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CHAPTER 1

INTRODUCTION

Statement of the Problem

The sale of dairy products is the second most important
source of income to Minnesota farmers, second only to livestock
sales. In 1968 10.3 billion pounds of milk were produced in the
State.l/ Of this quantity, about 74 percent was processed into
butter and nonfat dry milk NFDE]. These are the most concen-

. trated of the major dairy products. Minnescta seenms to have a
combarative advantage in the production of milk but its geographic
location, relative to major population centers, dictates that its
milk be marketed in as concentrated form as possible. The distance
to major markets and the stability of Minnesota milk production
implies the continued importance of the butter-powder sector of

the Minnesota dairy industry.

In general the butter and powder markets are well defined.
Most of these products move from processors to consumers through
one of several large regional marketing cooperatives or through
several independent wholesalers. Also, the federal government

under its farm price support program stands ready to purchase any

1/
" ~/Minnesota Crop and Livestock Reporting Service, Minnesota
gricultural Statistics 1969, 560 State Office Building, St. Paul,
Minnesota, March 1969.




2
quantity that doesn't move through commercial channels at govern-
ment quoted pricese.

Marketing milk as butter and pcwder can be divided into three
general operations: (1) assembly of wholemilk, (2) processing
wholemilk into butter aﬁd powder and (3) disassembly of butter
and powder to the consumer. Of these three, disassembly is set
apart and faces fewer and different problems than the other two
operations. Four factors contribute to this logical separation:
(1) the large weight reduction that occurs in processing milk into
bufter and powder, (2) the relatively large distances that sepa-
rate processing and consumption, (3) the well defined market
channels for butter and powder and (4) the guaranteed market of
the federal government.

The major problem areas of marketing milk in the butter-
powder industry are found in processing the milk and in assembling
the milk to the processing plants. In this area of the sector the
effects of technclogical changes in processing and assembly have
created problems related to the efficient size and type of
processing plants.

A number of studies of plants processing milk into butter and
powder have demonstrated economies to scale. On the other hand,
studies of assembly of milk to the processing plants have demon-
strated diseconomies with increases in volume assembled. This in-
Creasing cost results from the need to assemble larger volumes
from areas more distant from the processing plants which results

in higher average costs. The interplay of decreasing processing




costs and jncreasing assembly costs has been instrumental in the

emerging plant types and sizes.

Historical Perspective

Milk production in Minnesota started as a part of self suf-
ficient pioneer farming. The butter marketing industry first
developed as a result of farmers shipping farm separated cream in
cans to city ncentralizers” which processed and marketed the
cream, The cream was delivered by horse and wagon to local rail
stations where it was shipped to the citiese. The density of
cream production was too low to warrant local processing plantse

As the production of cream in the state increased, local
crossroad communities found they could economically support a
creamery. The local creamery processed the farm separated cream
de}ivered by horse and wagon and shipped back packaged butterx to
various markets. The size of the local creamery was limited by
milk assembly patterns set by horse and wagon operationse Before
this system of marketing became obsolete, about 867 crossroad
creameries were in operation in Minnesota.lj

The introduction of farm trucks and better roads increased
the effective economic assembly area of the local creamery. This
resulted in increased size and reduced numbers of local creameriess

The introduction of skim milk drying equipment and the

='Gruebele, J. W. and E. Fred Koller, "Creamery Industrys:
Structure and Performance,'" Minnesota Farm Business Notes, Noe. 479
Institute of Agriculture, University of Minnesota, Ste Paul,
Minnesota, December 1965.




development of a market for NFDM especially during and shortly
after World War II created a demand for wholemilk rather than
cream alone. This shifted cream separation from the farm to the
local creamery. The creamery in turn sold the skim milk to
specialized drying plants. The wholemilk was assembled in cans to
the local creamery. The skim milk from a number of local cream-
eries was assembled in bulk tank trucks to the specialized drying
plantse

The continued improvement in roads and trucks increased the
areé over which it was economical to assemble milk. This prompted
the specialized drying plants to take on the task of churning the
cream as well as drying the skim milk, bypassing many of the local
creameries. Some local creameries closed, others became receiving
stations, receiving milk primarily in cans and shipping it on to
the butter-powder plant in large semi-trailer tank truckse

During this same period, on farm bulk storage tanks became a
reality. The use of bulk farm pickup of milk expanded the poten-
tial assembly area of a processing plant even further. This
prompted the butter-powder plants to extend their bulk assembly
area to the point where it encompassed a number of local receiving
stations and creameries. This resulted in further reduction in
the number of local creameries and receiving stations and in
~general increased the size of butter-powder plants.

