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AN ANALYSIS OF COST RELATICNSHIPS IN
GRAIN PLANTS

by

Carson D. Keyes

AN ABSTRACT

Michigan elevators operate in a diverse agricultural and
industrial economy and must be able to adjust to a continually
changing environment, both in prcduct and factor markets. These
changing conditions require that management act cautiously when
considering investing in new facilities or in remodeling old
facilities. This study is designed to provide information re-
quired in the planning process, in making decisions pertinent
to plant reorganization, and in adjusting firms to meet future
physical and economic needs. It is anticipated that the re=
sults of this study will provide useful guides to elevator
owners and managers, boards of directors, management consult-
ants and research or extension personnel in analyzing and oper=-
ating Michigan grain elevators.

This study is limited to an investigation of the grain
merchandising operation since this operation is the focal point
around which the rest of the firm's activities are adjusted.

An "economic-engineering® type of analysis is used to com-

pare the cost-volume relationships between different sized



model plants. The model plants were developed by using in=-
formation from elevators that are actually operating in Miche-
igan and from information received from elevator designers and
builders, machinery manufacturers, and people actively engaged
in the Michigan elevator industry. The plants were developed
and constructed in light of economic conditions existing in
Michigan during 1961.

Each model plants' operating cost and annual volume were
estimated as affected by the following conditions: plant size
or scale of plant, annual hours of operation, receiving mix
(percent of small grain and ear corn received by time), and
average load size received.

Economies of scale were observed between the various
siszsed model plants. Economies of scale were greatest for
those plants operating at a low capacity utilization level,
300 hours annual operation. As the number of hours of oper-
ation are increased the economies of scale between plants
decrease. Thus, the economies of scale that were observed
for the model plants operating 1200 and 1500 hours per year
were negligible.

The results of this study indicate that, based on plant
size alone, there are two ways of looking at economies of
scale in the operation of grain elevators. Those economies
which exist for low levels of plant utilization and those
existing for full or higher plant capacity utilization. If
management is interested only in economies of operation during

the harvest season, a period of low capacity utilization, then



it would pay them to construct a large plant to take ad-
vantage of the economies of scale that exist at these pro-
duction levels. But if management is more concerned with
full or annual plant capacity utilization it would not pay
to construct as large a plant. However, most elevator oper=-
ators are interested in both of the above types of economies.
Therefore location factors and the economic environment in
which the plant operétes becomes of utmost importance in
determining plant capacity utilization and should be con-
sidered before deciding on a scale of plant for a particular

areae.
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CHAPTER I
INTRODUCTION

Grain elevators serve as the initial link in the movement
of grain from the farm, through the marketing system, and into
the hands of consumers. They serve as receiving and assembling
points for graln to be shipped from local producing areas to
terminals for storage or to processing plants. In addition they
serve as major distributors of items required in the production
of field crops and livestock products. Though the primary func-
tion of graln elevators has changed little in recent years, many
changes have taken place in the operation and construction of
plants as well as 1n farming, transportation, and other related
businesses. |

Michigan elevators opérate in a very diverse agricultural
and industrial economy and must be able to adjust to a continually
changing environment, both in product and factor markets. Changes
are continuing to take place in technology, agricultural produc-
tion, and the organization of agricultural industries. These
changing conditions reqﬁire that management consider long-run
adJustments when considering investing in new facilities or in
remodeling old facllitles. This study 1s designed to provide .
-information required in the planning process, in making decisions
pertinent to plant reorganization, and in adjusting tirms to meet

future physical and economic needs.
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Previous_Studies

The research that has been conducted in the area of elevator
operating efficiency has all had a common objective. That is,
the development of better techniques to be used in the evaluation
of elevator firms and to develop some useful tools that manage=
ment might use in planning and operating their businesses.

This study was set in its proper perspective in accordance
with previous studies made of the Michigan elevator industry.l
Further guidance was then obtained by looking at three previous

types of studies. Those dealing with elevator operations as such,2

Arthur J, Pursel, "The Use of Functional Analysis in Evalu-
ating The Operations of Michigan Elevator-Farm Supply Busie
nesses," Unpublished Master's Thesis 1957, Michigan State
University, East Lansing, Michigan, 57, 72 pages; George
G. Greenleaf, "A Study of Cost Relationships in Michigan
Country Elevators,™ Unpubli shed Master's Thesis 1959,
Michigan State University, East Lansing, Michigan, 1959, 68
pages; H. E. Larzelere and R. M. King, "Ratios As Measuring
Sticks for Elevator and Farm Supply Organizations," Special
Bulletin 380, Michigan State College, Agricultural Experi=-
-ment Station, Department of Agricultural Economics, East
Lansing, Michigan, August 1952, 29 pages; and Vernon L.
Sorenson and David Spaeth, "Elevator Outlook Committee Pro-
gress Report," Agricultural Economics 742, Department of
Agricultural Economics, Michigan State University, East
Lansing, Michigan, December 1958, (mimeographed) 46 pages.

2 Richard Phillips, "Managing for Greater Returns In Countrf
Elevators and Retai arm Supply Businesses," Farmers Grain
Dealers Association of lowa, Des Moines, lowa, October 1951,
558 pages.
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those dealing with planning elevator facilities,3 and those deal-
ing with methodology and research procedures.h

An economic-engineering approach to cost-volume analysis is
used in this study. This method is used extensively by agricul-
tural economists in studying various types of agricultural mar-
keting firms including elevators.5

Some previous studies have attempted to evaluate the elevator
a8 a firm rather than as a group of distinct and different opera-

tions.6 Many are concerned with the elevator industry of a

3 Heber D. Bouland and Lloyd L. Smith, "A Small Country Elevator
for Merchandising Grain, Designs and Recommendations," Market=
ing Research Report No. 387, U. S. Department of Agriculture,
Agricultural Marketing Service, Transportation and Facilities
Research Division, Washington, D. C., June 1960, 52 pages, and
Perry S. Richey and Thew D. Johnson, "Factors To Be Considered
In Locating, Planning and Operating Country Elevators," Mar-
keting Research Report No. 23, U. S. Department of Agriculture,

roduction and Marketing Administration, Washington, D. C.,
June 1952, 94 pages.

b B. C. French, L. L. Sammet, and R. G. Bressler, "Economic Effi=
ciency In Plant Operations With Special Reference To The Mar-
keting of California Pears,"™ Hilgardia, Vol. Z&i No, 19, Uni-
versity of California, Berkeley, California, July 56, pages
543-721; and R, G. Bressler, "Research Determination of Economies

of6 Scale,™ Journal of Farm Economics, Volume 27, 1945, pages
52 '390

Thomas E. Hall, "New Country Elevators, Influence of Size and
Volume on Operating Costs,™ Farmer Cooperative Service Circu=-
lar 10, U. S. Department of Agriculture, Farmer Cooperative
Service, Washington 25, D.C., June 1955, 29 pages; Thomas E,
Hall, Walter K., Davis, and Howard L. Hall, "New Local Elevators
- Cost-Volume Relations In The Hard Winter Wheat Belt," Service
Report 12, Farmer Cooperative Service, U. S. Department o
Agriculture, Washington D. C., May 1955, 112 pages; and Stanley
K. Thurston and R. J. Mutti, M"Cost-Volume Relationships for New
Country Elevators in The Corn Belt," Service negort 32, Farmer
Cooperative Service, U. S. Department of Agriculture, Washing-
ton, D. C., September 1957, 78 pages.

