 

xxx 

VI (cont'd) 
( 7 )  Indus t r i a l  w a t e r  supply (raw,  
( 8 )  Natural gas service - - 
(9) I n d u s t r i a l  sewage processing 
(10) Solid w a s t e  d isposal  
(11) S o i l  load-bearing c a p a b i l i t i e s  
(12) Electricity 

I xxx 
I 

XXX 
xxx 
XXX 

xxx 
xxx 

Sources: Compiled f rom:  B. H. Stevens and C. A. Brackett '  I ndus t r i a l  Location: A Review and 
Annotated Biblioqraphx, Philadelphia, Pa. Regional Science Research I n s t i t u t e ,  
'1967; R. E. Carrier and W. R. Schriver Plant Location Analysis,  Memphis S t a t e  
University, Bureau of Business and Economic Research, 1969 and J. I. Gr i f f in ,  
Industria'i-Location i n  New York mea, N.Y. City College Press,  1956. 
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LEATHER 

Determinant 

I, Geographic Preference: 
* 

(1) Central c i ty  of a .metropol i tan area 
?2) Metropolitan suburban area 
t3) Non-metropolitan area 

11, Indus tr ia l  Park Preference: 

1x1. Community S i z e  Preference 
(1) Under 25,000 population 
(2) 25 p 000-4 9 000 
(3) 50,000-99,000 

(5 )  250,000-199,000 
(4)  100,000-249,999 

(6) _I 500,000-999,999 
(7) 1,000,000 or more 

XI?. Plant  S i t e  S i z e  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 

1 

/ 

~~-~ ~ 
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AND =ATHER PRODUCTS 

Determinants. 
Critical Important N o t  Important 

_. 

xxx 
xxx 

XXX 
-- - 

xxx 
xxx 

xxx 
xxx 
xxx 
xxx 
xxx 

XXX 
xxx 
xxx 
xxx 
xxx 
xxx 
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Critical Important 

1 

Not Important 

TABLE 12. VALUATION OF PLANT LOCATION DETERMINANTS 

De terminan t 

V. Community Attributes Considered in 
Plant Location 

(1) Air passenger service 
(2) Local industrial bonds 
( 3 )  Vocational trainins facilities 

ttc. 
N 

_ _  
(4) Higher educational facilities 
(5) Tax incentives or tax holidays 
(6) Fire protection 
(7) Contract trucking 
(8) Public warehousing 
(9) Public refrigerated warehousing 
(10) Police protection 
(11, Local industrial development group 
(12) Pool of trained workers 
(13) Pool of unskilled workers 
(14) Lenient industrial zoning 
(15) Strict industrial zoning 

VI. Plant Site Features 
(1) Hiqhway access 
(2) Scheduled air freiqht service (w tmmsmrtat ion 
(4) Scheduled rail service 
(5) Piggy back facilities (rail) 
(6) Industrial water supply (processed) 

G 

I I 

I 1 xxx 
xxx 

xxx 
xxx 

xxx 
xxx 

xxx 
xxx 
xxx 

xxx 
xxx 

xxx 
xxx 
xxx 

xxx 

X 
xxx 
xxx 

xxx 
xxx 

I I 

xxx I I 
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V I I .  Low Wage R a t e s  

TABLE12. VALUATION OF PLANT LOCATXON DETERMINANTS 

XXX 

c 

Determinants 
Critical Important Not .Important 

Determinant 

V I  (cont'd) 

VI 
w 
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industry to be in close proximity to its market area. This 

consideration is what M. I. Loganl-/calls . . . 'taccessibility to 
the consumer goods (population) markets." The importance of 

the accessibility to the large population by this industry 

sector can be seen from Logan's formula developed for this 

industry 

iv.= K~ ,&.2 j-1 13 

L 

which is a derivation of the gravity model: where iV is the 

market potential of county i; rnj is the mass (number of plants 

or population) in county j; dij is the linear distance between 

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 a s  well as reflect some of the unique production 

technologies by this sector. 

of availability of public. refrigerated warehousing facilities 

For example, the critical importance 

reflect the perishable nature of products 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 1ndustrial.Plants in 
Risconsin," Land' Economics, August 19708 pp. 325-27. 

Its" 
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This determination essentially indicates only the need for  access 

W 

by highway to and from the plant. Note, however, that Table 8 

does not indicate.the cardinal plant location 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 9 indicate, Textile sector has the 

following nine critical plant location determinants: 

(1) Air passenger service 

(2 )  Contract trucking 

(3) Local industrial development group 

(4) Pool of trained workers 

(5) Highway access 

(6) Scheduled rail service 

(7) Industrial water supply (processed) 

(8) Electricity; and 

(9) LOW wage rates. 

The need for air passenger service can be explained by the 

fact that it provides accessibility to plants located in rural 

areas of the South to the executives of this industry. 

The importance of local industrial development groups also 

has its roots in this industry's move from New England to the 

Southern states, with each community and state facilitating and 

encouraging such moves through the provision of various services 

furnished through local industrial development groups. 

The remaining critical determinants reflect the need for 

high accessibility by the firms in this sector to major markets 

for textile products. 
I 
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The importance of l o w  wage rates,  of course,  reflects the 

p r inc ipa l  concern of t h e  t ex t i le  indus t ry  t o  u t i l i z e  non-union 

labor and is  one of t h e  p r i n c i p a l  reasons fo r  t h i s  indus t ry ' s  

r e loca t ion  i n  Southern states.  
L 

2.1.4 Lumber and Wood Products 

A s  Table 1 0  ind ica tes ,  t h i s  sector has t h e  following seven 

cr.itica1 p l a n t  loca t ion  determinants: 

(1) Non-metropolitan area loca t ion  

(2 )  1-4 acres of p l a n t  s i te  s i z e  

(3) F i r e  pro tec t ion  

( 4 )  Contract t rucking  

(5)  Highway access 

( 6 )  Scheduled rail service; and 

(7)  Low wage rates. 

A l l  of these determinants reflect t h e  production processes 

used i n  t h i s  sector as w e l l  as the need t o  have access t o  t h e  

i adus t ry ' s  market areas. 

2.1.5 Chemicals and Al l ied  Products 

Surpris ingly,  t h i s  very l a r g e  and complex indus t ry  sector 

has only f ive cri t ical  p l a n t  determinants:  

(1) Plan t  s i te  s i z e  of a t  least 5 acres 

(2)  Fire pro tec t ion  

(3) Contract t rucking 

(4 )  Highway access; and 

(5 )  Scheduled r a i l  serv ice .  

One explanation for t h i s  r e l a t i v e l y  short  l ist  of c r i t i ca l  p l a n t  

location determinants is t h a t  t h e  l a r g e  scale of fac i l i t i es  
L 
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W 

usuaily associated with this industry allows it to furnish 

their own services. 

2.1.6 Leather ani3 Leather Products 

Table 12 indicates a total of seven critical plant loca- 

tion determinants : 

(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. 

and 

Leather and leather products industry in the United States has 

been undergoing steady decline in output and employment. 

industry is now located primarily in rural areas with low 

wage rates. 

listed in Table 12 reflect these characteristics of this sector 

The 

The seven critical plant location determinants 

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. 

information does provide s o m e  initial knowledge on plant loca- 

tion determinants. 

12 suggest that accessibility to market areas via highway, 

Nevertheless, this 

In summary, the data in the Tables 7 through 

rail and piggyback facilities is an important consideration for 

all six industries. 
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I n  summary, l o w  laborratesare equal ly  important t o  T e x t i l e s  

and Leather and Leather Products sectors. I n  the case of Food 

e and Kindred Products industry-surely as important a sector be- 

cause of i ts  s i z e  and growth p o t e n t i a l  proximity t o  l a r g e  popula- 

t i o n  concentration-market area is  an important p l a n t  location 

determinant. 

F ina l ly ,  i n  t h e  case of Chemicals and A l l i e d  Products, 

cr i t ical  p l a n t  l oca t ion  determinants are r e l a t i v e l y  f e w ,  p r in-  

c i p a l l y  because t h e  production economics of scale i n  t h i s  indus- 

t r y  are large: therefore t h i s  indus t ry  can and does provide 

i t s  OWn services as w e l l  as create, for  most p a r t ,  t h e  economic 

environment i n  which it operates.  

I n  conclusion, our ana lys i s  of loca t ion  dec is ion  focuses  

upon those components of general ,  long-run en t r ep reneur i a l  

dec is ion  processes which have a direct or i n d i r e c t  bear ing upon 

the  s e l e c t i o n  of regions,  localities, and sites for  a firm's 

activities. The loca t iona l  and non-locational decisionmaking 

coq.onents are highly interdependent and t h e  process by which 

general  i n t e r n a l  and e x t e r n a l  l oca t ion  condi t ions  are mutated 

i n t o  more o r  less i n f l u e n t i a l  l oca t ion  f a c t o r s  i s  complex and 

not  f u l l y  understood. 

The h i s t o r y  of the  firm, t he  l e v e l  of production, number 

and loca t ion  of already established p l a n t s  belonging t o  the 

firm, a v a i l a b i l i t y  of and access t o  c a p i t a l  funds, ownership 

s t r u c t u r e  of the firm, competence, roles and p e r s o n a l i t i e s  of 

top  managers, a t t i t u d e s  and behavior of competitors,  cont rac tors ,  

labor unions, chambers of commerce and local development corp- 

o ra t ions ,  government p o l i c i e s ,  and general  economic condi t ions  
L 
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supply .examples for internal and external conditions. In any 

decision process connec i t h  a locati election, many of 

these conditions remain unconsidered due to their actual or 

perceived relative insignificance, or due to sheer negiect or 

ignorance. Other conditions are indirectly, implicitly, or 

unconsciously introduced at various stages of the decision pro- 

cess, thus, imposing constraints upon the effectiveness of 

those conditions which are being explicitly and consciously 

considered. In a large corporation, hardly any individual will 

be in a position to state with ultimate authority which consid- 

erations have beem responskble for specific directions and dis- 

criminating selections at specific junctions or in specific 

corporate departments during a usually lengthy location decision 

procedure.. This complexity can be approached analytically by 

identifying stages within the decision process on the basis of 

crucial thresholds which are being reached in the evolution of 

spatial and non-spatial constraints for specific, locationally, 

significantvkriables. 

, 

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. 

In addition to the crude but effective methodology to 
I 

which used plantz location determinants are described above, other 

more sophisticate iques exist. However, ‘their usefulness, 

is limited in tha ule.they analyze and predict regional . 

economic develop er: than location potential of a single 

se’ techniques should be discussed, as 

well’as brief summaries of -recent empirical studies that have 

analyzed regional economic activity and plant locations . 
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2.2 EXISTING TECHNIQUES FOR REGIONAL 
FORECASTING OF PLANT LOCATIONS 

Since adequate summaries of techniques of regional analysis 

are well publicized in the general literature, no attempt will 

be made to present an exhaustive treatment of all possible 

techniques .L/ However, an outline 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. 

ing maps of the region to be analyzed (i.e., state or county) 

and indicating with the use of arrows or other pictorial tech- 

nique the destination and origin or products 1eaving.and enter- 

ing the region. Such "analysis" has little analytical content. 

Another device used by flow analysis is the location quotient, 

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. 

Flow analysis usually involves draw- 

-~ 

'IJ 
of Techniques of Regional Analysis with Particular Emphasis on 
Applicability of These Techniques to Regional Problems, Menlo 
Park, California: Stanford Research Institute, June 1962. A 
more comprehensive treatment is given in Walter Isard, Methods 
of Regional Analysis: 
Cambridge, Massachusetts: The M.I.T. Press, 1960. 

A bri+f summary is presented in Robert G. Spiegelman, Review 

An Introduction to Regional Science, 
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2 * 2 * 2  

Benjamin Chinitz and Raymond Vernon have published a 

technique which, 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 ratioof manufacturing employment to 

population among the different regions of the country toward some 

common national ratios."/- This trend was discovered in 90 of 

the 119 industries studied by calculating 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 adhieve a proportionate distribution of employment 
among the country's areas identical to the proportionate 
distribution of population. 

a proportion of total national employment in the industry.''- 

Finally, we expressed the number that would have to be shifted in the industry as 
3/ 

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 is consequently not applicable to our project. Furthermore, 

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

-L 1/ - Ibid., p. 525. 

- 2/ Benjamin Chinitz and Raymond Vernon, "Changing Forces in 
Industrial Location," Harvard Business Review, January-Feburary, 
1960- 

3/ Ibid*, p. 127. - -  

61 



order correlations--that is, the statistical correlations 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 decentralized relative 

to population. 

2)  One of.the principal explanations for decentralization 

is lower transport costs; insofar as freight-cost data were 

available, they were positively correlate2 with a decline in 

concentration of an industry:--that is, industries with higher 

freight costs relative to other industries tended to be the 

industries which had the highest rates of decline in the 

index of concentration used by Chinitz and Vernon. 

3 )  Another factor favoring decentralization is the increas- 

Thus, ing tendency for plants to use already processed materials. 

availability of raw materials has become less important as a 

factor determining plant location. 

4)  The motor vehicle has decreased the cost of transport in 

a manner that promotes the decentralization of industry. 

example, trucking has reduced the cost of shipping in small lots 

relative to the cost of shipping in large lots. 

Vernon, however, point out that three recent developments may 

have 'effects in the opposite direction: "the spread of coordinated 

services such as 'piggy-back' and 'fishy-back:' the growing use of 

air freight; and the prospective reorientation of the railroad 

rate structure.'' 

For 

Chinitz and 
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5)  Chinitz and Vernon argue that there is a growing availa- I i 
I bility of skills in rura reas, largely result of transporta- 

tion innovations and greater industrial experience. The increased : w  
I decentralization in availability of skills is thus another factor 
I 

I 

i 

favoring decentralization of industries. i 
I 

i 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). 

I 1 
! 
I 
I 
1 

I 

2.3 INDUSTRIAL LOCATION THEORY 

The other class of techniques that can be rejected conkists 

of theoretical studies of location which disregard quantification. 

Location theory may in the long run lead to important conclusions 

for empirical analysis, but at present it is inappropriate for 

projects such as the‘one described in this study. 

theory analyzes the location of firms by studying the compara- 

tive costs of different firms. Thus, location theory attempts 

Location 

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 complicated by varying the processing and 

transfer costs at various locations. 

on location theory would be out of place in this study because 

A summary of the literature 

location theory not only has little empirical content, but offers 

very ordinary theoretical 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 important in location decisions, 

whereas we must analyze industrial growth in the real world with 

all of its complications. 

offered a rigorous and complete analysis of industrial growth, 

it would be useless for our project since it requires information 

c 
Furthermore, even if location analysis 

which is simply not available. To apply location 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 fuhction 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 corisurdption OZ 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 
1 - c = m  

where Y is income, c is the marginal propensrty to consune domestic 

goods, rn 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 
b 
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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 industries. The empirical 

procedure usually consists of calculating the base/service ratio, 

projecting exports, and multiplying this projection by the above 

L .  

ration. 

Economic base theory, while apparently straightforward and 

simple is plagued with difficulties, both in theory and in 

practical application. 

Many theoretical objections can be raised to base theory, 

The theory assumes that all relationships within the region's 

economy will remain constant over time, an obviously deficient 

assumption. Not only must the marginal propensity to consume 

and the marginal propensity to import remain constant for all 

goods, but input-output interrelationships among industries must 

be constant over time. Furthernore, the theory ignores invest- 

ment and assumes that exports are the only autonomous activities 

in the economy. 

ment were true, base theory has no place for such "invisible" 

incomes as interest payme'nts from other regions. The most funda- 

Even if the assumption of no exogenous invest- 

mental objection is that, far from assuming that the base/service 

ratio is constant, the purpose of regional economics should be to 

explain the magnitude of this ratio and to be able to project 

changes in the ratio. 