During this whole development, butter was shipped in bulk, 64
or 68 pound boxes, to central wholesale butter print houses where

it was consumer packaged. Up to this stage of development the



emerging butter-powder plants did not have the volume to justify

moving the butter printroom to the point of processing.

burrent Developments

In the last few years there has been introduced into the in-
dustr& a high speed soft butter printer.l/ The machine can pack-
age consumer butter prints directly f}om the churn, whereas the
old method required the butter to be tempered in a cooler for a
period of time before printing. This equipment has obvious cost
saving potential if sufficient quantities of cream can be assem-
bled at a common churning and printing plant. This raises a
question about whether sufficient quantities of milk can be
economically assembled at a butter-powder plant to provide suffi-
cient quantities of butter to warrant the cost of a soft printere.
Or, on the other hand, will super butter plants develop which
receive cream from specialized powder plants which receive whole-
milk? The answers are largely dependent upon the relative magni-
tude of the economies to scale of powder processing and butter

processing and the relative decreasing economies of assembly of

hilk and cream,

This study analyzes these cost functions under various ex-
Pected milk production densities in Minnesota to appraise what

type and size of processing plants and what type of assembly
1

g = Printing butter refers to packaging the butter in consumer
'fba:§ units, usually four one quarter pound sticks in a one pound
ages The term print comes from the early method of stamping

ou .
i t consumer portions with a mold that "imprinted" the brand name
n the butter,
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patterns are likely to emerge as a result of current technological

changese

The Problem

The adjustments discussed above have not always been easily
accomplishede There were 867 local butter creameries and seven
butter-powder plants manufacturing butter in Minnesota in 1938.
In 1970 there were about 128 local butter creameries and 42 butter-
éowder plant; manufacturing butter.l/ Yet butter production
changed littles In 1940 Minnesota plants manufactured 311.2
million pounds of butter?/ and in 1969 315.6 million pounds.zf

The tremendous changes involved greatly test the invisible
hand of the market place. Adjustments of the t&pe and magnitude
taking place in the butter-powder industry can be made much less
painful and with a great deal more rationality if the effects of
new technological developments are fully examined and decision
makers informed of these consequences.

This study was made in an effort to provide the industry with
knowledge about the effects of new technology. The large regional

marketing cooperatives are wondering if they should plan on building

— Based on a special report of the Minnesota Department of
Agriculture,

2/

: ="U. S..Department of Agriculture, Dairy Statistics, Statis-
tical Bulletin No. 218, U. S. Department of Agriculture, Washington
De Co (1959), table 199.

3/
~ Minnesota Agricultural Statistics 1970, Crop and Livestock

Reporting Service, Minnesota Department of Agriculture, St. Paul,
Minnesota, March 1970.




super (very large) butter plants in anticipation of receiving
cream from specialized powder plants and other cream assemblers,
Butter-powder plants are wondering 1f they should try to expand
and add a soft butter printer or should they ship their cream
production to super butter plants. The local butter plants wonder
how long they can continue a; butter plants and if shifting to a
milk receiving station status is an economical alternative. Milk
receiving stations wonder if they can continue as economical
entitiese They are all interested in knowing at what volume the
emergine economic units should plan to operate. This study was

undertaken to help the industry answer questions of this nature.

Objectives

This study has three broad objectives., The first is to deter-
mine the long run cost relationships for processing wholemilk into
butter and nonfat dry milk. The second is to determine long run
cost relationships for farm-to-plant transportation of raw milk
and interpiant milk and cream movement. The third is to determine
long run cost relationships for both processing and assembly of
milk under (a) alternative product processing systems and (b)

various milk production density patterns.