6 Pursel, op. cit., 72 pages and Greenleaf, op. cit., 68 pages.
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particular state rather than with the evaluation of particular
firms or operations within the firm.7 This greatly limits theilr
effectiveness and usefulness in a state such as Michigan that is
characterized by multi-purpose elevators operating in a multi-
purpose agricultural and industrial economy. Wide variations
exist in type of crops grown, and market areas served, hence a
great deal of variation exists between elevators within the state.
For this reason it 1s difficult to apply the general conclusions

drawn from most studies to a particular Michigan Elevator.

ObJjectives of Study

The dynamic conditions in agriculture are such that planning
will be needed to adjust to changing future conditions. With this
in mind and recognizing the fact that most elevator and farm sup-
ply businesses are small, individual leaders in the Michigan feed
and graln trade set up a study committee. This committee posed
the following question: "what can be done to help individual
elevator managers take a loek into the future and do a better Job
of adjusting to change or ot 'keeping up with the times?'" This
thesis is in part an attempt to develop some guldes that will help

the individual elevator operator answer this question.

7 Phillip C. Baumel and John W. Sharp, "A Filnancilal Analysis of
Ohio Elevator Operations," Research Bulletin 813, Ohio Agri-

cultural Experiment Station, Woester, Ohio, June 1958, 25 pages;
and R. J. Mutti, "Differences in The Financial Organization and
Operation of Country Grain Elevators in The Northern Half of
Illinois, 1954-55," AERR - 17, Department of Agricultural Eco-
nomics, University of Illlinois, February 1957, 25 pages.
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To answer this question in its entirety would require several
studies covering the various aspects of the grain trade and the
many factors which influence the operation of grain elevators.

To analyze the entire elevator operation in light of the many
contributing tactors would be an almost impossible task. This
study 18 therefore limited to an investigation of the grain mer-
chandising phase of grain elevator operations. Grain merchandising
is one of the many activities found in Michigan elevators. Grain
merchandlising in this study refers to the receiving of bulk grain
and ear corn, shelling corn, cleaning, assembling or temporary
storage, and the shipping of grain. Feed mixing and grinding are
omitted from this study because the physical handling of unprocessed
grain and grain processed as teed are quite different. The hand-
ling of feed 1s usually thought of as a separate operation.

Graln drying and permanent storage are also omitted from this
study. However, these two activitles are closely related to the
grain merchandising operation, which will determine to a great
extent the size and amount of investment made in grain drying and
storage facilities. The storage considered in this study 1s
assumed to be adequate for the graln merchandising operation and
can be used for some permanent storage.

The major objectives of thls study were to develop some eco-
nomic benchmarks to aid in the formulation of operating policiles
and to develop some toels to be used in planning for the most

efficient use of resources in the future. Some guldes were also
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developed which will help in making future economic adjustments,

especlally in the construction and location of new elevators.

Organization of Remainder of the Thesis

The Michigan Elevator industry and factors af'fecting the
operation of elevators are discussed in Chapter II. Environmental
as well as economic operating conditlons are included in the dis-
cussion. Chapter III contains a discussion of the analytical
framework and model. This chapter includes a discussion of the
methodology and procedures used in the analysis. Chapter IV deals
with the specifications and operating conditions of the model
plants used in this study. The physical plant resource require-
ments and the methods of estimating cost are the subject matter
of Chapter V. Thils chapter includes an evaluation and discussion
of the economies of scale which exist in the model plants. The
last chapter, Chapter VI, contains the summary and conclusions
drawn from this study. The study also includes several appendixes
which contain the major portion of the statistical data on which
this study is based.



CHAPTER II

THE MICHIGAN ELEVATOR INDUSTRY

Introduction

Many factors contribute to the successful operation of
Michligan elevators. They operate in a diverse agricultural econ-
omy within which changes are continually taking place. The ele-
vator industry is highly competitive in that it includes many
small firms that are relatively homogeneous. Each firm 1s usu-
ally composed of several different "operations", grain merchan-
dising being but one of several principal or "sideline" activities.
This study was designed and directed to the solution of problems
within this diverse and competitive industry by providing informa-
tion and methods for planning present as well as future physical
and economic adjustments.

The following discussion considers the environmental and
economlic framework within which this study was developed. A
short discussion of the current status of the Michigan elevator
industry 1s followed by a discussion of the agricultural economy
of the state and how it affects the operation of grain elevators.
This i8 followed by a discussion of the multi-purpose nature of
grain elevators and the competitive interrelations resulting from
such operations. The final section shows the importance of and
how the grain merchandlising operation fits into the firms overall

operation.
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Current Status of the Michigan Elevator Industry

The Michigan elevator and farm supply industry might be
classified as a mixture of the old and the new. Many plants were
built 30 or 40 years ago. Most of these older facilities have
been remodeled and patched up to meet changing conditions, and as
& result are rather complex in design and in arrangement of equip-
ment. They tend to be uneconomical to operate and obsolete in
many phases of modérn grain handling. On the other hand, Michlgan
also has some new and well equipped elevators.

Michigan elevators are multli-purpose concerns. Pursel, 1in
his functional analysis work with 34 firms found that total gross
margin was derived from several major sources as shown in Table l.8

About 60 percent of the total gross margin of the 34 firms
studied comes from merchandised grain, processed grain and ser-
vices pertaining to the grain operation. Grain handling 1s there-
fore a primary source of income for Michigan grain elevators.

The major portion of Michigan's elevators are located in the
southern half of the lower peninsula, with the heaviest concen-
tration in the cash crop thumb countlies of Huron, Tuscola, Sanilac
and Saginaw. The number of elevators 1n the various farming areas
tend to vary with the amount of cash crop farming in that area.