Base analysis assumes that the only dynamic component of 

an economy is its exports, and that all activities within the 

economy are dependent on its exports. 

assumption is not trbvious-it obviously is not true of the world 

The validity of this 
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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 stage 

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 

changes 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 clear how firms should be 

handled which produce both for export and for local consumption. 

A further problem presenting theoretical as well as practical 

difficulties arises when the interdependencies inherent in a 

modern economy are considered. 

2.3.2 Regional Input-Output Analysis and Linear 
Programming Techniques 

, Two additional techniques have occasionally been attempted 

in regional economic analysis: 

ming. 

input-output and linear program- 

Both are considerably more sophisticated than the techniques 

we have already analyzed, but both unfortunately possess diffi- 

culties of their own for interregional forecasting. 

I 2.3.3 Shift Analysis 

We have attempted to show why the formal regional economic 

models are not applicable to the problem of projecting plant 

location. Less formal approaches are available, however, which 
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may yield meaningful empirical projections, such as the "shift" 

method used by Fuchs, Ashby, Perloff, and others.- 1/ 

In'the shift method, the industrial growth of states is 

computed after an adjustment for the effects of industrial 

structure. That is, for a given state, "comparative growth, 

adjusted for industrial structure, shows what the comparatife 

gain or loss would have been i f  all the others states had 

an industrial structure comparable to the state in question. 

Comparative industrial strucure shows what the comparative gain 

or loss would have been if each industry in the state had 

' 

grown at its national rate."- - 2/ I &  

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 .6S0)  , 
and population density (population per sq 

concludes that while for manufacturing as'a whole the degree of 

unionization in a state is an important explanatory 

interstate differences in the supply of unskilled la 

important in low-wage, labor-intensive industries. E '  

Fuchs also attempted to f ind  which industry characteristics 

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

I *  

- 1/ 
the United States Since 1929 , New Haven: Yale University Press, 
mi?; LowellD . Ashby, "Regional Change in a National Setting," 
Staff Working Paper in Economics and Statistics, No, 7, U.S. 
Department of Commerce, April 1964 : Harvey S. Perloff, "HOW a 
Region Grows," Supplementary Paper No. 17, Committee for 
Development, March 1963. 

Victor R. Fuchs, Changes in the Location of Manufacturing in 

- 2/ Fuchs, op. cit., p. 62. 
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It. . . 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 industry would record 
an interstate mobility of 100 percent if it were located 
in entirely different states in period two compared with 
periodone. 
is the sum of the gain (in percent) of all states that 
increased their percentage share of a given industry 
between two dates." 

The measure of mobility, or percentage "shift," 

It should be noted that this definition "is not a synonym 

for physical movement. . . .An industry's geographical distribution 

changes more often through differential growth than through 

physical movement of plants Or firms. 

extent of this change, regardless of how it occurred.' 

Mobility measures the 
2/ 

Fuchs tested the significance 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 establishments; percent of 

value added produced in small companies; geographical concentration 

(scatter) ; number of workers per establishment; rate of change of 

wages; industry size; and an industry specialization ratio. In 

a multiple regression, analysis the following variables were found 

to be statistically signficant: rate of gr'owth (positively cor- 

related), with a peaking of mobility at the middle ranges of con- 

centration. Somewhat surprisingly, Fuchs rouid that industries 

with high fixed costs were not less mobile, ceteris paribus, than 
*. 

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

1/ FUChSI Op- Cit.8 p- 105. - 
2/ Ibid. - - 



industries, taken individually, tended to be less mobile than 

other industries. 

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 to deter- - 

mine plant locations 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 contribute to the plant location decision. These 

studies also provide several other locational hypotheses, for 

example, the resource and agglomeration hypotheses . They also 
provide insights and evidence with which the interpretations 
~ 

1/ and conclusidhs of the present study can be checkedand compared.- 

A f e w  lesser studies also merit brief attention. 

2.4.1 The McLaughlincRobock Studx 

The earliest of the major studies is that of Glenn E. 

McLaughlin and Stefan R0bock.Y Theit research was confined to 

a group of 13 southern states (Virginia through Oklahoma and 

Texas). The authors used the interview technique in examining 

11 
vheat Regional Growth and fhdustry Location, Lexington Books, 
Lexington, Mass., 1973, 

Several of these studies were sumarized from Leonard F. 

2/ 
Rashington, D.C. 1949. 

Glenn E, McLaughlin and Stefan RObOCk, Why Industry Moves South, 
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88 plants established in the South after World War 11. 

plants represented all major industry groups except tQbaCc0. 

Each company official was encouraged to relate -his story in his 

own way. 

locational factor checklist. 

These 

Then he was queried about any omitted items from a 

The authors found that business almost always selects its 

locations in two steps. 

then it selects a location within the region. The general 

region is one that secures the most important advantage-a 

regional market, a source of raw materials, or a source of 

cheap labor. Other requirements are then met by finding a 

suitable location within the region. Depending on how the 

general region is selected, a plant is (1) market-oriented, 

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

First it selects a general region; 

Markets was easily the leading determinant of location; 

45 percent of the. plants surveyed were market-oriented. 

over, about one-fourth of the market-oriented plants but less 

than one-sixth of the matezials-oriented and none of the-labor- 

oriented ones employed over 1,000 workers: thus if impact is 

measured by employment, markets accounted for over half of the 

new industry. 

firms seeking to tap an expanding southern market by establishing 

branch plants, 

Sometimes growth in the southern market meant that, for the 

first time, a plant of economical scale could be established. 

The branch plants were placed near their markets in order to cut 

transport costs or because their products were perishable. 

More- 

The market-oriented firms were mostly existing 

Only two of the plants represented new ffrms. 
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Raw materials ranked second: materials and energy 

resources attracted 30 percent of the plants. 

materials-oriented when (a) the raw materials were perishable 

or otherwise not freely transportable, or (b) freight was an 

important element of the final cost and raw materials were 

more costly to transport than the finished product. 

Plants were 

With over 

two-fifths of the South covered by forests, abundant pulpwood 

attracted several paper and paper products firms. 

natural gas deposits induced chemical plants to locate in the 

western part of the region. 

Oil and 

Agricultural products, hydro- 

’ electric power, sulphur, and phosphorus also served as magnets. 

Labor ranked third, accounting for 25 percent of the new 

plants. 

unionization, and the most surplus labor of any region. Firms 

seeking attractive labor conditions have therefore gravitated 

to this region, 

not be underrated as an attraction. 

The South has the lowest wages, the lowest degree of 

The South’s abundant surplus labor should 

An adequate supply of labor 

was often sought.as a means of reducing turnover, weakening the 

competitive bidding-up of wages, and. allowing marginal workers 

I 
to be weeded out. For labor-oriented firms, transportation - 

was usually a small part of the delivered cost of the product; 

the market attraction was weak. Textiles, apparel, shoes, and 

machinery were the principal labor-oriented industries. 

oriented textile plants went to the northern part of the South 

Labor- 



sometimes induced market-oriented companies to deviate from 

central points within their marketing regions. Market-oriented 

and materials-oriented firms were seldom concerned about wages, 

but they often checked the labor histories of various communities 

before selecting a specific site. 

I. 

McLaughlin and Robock discuss several other factors, but 

most are community influences or have strong market overtones. 

Transportation, for example, is primarily a reason for locating 

close to markets (bGt 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 winter shipping delays, or otherwise 

capitalize on the South's warm climate. One company chose a 

southern location in preference to one in upper New York be- 

cause it was feared that the second-choice location might have 

excessive absenteeism during the winter. 

2.4.2 The Thompson-Mattila Study 

The prior study most nearly resembling the present one in 
1/ methodology was prepared by Wilbur Thompson and John Mattila.- 

It is geared to predicting state manufacturing growth and 

develops multiple regression equations for this purpose. 

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

correlations between manufacturing growth and predictive variables. 

How- 

- 1/ 
of Postwar State Industrial Development, Detroit, Wayne University 
Press, 1959. 

Wilbur R. Thompson and John M, Mattila, An Econometric Model 
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Most of the s i g n i f i c a n t  f indings point  t o  the  marke t  

influence.  

growth and p r i o r  growth i n  consumer demand. 

The s t ronges t  r e l a t ionsh ip  is between manufacturing 

Absolute growth 

shows co r re l a t ions  of +.90 and +.86 w i t h  prior absolute  increases  

i n  population and income; percentage qrowth has a +.62 c o r r e l a t i o n  

w i t h  p r ior  percentaqe increase  i n  income. Pr ior  qrowth, of course,  

represents  not on ly  increased demand but  a whole complex of forces 

t h a t  influenced qrowth i n  one period and carried over i n t o  t he  

next. 

emphasizes markets. 

f i ed  pr ior  growth va r i ab le  t h a t  i s  c l e a r l y  a better proxy for 

miscellaneous a t t r a c t i o n s  but  a poorer measure of demand: 

growth i n  manufacturing employment has a +.73 cor re l a t ion  w i t h  

absolute  growth, compared to  the  +.90 achieved by p r i o r  growth 

i n  population. Second, co r re l a t ions  fo r  ind iv idua l  i n d u s t r i e s  

known t o  be at t racted t o  labor and raw mater ia l s  are r e l a t i v e l y  

l o w ,  as they  should be i f  p r i o r  growth i n  population and income 

But t w o  considerat ions sugqest t h a t  prior qrowth i n  demand 

First, it has higher c o r r e l a t i o n s  than a modi- 

pr ior  

-L 

describes markets. 

A +.84 cor re l a t ion  between the number of col lege- t ra ined 

people and absolu te  growth reiterates t h a t  s t rong consumer demand 

spurs  growth. 

college variable seems r e a l l y  t o  be a proxy fo r  population and 

e spec ia l ly  income. 

percent  college-educated and percentage growth seems t o  describe 

the  effect  of high pe r  cap i t a  income, or  high relate demand. 

Intended as a proxy for  s k i l l s  and t r a i n i n g ,  t h e  

S imi la r ly ,  a +.31 c o r r e l a t i o n  between 
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Two labor variables, average hourly earnings i n  manufactur- 

ing  and union membership as a percentage of nonagricul tural  

employment, are examined. For a l l  manufacturing combined, t h e i r  

co r re l a t ions  with absolute  and percentage growth are genera l ly .  

posit ive ( the  wrong s ign ) .  But t h i s  is  less a den ia l  of labor 

inf luences than an aff i rmat ion t h a t  high incomes a t t rac t  industry,  

Thus the  co r re l a t ions  for  p a r t i c u l a r  i n d u s t r i e s  recognized as labor- 

or ien ted  (e.g., apparel ,  leather and l e a t h e r  products) s t i l l  come 

ou t  negative: high'wages and s t rong  unions = l o w  growth. 

The only o the r  f indings of i n t e r e s t  concern t w o  tax 

variables: 

income, and s ta te  and local nonagricul tural  business  taxes  pe r  

employee. Neither i s  s i g n i f i c a n t l y  correlated w i t h  abso lu te  or 

percentage growth i n  any indus t ry  or for a l l  i n d u s t r i e s  combined-- 

provided w e  do not  count some pos i t i ve  correlations (the wrong 

-Sign). 

2.4.3 

s t a t e  and local taxes a s  a percentage of personal 

Taxes do no t  seem t o  be a s i g n i f i c a n t  influence.  

The New York Metropolitan Region Study 

I n  1956 the Harvard Graudate School of P u b l i c  Administration 

w a s  asked t o  undertake a three-year study of the  New York metro- 

p o l i t a n  region. Raymond Vernon directed the  study. I n  order t o  

grasp the  inf luences a t  work i n  t h e  region, t h e  s tudy team inves t i -  

gated f a c t o r s  shaping the  growth of t h e  na t ion  as a whole. The 

re levant  f ind ings  are summarized i n  t w o  places:  (1) a Harvard 

Business R e v i e w  article by Benjamin Chini tz  and Vernon and ( 2 )  a 

book by Robert Lichtenberg. 

t he  authors  develop important i n s i g h t s  and evidence bear ing on 

i n d u s t r i a l  locat ion.  

'Using a h i s to r i ca l -desc r ip t ive  approach, 
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2 .4 .4  ' The Chinitz-Vernon A r t i c l e -  I/ 

Chini tz  and Vernon po in t  t o  a move toward decent ra l iza t ion ,  

t h e  d e s i r e  u t  t r anspor t  s by loca t ing  close 

t o  the  market. 

of the decent ra l iz ing  indus t r ies .  

highways and t rucking has r a d i c a l l y  a l t e r e d  t r anspor t  costs. 

pared t o  r a i l  t r anspor t ,  t rucking offers  l o w  short-haul costs; 

t rucke r s  have lower terminal  costs t o  spread over sho r t  hauls.  

Thus, whereas manufacturers had l i t t l e  t o  gain from decentral iza-  

t i o n  i n  t h e  pretrucking days, regional p l a n t s  now y ie ld  s u b s t a n t i a l  

Transport  costs weigh heavily i n  t h e  cost s t r u c t u r e s  

A t  t h e  same t i m e ,  t h e  advent of 

Com- 

t r a n s p o r t  savings. 

the competing nonmarket a t t r a c t i o n s  have weakened. 

The resource inf luence has been h u r t  by (a) the  lengthening chain 

of production l i nk ing  raw materials t o  end products and (b) deple t ion  

of the  best forests and mines, which has r e su l t ed  i n  a more even 

d i s t r i b u t i o n  of resources .' 
rowed, lessening t h e  a t t rac t ion  of l o w  wages. 

economies once foun 

In te r reg iona l  wage gaps have also nar- 

And ex te rna l  

only i n  c e r t a i n  areas are now more widely 

ava i lab le .  

2 ..4 5 The Lichtenberg Book- 2/ . 

Using information from economic h i s t o r i e s ,  economic geograph- 

, i ndus t ry  ' s tud ie s  

Lichtenberg dlas ies manufacturing according to f ive  dominant 

- 1/ 
Industr ia l , .Locat ion," .  Harvard Business Review 38, N o .  1, January- 
Feburayr, 1960,. ' pp. 126-36. , 

2/ Robert M. Lichtenberg,  One-Tenth of a Nation, Cambridge, Harvard 
un ive r s i ty  -Press, 1960. 

Benjamin Chin i tz  and Raymond Vernon, ':Changing Forces i n  
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locational f ac to r s ,  H e  f i nds  t h a t  51  percent  of t h e  na t ion ' s  

indus t ry  i s  t ranspor t - sens i t ive ,  15 percent seeks externa l  

economies, 1 4  percent i s  governed by i n e r t i a  (his tor ical  factors),  

8 percent  emphasizes labor costs and SU~ply ,  and 1 2  percent i s  

unclass i f iab le .  The t ranspor t - sens i t ive  indus t ry  subdivides 

into 43 percent or ien ted  t o  markets and 8 percent oriented to 

r a w  materials. 

2,4.6 The P e r l o f f  Study 

The broadest and m o s t  u se fu l  study t o  date dea l ing  with 

manufacturing 1/ loca t ion  i s  t h a t  of Harvey Perloff,  and others.- 

It is bas i ca l ly  h i s to r i ca l -desc r ip t ive  i n  nature ,  b u t  t h e r e  is 

some hypothesis t e s t ing .  Judgments about l oca t iona l  in f luences  

rest on his tor ical  t rends ,  sh i f t - share  ana lys i s  coupled with 

inves t iga t ion  of t he  causes of shi€ts  in p a r t i c u l a r  i n d u s t r i e s  

(many spec ia l ized  s t u d i e s  a r e b r o u g h t t o  bear), and a f e w  correla- 

t i o n s  . 
Over t h e  years  indus t ry  has sh i f ted  s t e a d i l y  from resource 

t o  market or ien ta t ion :  i n d u s t r i e s  s e l l i n g  t o  o the r  i n d u s t r i e s  

now produce almost 40 percent of a l l  and most consumer 

i n d u s t r i e s  have only remote connections t o  raw materials. 

in"  growth i n  t h e  South and West has increased the  importance of 

markets. Cal i forn ia ,  t h e  prime mover i n  t h e  spec tacular  growth 

of t h e  Far West, passed a #market threshold" beyond which i n t e r n a l  

"F i l l i ng  

- I/ 
B a l t i m o r e :  Johns Bopkins Press, 1960. 