Hypothesis

One general hypothesis and three sub-hypotheses were posited

as guides to achieving the objectives of this study. The general

hypothesis is as follows:
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The volume of a milk processing plant and the density of milk
production in its assembly area determine if nonfat dry milk
and butter manufacturing can be most economically carried on
in the same plant.

The sub-hypotheses are as follows:
(1) Plants with relatively large volumes can manufacture non-
fat dry milk and/or butter at significantly lower cost than
plants with small volumes.
(2) The unit-cost of assembling milk increases as the size of
the assembly area of given production density increases and
declines as the density of the area increasese
(3) The cost of transporting cream, on a wholemilk equivalent

basis, is significantly less than transporting wholemilk.

Theoretical Considerations

The conceptual economic problem in this study is one in which
processing firms that operate in an almost purely competitive mar-
ket setting are seeking to maximize profits. Because of the
assumed competitive setting this is equivalent to minimizing long
run cost.l/ Firm theory states that individual firms, seeking to
maximize profit, and given sufficient time to render all factors of
Production variable will operate at a level where marginal cost
equals average cost and these, in turn, equal marginal revenue.
These traditional conditions are shown diagramatically in figure 1.
The long run average cost curve is the typical U-shaped curve

found in economic texts. The declining segment of the curve, or

1/
='In this study cost minimization is stressed not only because

::ngznz:su?pti°" of the competitive market but also because of the
toric evido cooperative firms in the.industry. There is no his-
have triedezce to suggest that the dale cooperétives in Minnesota
call f o exercise market restricting practices which would

O an objective other than cost minimization.



$/V

Long Run
Average Cost

Marginal Revenue

Po_—_...—_s — ca— o—

Figure 1. Traditional hypothetical long run marginal and
average cost curves and equilibrium output
under competitive conditionse.
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increasing returns to scale portion, is in general said to be
caused by more efficient combinations of factors and technological
9£fic1encies of larger pieces of equipment.l/ For example, in the
dairy industry a 4,000 pound of powder per hour capacity skim milk
dryer does not require twice as much material to build as a 2,000
pound per hour skim milk dryer and in addition requires no more
labor per hour to operate.

" Theorists are less explicit about the cause of the rising
segment of the average cost curve. Textbooks often ascribe its
cause to technical problems of coordinating the various underlying
activities or the increasing difficulty of managing larger enter-

2/

prises.=

The Addition of an Assembly Cost Function
Traditional static firm theory abstracts from the spatial
C
dimension. In marketing agricultural products, and especially a

high weight felative to value product like milk, the abstraction

1
-jThere is a definitional problem in what constitutes "returns
to scale." The theoretical economist defines an increase in scale
s a proportional increase in all inputs. Agricultural econcmists,
on the other hand, have been less restrictive on requiring a pro-
‘Portional change in all inputs and have in general referred to
Qhange in scale as a change in "plant." The complement of inputs
§§Y10f may not change proportionately as the plant size changes.
A:21d1?g.dISFUSSEd scale and variable proportions in Economic
5 ysis: Microeconomics Volume I, Harper Row, New York, fourth
ition 1966, pp. 544-551., 1In this study economies to scale refers

to a c@ange in plant size in the tradition of other agricultural
economics studies.

Zyec
irobl cConnell, Campbell R., Elementary Economics: Principles,

| ems and Policies, McGraw Hill, New York, 1960, p. 440.
<




11

rom the spatial dimension leaves the analysis wantinge The dis-
persed nature of agricultural production implies that any economies
—ssociated with volume in processing plants must be weighed
against the possible diseconomies of assembling the larger volume
fg;m more distant production pointse If farm production at any
one point is relatively fixed, larger Qolume of milk can be as-
sembled at a plant only by going further into the countryside at
ever ipcreasing distancess This inevitably leads to a rising
average assembly cost function.t/