Michigan elevators fall into three general categories: 1inde-

pendent or privately owned, coeperatives and the line or elevator

8 Pursel, op.cit., page 9.
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Table l:--Percentage ot Total Gross Margin Derived trom Different
Sources tor 34 Michligan Elevator-Farm Supply Businesses

All Grain Operations : Farm Production Supplies
a :
600.42% : 39.58%
Merchan- : Pro- : Service : Ferti- : Petro- ; Seeds ; Miscel-
dised : cessed : Income : lizer : leum : : laneous
Grain ¢t Grain : 4 : : : : Farm
b s ¢ : : : : : Supplies
% : % : : % : % : % %
18.08 : 20.09 : 2¢.25 : 6.56 : 10.08 : 5.71 : 1T.23

a Merchandised grain, processed grain and service income are
grouped together pecause ot the high aegree o1 complementarity
exlisting petween them.

D Unprocessed grain which 1s sola directly to terminal grailn
elevators, processing companies, other coun.ry grain elevators
ana rarmers. :

c Derived primarily 1rom custom reed grinding, mixing operations
and trom retailing "complete" teed mixes.

d Derived primarily trrom grain handling and processing opera-
tions, which include: (1) custom grinding and mixing ot 1live-
stock teed, (2) handling, trucking and storing grain, and (3)
cleaning and treating graln tor seed.

chains. They range in size trom those with a rew thousand bushels'

capaclity to tnose with several hundred thousand bushels' storage

capacity.

Environmental Factors Artecting the Operation ot Grain Elevators

Michigan's Agricultural Industry

Michigan has a very diversiried type of agriculture. This
1s due primarily to the wide variations in climate, soil types,

topography and markets that are round within the state. Farming in



o
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Michigan ranges from the very intensive fruit and vegetable farms
to the more extenéive farms of the northern cutover areas.
Agricultural production in Michigan is confined primarily to
the southern half of the lower peninsula. In 1959 the southern-
most 41 counties, all those south of and including Oceana, Newago,
Mecosta, Isabella, Midland and Bay, accounted for over 90 percent
of the total harvested acreage of the major cash field crops.
This area included 95% of the total harvested acreage of corn and
winter wheat, 81% of the oats acreage, 99% of the dry bean acre-
age, 90% of the barley acreage and 100% of the soybean and sugar

beet acreage.9

When cash receipts from farm marketings are compared the rela-
tive importance of the various types of farming become quite evi-
dent. In 1959 56% of the cash receipts from farm marketings came
from livestock and livestock products, 144 from fruits and vege-
tables, 25% from field crops, and 5% from miscellaneous sources.

A breakdown of the fleld crop category shows that winter wheat
accounted for 9% of the total cash receipts from farm marketing,
dry beans 4%, corn 5%, soybeans 1%, sugar beets 2%, potatoes 2%,
and other field crops 2%. Dairy products accounted for 28% of
the total cash receipts in 1959.10

? "Michigan Agricultural Statistics," Michigan Department of Agri-
culture, Lansing, Michigan, July 19060, page 3.

10 1bi4., page 45.
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The above facts point out the importance of field crops to
the Michigan agricultural industry and in particular to the
Michigan elevator industry. A major portion of the field crops
s80old for cash, with the exception of potatoes and sugar beets,
are handled by elevators 1n one form or another. Winter wheat,
dry beans and soybeans are marketed almost entirely as cash crops,
with the local elevators serving as the primary outlets. Part of
the corn, oats and barley crops are also marketed as cash crops,
but the major share of these commodities is retained on the farm
to be used as feed. However, custom grinding is one of the many
functions performed by elevators and much of the grain retained
on the farm as feed willl pass through the local elevators in the
process of grinding and mixing custom feeds. This may become
even more important if elevators continue to expand in the opera-

tion of grain banks.11

Michigan Agricultural Trends

Some of the changes that have taken place in Michigan's
agriculture are listed in table 2. Many of these changes directly
or indirectly affected the operation of graln elevators. The num-
ber of farms and percent of total land in farms have both declined

steadily since 1940, At the same time the average size of farms

11 Grain pbank refers to a system of operation whereby the farmer

delivers his grain to the elevator at harvest time and receives
it back in the form of mixed feed. This system works on the
same principle as a bank. The farmer can withdraw any amount
of feed at any time he desires and in the mix he desires. The
elevator makes adjustments for handling and for any other ingre-
dients that are added to the mixed feed.
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has steadlily increased. Over the same period farm mechanization
has greatly increased as evidenced by the increased number of
grain combines, corn pickers, motortrucks and tractors on Michigan
farms, Commercial fertilizers consumption has also increased 4.5

times during this twenty year period.

Table 2.--Michigan Agricultural Trends, 1940 to 1959
a

Census of Agriculture Years

e oo o0 o0 oo

Item

1959 1954 1950 1945 1940

b
Number of farms:111,817 138,922 155,589 175,268 187,589
Percent of total: 40.5 45.1 47.3 50.4 49.4
land in farms :
Average size of: 132.2 118.5 111.0 104.9 96,2
farms (acres) :
Number ot grain: 45,804 43,313 27,234 12,920 oo
combines on :
tarms

oo oo oo

Number of corn
pickers on :
tarms

31,294 23,514 10,681 coce ceoe

(d

. oe oo

Number ot
motortrucks
on farms

: 75,713 71,075 56,966 41,303 33,095

¢ s0 oo

Number ot trac-:194,205 187,481 149,377 110,120 66,524
tors on tarms : ,
c

e o0 o

Commercial ter-:756,739 598,475 506,743 340,066 166,564
tilizer con-
sumption (tons)
a .

a "United States Census of Agriculture - 1954, "Volume 1, Counties
and State Economic Areas, Part 6, Michigan, U. S. Department of
Commerce, Bureau of the Census, washington, D. C., page 2.

b Preliminary - 1959 Census of Agriculture.

¢ Includes garden tractors.

d "Michigan Agricultural Statlstics," Michigan Department of Agri-
culture, Lansing, Michigan July 1960, page 51.
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Just what has this meant to the Michigan elevator 1ndustry?
First, the increased use of commercial fertilizer is but one
indication of lncreased per acre production. Mechanization,
larger rarms, improved seeds, and better farming techniques have
also added to this increased production. This has increased the
volume of material that passes through elevators. In addition to
increasing production, mechanization has also speeded up the
farming process. This has meant that elevators must be able to
receive the larger volume 1in a much shorter time. In recent
years the harvest season for winter wheat in Michigan has been
‘reduced from several weeks to only a few days. This has been
brought about not only by the ilncreased number of grain comblnes
on farms but also by the development of larger and more effi-
cient combines.