H. Perloff ,  _et.al.! Regions,  Resources and Economic G r o w t h ,  
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and e x t e r n a l  scale economies become operat ive.  Remoteness from 

t h e  Manufacturing B e l t  aided t h i s  development. 

i n  f i n a l  markets have pul led intermediate markets along. 

Westward s h i f t s  

As evidence of t arket a t t r a c t i o n ,  

rank c o r r e l a t i o n s  between employment i n  s p e c i f i c  ( i n d u s t r i e s  and 

population (for ty-eight  s t a t e s ) .  Indus t r i e s  genera l ly  regarded 

as market-oriented show t h e  highest  co r re l a t ions ;  f o r  example, 

p r i n t i n g  and publ ishing reads +.93. 

labor-oriented or resource-oriented have r e l a t i v e l y  l o w  correla- 

But i n d u s t r i e s  regarded as 

tions--+.58 for  lumber, +.63 f o r  t e x t i l e s ,  +.66 f o r  l e a t h e r  and 

Since leather products, +.69 for  petroleum and coal products. 

a p a r t i c u l a r  indus t ry  cannot e a s i l y  e x e r t  a s t rong  inf luence  on 

population, c a u s a l i t y  would seem t o  run mainly f r o m  population 

(markets) t o  manufacturing employment. 

The s tudy ' s  main t h r u s t  i s  i n  t he  d i r e c t i o n  of a Manufactur- 

i n g  B e l t  concept of agglomeration. 

explanation of growth-balanced i n  -giving " f u l l  a t t e n t i o n "  t o  both 

t h e  rap id  ga ins  of the  West and the "remarkably small loss i n  

r e l a t i v e  Standing" of the northeastern Manufacturing B e l t .  

t i o n  thus  becomes the offse t  to m a r k e t s ,  w h i c h  directs growth t o  

the South and West, 

The au tho r s  seek a balanced 

Agglomera- 

Other in f luences  are not ranked, bu t  resources  rece ive  the 

most a t t e n t i o n .  f n  s p e c i f i c  i n d u s t r i e s ,  resources  s t i l l  e x e r t  a 

s t rong  l o c a t i o n a l  pu l l .  

i n  the Southwest: o t h e r  chemicals i n  var ious  places; lumber pro- 

ducts  i n  t h e  Southwest and West; pulp and paper i n  t h e  South: 

canning, preserving,  and f reez ing  i n  s e v e r a l  areas; and tobacco i n  

Examples are r e f i n i n g  and petrochemicals 
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t h e  Upper South. The p u l l  of resources on these i n d u s t r i e s  i s  

reflected i n  r e l a t i v e l y  l o w  co r re l a t ions  between population 

and indus t ry  employment . 
Despite these  examples, t h e  resource a t t r a c t i o n  has become 

weak. T h i s  conclusion is  supported by a comparison of two’groups 

of indus t r i e s :  

f o r  over 1 0  percent of t h e i r  inputs ,  and (b) second-stage users ,  

(a) first-stage resource users ,  which use resources  

which use f i r s t - s t a g e  products f o r  over 1 0  percent  of t h e i r  inputs .  

Labor, climate, and indus t ry  mix are covered b r i e f l y .  

ses of ind iv idua l  i n d u s t r i e s  credit labor w i t h  a t t r a c t i n g  t e x t i l e s ,  

Analy- 

apparel ,  and shoe manufacturing t o . t h e  South. 
I .  

2.4.7 The Fuchs Study 

One major study chal lenges t h e  o t h e r  s t u d i e s  by holding 

t h a t  markets is not  an important determinant of manufacturing 

loca t ion .  

e n t a i l s  measuring i n t e r r e g i o n a l  s h i f t s  i n  manufacturing, pinning 

This is V i c t o r  Fuchs’ study.A’ Fuchs’ genera l  approach 

these  down to  t h e  i n d u s t r i e s  pr imar i ly  responsible ,  and then 

explaining what happened i n  t h e s e  i n d u s t r i e s .  Judgments about 

t h e  re la t ive importance of d i f f e r e n t  in f luences  rest on (a) t h e  

f a c t o r s  a f f e c t i n g  t h e  i n d u s t r i e s  w i t h  t h e  b igges t  s h i f t s ,  as 

sugges*ed by a review of a v a i l a b l e  l i t e r a t u r e ,  (b) an industry- 

wide c o r r e l a t i o n  a n a l y s i s  r e l a t i n g  comparative growth t o  seve ra l  

explanatory va r i ab le s ,  (c) other s ta t i s t ica l  analyses ,  and (d) theory.  

The s h i f t s  s t u d i e s  i n d i c a t e  rap id  growth i n  the South and 

West ( e spec ia l ly  t h e  West), moderate growth it’r t h e  North Central  

1/ 
t h e  United States s ince  1929. New Haven: Yale Universi ty  Press, 
1962. 

Victor R. Fuchs, Changes i n  t h e  - Location of Manufacturing i r ?  - 
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region (above average i n  t h e  western part ,  below average i n  t h e  

eas t e rn  p a r t ) ,  and a comparative loss i n  t h e  Northeast. "The 

most important factors inf luencing these changes i n  t h e  loca t ion  

1 >.= . , :  

of industry appear t o  have been cl imate ,  labor, and the  a v a i l a b i l i t y  

of raw materials." 

m e n t - s h i f t s  between census regions were due t o  resources (including 

climate) and r a w  materials; t ha t  "almost" another one-third r e su l t ed  

from abundant, low-cost, nonunion labor i n  t h e  South; and t h a t  t h e  

remaining one-third was var iously caused by changes i n  demand or  

Fuchs estimates tha t  one-third of a l l  employ- 

could not  be assigned t o  i d e n t i f i a b l e  influences.  The one-third 

credited t o  resources depends "heavily" on t r e a t i n g  climate as a 

resource; so i f  climate and r a w  mater ia ls  are separated as i n  the  

above quotation, labor ranks first. "Heavily" implies t h a t  climate 

ranks second, ahead of raw materials, which i s  apparently t h i r d .  

Since markets is  no t  even close enough to  deserve mention i n  the  

summary quotation, one i n f e r s  t h a t  Fuchs would ass ign  markets less 

than one-sixth (raw materials) and probably closer t o  one-tenth of 

the credit. 

Labor 's  f i r s t -p l ace . r ank  -is supported by a f inding t h a t  four .  

labor-oriented indus t r ies - tex t i les ,  apparel, footwear, and furn i ture-  

contr ibuted heavi ly  t o  the South's gains  and the Northeast's losses. 

A l s o ,  a s p e c i a l  ana lys i s  shows t h a t  growth i n  low-wage and labor- 

in t ens ive  i n d u s t r i e s  i s  better' correlated w i t h  wages and unioniza- 

t i o n  than i s  growth i n  other industries-which supports t h e  idea 

tha t  the first i n d u s t r i e s  are attracted by favorable  labor conditions.  
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C l i m a t e ' s  importance i s  suggested by i t s  g r e a t  inf luence 

on the loca t ion  of aircraft  manufacturing, a leading growth 

industry and t h e  most important cont r ibu tor  t o  upward s h i f t s  i n  

Cal i forn ia  and t h e  Southwest. Climate has a lso influenced migra- 

t i on  and the  loca t ion  of m i l i t a r y  bases, thereby supporting t h e  

growth of market-oriented indus t r ies .  

co r re l a t ion  between temperature deviat ion f r o m  the "ideal" ( 6 5  

degrees) and percentage s h i f t  i s  exceeded only t h e  the - .57 for 

pa ten t s  per  capita (evident ly  ac t ing  as a proxy for  per capita 

manufacturing). ( In t e rco r re l a t ions  between growth measures are 

no t  counted.) 

The -.53 industry-wide 
I 

Raw mater ia l s  ga ins  i t s  high ranking from f indings  t h a t  

r a w  materials lay behind some important upward shifts--chemicals 

i n  t h e  South, lumbering on the  Nest Coast, pulp and paper i n  t h e  

South and W e s t ,  and canned and frozen foods i n  the  South. The 

industry-wide co r re l a t ions  o m i t  raw materials because "it is  not  

feasible to  ass ign  a simple measure of r a w  material a v a i l a b i l i t y  

t o  each s ta te  which would meaningfully describe the  d iverse  

products of forests, f ields,  cnd mines t h a t  form the b a s i s  of 

much manufacturing ac t iv i ty . "  

2.4.8 The Fantus Study 

The l a s t  major study deserving a t t e n t i o n  was conducted for 

t h e  Appalachian Regional Commission by t h e  Fantus Company, a leading 

p lan t  l oca t ion  consul t ing firm. I n  its report,L' Fantus drew on its 

own experience and expert ise .  Extensive use w a s  made of information 

- 1/ The Fantus Company, Inc. The Appalachian Location Research 
Studies  Program: Summary Report and Recommendations, New York, 1966. 
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i n  Fantus' f i l es ,  most of it obtained during t h e  course of s eve ra l  

thousand p l a n t  l oca t ion  searches.  The study consists of twenty- 

f i v e  substudies examining indus t r i e s  believed t o  have s i g n i f i c a n t  

growth p o t e n t i a l  i n  Appalachia. 

A table i n  t h e  summary r epor t  lists a number of l oca t iona l  

f ac to r s ,  l o c a l  and regional ,  found t o  be s i g n i f i c a n t .  W e  can 

ignore the local factors (except f o r  one) ,  t he  most important of 

which i s  an adequate local labor  supsly. The regional  f a c t o r s  are 

(1) t r anspor t a t ion ,  (2 )  proximity t o  customers, (3) s t a t e  manpower 

t r a i n i n g  a s s i s t ance ,  ( 4 )  labor cost advantage, ( 5 )  low-cost electric 

power, (6 )  urban o r i en ta t ion ,  and (7 )  proximity t o  r a w  mater ia ls .  

Transportation, as  used i n  t h i s  context ,  i s  p a r t l y  a l o c a l  f a c t o r  

( faci l i t ies)  b u t  mainly regional  (cos t  of d i s t r i b u t i n g  over a region);  

power i s  l a r g e l y  a reg iona l  matter;  urban o r i e n t a t i o n  i s  mostly a 

local factor bu t  has a bearing on the  a t t r a c t i v e n e s s  of sparse ly  

deve!.oped regions. 

twenty-five i n d u s t r i e s ,  a s  being of (a) c r i t i c a l  importance, (b) p r i -  

mary importance, (c) importance, or (d) minor o r  no importance. 

Each f a c t o r  is judged, r e l a t i v e  t o  each of the  

Table ISpresen t s  the r e s u l t s  of t h i s  study. 

for which each f a c t o r  w a s  of c r i t i ca l  importance appears next t o  the 

weighted score for  each fac to r .  

The number of i n d u s t r i e s  

Markets are c l e a r l y  the  m o s t  important reg iona l  in f luence  

among t h e  i n d u s t r i e s  s tud ie s :  t r anspor t  se rv ices ,  t r anspor t  c o s t s ,  

and proximity t o  customers-three aspects of t he  market attraction- 

rank one, t w o ,  and three.  Transportat ion can also involve r a w  materials, 

of course, but t h e  r e p o r t  i n d i c a t e s  t h a t  outbound t r anspor t a t ion  is 

81  



TABLE 13 

THE FANTUS STUDY: INDUSTRIAL LOCATION FACTOR SCORES 

Location Factor Weighted Score 

Transportation : 

Services 

costs 

Proximity t o  customers 

State  manpower t r a i n i n g  ass i s tance  

Labor cost advantage 

Low c o s t  electric power 

Urban o r i en ta t ion  

Proximity t o  r a w  materials 

53 

4 1  

46 

31 

2 4  

2 4  

2 4  

11 
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Source: 
Research Studies  Program: 

Based on Fantus repor t ,  The Appalachian Location 
Summary Report and Recommendations, 

New Y O r k ,  December 19668 T a b l e  3,  Ppa 12-13. 
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usual ly  what matters: m o s t  f i r m s  w i s h  t o  minimize the t i m e  and 

cost of shipping goods t o  market. 

ranking for  proximity t o  customers- indicates  t h e  des i re -of -many 

f i r m s  t o  e s t a b l i s h  deeper market penetrat ion:  

p l a n t s  offer g r e a t e r  market access than a central p l a n t  or 

reg iona l  warehouses. 

According t o  Fantus, t h e  high 

regional  branch 

Two labor factors, s ta te  manpower t r a i n i n g  a s s i s t ance  and 

labor cost  advantage, come next. 

both rank w e l l  ahead of r a w  terials. The r e l evan t  labor costs 

include not j u s t  wages but  f r i n g e  bene f i t s ,  work r u l e s  (unions) ,  

N o t e  t h a t ,  even taken individual ly ,  

I 

! 

i 

I 

W 

turnover,  and absenteeism. The t w o  i n d u s t r i e s  for which labor 

costs are r a t e d  "cruc ia l"  are t e x t i l e s  and apparel. 

Electric power and raw materials can be combined under the  

heading of resources. Fzntus states t h a t  energy is  seldom a cr i t ical  

term. The t w o  "c ruc ia l"  i n d u s t r i e s  are ch lor -a lka l i  (chlor ine and 

'caust ic  soda) and primar 

Urban o r i en ta t ion ,  p r i m  

factor, i s  included i n  the  tab 

t w o  factors examined i n  t h e  present  study-thresholds and t h e  

urban a t t r a c t i o n .  The Fant concept of urban orientation is 

nothing ver 

i l y  a local rather than  a regional  

because of its r e l a t i o n s h i p  t o  

p e c i f i c  bu t  designates  a desire of some i n d u s t r i e s  t o  

locate within,  i n  t he  suburbs of, or close t o  a c i t y  of some minimal 

size. The "cruc ia l"  indus t ry  i s  office machinery; o t h e r  urban- 

o r i en ted  indus 

p l a s t i c s  fo r  pa ing,  nonferrous metal operat ions,  and instruments 

paper boxes and shipping conta iners ,  
1 
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and controls--industries variously attracted to intermediate 

markets and urban amenities (e.g.., trim neighborhoods, recrea- 

tional facilities, and good schools). 

2.4.9 Webberls Study 

In this important and novel study WebberL'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 psychological bases 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. 

assumes rational behavior. Some function (profits) is maximized 

In each of the major models of location theory 

under given stated conditions. 

are held to be identical to minimum costs; in the interdependence 

approach and in Loschts theory, maximum profits are effectively 

considered to be maximum sales. Once the profit function has 

been defined, the process of maximization is simple,and subject 

to well-defined mathematical rules, 

In Webberls theory maximum profits 

The normal situation in which several departments of the 

factory are in conflict about where to locate can be simulated 

electronically. The model contains several machines, each simulat- 

L 

- 1/ 
Press, Cambridge, Massachusetts, 1972. 

Michael J. Webber, Impact of Uncertainty on Location; The MIT 

cut 
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ing one department of the firm. 

decision process. then consists of each machine proposing states 

The machines are linked. The 

(locations) to the others, which either accept the proposals or 

reject them and propose countbstates . 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 rather than a 

satisfactory state may'be obtained. 

cated are the real world and decisions about it, an optimal - ex 

- ante plan of location may be evolved. 

Thus .no matter how compli- 

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. 

to collect and where to collect it from. This imposes further 

The firm has to decide how much information 

novel elements an the theoty of the opting1 ante decision. 

Webber's model considers the following problem. Ap entre- 

preneur, located at one end of a near ' .  market, wishes to find 

his optimal location. 

varies randomly along the line: the profitabilities are approxi- 

mately normally distributed within the limits of =p. 

He knows that the profitability of sites 

The cost of 

sampling is cd, where c is a constant and d i s  distance from the 

entrepreneur's home site. There being no trend in profitability, 

the firm's best first sample is its cheapest--i.e., at d = 0, 

A second sample is taken at d = 1. 

mate the mean profitability of sites and the standard deviation 

of profitabilities. 

computed, 

From 

From these the firm can esti- 

The standard error of these estimate6 can be 

These data tell the firm the expected profitability of 
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the next site to be sampled (at d = 2). 

ability is greater than the maximum profitability of the sites 

already sampled plus the discounted future value,af the cost of 

If this expected profit- 

sampling -(2c) , the firm takes this thi'rd sample. 
firm locates at the best of sites 1 and 2. The procedure contin- 

ues until the expected gain from sampling is less than the cost 

Otherwise the 

of sampling. 

The firm takes an (n + 1)th sample if . 

dx - matrix(x 1, x2t  9 8  xn) nc, where x is' the profitability 

of sites, is the standard deviation of profitability, X I #  x2, . . ., xn 
the profitability of the lst, Znd, . . ., 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 literature 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 a1 Formulation Sector Location Models 

In this comprehensive study by Charles Revelle and his 

colleagues , L'recent models of location are drawn together and 

compared as to structure, criteria, and constraints. Private 

1/ 
Private and Public Sector Location Models"' Man'agement Science 

Charles Revelle, D. Marks and J. C. Liebman, "An Analysis of 

Vole 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. The solution techniques of six such models are dis- 

cussed. 

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. 

Public sector models are characterized by a criterion 

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 dkffer of necessity.due to our inability to 

relate social utility to dollar value. 

Problems in location analysis can be classified into two 

major structural categories. These categories are: 

A. Location, oli a Plane 

B. Location on a Network 

A. Location on a plane is characterized by 

(1) an infinite.so1ution space. That is, central facilities 

hay be located anywhere on the plane and are confined 

neither to nodes of the network nor to points on the 

links between those nodes. 

(2) distance measurements according to a particular metric. 

One example is the Euclidian metric where 

2 2 
X j )  + (Yi - Yj '  

One example is the Euclidian metric where 

2 2 
X j )  + (yi - Y j )  

dij = the dis ce between points i and j 

xi' yi = the coordinates in a rectangular system 
of the ith poi 

Another exkple is the metropolitan metric where 

a,j = IXi - XjI +IYi - Yjl 
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B. Location on a network is characterized by 

a solution space consisting of points on the network 

(both nodes and points on the arcs which join the nodes), 

distance measurement or time measurement along the net- 

work. 

dij = the length (time) of the shortest path 
from node i to node j. 

Define 

w = the weight attached to the ith point (goods demanded, i 
resources sent, population, etc.); 

P' X 

= the location of the ith point relative to some fixed Yi 
carthesian coordinate system: 

= the unknown coordinates of the central point P; yP 
n = the number of points which are served: and 

= the Euclidean distance from point i to central point P. dip 

The objective is 

2 + (Yi ~ p )  2 %  I 
n 

Minimize 2 = Ci=l wi[xi - xP) (1) 

2 2 %  (2 )  where d iP = [(xi - xp) + (Yi - Yp) 1 

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

are not explicitly considered. 

2.4.11 Toyne's Study 
Peter Toyne's study- I/ presents an excellent discussion on 

organization location and behavior but this study is too theoretical 

to be of any value fo r  policy decisions. 
1 

- I/ and SOAS, New York, 1974. 
Peter Toyne, Orqanization Location and Behavior, John Wiley 
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Toyne regards nodal region as a system whose elements comprise 

the visual objects of human landscape occupance: 

dential, industrial, commercial, agricultural, transportational 

and recreational features which give every region its unique char- 

acter of physical infrastructure. 

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. 

the various resi- 

However, the recognition of 

In the human landscape system, all the inputs and outputs 

emanate from the various decisions that individuals and groups 

make about the organization and location of all forms of economic 

ackivity. The decision-making process thus constitutes the control 

system which gives the morphological structure of human landscape 

organization its peformance. 

Considerations of scale are fundamentally important because 

they may cmdition not only the profitability of any enterprise 

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

ability and allocation of the factors of production-land, labor 

and capital-affect the possibilities of the organization, loca- 

tion and profitability of human activity. Moreover, since dis- 

tance separates all locations in geographical space, considera- 

tions of transfer inevitably enter into the locational decision; 

and the conditions of demand and supply are perhaps the major 

economic determinant of production and consumption levels within 

the system. 
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Decision makers may therefore find it necessary to intro- 

duce a series of constraints and incentives to their own decision- 

0, making process in order to counteract the mechanisms of the con- 

trol system that they themselves have created. The evaluation 

of each of these elements is conditioned by an equally wide range 

of elements relating to the information, preferences and motiva- 

tion of different decision makers. 

The report presents an extensive review of government loca- 

tional and development policies and programs. 

policies are omitted. 

However, energy 

2.4 . 12 S k e r '  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 results about the impact of industrial develop- 

ment upon (1) the population dynamics, (2) the private sector, 

(3) the public sector, and (4) the quality of individual well-being 

in the host communities. Data, from 1945 on, was collected from 

186 case studies on plant location in nonmetropolitan communities 

(primarily focusing on the Midwest and the South). The empirical 

- 1/ Industrial Invasion of Nonmetropoli- 
tan America: A Quarter Century of Experience, Praeger Publish- 
er, New York, 1976. 

Gene F. Summers - et a1 
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generalizations drawn from the findings are then considered in 

light ,of ,public1 

were done prior to pubY 

covered in the report. 

2.4.13 Nentze's Study 

stated policy goals. Because most of the studies 

oncern over ed 

This study by C. M. NentzeL'describes the four major in- 

location patterns: natural features, costs of trans- 

munication, production technology and demand patterns. 
\ 

These influences determine the location and spacing of the first 

towns to appear in a region 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 possible to'paint a picture of the original process. 

long as inertia is not underrated, changes in the above factors 

can help to explainmany of the changes that occur in patterns 

of location.. Again, energy costs are not considered in this 

report . 
2.4.14 McMillan's Report 

As 

T h i s  reportZ-/discusses the resu l t s  of surveys administered 

to area manufacturers to determine why they chose a particular 

area. Raw materials and market generally ranked first or second 

y results. 0 survey conducted by Industrial Econ- 

I/ 

- 2/ 
tion vs. .Detetxdnants of 

G. M, .Nentze "Major Determinants of Location Patterns," 

T. E, McMillan, Jr,, "Why Manufacturers Choose Plant Loca- 

gand Economics, If, NO. 2,'May 1967 

nt Locations,'' Land Econ'omics, Vol. XII, 
No. 3, September 1975," pp - .  

A L  
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odcs Research Division, Texas Engineering Experiment Station, 

Texas A&M University in October 1954, included laws and regulations 

in its categories of determinants. 

returns indicated that one firm considered it first, 2-second; 

5-third; 6-fourth; and 14-fifth. The other respondents did not 

Results from 350 weighted 

consider regulations to be crucial to industrial siting. 

are summarized in the Table 1 4  below. 

Results 

As the data pregented in Table 14 show, energy costs are 

relatively unimportant as foaation factors, This, however, can 

be readily explained by the fact that these factors represent 

conditions as of 1954. 

2 . 4.15 Harris ' Model 
This model- 1/ 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 tu examine the importance of various explanatory 

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 f o r  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/ Curtis C. Harris and F. E. Hopkins, Location Analysis, D. C. 
Heath and Company, 1972. 
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TABLE 14 

POSITIONS OF LOCATION FACTORS 
(from 350 weighted returns) 

W Total Percent 
1st 2nd 3rd 4th 5th Points Weight Factor 

Market 
Labor 
Raw Materials 
Building 
Site 
Transportation 
Distribution 
Living Conditions 
Climate 
Industrial Fuel 
Water 
Industrial Power 
Financial Help 
Taxes 
Laws and Regulations 
Miscellaneous 

118 
33 
73 
26 
18 
14 
IO 
14 
11 
3 
3 
0 
8 
5 
*1 
JS 

44 35 24 13 928 
78 45 34 31 711 
36 18 17 8 605 
28 29 15 9 368 
30 22 14 25 329 
32 32 31 22 378 
25 37 31 20 343 
13- 29 35 35 306 
8 11 22 25 189 
12 20 14 14 165 
7 12 10 8 107 
3 14 15 11 95 
7 7 7 5 108 
5 3 14 22 104 
2 5 6 14 54 
5 2 1 4 107 

18.9 
14.5 
12.3 
7.5 
6.7 
7.7 
7.0 
6.2 
3.9 
3.4 
2.2 
1.9 
2.2 
2.1 
1.1 
2.2 

Source: Survey by Industrial Economics Research Division, Texas Engin- 
eering Station, Texas A & M University, October 1954. 
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2.5 SUMMARY AND CONCLUSIONS 

The studies reviewed above, while dated, and at times 
> %  

L contradictory, provide useful information regarding the plant 

location determinants in general. 

plant location determinants found in the seven studies summarized. 

The information contained in this table clearly suggests that 

proximity to market (and availability) I low transportation services 

costs? and low labor costs are the three principal plant location de- 

terminants. The fourth determinant is the supply of raw materials. 

Table 15 presents the major 

- 

In terms of the six industries covered in this report, 

this means that for  textiles, council and allied products and 

for leather sectors, all of which have nationwide markets, loca- 

tion in any geothermal resource area could be a very attractive 

proposition assuming that other plant location requirements can 

be satisfied. 

plant location must be close to population concentrations which 

serve as market areas for the food products produced. Location 

for plants in tobacco and lumber and wood products sectors is 

In the case of the Food and Kindred Products sector, 

governed by raw .material availability. 
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TABLE 15 

PLANT LOCATION DETERMINANTS FROM SELECTED STUDIES 
_ ~ _  ~ 

Study Plant Location Determinants 

Glen E. McLaughlin and 1. Market Orientation (45%) . 
S. -bock 2 . Raw Material Availability (30%). 

Wilbur R. Thompson and 1. Consumer Demand and Market 
I. Mattila Orient ation . 

3. Low labor costs (25%) . 

2. Low labor cost. 

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

Benjamin Chinitz and 1. Market Orientation 
~ 

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

2. External economics (15%) . 
3. Historical factors (14%) 
4. Low labor costs (81%). 

2 . Agglomeration. 
3. Labor. 
4. Climate. - 

Robert Lichtenberg 

Harvey Perloff, et a1 1. Market Orientation. 

Victor Fuchs 1. Raw material availability (including 
climate). 

2. Low labor cost. 

The Fantus Company, Inc. 

Transportation: 
Services 
costs 

Weighted Score 

53 
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 11 - 

U 
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CHAPTER 3 

PLANT LOCATION DETERMINANTS: 
RESULTS OF INTERVIEWS WITH INDUSTRY EXECUTIVES 

3.0 INTRODUCTION 

T h i s  chapter  presents  t h e  views of over 30 indus t ry  exec- 

u t ives  (see Appendix A) interviewed i n  t he  course of t h i s  study, 

regarding the i s sues  t h a t  determine loca t ion  of i n d u s t r i a l  

p lan ts  i n  general  and t h e  impact of geothermal energy availabil- 

i t y  on p l a n t  loca t iQn i n  p a r t i c u l a r .  

A l l  of  t he  executives interviewed comprise sen io r  personnel 

i n  30 companies which represent  t h e  six sectors of economy anal-  

yzed i n  t h i s  Study, i.e. # Food and Kindred P r O d U C t S ,  Tobacco, 

Text i les ,  Lumber and Wood Products, Chemicals and Al l i ed  Products, 

and Leather and Leather Products. 

3.1 GENERAL COMMENTS 

The interviews reinforced the  f ind ings  regarding p l a n t  loca- 

t i o n  determinants presented i n  previous chapters of t h i s  r epor t .  

However, several general  i s sues  a l s o  con t r ibu te  t o  t h e  informa- 

t i o n  t h a t  impacts on t h e  Department of Energy marketing effor t  

f o r  d i r e c t  u t i l i z a t i o n  of geothermal energy. 

The first i s s u e  p e r t a i n s  t o  the  quest ion regarding who wi th in  - 
an indus t r ia l /manufac tu ing  firm determines t h e  loca t ion  of a 

new p l a n t  and/or chooses t o  u t i l i z e  geothermal resources  as a 

source of energy for  the  plant .  Our interviews i n d i c a t e  t h a t  

such dec is ions  are made a t  a very high l e v e l  i n  t h e  corpora te  s t ruc-  

t u r e  of t h e  firm. While t y p i c a l l y  such dec is ions  are t h e  r e s u l t  
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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 committee itselfiein addition to the 

Vice President for Corporate Planning, typically includes the 

Chief Executive Officer of the firm, the senior representative 

for engineering, $.e. , Vice President for Engineering or Chief 
Scientists, the Treasurer and the senior representative of the 

firm for operat i.e., Vice Pr perations. While 

at times such a committee may request formal plant location 

study (either from the internalestaff ofthe firm or from outside 

consultant), more often e location decision is made without 

benefit of formal study. 

The implication of this method of decisionmaking to the 

direct geothermal energy marketing effort by the Department of 

Energy is clear-any and all marketing efforts should be directed 

at the senior executive level of all firms considered candidates 

for direct use of geothermal energy, 

The second issue resulting frorn our interviews is that of 

the familiarity of the senior executives with DOE programs 

to encourage utilization of the nation's geothermal 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 beyond any doubt that the indus- 

try is almost completely unaware of DOE'S efforts to promote 

direct use of geothermal resources. 

among the senior executives interviewed, only 13 were aware of 

To be quite specific, 
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the existence of the Federal Nonnuclear Energy Research and 

Development Act of 1974 (PL 93-577), only 3 out of 30 were aware 

of the activities of 1nteragency.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 

interviewed are representative of typical senior executives in 

the industry, the absence of familiarity on their part with the 

Department of Energy's programs for geothermal energy utiliza- 

tion is alarming. In this light, our recommendation is that 

the Department of Energy prepare a document which clearly out- 

lines the 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 

direct utilization of geothermal resources (as opposed to insti- 

tutional/governrnent related issues of this) by the interviewed 

senior executives. 
, I  ~ . 

In this regard, our interviews indicate that most of the 

senior executives are very famillar with the technical feasibil- 

ity of utilizing geothermal resources as a source-of energy in 

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

executives 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 feasibility 
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of t h e  direct use of geothermal resources. 

The remainder of t h i s  chapter presents  the  r e s u l t s  of our  
A .  

interviews w i t h  t h e  30 sen io r  execut ives  i n  t h e  s i x  sectors of '. 

indus t ry  se l ec t ed  for  t h i s  report. ' 
, ,  

3.2 FOOD AND K I N D m D  PRODUCTS 

The p r i n c i p a l  p l a n t  location determinant i n  the Food and 

Kindred Products sector i s  close proximity t o  t h e  consumer 

markets. According t o  J. D. Forbes, V i c e  Pres ident ,  Technical 

Development of t h e  Kellog Company, a l l  of t h e  Kellog Company's 

e x i s t i n g  p l a n t s  are located wi th in  e large metropolitan areas 

of the na t ion  and such loca t ion  is  a p r e r e q u i s i t e  for  a l l  new 

faci l i t ies .  .Fur ther ,  according. t o  our interview w i t h  Mr. Forbes, 

t h e  specific s i t e  f o r  a new f a c i l i t y  must have immediate access 

t o  a major highway which serves  a market area. 