The increased number of larger and faster motortrucks has
also affected elevators. As the farmer increased his harvesting
capacity he aléo had to increase his transporting capacity. As a
result elevators have had to increase their receiving capacity.
This meant larger truck hoist, larger receiving pits, larger and
faster elevating legs and higher capacity cleaning and processing
equipment. Larger, faster and better trucks have also expanded
the area that any particular elevator can now serve. This has
increased competition between plants.

Othef recent developments are also affecting and will con-
tinue to affect the graln elevators of Michigan. Opening of the
Saint Lawrence seaway has given the state another means of trans-

porting farm commodities. The seaway has also affected the instate
£
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transportation of some products. The shorter hauls required to
get grain to a shipping polint have increased the use ot trucks in
transporting bulk grain to port facilities.

These are but a few examples of how a changing agriculture
can affect related businesses. The elevator operator has had to
adjust and remodel his business to keep up with the dynamic changes
that have taken place. We can expect Michigan's agriculture to
change even more in future years. Urbanization will continue to
affect Michigan's agriculture, transportatlon methods will con-
tinue to change and advances will also be made 1in both on farm
and off farm technology. These rapidly changing conditions and
the long range nature of elevator construction and investment puts
added importance on planning as an activity of management. Plan-
ning to avold obsolescence in physical facilitles as well as
planning to allow for the flexlibility needed to meet changing

conditions.

Characteristics of Michigan Graln Elevators

Individual elevators differ widely in their operations.
These variations may appear in the volume of business, market
area served, organizational structure, technology employed, mar-
keting and retail services offered, and quality of personnel and
management. Though technical differences exist among the individual
plants, in terms of size and kind of equipment, the overall tech-

nology of the plants 1s quite similar,
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Multl-Purpose Plants

Most of the elevators in Michigan are made up of several
enterprises or activities. The relative lmportance of any one
enterprise to the entire firm may vary wlidely between firms.lz
The number of enterprises making up a firm may also vary depend-
ing on the environmental and econoﬁic conditions surrounding the
plant. The problem then becomes one of getting these different
enterprises integrated in the right combination to maximize
returns. Many factors will contribute to the proper adjustment
of a firm - such as, location, type of farming area, competing
firms, degree of speclalization, and available capital.

The adjustments will result in differeﬁces between plants
based on three important relatlionships: (1) that firms of equal
silze, measured by total gross income, may be composed of different
enterprises of various sizes; (2) that the relative importance of
the different enterprises composing a firm may vary widely between
firms; and (3) that firms vary in size because of the size and
number of enterprises composing the firm.

The factors and reasons causing these relationships are
many. Historical as well as current economic conditions have
influenced the development and location of many of the elevators
in Michigan. Location and the economic conditions in a particu-
lar area are probably the most important reasons for the many

differences tound between plants.

12 Firm as used in this study refers to an elevators entire oper-
ation of which, the grain merchandising operation 1s a part.
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Complementafy Relations Within Grain Elevators

The difference between firms and between enterprises within
a firm 1s easily pointed out. However, the relationships and
importance of the relationships between activities within a firm
are very har& to 1solate, much less evaluate. Pursel points out
that there 18 a great deal of technical and market complementarity
between the grain merchandising, graln processing and the service
operations of a firm. '"Technical complementarity exists because
some of the faclilities used for other operations may be used for
grain processing and merchandising. Market complementarity exists
because grain merchandising and processing volume may be increased
as a result of providing the service."13 Such complementarity
will exist in varying degrees for a particular firm depending on
its size and location. For example, an elevator located in the
cash crop area of Michigan may have a relatively small feed oper-
ation simply because 1t 18 located 1n an area where livestock 1is
of only minor importance. The feed operation, 1n ordeb to fully
‘exploit the technical complementarity of inputs, could be much
larger 1n regards to the grain merchandising operation. Techni-
cal complementarity between these two activities permits higher
utilization ot machinery and equipment, and consequently absorbs
idle capacity caused by the highly seasonal nature of the grain

merchandising activity.

13 Pursel, Qp.clt., pages 6-7
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Beyond the point of' proper proportions for ideal complemen-
tarity facllitlies that provide operational flexibility also
reduce risk caused by shifts in the composition of the grain
volume handlea by the tf'irm.

A competitive relationship could also develop between these
two activities. This situation is not likely to develop because
of the seasonal nature of agricultural production and the seasonal
demands placed on the various operations ana facilities within the
plant. A competitive relationship develops when the various activ-
itles become large enough so that they are competing with each
other for the use of certain facilities. Bottlenecks are created
and the only way to overcome these competitive relationships is
to separate the various grain and feed facilities. However, to
do this often requires increased investment in fixed facilities,
more speclalized empldyees, and consequently the necessity of
increased overall volume.

To carry this problem of complementarity one step further,
one might even consider all siaeline activities as complementary
to the grain hanaiing operation. Economic opportunities tor
aaaing slaellnes arise rrom various kinas of unusea capacity.
Eievator tacillties are setting lale much or the time because of
the seasonai nature O graln murketing. Thls creates lale capac-
1ty 1n reguras tO labor, plant raclilities ana managerial abiiivy.
Siaeilne operations absorb some O thls lale c¢apaclty ana proviae
an opportunity tvo galn aaaitional graln volume 1rOm tThe same
farmers who purchase siceilne 1ltems., In thls respect, slaellne

1tems ana graln are compiementary tO each Oother poth in the

marKket ana 1in resource use,
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These complementary relations create the complex relation-
ships that develop between enterprises. Because of these comple-
mentary relations the success or fallure of one enterprise may
depend largely on another enterprise. However, the atffect ot one
activity on the success or failure of another 1s very hard to

isolate and evaluate.

Competitive Relations Between Graln Elevators

There are two cases that are of interest to the elevator
manager. The tirst of these 1s the competitive relationships
between similar activities of different firms. These competitive
relations directly affect only the operation of those activities
involved, but because of the complementary relations between
activities within an elevator the entire plant is indirectly
affected. For example, the grain merchandising operation ot all
plants within an area compete for the grain business within that
area. Directly this is the only activity affected. However,
indirectly the entire plant may be atfected because of the comple-
mentary relations between activities within the plant. The en-
tire firm 18 attected because other business may be attractea as
management strives to increase the annual volume of graln received.
On the other hand, one or the other activities within the t'irm may
attract graln business because of some special service rendered
in conjunction with that activity. The important point 1s that
as management strives to increase the business volume of one

enterprise other business may be attracted to the plant.
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There are also competitive relations existing between entire
tirms. These competlitive relationships are caused by circumstances
and management decisions which aftfect the entire firm and include
such things as physical plant size and facilities provided, man-
agement, location, degree of specialization and any other factors
that affect the entire firms operation.

These two competitive relationships overlap considerably and
no clear cut distinction can Se made tetween the two. However,
their existance does serve to point out the complex nature of the
Michigan elevator industry and the diversity ot competitive inter-
relationships. These interrelationships make the elevator tirm

and industry difficult to study and evaluate.

The Grain Merchandising Operation of Grain Elevators

Because of' the multiplicity of interrelationships within
the tirm 1t would be difficult to undertake a study of the cost
scale relations for complete firms. For this reason it was neces-
sary that we limit the scope of this study to an area that 1is
homogeneous enough to hanale, but which still has meaning when
considerea by 1itselr 1in respect to the entire rirm. This stuay
was theretore limitea to a cost evaluation ot the grain merchan-
dising operation. The procedure tolloweda 138 to develop seven
similar model plants, which aittfer only in physical size ana not
in design, layout or processing facilities providea.

The grain merchanalsing plant throughout this stuay denotes

a facility specifically designed, constructea, and used as an
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assembling point tor whole grain from farms, and eyuipped to
handle and move grain to polnts farther along in the marketing
channel.

The graln merchandising operaiion was selected over all
other activities because the grain merchandising operation is
the focal point around which the rest of the firms operations
are developed or adjusted. Many ot the complementary relation-
ships round within elevators are a direct result or the facilities
required by this operation. The seasonal nature ot grain harvest
creates excess plant capacity and to overcome this excess capacity

other activities and sidelines are added.



CHAPTER III
THE THEORETICAL FRAMEWORK AND ANALYTICAL MODEL

Economic Theory and Its Application To Cost-Volume Studies

Cost as used in statlic economic theory usually refers to
the cost assocliated with the production of certain commodities.14
Knowledge of cost-volume relations are important for various
kinds of managerial problems and decisions - such as; expense
control, profit prediction, pricing, and product promotion. Cost
functions and more important cost-volume relations are studied
for the purpose of explaning their firm or for determining useful
guides to be used in making future forecasts and predictions.
Explanation and prediction are the goals of economics as
well as of most other sclences. Both theoretical analysis and
empirical investigatlions are necessary for the achievement of
these goals. The two approaches are complementary, since theories
provide gulides for empirical studies and empirical studles provide
tests of the assumptions and conclusions of theories. In empiri-
cal studies many of the simplifications of theory are changed,

different classifications adopted, and some of the assumptions

dropped. Pure theories therefore provide insight into economic

14 Cost of production is often divided into several different

categories. The same costs often have different meanings in
different settings. The cost concept used in a particular
situation depends upon the business decision to be made. For
a discussion of the various cost concepts see Joel Dean, Man-
agerial Economies, Prentice-Hall, Inc., New York, 1951, pages
ds -720
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processes and serve as a background and starting point for applied
theories and specific empirical studies.15

Economic theory provides an indication of the shape of cost
curves as related to output. The accepted economic doctrine has
been that marginal cost rises continuously as output rate in-
creases above some glven level, and that the resulting average
cost curve has a U-shaped relation to output.lb Using this theo-
retical foundation as a gulide or model we can build graphic and
statistical evlidence to use as means of comparing theory with
actual results,

It should be pointed out that economic theory, although an
important foundation 6f cost-volume studies, 18 not the only dis-
cipline to be drawn from. Cost research to be done thoroughly
must draw upon economic and statistical analysis, as well as
accounting, engineering and other disciplines. Forecasts and
predictions based upon cost functions developed from cost-volume
studies are subject to error. This does not destroy their use-
fulness, but to reduce the size and possibility of error as many

contributing factors as 1s feaslible should be investigated.

The Nature of Short-Run Cost-Output Functions

In the short-run there exists a functional relation between

cost énd a number of independent variables. These independent

15

James M. Henderson and Richard E. Quandt, "Microeconomic
Theory A Mathematical Approach", McGraw-Hill Book Company,
Inc., New York, 1958, pages 1-2.

16 pean, op.cit., page 272.
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vgriables include volume of production, capacity utilization,
prices of input services, size of production lot, variety of out-
put (product mix), and others. Some of the input factors, e.g.,
land, bulldings, heav& machinery and management, are assumed to
be physically tixed and not capable of immediate adaptation to
changes in rate of output within the short run limits of flexi-
bility. Input factors such as labor, power, raw materials, and
the like can be varied in the short-run. These are the firm's
"variable resources".ll

The "fixed resources" determine the scale or size of the
firm. The scale of plant sets the upper limit to the amount of
output per unit of time which the firm is capable of producing
in the short-run. Output can be varied up to that 1limit by
increasing or decreasing the quantities of variable resources
used in the ftixed écale of plant.18

Empirical cost-volume studies are often not directly com-
parable with the economic cost médel of static economic theory.
Statlic economic theory assumes that all factor and product prices
remaln constant, that the state of the arts 1s constant, produc-
tion and consumption functions are constant, institutions and

institutional factors remain constant, perfect knowledge 1s assumed,

that persons and groups making up the economy are rational, and

17
18

Dean, op.cit., page 273.

Richard H. Leftwich, "The Price System and Resource Allocation,"
Revised Edition, Holt, Rinehart and Winston, New York, 1960,
page 140.
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that consumer units and producer units are motivated to maximize
the satisfactions derivable from their real incomes and to maxi-
mize money profits respectively. These assumptions do not neces-
sarlly hold true in the real world.

This study, using economic engineering data for the basic
cost dimensions, does not lend 1tself to complete specification
in terms of this static economlc model. Certain factor prices
are allowed to vary with volume. Power and certaln insurance
rates are two examples., Power rates decrease as the amount of
power used increases and certain charges for 1liability insurances
decrease as the amount of business or volume increases. However,
despite these adjustments the cost-volume relationships developed
in this study are close approximations of the static economic

model.19
When dealing conceptually with cost as a function of output

a distinction is often made between short run and long run cost
functions. The short run cost function refers to the relation-
ship between cost and rate of output with a given physical plant
and assumes that all other independent variables are kept constant.
One of the items that 1s held constant in deriving theoretical

cost curves 1s time. However, in looking at empirical cost rela-
tionships in agricultural market firms the relationship between

time and unit cost becomes important. It 1s 1n fact necessary to

19 A detalled discussion of the application of this model in
economlic engineering studies can be found in French, et.al,

op.cit., pages 557-64.
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separate cost relationships into those which deal only with rate
of output for any unit of timg and those which incorporate time
1nto‘the analysis. From the viewpoint of rate firms will maxi-
mize unit profits or minimize unit losses in the short run by
operating at a rate of output where average variable cost 18 at

a minimum, point OA in Figure 1. This point represents an optimal

Figure 1l:-- Hypothetical Average Variable Cost Curve for
Grain Elevators

Unit
Cost

X XXX rxrx x e

QPpPeroccccccccava

0

w s oo oo oaocamemoeasoen

A

Quantity as influencea by
Rate of'Output



o~



-26-

technical relationship in resource use with a given set of imput
prices. If these optimum technical conditions are maintained costs
will increase in some linear relationship to the number of hours
operated. Operating at a rate greater than that specified by OA
will be undertaken only if all available time is used up and addi-
tional profits can be earned by increasing the rate of output to
some larger amount say OB. Theoretically the point beyond OA at
which operations are undertaken will depend on the equating of
marginal cost and marginal revenue hence the extent to which rate
will be increased with the given cost relationship is determined
by the price ot the product or the margin obtained.