Energy supply and cost cons idera t ions  are indeed important 
.c 

t o  Kellog Company and t h i s  firm has an engineering task force 

eva lua t ing  a l l  energy supply opt ions  including geothermal re- 

sources;  however, these energy i s s u e s  remain secondary with 

regard t o  a loca t ion  of new facil i t ies.  Provided t h a t  an 

appropr ia te  location can be determined which has geothermal 

resource,  Kellog Comapny would c e r t a i n l y  i n v e s t i g a t e  t h e  f e a s i -  

b i l i t y  of direct geothermal resource appl ica t ion .  

The p r i n c i p a l  c u r r e n t  factors whichmi l i t a t e  a g a i n s t  use  

of direct geothermal energy ccording t o  M r .  Forbes are as 

f 0 1 lows t 

0 Lack of engineering experience with geothermal 
energy sources by Kellog engineers;  

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

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

0 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, Purchasing Director, American Brands, Inc. Accord- 

ing to Mr. Coiley, the absence-of any major prototype full 

scale direct geothermal resource 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 f i r m l y  established. 

In M r .  Coiley's opinion, the current Geothermal Loan Guar- 

anty Program (GLGP) does not offer sufficient inducement for 

a firm to develop geothermal resources for a new production 

facility. 

The same opinion was held by Mr. George King, Manager of 

Planning of R. J. Reynolds Industries, InC., by Mr. Jay Lznd, 

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 utilization 

of geothermal resources by a firm can be readily seen in the 
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case of Del Monte Corporation, a major food processor and a 

subsidiary of R. J. Reynolds Industkkes. Del Monte Corporation's 

numerous food processing facilfths are located directly within 

several geothermal resource areas in California. 

another subsidiary of R . Reynolds Industries, Aminoil USA, Inc. 
is one of the principal developers of the Geysers geothermal 

steam-powered electric generating facility. 

Further, 

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 area. 

All 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. ACc6,rdiqg to bq. Harrow, the principal 

plant location determinant for f;laod arid Kihdred Pxoducts Fector 

is immediate accessibility to the  market, 

satisfied and geothermal resources exist on the site, food pro- 

If this criteria is 

cessing firms would be interested in utilizing these resources 

provided that: 

0 Federal. government undeztakes iidditional engineer- 
ing effort ta establish feasibility .. of the direct 
geothermal energy Use: 

Initial capital costs of geothermal resource devd 
elapment are well established and reasonabler 

A pool of engineering knowledge exists which can 
render technical assistance in the desigh and 
developent of direct geothermal utilization 
facizities. 

0 

101 



Since a large number of seafood processing plants in the 

Northwest states are located in geothermal resource regions, a 

special effort was made to determine the potential of geothermal 

resource application.to seafood processing facilities. 

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 be located in close 

proximity to the ports and harbors where raw material is un- 

loaded from the fishing boats. The reason $or 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 rail and truck 

and therefore, access to these transportation services is of 

cardinal importance. Note that in the case of seafood process- 

ing operations located in Alaska, all of these companies trans- 

-port their processed products to markets by seaborne commerce 

and therefore all of the Alaskan seafood processing plants are 

located close to harbors. 

Furthermore, as stated by Mr. Lind, Dr. Jensen and 

by Anthony V. Mizetich, the Director of Government Relations, 

Starkist Foods, Inc., energy requirements in seafood processing 

are not an important consideration. In summary, seafood pro- 

cessing operations represent a marginal candidate 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 cGn$ained in various reports, indicate that the 

principal plant location determinant for this sector is close 

proximity to large populatioh 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 operations. 
/ 

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 Tobacco 

The cardinal plant location determinant for tobacco sector 

is close proximity to the tobacco growing areas, according 

to Gerard Coiley , Purchasing Manager 
and George King, Manager of Corporate Planning, R. J. Reynolds 

American Brands, Inc . 

Industries, Incorporated. 

However, the utilization of geothermal resources by a 

tobacco processing firm faces several other obstacles, including: 

0 Absence of experience regarding geothermal re- 
source development by the in-house engineering 
staff of tobacco processing firms; 

Unknown initial capital costs of geothermal 
resource development; 

Potential environmental issues resulting from 
geothermal resource use. 
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I n  summary, t h e  obstacles t o  introduce direct  use of geo- 

thermal energy i n  Tobacco Manufacturing s e c t o r  are almost 

i d e n t i c a l  t o  those i n  Food and Kindred Products sector. How- 

ever,  the  fact  must be stressed again t h a t  n e i t h e r  of t h e  t w o  

executives interviewed i n  this s e c t o r  of economy, and indeed 

both M r .  George King and M r .  Gerard Coiley are sen io r  execut ives  

i n  t h e i r  respec t ive  f i r m s ,  had information on Department of 

Energy Geothermal Resource Programs. 

3.2.2 T e x t i l e  M i l l s  Products 

A l l  of the  sen io r  executives interviewed i n  the t e x t i l e  

m i l l  product sector c l e a r l y  i d e n t i f i e d  low labor rates and/or 

nonunion labor as the p r i n c i p a l  p l an t  l oca t ion  determinant. 

As s t a t e d  by Gordon T. Washington, V i c e  President fo r  

Engineering of Blue B e l l  Incorporated and Irhy Wright, Energy 

Coordinator, also with Blue B e l l  Incorporated, the  l o w  labor 

rates factor dominates a l l  other considerat ions i n  p l a n t  site 

se l ec t ion .  

The t h i r d  top  determinant according t o  O'Jay N i l e s ,  D i r -  

ector of Government Relat ions,  American T e x t i l e  Manufacturers 

I n s t i t u t e ,  Inc., i s  a c c e s s i b i l i t y  by t ruck  t o  major markets. 

Energy is an important considerat ion bu t  according t o  M r .  

N i l e s  t h e  Federal government has done l i t t l e  i f  anything t o  

prove information concerning the  t echn ica l  f e a s i b i l i t y  of the 

direct use of geothermal energy. Further ,  t he  t e x t i l e  indus t ry  

has  experienced seve ra l  major t echn ica l  d i f f i c u l t i e s  i n  t h e i r  solar 

appl ica t ions ,  and before  any major t e x t i l e  f i r m  , w i l l  undertake 

planning for  direct use of geothermal energy it w i l l  r equ i r e  
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considerably more technica l  information from the  Department of 

Energy . 
An i d e n t i c a l  view w a s  a l s o  s t rongly  advocated by Mr. 

John Morgan, Director of Energy of Burlington Indus t r ies .  

However, M r .  Morgan did indicate  t h a t  t h e  p o t e n t i a l  of direct 

u t i l i z a t i o n  of geothermal energy i n  t e x t i l e  i ndus t ry  is s i g n i f -  

i c a n t p r o v i d e d  t n a t  t n e  uepartmerft of BnergLr undertakes necessary 

R&D e f f o r t s  t o  c l e a r l y  establish t h e  f e a s i b i l i t y  of geo- 

thermal resource use as w e l l  as c a p i t a l  and operating costs. 

3.2.3 Lumber and Wood Products 

Lumber and Wood Products sector offers good opportwiities 

f o r  direct u t i l i z a t i o n  of geothermal resources  i n  k i l n  drying 

and r e l a t e d  appl ica t ions .  

The p r i n c i p a l  determinant of whether or  n o t  f i rms  i n  t h i s  

i ndus t ry  w i l l  use geothermal resources  i n  t h e i r  operat ions,  

according t o  Alex M. Fisken, Senior V i c e  Pres ident  for Facil- 

ities, 3lanning and Tschnology of Weyerhaeusei Corporation, is t h e  

loca t ion  of such resources.  As stated by M r .  Fisken, a l l  of 

the Weyerhaeuser saw m i l l  opera t ions  (and t h i s  i s  t r u e  for t h e  

other f i r m s  i n  t h i s  s e c t o r )  are located on sites c a r e f u l l y  sel- 

ected t o  minimize t r anspor t a t ion  c o s t s  of r a w  logs t o  the s a w  

mill. 

If  geothermal resources  are a v a i l a b l e  a t  t h e  s e l e c t e d  

sites, u t i l i z a t i o n  of geothermal resources  w i l l  be given con- 

s i d e r a b l e  considerat ion.  Weyerhaeuser Corporation, for example, 

has i n  the last two y e a r s  undertaken seve ra l  f e a s i b i l i t y  s t u d i e s  

on t h i s  i ssue .  However, i n  the  event t h a t  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 af 

most well-designed lumber mills to be self sufficient in their 

energy demands by utilizing tree bark and wood scrap for their 

heat requirements, 

President, Lumber and Plywood Division, St. Regis Company, 

most mills constructed or planned for construction after the mid- 

1970's have been designed to be energy self sufficient. 

Accordhg to B, Taggart Edwards, Vice 

. 

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 provisions 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 Corporation. Further, even in this case, the economics 

of design and construction may favor redesign of these facilities 

for use of bark and wood scrap as a source of fuel rather than 

to use direct geothermal energy. However, since bark and wood 

scrap can be readily used by the firm in production of plywood 

and related products, or sell these by-products to pulp and 

paper mills, utilization of direct geothermal resources appears 

to be a very attractive proposition. 
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. Thus, the smaller luqber mills which comprise part of the 

market are more likely targets for direct use of geothermal 

resources. 

In summary, the Lumber and Wood Products sector offers uood 

opportunities for the direct utilization of geothermal 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 plywood, wallboard and other products. 

According to Mr. C. T. Toler, the technology trends in 

If it this industry favor utilization of these byproducts. 

can be shown that direct utilization of geothermal energy is 

feasible in this sector, firms will utilize this energy source. 

However, all of those .interviewed expressed significant 

doubts about.the current state-of-art in the direct utilization. 

of geothermal resources. 

additional Federal government-supported demonstration programs 

All of those interviewed suggested that 

should be undertaken to clearly establish feasibility of direct 

geothermal resources use as well as to establish firm capital 

requirements. - 

roducts sector presents an excellent 

geothermal resources in their plants. 

s not, however, the principal plan 
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According to our interviews, the principal plant location 

determinants 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) ; 

Nearby availability of raw materials and/or access 

to suppliers of raw materials: 

Availability of skilled labor force or labor pool 

that can be trained in the necessary skills; 

Location fn relatively close proximity to the markets 
(in practical terms this means East Goast, 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 proximity to raw material supply as a 

I c c a t i m  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 Corporation, and Chester 

Knowles, 'Director Environment and Energy, Olin Corporation. 

On the other hand, those chemical and allied product firms 

which principally manufacture industrial and consumer end- 

products stressed the hportance of praximity 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 R o b  and Haas Company, Roy 

Djuvik, Director of Operations, North America, R o b  and Haas 

Company, Robert L. Harness, Manager Regulatory Affairs, Monsanto 

Corporation and Robert B 

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 additions to the existing plants rather than construc- 

tlon of "greenfield" facilities. This, according to Mr. Carl 0. 

Skoggard, Senior Vice President, Westvaco Corporation, is the 

direct result of various environmental regulations which ef- 

fectively prohibit construction of new plants. 

Another factor that militates against use of direct geo- 

thermal energy is the presence of technological risks that such 

undertaking may present, as emphasized by William B. Hayes, 

Vice President for Operations of Kerr McGee. 

These risks are especially high because of the limited 

Large-scale operations w i t h  direct utilization of geothermal 

resources. Most of those interviewed had very limited knowledge 

of the location of geothrmal resource regions, and of t 

nologies employed in direct geothermal energy application, 

However, unlike the case of Food and Kindred Products sector, or 

Tobacco sector, all of those interviewed maintained that their 

in-house engineering staffs couldsuccessfullydesign and operate 

direct geothermal resource utilization facilities, 



Finally, several of those interviewed expressed the need 

for an explicit 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, interference of 

any kind by the Federal government should be avoided, and that 

the Federal government should not treat the facility as a test 

demonstration project.. 

In summary, location of Chemical and Allied Products 

plants are determined by factors such as access to transporta- 

.tion facilities of all modes and accessibility to raw materials 

and markets. Energy supply and/or cost is not the principal 

plant location determinant. Nevertheless, our interviews sug- 

gest that this sector offers good opportunity for  direct geo- 

thermal resource application, provided the industry is made 

, -  , 

aware of these opportunities for geothermal resource utilization. 

3.2.5 Leather and Leather Products 

Leather and Leather Products sector offers only marginal 

A number opportunity for direct use of geothermal resources. 

of factors contribute to this observation. 

First, according to Robert Stix, Group Vice President, 

Manufacturing Operations, U.S. Shoe Corporation, cost of energy 

in leather tanning, processing and shoe manufacture is not an 

important consideration. Rather, according to M r .  Stix, and 

he is supported in this by Mr. Robert Feitler, President of the 

Wegenberg Shoe Manufacturing Company, the concentration of the 

leather tanning and shoe manufacturing operations in Chicago 

region and New England has been determined historically, B o t h  
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regions are void of geothermal resources. 
. I  

While there is a concentration of leather and leather 

products firms in 'Tennessee,. interviews with ~ r .  Dan Gregory, 

Deputy General Manager, Footwear Sector, Mr. George Langstaff, 

Manager of Operations, and Mr. R. E. MCLendOn, Facilities, all 

of Cenesco, Incorporated, clearly established the very depressed 

status of this industry, with essentially no capital spending 

for new facilities or rennovation of existing plants. 

3 . 3  CONCLUSIONS 

Our conclusion's, based on interviews, suggest that in the 

case of Chemicals and Allied Products, Textiles and Food and 

Kindred Products sectors, good opportunities exist for the ap- 

plication of direct geothermal energy in their production pro- 

cesses . 
Tobacco sector offers more limited opportunity, and inthe 

Leather and Leather Products sector, such opportunities are 

margir,al at best. 

However, in our interviews we have also determined 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 geothermalresources. 

The following chapter contains our recommendations for 

such changes. 

I .  I ,  
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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 six industry sectors covered 

in this report that can be reasonably expected to- be locate6 

in the 1980 to 1990 period in geothermal resource regions, 

Because of the complexity of the plant location factors already 

discussed it should be clear that any indications of the future 

plant locations are highly putative and tenative. Nevertheless 

on the basis of our interviews some indication of probable 

facility location in geothermal resource regions is possible. 

4.1 FOOD AND KINDRED PRLD?JCI?S 

Our interviews suggest that in the 1980 to 1990 decade 

about 15 to 20 new major facit2ees of this industry will be 

located in the Southeastern 

additional 10 to 15 new facilities located in California, and 

not more than five in the Gulf States, 

geothermal resource region with an 

4.2 TOBACCO 

O u r  interviews suggest that not more than two or three new 

major tobacco processiny/manufactuxing facilities will be 

established in the 1980 to 1990 period, 

located within tobacco growing areas in Virginia and the 

Carolinas. 

A l l  of these will be 
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4 . 3  TEXTILE MILLS PRODUCTS 

On the  basis of our  i n t e r  

s i x  t o  e i g h t  new t e x t i l e - m i l l s  w i l l  be located i n  the South- 

Eastern Geothermal resource region i n  the 1980 t o  1990 period. 

4 . 4  UATHER AND LEXPBER PRODUCTS 

Our interviews i n d i c a t e  t h a t  it i s  reasonable t o  expect 

about t w o  t o  fou r  new fac i l i  

i n  t h e  Southeastern geothermal resource region; with an add i t iona l  

three t o  s i x  such faci l i t ies  i n  t h e  Gulf states and t w o  t o  three 

ox t o  be established 

new faci l i t ies  i n  Cal i fornia .  

4 . 5  LUMBER AND LUMBER PRODUCTS 

Our ihterviews i n d i c a t e  that t h e r e  w i 3 1  be a major geographic 

s h i f t  of the  lumber and lumber products s e c t o r  a c t i v i t i e s  from 

the Pacific Northwest t o  t h e  Southeastern United States. 

geographic r e loca t ion  of t h i s  s e c t o r  w i l l  r e s u l t  i n  establishment 

of new processing facilities i n  t h e  Southeastern geothermal 

Such a 

resource region. Our estimates, based on interviews, suggest t h a t  

it is  reasonable t o  expect approximately s i x  t o  t e n  such new 

facilities to be established in the 1980 to 1990 period. 

1 1 3  
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CHAPTER 5 

CONCLUSIONS AND RECOMNENDATIONS 

Our interviews w i t h  the 30 senior industry executives, 

subsequent discussions w i t h  these executives and surveys of 

pe r t inen t  documents, unmistakably ind ica t e  a general  and per- 

vasive absence of knowledge of the Department of Energy Geo- 

thermal Energy Program by industry executives. 

T h i s  absence of knowledge of the various program elements 

t h a t  comprise the Department's Geothermal Energy Pol icy and 

a c t i v i t i e s  is unfortunate because it stymies the success of the 

Department's marketing effort .  

Fortunately, t h i s  lack of knowledge can be r ead i ly  over- 

come by t h e  Department of Energy i f  c e r t a i n  programs and a c t i v i -  

ties are undertaken. The remaining port ion of t h i s  chapter  w i l l  

? rescnt , . . in  a srunmary manner, o u r  p r inc ipa l  f ind ings  and our 

recommendations. 

5.1 F I N D I N G S  AND RECOMMENDATIONS : 
LOCATION OF GEOTHERMAL RESOURCE REGIONS 

A l m o s t  a l l  of the sen ior  executives interviewed had a t  

best only l imi t ed  knowledge regarding the  s p a t i a l  boundaries 

and locat ions of geothermal resource regions i n  t he  United 

States. Most of those interviewed pointed t o  t h e  Cal i forn ia  

and Nevada area as t h e  only regions which contain geothermal 

resources of s u f f i c i e n t  q u a l i t y  and quant i ty  t o  be used by 

industry . 



Our recommendation is that Department of Enerqy p repare 
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a comprehensive document which clearly delineates the 

appropriate aeditional information related to this 

resource. We further recommend that this document be 

mailed to appropriate senior executives (such as Vice 

Presidents for Corporate Planning) of the major indus- 
. 1  

trial firms in the nation. 

5.2 FEASIBILITY OF DIRECT USE OF GEOTHERMAL RESOURCES 

As noted, most of the executives we interviewed professed 

lack of knowledge of the'feasibility of direct use of geothermal 

resources. 

Our recommendation is for. the Department of Energy 

to prepare a concise statement on this issue supported 

by appropriate bibliosraphy and contact person for 

further information in the Department. 

that this statem.ent be distributed as above. 

- '  

We also recommend 

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

None of the executives we interviewed had a clear under- 

standing of the Department of -Energy's policies and activities 

with regard to,the geothermal energy development. 

aware of the Geothermal Loan Guaranty Program (GLGP); none 

None were 

were familiar With the Geothermal Steam Act of 1970 (PL 91-581) 

or Geothe*l Energy Resehrch, Development and Demonstration 

Act of 1974 (PL 93 10) or the ac ities of the Interagency 

Geotherma1,Coordinating Council. 

. 

115 



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. A t  the minimum, a fact 

sheet on these issues with appropriate references for 

the more detailed and comprehensive information,, should 
i 

be prepared and distributed. We also recommend that the 

Department of Energy appoint a person 

industry liaison responsibility and that the existence 

on its staff with 

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 Vood Products; and 

(5) Chemicals and Allied Products. 

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

tions age: 

That the Department of Energy p repare a document 

summarizing its geothermal energy p rogram 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 p ersonnel should seek personal meetings with 

selected executives of the firms in these five sectors 

to present before them the Department's policies with 

reqard to the geothermal energy development. The De- 

partment of Enerqy 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 Enerqy 

organize a conference fox industry executives with the 

objective Qf explaining Department of Energy geothermal 

utilization policies and activities. 

awareness level of those interviewed, the Department 

of Enerqy might address several areas of concern with poten- 

tial industry users of geothermal energy. These areas con- 

t cern seed money for  various successful prototype operations 

Judging from the 

.i , .  

and subsequent distribution of capital costs requirements 

information. 

enerqy usage will be profitable. 

Industry needs assurances that geothermal 

Details on full-scale 

financing must be available upon which industry executives 

can base their decisions. 

data should be a basic plan to alleviate fears that  industry 

. could not cope with environmental requirements from other 

Included with these financial 
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sectors of government. 

plained in terms of simplicity, and assurances 'given 'that 

industry will be able to meet these requirements econom- 

Environmental controls bust be ex- 

ically and relatively quickly. Also assuxances that govern- i' 
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 

1 



Excellent although dated empirical data pertaining to indus- 

These data are contained try location factors exist in EDA files, 

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: 

I 

- 1/ elopment Administration, Manufacturinq Plant Characteristics, - 1970, June 1973. 

For brief description of this data base see: Economic Dev- 
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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. 
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. 
ities which are not eligible to receive assistance from 
EDA to locate in designated areas (e.g.8 apparel manu- 
facturing) were excluded from the scope of this survey. 

Within these indus.tries 

It should be noted that manufacturing activ- 

The mailing panel consisted of selected individual 
manufacturing"estab1ishments in 254 product classes taken 
from the 1967 Census of Manufacturers name and address 
file. 
Survey of Manufacturers to update plant identification 
records for such items as name and address. 

This listwas then matched against the 1970 Annual 

The panel selected, mail canvass, and processing 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, respectively, were filed 
and are included in the tabulations. Respondents occas- 
ionally omitted responses 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 industry 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 1A suggests, the 

industry sectors for which plant characteristics are available 

do not fully correspond to the six major industry sectors 

1/ 'Ibid., pp. 3-4. - - 
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TABLE 1 A  

INDUSTRY SECTORS SELECTED FOR MANUFACTURING 

2086 

2256 

2256 

2272 

2295 

2432 

2432 

2432 

2815 

2815 

2818 

2819 

2821 

2824 

2833 

2834 

2834 

2842 

2844 

2844 

2879 

99 

PLANT CHARACTERISTICS 

Sector 

Bottled and Canned Soft Drinks 

Warp Knit Fabrics 

Circular Knit Fabrics 

Tufted Carpets and rugs 

Vinyl Coated Fabrics 

Softwood Plywood 

Nonwood-face Plywood 

Softwood Veneer 

Cyclic (coal tar) intermediates 

Synthetic Organic Dyes 

Miscellaneous Acyclic Chemicals 

Synthetic Ammonia 

Thermoplastic Resins 

Noncellulosic Synthetic Fibers 

Synthetic Organic Medicinal Chemicals 

Pharmaceutical Preparations 

Vitamins, Nutrients 

Specialty Cleaning Products 

Perfumes, etc. 

Miscellaneous Cosmetics 

Agricultural Insecticidal Preparations 

Miscellaneous Chemicals 
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selected for this study. 

i 

Data for only one sector of the Food and Kindred Products 

industry is avaizable; 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 critical importance are indeed important. 

Tables 2 8  through25Apresent the EDA data for the 27 sec- 

tors of industry. These data clearly support our principal 

findings reported greviously. In general terms, the data clearly 

indicate that accessibility by truck rather than railroad, water 

or air 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 f o Y  Food 

and Kindred Products sector, the location of a flirm can be 

distant from the market areas, provided the location has out- 

standing accessibility. 

is dominant followed by rail. 

Among the modes of transport, trucking 

Location in industrial parks is apparently of marginal 

importance to most industry sectors. 

Sroducts sector, availability of public water systems is also 

relatively unimportant. 

Except for Food and Kindred 

The single important plant location characteristic that 

should be additionally emphasized is the large size of plant site 

f - 
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W 

used by Chemicals and Allied Products sector. For example, for 

industrial chemicals (i.e., SIC 2818), 75 percent of plants 

were located on plant sites 51 acres or larger, and 50 percent 

were located on sites 100 acres or larger. 
:. 

Thus, availability of large parcels of appropriate indus- 

trial land is of critical importance for the'chemical and Allied 

Product sector; to a somewhat lesser extent, this is also true 

for Textiles and Lumber and Wood Products sectors. J 
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!I%E.E 2A 

SIC 2086' 
@ m m  P m  -ms, 

Percent of P l a n t s  - 
Population of City or Place i n  Which 

P lan t  is Located 

22 
16 
29 I 
10 
24 

A 

If . 

111. 

IV. 

(1) 50,000 o r  more 
(2 )  Less than  50,000 

Distance of P lan t  From C i t y  

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

A. Is P lan t  Located i n  an I n d u s t r i a l  Park 

:(1) Y e s  

Approximate S i z e  of Plant  S i t e  

- (2) .NO 

B. 

(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 P l a n t  

(1) Same day de l ivery  
(2) Overnight deli-rery 
(3) Next day de l ivery  
(4  ) Two-days de l ivery  
(5)  More than two-days de l ivery  

B. Materials Received a t  P l a n t  

2 
37 
56 

3 
2 
0 

(1) Same day de l ivery  
(2) Overnight de l ive ry  
(3) N e x t  day de l ivery  
(4 )  Two-days del ivery  
(5) More than  two-days delivery 

73 
5 

13 
b 
5 
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- 
V. Delivery Methods for Products and Materials 

A.' Products Shipped by Plant 

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

B. Materials Received at P l a n t ,  

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

VI. Water Supply 

A. Does This Plant U s e  a Public Water System 

(1) Yes 
(2)  No 

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

a .  

> 

0 
0 
8 

9 2  

30 
0 
3 

97 

d 

91 
h 9 
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TABLE 3A 
SURVEY CF z?lAM.F- PLANT -mCs, lN!xsTm 

SIC 2256 Percent of P l a n t s  - 

(2 )  Less than 50,000 

Distance of P l a n t  From C i t y  

(1) Less than 50  miles 

I. 

(2 )  50  m i l e s  or  more I 

A. Is P l a n t  Located i n  an I n d u s t r i a l  Park I 

11. 

111. 

Iv. 

Population of City or  Place i n  Which 
P l a n t  i s  Located 

(1) Y e s  

Approximate S i z e  of Plant S i t e  

(1) Less than one acre 
(2 )  1-4 acres 
(3 )  5-20 acres 
( 4 )  21-50 acres 
(5) 51-100 acres 
(6) Over 1 0 0  acres 

” ( 2 )  No 

B. 

Products and Material Delivery Schedules 

A. Products Shipped by Plap t  

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

B. Materials Received a t  Plant 

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

A-8 

I 

79 
21 

0 
20 
67 

0 
13 

0 

.I 
7 

-7% 
20 

33 zu 

0 
13 

26 

L 

20 
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SIC 2256 
.x : Percent of Plants 

V. Delivery Methods for Products and Materials 

A. Products Shipped by Plant 

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

B. Materials Recei 

(1) Air 
(2) Water 

. (3) Rail . 
( 4 )  Truck 

VI. Water Supply 

A. Does This Plant U s e  a Public Water System 

(1) Yes 
(2 )  No 

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

Page 2 of 2 
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TABLE 4A 

SIC 2256 
SLif fJEY c 6 ? - 1 ~ ~  PIAW cxmAaEmmcs, 

Population of C i t y  o r  Place i n  Which 
P lan t  i s  Located 

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

I. 

11, 

III, 

IV. 

Distance of Plant From City 

(1) Less than 50 m i l e s  
(2 )  50 m i l e s  or more 

Is Plant Located i n  an Industr ia l  Park 

,(I) Y e s  

Approximate S ize  of P l a n t  S i t e  

A. 

. (2) No 

B e  

(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 

(I) Same day delivery 
!2) Overnight de1ivez.y 
(3) Next day delivery 
( 4  ) Two-days delivery 
(5) More than two-days delivery 

B. Materials Received a t  Plant 

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

( (5) More than two-days delivery 

A-10 
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TABLE 4A 

I . ,  
V. Delivery Methods for  Products and Materials 

A. Products Shipped by Plant 

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

B. Materials Received st Plant 

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

I ,  ' ,  
VI. Water Supply 

A. Does This f'lant Use a Public Water System 

. (1) Yes 
(2)  No 

* ' < ' *  

&ent of Plants 

0 I 

I r r  

, o  
0 
10 
90 

4 

Sburce: Economic Development Administration, Manufacturing Plant 
Characteristics, 1 



I. 

11. 

111. 

IV. 

SIC 2272 

Population of Ci ty  ar  Place i n  Which 
Plan t  i s  Located 

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

Distance of P l a n t  From C i t y  

(1) Less than 50 miles  
( 2 )  50 m i l e s  or more 

A. Is P l a n t  Located i n  an I n d u s t r i a l  Park 

(1) Yes 
(2 )  No 

Approximate S i z e  of P lan t  S i t e  B. 

(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 Del ivery Schedules 

A. Products Shipped by Plan t  

(J.) Same day de l ive ry  
(2)’  Overnight de l ive ry  
(3) Next day de l ive ry  
( 4 )  Two-days de l ive ry  
(5 )  More than  two-days de l ivery  

B. Materials Received a t  P l a n t  

(1) Same day d e l i v e r y  
(2 )  Overnight d e l i v e r y  
(3) Next day de l ive ry  
( 4 )  Two-days d e l i v e r y  
( 5 )  More than  two-days de l ivery  

E r c e n t  of P l a n t  

67 
’ .  34 

29 
71 

0 
21 
45 

11 
a 

’~ 16’ 

0 
3- 

13 
3 

13 - -  II 
58 
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1 TABLE 5A 
! 

V. Delivery Methods for Products and Materials 
1 
I A. Products Shipped by Plant 

B. Materials Received at Plant I 
(1) Air 
(2) Water 
(3) .Rail 
(4) Truck 

VI. Water 

A. Does This Plant Use a Public Water System 
I 
I (1) Yes 1 (2)  No 

Percent of Plants 

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

, 
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SIC 2295 

I. Populat ion of C i ty  or Place i n  Which 
P lan t  is Located 

(1) 50p000  o r  more 
(2 )  Less than 50p000 

11. Distance of P l a n t  From Ci ty  

(1) Less t han  50 miles 
(2 )  50 m i l e s  or more 

. , .  

111. A. Is P l a n t  Located i n  an I n d u s t r i a l  Park 

B'. Approximate S ize  of P l a n t  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 

IV. Products and Material Delivery Schedules 

A. Products Shipped by P l a n t  

(1) Same day de l ivery  
(2 )  Overnight de l ive ry  
(3) Tjext bay de l ive ry  
( 4 )  Two-days de l ive ry  
(5)  More than two-days delivery 

8. Materials Received a t  P lan t  

(1) Same day de l ive ry  
(2 )  Overnight de l ive ry  
(3) Next day de l ivery  
( 4 )  Two-days de l ive ry  
(5 )  More than  two-days de l ivery  

\ . .  

A-14 Page 

rcent of Piant  

4 4  
56 

80 
20 

0 
1Do 

0 
22 
7 

11 
33 
11 + 

0 
22 

0 
33 
4 4  

0 
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TABLE 6A' 

SURJEY OF MPSJUFALTNRING PLmT c H z i ! ~ S T I C S ,  ImuSTKY 
SIC 2295 * .  

Percent of Plants . i  

V. Delivery Methods for Products and Materials 

A. Products Shipped by Plant 

(1) Air 
(2 )  Water 
( 3 )  Rail . <  

( 4 )  Truck 

B.  Materials Received a t  Plant 

(1) Air 
( 2 )  Water 
( 3 )  R a i l  
( 4 )  Truck 

8 .  

V I .  Water Supply 

A. Does This Plant Use a Public Water System 

8 .  (1) Yes 
(2 )  No , .  

\ .  

Source: Economic Development Atlrninistration, .Manufacturing Plant 
Characterist ics ,  1973.  



I. 

I f  . 

III. 

IV. 