This is in fact the situation faced by many agricultural
processing plants. Many plants, especlially those which handle
perishable commodities operate for a fixed period of time during
the year. The period of time in which they operate 1s usually
fairly constant and they strive to operate at the lowest possible
cost throughout this period. If for some reason they are unable
to handle all the produce in this limited time they are then
faced with the problem of increasing the pér hour rate of opera-
tion.

Most merchandising f'irms and some processing plants that
must operate throughout the year cannot and do not operate at a
continuous hourly rate. Graln elevators are a case in point.
These plants remain open the year around and the volume handled
per unit of time fluctuates depending on the circumstances under

which the plant is operated. They operate at an accelerated rate
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during one season or certain days of the week, at other times they
may operate at a normal rate where technical input relationships
are optimal and other times at a very low rate where the plant
and labor as well as possibly some other inputs normally consid-
ered varliables are underemployed. These fluctuating hourly oper-
ating rates have a profaund and definite effect on the per unit
cost of operation. Point A represents the rate at which the
plant operates at a normal technically optimum basis with the
existing or normal labor force that must be maintained. Normal
labor torce here refers to the number of men uéually employed the
year around. During these perliods even it the plant operates con-
tinuously the physical facility is not tully utilized but the
normal labor force 1s tully utilized. The elevator is not con-
cerned with operating at full capacity during these periods
because material 1s not arriving at a rate that warrants an
increase 1n the hourly receiving rate and hence hourly unit costs.
Thus, there 1s no pressure on plant tracilities during these peri-
ods. However, as grain harvest approaches the elevator is con-
cerned with increasing the hourly receiving rate so that they can
operate at or near the capaclty or the plant. This accelerated
rate 18 achleved by adding labor and other variable resources
such as power. Since this is not the technical optimum relation-
ship within the plant per unit cost is increased to that which
exists at point B.

Still one other concern exists in elevators and other farm

supply businesses that have continually tluctuating volumes of
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traftic. Polnt C represents a point where the plant is operating
at a very low hourly rate. Per unit costs are increased here
because the normal labor force cannot be reduced and the plant
has a great deal of unused capacity as well as unused labor. In
any glven hour, the plant may operate to the let't of point A
with the extreme being point D where zero volume is being handled
and unit variable costs become intinite. The problem of empirically
specitying the short run cost that exists in any given firm then
is the index number problem of attempting to determine the number
or hours that are operated at any given rate between say maximum
plant capacity at point B anda a lesser rate trom there to zero.
Because the labor torce in an elevator cannot be reauced below
that which exists at point A the problem 1s handlea in this stuay
by computiné varlable unit cost at the normal or optimal techni-
cal point A ana at the harvest season capacity polntv B. This
then 18 reiatea to the time operated at each rate to compute &
total variable cost 10r the season., The average rate-cost point
that emerges will be some point on a strailght line between point
A and point B, between 15 ana 1 in Figure 1. The precise point
along this line will depend on the number of hours operated at

each rate.

Planning and Its Relation to Long-Run Decisions

The long-run reters to a situation where it 1s possible for
management to vary the quantities ot all resources used. The

scale of plant 1s no longer a limit to what the t'irm can produce.
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The long-run cost-volume relationship is often thought of as a
series of alternative short-run situations into any one of which
the firm can move. The firm can build any one of the possible
scales of plant, or it can shift from one to another.

The analytical procedure followed in this study is to develop
several model plants and to analyze the cost-volume relationships
of these plants. Each individual plants cost-volume relationship
is analyzed as being short-run in nature. However, since these
results are to be used and viewed as guldes to planning, the sev-
eral short-run relationships can be viewed together as a long-run
analysis. This is possible because the long-run average cost or
planning curve 18 a curve that is tangent to all possible short-
run average cost curves representing the different scales of
plant which the firm concelvably could build. The long-run aver-
age cost curve is theref'ore made up ot very small segments of the
various short-run average cost curves and is called an "envelope
curve" to the short-run average cost curves. The long-run average
cost curve can therefore be detined as a curve which shows the
least possible cost per unit of producing various outputs when
the firm has time to build any desired scale of plant.go

This procedure has merit in that the various model plants
are analyzed individually and at the same time 1t 1s possible to

see the cost scale relationships between plants of various sizes.

€0 reftwich, op.cit., pages 152-55.
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Economies and Diseconomies of Scale

."If the long-run average cost curve decreases as output in-
creases, this must‘mean that successively larger scales of plant
are more efficieht than the smaller ones; i.e., thelr short-run
average cost curves lle at successively lower levels as well as
tarther to the right."zl This phenomenon is called "economies ot
scale".

If "long-run" average costs increase thls means that success-
ively larger firms or plants become less and less efficlient; i.e.,
thelr short-run average cost curves lle at successively higher
levels and farther to the right. The limitations of certain fac-
tors of production beyond a certain point which cause the long-
run average cost curve to rise are called "diseconomies of
scale."

Economies of scale may be caused by many tactors. Two
important economies of scale are (1) increasing possibilities of
division and specialization of labor, and (2) increasing possi-
bilities of using advanced technological developments and/or
largér machines.

The division and specialization of labor are almost impos-
sible in plants that employ only a few men. The elevator is a
case 1n point. Most elevators hire only a few men and due to the
diverse nature of most elevator operations it is impossible for

any one man to speclalize at any one particular Jjob. The seasonal

1 Ibid., page 156.
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nature of agricultural production doeﬁ, however, allow for short
periods of speclalization within the plants, i.e., during the har-
vest season one man may do nothing but receive and clean grain.
Many elevators also have one man whose primary task is to grind
and mix custom feeds. However, it is usually found that elevator
employees are required to be able to do many different Jobs. This
leads to inefficienclies in several ways. Time 18 wasted in moving
from one task to another; it 1s impossible to take advantage of
special talents; and the worker usually does not have the time or
desire to develop short cuts and speed in performing the many
different tasks.