Population of Ci ty  or  Place i n  Which 
P l a n t  i s  Located 

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

Distance of P l a n t  From Ci ty  

(1) Less  than 50 m i l e s  
( 2 )  5 0  miles or more 

A. Is P l a n t  Located i n  an I n d u s t r i a l  Park 

B. Approximate S i z e  of P l a n t  S i t e  

(1) Less than one acre 
( 2 )  1-4 acres 
(3)  5-20 acres 
( 4 )  21-50 acres 
(5) 51-100 acres 
(6) Over 1 0 0  acres 

Products and Material Delivery Schedules 

A. Products Shipped by P l a n t  

(1) Same day de l ive ry  
(2) '  Overnight deli-rery 
(3) Next day de l ive ry  
( 4 )  Two-days de l ive ry  
(5 )  More than two-days de l ive ry  

B. Materials Received a t  P l a n t  

(I) Same day d e l i v e r y  
(2 )  Overnight d e l i v e r y  
(3) Next day d e l i v e r y  
( 4 )  Two-days de l ive ry  
( 5 )  More than  two-days de l ive ry  

I rcent of P l a n t s  

17 
8 3  

D 
0 
0 

100 
0 

50 
2 I 
3 

6 t 

3 t 
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TABLE 7A 

v* 

VI 

Percent of Plants 
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 
(2) Water 
( 3 )  Rail 
(4) Truck 

Water Supply 

A. Does This Plant Use a Public Water System 

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

- A-17 
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I. Population of Ci ty  o r  Place i n  Which 
Plan t  is Located 

(1) 50,000 o r  more 
( 2 )  Less than 50,000 

If. Distance of P l a n t  From Ci ty  

1 . (1) Less than 50 miles 
(2) 50 m i l e s  or more 

111. A. Is P l a n t  Located i n  an I n d u s t r i a l  Park 

(1) Y e s  
. (2 )  No 

I d  

B. Approximate S i z e  of P l a n t  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 

IV. Products and Mater ia l  Delivery Schedules 

A. Products Shipped by P l a n t  

(1) Same day de l ivery  
(2)  Overnight d e l i v e i y  
(3)  Next day de l ive ry  
( 4 )  Two-days de l ivery  
(5 )  More than two-days de l ivery  

B. Materials Received a t  P l a n t  

(1) Same day de l ivery  
(2)  Overnight de l ive ry  
(3) Next day de l ive ry  
( 4 )  Two-days de l ive ry  
(5) More than two-days de l ivery  

? '  . .  
. .  
, .  

. .  .. 
A - l l  

t rcen t  of Plant 

25 
75 

1 1  

67 
33 

38 
62 

0 
25 
25 
25  

0 
25 

0 
0 

13 
13 

- 
74 

13 
0 

13 
0 

74 
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TABLE 8A 

E 
V. Delivery Methods for Products and Materials 

s Shipped by Plant 

(2) Water 
(3)  Rail 

Received at Plant 

Plant Use a P u b l i c  Water System 

:cent of P1 nts 
1 

_1 a8 



TABU3 9A F 

I 

I. 
1 

11. 
I 

ISS. 

I 

Iv. 

SIC 2432  

Population of City o r  Place i n  Which 
P l a n t  is Located 

(1) 50,000 o r  more 
(2 )  Less than 50,000 

Distance of Plant  From City 

(1) Less than 50 miles 
(2)  50 m i l e s  or more 

Is P lan t  Located i n  an I n d u s t r i a l  Park 

(1) Y e s  
( 2 )  No 

A. 

B. Approximate Size of P l a n t  S i t e  

(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 Plan t  

(1) Same day de l ivery  
(21 Ovarnight de l ivery  
(3) Next day de l ivery  
( 4 )  Two-days de l ivery  
(5) More than two-days de l ivery  

B. Materials Received a t  Plant 

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

0 I 
0 

50 
33 
I/ 

U 

.1 
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TABLE 9A 

Percent of Plants 
V. Delivery Methods f o r  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 

VI. Water Supply 

A. Does This Plant Use a Public Water System 

3 3  
6 7  

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

I1 

111. 

I 

IV . 

S I C  ,2815 
Populat ion of C i ty  o r  P lace  i n  Which 

P l a n t  i s  Located 

(1) 50 ,000  o r  more 
( 2 )  Less than  50,000 

Distance of P l a n t  From Ci ty  
"~ I 

(1) L e s s  t han  50 m i l e s  
( 2 )  50 m i l e s  or more 

A. Is P l a n t  Located i n  an I n d u s t r i a l  

B. Approximate S i z e  of P l a n t  S i t e  

(1) L e s s  than  one acre 
(2) 1-4 acres 
(3)  5-20 acres 
( 4 )  21-50 acres 
(5)  51-100 a c r e s  
( 6 )  Over 1 0 0  acres 

P 

Park 

Products  and Material Del ivery Schedules 

A. Products  Shipped by P l a n t  

(1) Same day de l ive ry  
(2 )  Overnight d e l i v e r y  
(3)  Next day d e l i v e r y  
( 4 )  Two-days d e l i v e r y  
(5) More than two-days d e l i v e r y  

B. Materials Received a t  P l a n t  

(1) Same day d e l i v e r y  
( 2 )  Overnight delivery 
(3) Next day d e l i v e r y  
( 4 )  Two-days d e l i v e r y  
( 5 )  More than  two-days d e l i v e r y  

r cen t  of Plant 

36 
64 

190 
u 
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I 
I 

TABLE 10A 

SURVEY aF l4sWw- FmNT cH?mmmIsTIcs, lMxlsTRy 
' SIC 2815 

Delivery Methods for Products and Materials 

A. Products Shipped by Plant 

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

B. Materials Received a t  Plant  
. I  

(1) Air 
(2) Water 
(3) R a i l  
(4) Truck 

Water Supply 

A b  Does This Plant use a Public Water System' 

41) Yes 
( 2 ) -  No 

Source : Econodc Development Adminis tra'tion, Manufacturing Plant 
Characteristics, 1973. 

. I  
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SIC 2815 

I. Population of Ci ty  or P lace  i n  Which 
P l a n t  is Located 

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

Distance of P l a n t  From City  11. 

(1) Less than  50 m i l e s  
(2 )  50 m i l e s  or more 

111, A. Is P l a n t  Located i n  an I n d u s t r i a l  Pa rk  

(1) Y e s  

Approximate S i z e  of P l a n t  S i t e  

(1) Less than one acre 
(2)  1-4 acres 
(3) 5-20 acres 
( 4 )  21-50 acres 
( 5 )  51-100 ac res  
(6)  Over 1 0 0  acres 

, .  (2)  No 

B. 

IV. Products and Material Delivery Schedules 

A. Products Shipped by Plant 

(1) Same day de l ivery  
(2) '  Overnight de l ive ry  
(3) Next day de l ivery  
( 4 )  Two-days de l ivery  
( 5 )  More than two-days de l ivery  

B, Materials Received a t  Plair t  

(1) Same day de l ivery  
( 2 )  Overnight de l ive ry  
(3) Next, day de l ivery  
( 4 )  Two-days de l ivery  
(5 )  More than  two-days de l ivery  

Percent  of P l a n t s  

A-2 4 Page 1 of 2 



TABLE J.1A 

SUKVEY a? MANUFACTURTNG PLANT c€nRA!2msT1Cs, msm 
SIC- 2 8 1 5  

V. Delivery Methods for Products and 

A. Products Shipped by Plant 

(1) Air 
(2 )  Water 
(3 )  R a i l  
(4) Truck 

B. Materials Received at Plant 

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

V I .  Water Supply 

A, Does This Plant Use a Public Water System 

(1) Yes 
(2)  No 

Source: Economic Development Administration, Manufacturing Plant 
Characteristics, 1973, 
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I D  

11. 

111. 

IV.  

-6 - 

6 
7 8  

i a  
n 

Population of Ci ty  or Place i n  Which 
P l a n t  is Located 

I 

c 

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

Distance of P l a n t  From Ci ty  

(1) Less than 50 miles  
(2) 50 miles o r  more 

Is P l a n t  Located i n  an I n d u s t r i a l  Park AD 

(1) Y e s  
(2)  No 

B. "Approximate S ize  of P l a n t  S i t e  

(1) Less than one acre 

(3) 5-20 acres 
( 4 )  21-50 acres 
(5 )  51-100 acres 
( 6 )  Over 100 acres 

(2)  1-4 acres I 

Products an8 Material Delivery Schedules 

A. Products Shipped by P lan t  

(1) Same day delivery 
(2) Overnight. de l ivery  
(3) Next day de l ive ry  ' +' ' 

( 4 )  Two-days de l ivery  
(5 )  More than  two-days Belivery 

8. Materials Received a t  PLant 

(1) Same day de l ive ry  
(2)  Overnight de l ive ry  
(3) Next, day de l ivery  
( 4 )  Two-days de l ive ry  
(5 )  More than  two-days d e l i  

A-3.6 

er! 

i 

- 0  
0 
'9 
16 
25 
50 

4 9 
7- 

I -_ 
7 

-- 
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TABLE 12A 

Delivery Methods for P r o d u c t s  and Materials 
4 

A. Products Shipped by Plant 

(1) A i r  
(2) Water 
( 3 )  R a i l  

. (4 )  Truck 

B. Materials Received at P . ,  

(1) A i r  
(2) Water 
( 3 )  Rail 
(4 )  Truck 

Water Supply 

A. Does This Plant Use a Public Water S y s t e m  

i 

I d  
I 
I 

L 

I 

0 
34 

. 44 
22 

0 
47  
4 1  
1 3  

r 

V. 

VI . 

Plant 



TABLE 13A 

S I C  2 8 1 9  
SURvEy a? MANUFACNIUNG PLANT ( X A R K E m m C s r  - 

Percent  of P l a n t s  
I. Population of City  o r  Place i n  Which 

P l a n t  i s  Located 

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

11. Distance of P lan t  From Ci ty  

(1) Less than  50 miles  
( 2 )  50 m i l e s  o r  more 

111. A. Is P l a n t  Located i n  an I n d u s t r i a l  Park- 

(1) Y e s  
(2)  No 

Approximate S i z e  of P l a n t  S i t e  Bo 

(1) Less  than one acre 
( 2 )  1-4 acres 
(3) 5-20 acres 
( 4 )  21-50 acre6 
( 5 )  51-100 acres 
(6) Over 100  acres 

IVo Products and Mater ia l  Delivery Schedules 

A. Products Shipped by P lan t  

(1) Same day de l ive ry  
(2)’ Overnight d e l i v e r y  
(3) Next day de l ive ry  
( 4 )  Two-days de l ive ry  
( 5 )  More than two-days de l ivery  

B. Mater ia l s  Received a t  P lan t  

(1) Same day d e l i v e r y  
( 2 )  Overnight d e l i v e r y  
(3 )  Next day d e l i v e r y  
( 4 )  Two-aays d e l i v e r y  
( 5 )  More than  two-days de l ivery  

L 

A-20 Page 1 of 2 



V. Delivery Methods for Products and Materials 

A. Products Shipped by Plant 

(1) A i r  
(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 

1 
=l 

0 
6 

4 4  
50- 

Source: Economic Development Administration, Manufacturing Plant 
Characteristics, 1973. 
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SIC 2821 
I. Population of Ci ty  or Place i n  Which 

- ‘ - P l a n t  is Located . 

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

11. Distance of P l a n t  From Ci ty  
I , .  

. ‘ I  (1) Less than  50 miles 
(2)  50 m i l e s  o r  more 

111. A. Is P l a n t  Located i n  an I n d u s t r i a l  Park 

I (1) Y e s  
I 
~ 

(2 )  No I -  

I ‘ I  B e  ’- Approximate S i z e  of P l a n t  Site 

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

(5 )  51-100 acres 

I (3) 5-20. acres 
I (4) 21-50 acres 

I (6) Over 100  acres  
I 
I 

I 

IV. -Products and Material Delivery Schedules 

A. Products Shipped by P l a n t  
I 

(1) Sam5 day de l ivery  
!2) Overnight de l ivery  
(3)  Next day de l ive ry  
( 4 )  Two-days de l ive ry  
(5) More than  two-days delivery 

Be Mater ia l s  Received a t  P l a n t  

(1) Same day de l ivery  
(2 )  Overnight de l ive ry  
(3) Next, day de l ivery  
( 4 )  Two-days de l ive ry  
(5)  More than  two-days de l ivery  

A-30 

- 

Percent of P lan t s  
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1 TABLE 143 

1 

w v. 

VI. 

L) 

, 
Percent of 'Plants 1 1 .  

Delivery Methods for Products and Materials 1 
. .  A. Products Shipped by Plant 

1 .  

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

'+ (4) Truck 
. I  

e .  

B. Materials Received at Plant 

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

Water 

A. Does This Plant Use 

(1) Yes 
(2 )  No 

" _  

0 

61 
33 

a Public Water System 

. %  

. .  . . .. , 

Source: Economic Development Administragion,' Manufacturing Plant 
Characteristics, 1973. 
., . 

. . 
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SIC 2824 

I. 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 11. 

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

111. 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 

IV. Products and Material Delivery Schedules 

A. Products Shipped by Plant 

(1) Same dzy 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 

Page 1 of 2 



W 
V. 

VI . 

u 
i 

i 
i 
I 

j 

i 

S I C  2824 

Delivery Methods for Products and Materials 
Percent of Plants 

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 Supply 

A. Does This Plant Use a Public Water System 

Source: Economic Development Administration, Manufacturing Plant 
Characteristics, 1973. 
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(1) Y e s  
(2) No 
, . -  . I  

L .  B. Approximate S ize  of P l a n t  Site 

(1) L e s s  than one a c r e  
( 2 )  1-4 acres 
(3) 5-20 acres 
( 4 )  21-50 ac res  
(5 )  51-100 acres 

. . .. (6)  Over 1 0 0  acres 

IV. Products and Mater ia l  Delivery Schedules 

A. Products Shipped by P l a n t  

(1) Ssme d?.y de l ivery  
(2 )  Overaight de l ive ry  
(3) Next day de l ive ry  
( 4 )  Two-days de l ive ry  
(5)  More than two-days de l ive ry  

B. Materials Received a t  P l a n t  

(1) Same day de l ive ry  
(2)  Overnight de l ive ry  
(3) Next, day de l ivery  
(4  ) Two-days de l ive ry  
(5 )  More than  two-days de l ivery  

SUERlEy a? lmNuJ?- PIANT, ~ S r r c s ,  mDus!mY 
Percent  of Plan t s  SIC 2833 

I. Population of Ci ty  or Place in Which 
Plan t  is Located 

(1) 50,000 o r  more 
(2 )  Less than 50,000 

Distance of Plan t  From Ci ty  11. 

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

111. A. Is P l a n t  Located in an I n d u s t r i a l  'Park 

A-34 Page 1 of 2 



I 

I 

TABLE 16A 

SURVEY a? &37wLU?m FmNr (3imcma’STICs, INDum 
SIC 2833 ~ 

IW P 
1 V. Delivery Methods far Products and Materials 
I 
i ts Shipped by Plant 

(2) Water 
(3)  Rail 

~ 

i 
I 

B. Materzals Received at Plant 

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

~ 

8 VI, Water S 

6 Plant Use a Publ ic  Water System 

(2 )  No 
I‘ 

Source: Econo&.c Development Administration, Manufacturing Plant 
Charakteristics, 1973, 

I 
I 
I 

I 
I 
I 

I 
I 

1 

I 

I 

I 
t ,  

I 

S L  

Page 2 of 2 
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SIC 2834 

I. Population of City o r  Place i n  Which 
P l a n t  lis Located 

(1) 50,000 o r  more 
(2 )  Less than 50,000 

Percent of Plan1 

la 
I 11. Distance of P l a n t  From City  

(1) Less than 50 miles 
(2)  50 m i l e s  o r  more 

I 111. A. Is Plan t  Located in an I n d u s t r i a l  Perk 

0 
100 

. .  

I B. Approximate S i z e  of P l a n t  S i t e  

1 Less than one acre 
1 1-4 acres 
1 5-20 acres 
1 21-50 acres 
1 51-100 acres 
1 Over 1 0 0  acres 

IV. Products and Material Delivery Schedules I 
A. Products Shipped by Plant  

ti) Same day de l ivery  
(2 )  Overnight de l ivery  
(3) Next day de l ivery  
( 4 )  Two-days de l ivery  
(5 )  More than two-days de l ivery  

B. Materials Received a t  Plant 

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

\ 

L 

A-36 
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TABLE 1 7 A  

SUKVEY a? rmNu!?- PrpsJT cHhmmmISTICS, INDUSTKY 
SIC 2834 

Percent of Plants 
V. Delivery Methods for  Products and Materials 

A, Products Shipped by Plant 
I 

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

B. Materials Received at Plant 

(1) Air 
(2) Water 
(3) m i l  
(4) Truck 

VI. Water Supply 

A. Does T h i s  Plant U s e  a Public Water System 

(1) Yes 
(2) No 

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

A-37 
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SIC 2834 

I-. 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 11. 

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

111. A. Is Plant Located in an Industrial Park 

(1) Yes 
>(2).No ~ 

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 

B. 

‘ t  

LV. Products and Material Delivery Schedules 

A. Products Shipped by Plant 

(1) S=ae 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 

I 

A-38 

rrcent of Plant 

71 
29  

- 100. 

14 
86 

29  
14 

0 

- 0 
0 

29 
0 
71 

- 

I 0 
I 0 
r 

I 0 ‘  
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TABLE 18A 

S L T R v E y ~ ~ ~ ~ ~ ~ s T I C s , ~  
SIC 2834 ~- 

. Percent of Plants bJ 

V. Delivery Methods for Products and Materials 1 
A. Products Shipped by Plant 

(1) A i r  
(2) Water 
(3) Rail 
(4) Truck 

B. Materials Received at P l a n  

(1) Air 
. ( 2 )  Water 
(3) hail  
(4) Truck 

VI. Water Supply 

A. Does This Plant Use a P u b l i c  Water System 

(1) Yes 
(2) No 

Source Economic Development Administration, Manufacturing Plant 
Characteristics, 1973. 

I 
i 
j 
i 
j 

1 
I 
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’ I. 

11. 

111. 

S I C  2834 

Population of City o r  Place i n  Which 
P lan t  i s  Located 

(1) 50,000 o r  more 
(2 )  Less than 50,000 

Distance of P lan t  From City 
, I  

(1) Less  than 50 m i l e s  
(2 )  50 m i l e s  or more 

A. Is P l a n t  Located i n  an I n d u s t r i a l  Park 

(1) Y e s  
(2 )  No 

B. Approximate S ize  of P lan t  S i t e  

(1) L e s s  than one acre 
(2 )  1-4 acres 
(3) 5-20 acres 
( 4 )  21-50 acres 
( 5 )  51-100 acres - (6)  Over 1 0 0  acres 

Products and Mater ia l  Delivery Schedules 

A. Products Shipped by P lan t  

IV. 

(1) Same day de l ive ry  
!2) Ovarnight de l ive ry  
(3) Next day de l ive ry  
( 4 )  Two-days de l ive ry  
(5 )  More than  two-days de l ive ry  

B. Materials Received a t  P l a n t  

(1) Same day de l ive ry  
(2 )  Overnight de l ive ry  
(3) Next, day de l ive ry  
( 4  ) Two-days de l ive ry  
(5 )  More than two-days de l ive ry  

Percent oi Plant 
7 

~ 

100 

A-40 Page 1 of 2 



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



TWLS 20A 

S U R V E Y C F M 7 4 W F ~ P u w T ~ S T I C S  
SIC 2834 

Population of City or Place i n  Which 
P lan t  is  Located 

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

0 
25 
75 

0 
0 

I I. 

If . 

111. 

IV. 

, 

Distance of P l a n t  From City 

(1) Less than 50 miles  
(2 )  50 m i l e s  or more 

A. Is Plant  Located i n  an I n d u s t r i a l  Park 

(1) Y e s  

Approximate S ize  of Plan t  S i t e  

. ( 2 )  N o  

B. 

(1) Less than one a c r e  
( 2 )  1-4 acfes 
(3) 5-20 acres  
( 4 )  21-50 acres 
(5)  51-100 acres 

~ (6) Over 100  acres 

Products and Mater ia l  Delivery Schedules 

A. Products Shipped by Plan t  

(1) Same day de l ivery  
(2)  Overnight de l ivery  
(3) Next day d e l i v e e '  ' "  
( 4 )  Two-days delivery 
(5)  More than two-days de l ivery  

' 

B. Materials Received a t  Plant 

(1) Same day de l ivery  
(2)  Overnight de l ive ry  
(3) Next, day de l ivery  
( 4 )  Two-days de l ivery  
(5 )  More than two-days de l ivery  

8 
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TABLE 20A 

I SUKVEY a? l & q T m ? m  PL?W c x m m E F z s r J C S r  INlxJm 
I SIC 2834 

*. . . _  , Percent 05% Plants 
!& V. Delivery Methods for Products and Materials 

A. Does This Plant U s e  a Public Water System 

.(1) Yes 
(2) No 

c 

* .  

VI. Water Supply 

U 

A. Products Shipped by Plant 

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

Materials Received at E l a n t  . .  B. 

(1) Air 
(2) Water 

. .  

. * .  

(3 )  Rail 
(4 )  Truck 

Economic Development Administrati Manufacturing Plant 
Characteristics, 1973. 

I 
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S I C  2842 

I. Population of Ci ty  or  Place i n  Which 
P l a n t  i s  Located 

(1) 5 0 # 0 0 0  or  more 
(2 )  Less than 50,000 

Distance of P l a n t  From Ci ty  11. 

(1) Less than 50 miles 
( 2 )  50 m i l e s  or  more 

111. A. Is P l a n t  Located i n  an I n d u s t r i a l  Parka 

B. Approximate S i z e  of P l a n t  S i t e  

(1) Less than one acre 
(2 )  1-4 acres 
(3) 5-20 acres 
(4 )  21-50 acres 
( 5 )  51-100 acres 
(6)  Over 1 0 0  acres 

IV. Products and Material Delivery Schedules 

A. Products Shipped by P l a n t  

(1) Same day d e l i v e r y  
( 2 )  Overiiight delivery 
( 3 )  Next day d e l i v e r y  
( 4 )  Two-days d e l i v e r y  
( 5 )  More than two-days de l ive ry  

, 

B. Materials Received a t  P l a n t  

(1) Same day d e l i v e r y  
(2 )  Overnight d e l i v e r y  
(3) Next day d e l i v e r y  
( 4  ) Two-days d e l i v e r y  
( 5 )  More than  two-days de l ive ry  

Percent of P l a n t s  
1 
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G) 

V. 

VI c 

TABLE 21A 

SUKVEY CIF ImNUFJicmuNG PLANT cHA€wrmsTIcs; mm 
SIC 2842 

Percent of Plant 
Delivery Methods for Products and Materials 

A. Products Shipped by Plant 

(1) Air 
(2)  Water 
13) R a i l  
( 4 )  Truck 

B. Materials Received a t  Plant 

(1) A i r  
(2)  Water 
( 3 )  R a i l  
( 4 )  Truck 

Water Supply 

A. Does This Plant 

(1) Yes 
(2)  No 

Use a Public Water System 

0 
0 
0 

100 

0 
7 
D 
1-00 

Inn 
n 

Source: Economic Development Administration, Manufacturing Plant 
Characterist ics ,  1973.  
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S I C  2844 
I. Population of City or Place in Which 

Plant is Located 

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

11. Distance of Plant From City 

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

111. 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 

IV. 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-46 

. 
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LiJ 

SUKVEY QF b f ? m n ? m  PIPSJT r n . ? S T I C S ,  INDUSTRY 
SIC 2844  

t '  

V. Delivery Methods f o r  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 

Percent of Plants 

VI. Water Supply 

A. Does This Plant U s e  a Public Water System 

(1) Y e s  
(2 )  No 

I .  

I .  

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

. . ,. 

. .  
: . . ,,* . . ,.. 

, .  
. .  

i U 
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S I C  2844 

I. Population of Ci ty  or  Place i n  Which 
P lan t  i s  Located 

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

If. Distance of P l a n t  From Ci ty  

(1) Less than 50 miles 
(2 )  50 m i l e s  or more 

111. A. Is P l a n t  Located i n  an I n d u s t r i a l  Park 

(1) Y e s  
(2 )  No 

B. Approximate S i z e  of P l a n t  S i t e  

(1) Less than one acre 
(2 )  1-4 acres 
(3) 5-20 acres 
( 4 )  21-50 acres 
( 5 )  51-100 acres 
( 6 )  Over 1 0 0  acres 

IV. Products and Material Delivery Schedules 

A. Products Shipped by P lan t  

(1) Same day d e l i v e r y  
(2 )  Overnight d e l i v e r y  
(3)  Next day d e l i v e r y  
( 4 )  Two-days d e l i v e r y  
(5) More than  two-days de l ive ry  

B. Materials Received a t  P l a n t  

(1) Same day d e l i v e r y  
(2 )  Overnight d e l i v e r y  
(3) Nextc day d e l i v e r y  
( 4 )  Two-days d e l i v e r y  
(5 )  More than two-days d e l i v e r y  

Pe rcen t  of P l a n t s  

Page .1 of 2 
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TABLE 23A 

SUKVEY CLF N?QquF€glmmNG PLANT (xmAmExsTICS, mDusTRY i 
I SIC 2844 

Percent of Planes 
V. Delivery Methods f o r  Products and Materials 

A. Products Shipped by Plant 

w 

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

B. Materials Received at Plant 

(1) Air 
(2) Water 

l (4) Truck 
( 3 )  Rail 

A. 

VI. Water Supply 

Does This Plant Use a Public Water System 

Source: 

0 
0 
23 
77 

85 
15 

Economic Development Administration, Manufacturing Plant 
Characteristics, 1973. 

'I) 
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I. Population of City or Place in Which 
Plant is Located 

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

XI. Distance of Plant From City 

(1) Less than 50 miles 
(2) 50 m i l e s  or more 

111. A. Is Plant Located in an Industrial Park 

B. Approximate Size of Plant S i t e  

(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 

IV. Products and Material Delivery Schedules 

A. Products Shipped by Plant 

(1) Same day delivery 
!2) Ovsrnight 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-5@ 

Percent of P l a n t s  

L 
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TABLE 24A 

sL&Y tF ZmwFLm PLAm cIiAl-sTIcs, INDU- 
SIC 2879 

V. Delivery Methods for Products and Materials 

Aa' 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 

VI. Water supply 

A. Does This Plant Use a Public Water System 

(1) Yes 
(2) No 

Percent of' Plants 

. .  

Source: Economic Development Administration, Manufacturing 
Characteristics, 1973. 

Plant 
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I. 

11. 

111. 

Iv. 

Population of Ci ty  or Place i n  which 
P lan t  i s  Located 

(1) 50,000 or more 
(2 )  Less than 59,000 

"Distance of P lan t  From City 

(1) Less than 50 miles  
( 2 )  50 miles o r  more 

A. Is Plan t  Located in an I n d u s t r i a l  Park 

(1) Y e s  
(2)  No 

Bo Approximate S i z e  of P lan t  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 P lan t  

(1) Same day del ivery  
(2 )  Overnight de l ive ry  
(3 )  Next day de l ive ry  
( 4 )  Two-days de l ivery  
( 5 )  More than two-days de l ivery  

B. Materials Received at Plan t  

(1) Sane day de l ive ry  
(2 )  Overnight de l ive ry  
(3 )  Next day de l ivery  
( 4  Two-aays de l ive ry  
(5)  More than two-days de l ivery  
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TABLE 25A 

Percent of Plants 
V. Delivery Methods for Products and Materials 

A. Products Shipped by Plant 

(1) A i 2  
( 2 )  Water 
( 3 )  Rail 
(4)  Truck 

B. Materials Received a t  S lant  

(1) Air 
(2)  Water 
(3)  R a i l  
( 4 )  Truck 

V I .  Water Supply 

A. Does This Plant U s e  a Public Water System 

(1) Yes 
(2 )  No i .  

Source: 

f 

Economic Development Administration, 
Characterist ics ,  1973.  

Manufacturing Plant 
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APPENDIX B 

INDUSTRY EXECUTIVES INTERVIEWED 
DURING THE COURSE OF THIS STUDY 

I U  



! -  I 

Chemicals 

Fred Hoerger, Ph.D.8 Director 
Regulatory and Legislative Issues 
Health & Environmental Sciences 
Dow Chemical Company 
2030 Dow Center 
Midbnd, 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, Pennsylvania 19105 

Hal Rozier 
Vice President, Production 
Royster Company 
P.O. Drawer 1940 
Norfolk, Virginia 23501 

Roy DjUVik, Director of Operations 
North America 
R o b  and Haas Company 
Independence Mall West 
Philadelphia, Pennsylvania 19105 

P. L. :4aisot, Dj-rector of Energy 

BASF Wyandotte Corporation 
100 Cherry Hill Road 
Parsippany, New Jersey 07054 

and Feedstocks 

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 0. Skoggard, Senior Vice President 
Westvaco Corporation 
299 Park Avenue 
New York, New York 10017 

B-1 



Chemicals (continued) 

Robert B. Murray 
Vice President, Director Corporate Planning 
Eastman Kodak Company 

Rochester, New York 14650 
343 State Street L 

Food - 

Chester Knottles 
Director, Environmental Energy 
Olin Corporation 
120 Long Ridge Road 
Stamford, Connecticut 06904 

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 Fscsiclc 
Vice President, Administration 
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 
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I Food - ( con t inued)  
i 
i 

hd 

! 
I?. E. McLandow, Planager of O p e r a t i o n s  
Genesco Inc.  
Genesco P a r k .  I .  

N a s h v i l l e ,  Tenn. 37202 
$ 1 

George King 
Xanager of P lann ing  
R. J. Reynolds I n d u s t r i e s  
Winston-Salem, N.C. 27102 

Gerard Co i l ey  
Purchas ing  Director 
American Brands, Inc.  
245 Park Avenue 
New York, N.Y. 10017 

D r ,  W i l l i a m  Jensen  
P r e s i d e n t  W e s t ,  Coas i s h e r i e s  Development 
720 S. Washington 
P o r t l a n d ,  .Oregon 97205 

Jay Lind 
P r e s i d e n t  
S e b a s t i a n  S t u a r t  F i s h  Company 
P.O. Box 70548 
S e a t t l e ,  Wash. 98107 

* 

Lumber 

B. Taggar t  Edwards  
Vice P r e s f d e n t ,  Lumber and Plywoo6 D i v .  
S t .  Regis 
150 E a s t  42nd S t .  
New York, N.Y. 10017 

Carroll T. Tolar 
V.P., Engineer ing  . 
Georg ia -Pac i f i c  ' 

900 Southwest  F i f  
P o r t l a n d ,  Oregon 97204 

A l e c  M. Fiskew 
S e n i o r  V i c e  P r e s i d e n t  
F a c i l i t i e s ,  P l a n n i n g  Technology 
Weyerhaeuser 
Tacoma, Wash. 98477 I 
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Textiles 

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 

O'Jay Niles, Director 
Government Relations/Regulatory 
American Textile Manufacturers -Institute, Inc. 
1101 Connecticut Avenue, N.W. 
Suite 300 
Washington, D.C. 20036 

Leather 

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 CorForation 
1658 Herald Avenue 
Cincinnati, Ohio 45212 

Robert Feitler, President 
Weyenberg Shoe Manufacturing Company 
234 E. Reservoir Avenue 
Milwaukee, Wisconsin 53201 
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