The efficiency of the worker 1s likely to be higher and cost
per unit of output correspondingly lower where division and special-
i1zation of labor are possible. Since the nature of elevators
greatly limits the amount of speclialization possible the primary
concern in this study 1s with the second type of economies of scale
- increasing possibilities of using advanced technological devel-
opments and/or larger machines.

As the scale of plant increases the possibilities of lowering
costs per unit of output by technological methods also increases.
The model plants developed in this study, both large and small,
are up to date technologically. Therefore, the technological
~efficiencies that are the major concern of thils study are the
efficiencies resulting from the use of larger processing machines
and equipment. Technological efficiencies of this sort result

from the fact that in order to double the capacity of a machine to
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produce, a doubling of materlal, construction, and operating
costs of the machline may not be necessary.

The U-shaped long-run average cost curve of static economic
theory not only shows economies of scale but diseconomies of scale
as well. Diseconomlies of scale are represented by that section
of the long-run average cost curve that turns upward to the right
as production 1s increased. The reason usually given for disecon-
omlies of scale beyond a certain level of production, 1s that there
are limitations in the efficlency of management in controlling
and coordinating a single firm. As a firm gets larger and larger
the problems of decision-making and coerdination increase. The
paper work, travel expenses, telephone bills, and additional
employees necessary for coordination lncrease greatly beyond a
certain size of firm.

Managements coordination and decision-making abllities are
very hard to measure, let alone evaluate., For this reason empiri-
cal studies usually do not show the diseconomies portion of the
long-run average cost curve, 1t in tact they exist. The empirical
long-run average cost curve usually falls rapidly at first and
then levels off and remains fairly constant over a wide range of
production possibilities. One reason for this phenomenon, in
empirical studies, 1s that the scale of plant may not become suf-

ficiently large for the diseconomies of scale to become apparent.
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The Analytical Framework and Model

Methodologlrand Procedures

The "economic-engineering" method ot estimating cost func-
tions 1s used in this study.“? This approach is also otf'ten
referred to as the "synthetic" approach.43 Using this method the
researcher estimates the costs of operating plants that do not
actually exist and then compares these "synthetic" plants tor
etfficiencles.

This method employs a combination of the toels of economics,
statistics, accounting, engineering, and other technical subjects
pertalning to the industry under investigation.

The economlic engineerlng approach was selected for this
stuay because it lends itselt to an evaluation of modern plants
using the latest technological developments. This is 1n keeping

with the major purpose ot this stuay.

Model Plants

The model plants developed 1in this study are designed and con-
structed tor the purpose of receiving and shipplng bulk grain

only; the grain 1s received directly trom tarmers, in the tarmer's

22 L.L. Sammet and B. C. French, "Economic-Engineering Methods
I Marketing Research," Journal ot Farm Economics, Vol 35,

1953, pages 9<4-30; and French, et.al., op.clit., pages 543-T<l.

23 Guy Black, "Synthetic Method ot Cost Analysis In Agricultural
Marketing Firms," Journal ot Farm Economics, Vol 37, No. 2,

August 1955, pages 270-79.
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vehicle, inspected tor weeds and dumped into elevator receiving
dump pits. From the dump pit it moves through cleaners, 1s
welghed and tested tor weight and moisture, and elevated into
storage bins or loaded directly into railroaa boxcars or trucks
tor shipment. Ear corn 1s shelled betore cleaning and the cobs
and husks cleaned trom the grain and blown to a corn cob butner.
All grain movement is by mechanical means with little manual

labor except 1n the operation and malintenance of equipment. Gravi-
ty trlow 18 usea wherever possible.

The model plants used in this study were constructed to con-
rorm as nearly as possible to the standard type of elevator tound
in Michigan. The model plants ditfer only in physical size and
not in operational techniques or technology employed. The model
plants are pbased on the design and equipment specitications ot
most of the recently bullt elevators in Michigan. They were
designed and developed trom intormation received trom elevator
designefa and bullders within the state.

The model plants developed range in size trom 750 to 4500
bushels per hour ana cover all the various slzes of grain eleva-
tors now tound in Michigan. This study includes both single and
double-line plants as both are tound withlin the Michigan elevator
industry. Single-line plants are used for the smaller plants and
double-line plants ror the larger plants. The 2250 bushel per
hour plant, which is very common in Michigan, is used as the
breaking point. Both a single and double-line plant is used tor

this particular size.
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Michigan elevators buy several commodities 1rom larmers.
These commodities include corn, winter wheat, soybeans, dry
beans, oats, barley ana some quantities oI rye, buckwheat anda
other grass seeds prodauced in the local areas. The plants devel-
opea in this study are designeda and equlippeda to handle all crops
produced in Michigan. However, the major portion or the analysis
is based on the receiving and shipping or winter wheat and tield
corn, elther ear or shelled.

The nature of grain and corn harvest requires that elevators
be equipped to receive and ship or store large quantities of
grain in rather short periods of time. However, storage 18 usually
used only tor assembling car load lots. Most commodities are
shipped out immedlately to make roem tor the next crop. Corn, a
teed crop, and navy beans may be stored longer because they are
harvested at the end ot the season and require more processing
betore they are shipped or sold.

Wide variations are found in the amount and type ot storage
proviaded by various elevators. The scope o1t this thesis does not
permlit a complete evaluation or the various types ot availabple
storage facllities. For this reason all model plants are equipped
with concrete stave silos, which are extensively used in Michigan
and wnich rulrill the necessary requirements o1 elevators receiv-

ing and snipping grain.

Product Flow

The operations tound within a grain elevator diiter rrom

other agricultural processing plants in that the raw material is
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not altered except for the removal of foreign material, shelling
ear corn being one exception. The major function is the assem=
bling and standardization of material for bulk shipment to pro-
cessing plants or to terminals for storage.

The receiving and cleaning of grain for shipping requires an
integrated temporal sequence of elementary processes in each of
which the basic raw material changes in location. The process
flow chart in Figure 2 shows the various phases and operations
involved in the flow of material through the model plants. For
the purposes of this analysis, the sequence begins with the
arrival at the plant of a farmer's vehicle loaded with ear corn,
wheat or some other small grain and ends when the same are loaded
into trucks or railroad cars for distribution to other elevators,
terminals or processing plants. This long sequence of processes
is split into five subsequences or operating phases, each fol=-
lowed by a temporary delay or storage operation and each connected
by some means of transportation. The five operating phases are
receiving, cleaning, weighing, storage, and load-out. Each of
these consists of all productive services - durable or nondurable -
that cooperate in performing a single activity or a group of
minor but closely related activities. Within each of these phases,
equipment was selected and operated so that the product output rate
of the preceding elementary process was approximately or exactly
the same as the product input rate of the following elementary
process,

Temporary delays are provided wherever necessary in the form

of hoppers or garner bins., These temporary delays help to even out



Figure 2.--Process Flow Chart for Michigan Grain
Elevators, 1961.
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and maintain the flow of material through the plant and are espe-
clally useful in maintaining the flow of material through parti-
cular pleces of equipment. These delays are of importance because
many operations are being performed at the same time and 1t is not
always possible to get a perfect synchronization of material flow
through the various operations. They also separate the various
operations found within the plant. By-passes are also provided
where necessary to allow the material to by-pass those operations
which are not required. This condition 1s brought about by the
fact that the same facllities are used ftor ear corn and other
small grains, both of which do not require the same'processing.

The Receiving Process - The receiving process starts when

the t'armer arrives at the elevator and drives his vehicle over

the dump pit and onto the truck hoist. Once the materlal has been
dumped into the receiving pit 1t may either be held there for
several minutes or it may be moved directly to the next process.
The receiving pit acts as the temporary storage point at the end
of the recelving process. Material is usually stored f'or only
short periods of time in the recelving pit.

During the harvest season, one man usually operates the truck
hoist and helps the farmer position and dump his vehicle. At
times other than the harvest season one man may be running the
entire plant and will help receive as well as operate all other
. operations.

The Cleaning Process - The cleaning process includes several

Operations which follow 1n direct order. Gravity flow 1s used,






-39-

after the 1nitial elevation. The forelgn material, corn cobs and
screenings are removed along the way and disposed of.

The labor required by the cleaning process consists mainly of
maqhinery adjustments on the cleaning and processing equipment;
starting, stopping and controlling the flow of material through
the varlous operations; and the removal or baggling of screenings.
During the harvest season one man usually performs these opera-
tions in conjunction with the welghling and storage processes.

The recelving operator usually does the baggling of screenings and
assists the cleaning operator in any way possible. At times other
than during the harvest season one man may perform the cleaning
operations as well as all other operatinns.

This phase requires an operator who is familiar with the
cleaning equipment and who 1s capable of makling the necessary
equipment adjustments. He must have a thorough knowledge of the
various spouts, by-passes, and varlous routes the material can
take as 1t passes through the cleaning process. The operator
must also possess a knowledge of graln and corn grades and the
necessary forelgn materlal tolerance assoclated with each grade.

The Weighing Process - The weighing process 1s composed of

one operation and 1s a very important part of the total operation.
It 1s at this point that the clean grain 1s sampled and tested for
molsture and test weight. The farmer's receipt ticket 1s also
made out at this point.

The cleaning operator usually operates thls phase in conjunc-
tion with the cleaning and storage phases. His primary task 1is

the sampling, testing for molsture and test weight, weighing the
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partial drafts, and writing the farmer's receipt ticket. This
operator must be familiar with the sampling and testing techniques
used in testing grain for molsture and test welght. In addition
he should also possess a knowledge of grain and corn grades so
that he can separate the different grades as they are received,

He must be familiar with the farmers he serves as he 1s the one
who welghs their grain and who comes in direct contact with them.,
He must be able to explain the various test he has made and why

he has graded the commodity as he has.’ He must also be able to
explain the firm's pricing and dockage policy.

The Storage Process - The storage process starts as the

material flows trom the scales hopper into the main elevating
boot. The material 1s elevated, distributed to one of the stor-
age bins, or loaded directly into a truck or railroad boxcar. If
the material is distributed directly to a truck or boxcar then the
sequence of operations stops at this point. However, if the ma-
terial is distributed to one of the storage bins then the sequence
of operations must continue with the storage bins serving only as
the terminal point of the storage process.

The labor required by this operation consists primarily of
adjusting and operating the elevating equipment and seeing that
the material i1s distributed to the right bin or outlet. This
phase is usually operated in conjunction with the weighing phase
and requires very little labor other than that used by the weigh-

ing phase.
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The Load-Out Process - The load out process starts with the

gravity flow ot the material irom the storage bins ana enas when
it 18 placea 1n the boxcar Or truck 10r shipment. The aemana ror
labor by thls phase 18 primarlly 1n the 10rm O preparing boxcars
10r 10aaing. The boxcurs have TO be DbOaraea up ana cileanea out
10r the shipment OI graln. Some means 18 d4lS0 neeaea 10r mMovling
10aq0eq cars ana lor spoting empty cars av the ioaailng spout. Less
1abor 18 reyulrea when 10aalng trucks than when i10oaalng boxcars.
The actual 102440lng 18 Aaone by mechanlcal means and reqgulres
very i1ittie labor. The maln iuabor reyulrements are 1ln the 10rm
Ol starting, controiliing ana stopping the flow OI muterlui through
this operation. The flow of material through the plant ends with
the loading of grain into boxcars or trucks.

The Economic Unit - An economic unit is distinguished from a

technical operation i1n that i1t 1s composed of several technical
operations. For purposes of cost comparison the Joint operations
must be redefined into a single operation which 1s called an
economic unit. The minimum cost technologies can be determined
only by Joint consideration or all operations that are technically
related.?*

A plant or firm may be composed of several economic units,
depending on the rate at which the various phases are capable of

operating. This is not the case with grain receiving and shipping

elevators. The only difference in the model plants used in this

<4 French, et.al. Ag.cit. page bT4.
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study was in the size ot equipment used and not a functional
diftference. They were not limited in thelr output because or
bottlenecks tound in certain technical operations. The model
plants were budgeted as a unit and each plant is under one man-
ager or management and 1s contfined to one group of buildings.
They are therefore composed ot one economic unit which takes in
the entire plants operation. The cost-volume comparisons between
the various sized plants are evaluated in this manner.

The economic unit is composed ot the several technically
related operations which involved the physical handling of the
material and all of the management tunctions which consist of
all the non-physical operations. These non-physical management
functions include the keeping of records, the buylng and selling
of grain, making payments to farmers for grain receipts, keeping
personnel and payroll records, and keeping all other records of
management and control. These non-physical tunctions can be
thought of as including all those task involveda in the operation
of the graln merchandlising enterprise other than the physical

hanaiing of material within ana through the plLants.

Sources ot Data Used In The Construction of Model Plants

All cost ot plant construétion and all operating cost must
be estimated. Theretore, many sources o data may be required to
obtain the necessary estimates. The cost data gathered must be
as accurate as possible as well as applicable to the conaitions

as they exist in the state at the time of their estimation. The
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data gathered tor this study were obtalined 1rrom several sources
and represent as near as possiple the conditions existing in
Michigan during 196l. Operating adata as well as cost data were
collec