The inclusion of an assembly cost function in the standard
firm cost function has a noticeable effect on the equilibrium
volume of output. This can be seen graphically in figure 2. The
vertical addition of the average assembly cost function causes the
low point on the combined cost function to occur at a lower volume
than for the processing function alone. The result is that the
inclusion of the spatial dimension and the resulting cost function
reduces equilibrium plant size. In figure 2, equilibrium (least
cost volume) considering assembly.occurs at V1 which is less than
Vs, the equilibrium volume when processing alone is considered.
The above result is especially applicable to the butter-powder
industry. The assembly cost of wholemilk is a significant cost

variable that plant managers must consider in determining long run

optimal plant size.

1/
—'The same basic principle associated with increasing assembly
cost also holds for disassembly of the processed product. The

Teasons for excluding disassembly from the study have already been
discussed,
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Long Run Average
Processing and Assembly Cost
Long Run
erage Processing
Cost

Average Assembly
. Cost

Volume

Figure 2. Hypothetical average cost functions for assembling
and processing milk.
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There is a large amount of evidence, both theoretical and

smpirical, which points to economies to scale in processing for

‘putter-powder plantse

b On the theoretical side, dairy processing equipment is avail-
?able up to very large sizes and the capitalized cost per unit of
capacity is lower the larger the capacity of the equipment. This
e

Tipplies a downward sloping average equipment cost function over a
~wide range of volumes. Also, the labor needed to tend this largely
: ytomatic equipment is the same regardless of the equipmentis
hourly capacity. This provides further evidence of economies to

‘ 1/
.8‘_6__313 o—

i
There have been a number of empirical studies which also

kfmonstrate the existence of economies to scale. Juers did a

study at the University of Minnesota in 1957 which showed economies
to scale throughout the range studied.gj He considered volumes to
f 09 million pounds of wholemilk annually. The study was a combi-
l;Fion of a case study and an economic engineering study. Plants
were selected as models and adjustments were made based on an
econaomic engineering approach to yield short run cost functions

ng the selected plants. The envelope of the plant's average cost

f%nction was called the long run cost function.

1 ;
e -j¥t can be seen from this there is a change in the variable
Proportions of factors used as plant size changes. Therefore, the

m 1 * X .
t;?@ "economies to scale" is not the same as that used by economic
theoreticians such as Boulding.,

Co ~ Juers, Linley E., "An Economic Analysis of the Operating
’Sts of Butter-Powder Plants with Particular Reference to the

?r°§19m of Joint Cests," Unpublished Ph.D. Thesis, University of
thnesota, July 1957,
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. This study was updated and extended by Thompson in 1962.1j

;ecéxtended the scale curve to a volume of 250 million pounds of

tolemilk annually. The curve did not turn up, although it did

. gL

become very flat in the higher volume rangese.
Hanlon did a similar economies to scale study at Minnesota in
;966.2/ He essentially used the same procedure as Juers, that is,

;é selected sample plants and generated cost-volume relationships
ahiough a range of volumes by the economic engineering method. He
Io;ﬁd fairly significant economies to scale up to 200 million
pB:nds of wholemilk annually. The envelope curve or long rum

e |

:V?rage cost function essentially flattened out at that volume and

emained so through the remaining volume range considered, which

i 3

extended to 475 million pounds of wholemilk annually. The lack of

conomies beyond a volume of 200 million pounds may have been due
: 3
0 the fact that the two largest plants used as models achieved

their capacity with several small evaporators and dryers rather
bhan larger capacity single unit equipment.

The important feature, though, is the fact that the long run

w

average cost function does not turn up. This flatness and the
i |

absence of diseconomies hints of the importance of assembly in

establishing optimal plant size for a butter-powder plant. The

1/
= Thompson, Russell G., "An Approach to Estimating Optimum

;ﬁf?s of Butter-Powder Plants," Unpublished Ph.D. Thesis, Uni-
ersity of Minnesota, August 1962,

2/

Plant ganlon, John William, "An Analysis of Processing Costs in
;h_D sThhat Manugacture Butter and Nonfat Dry Milk," Unpublished
flele lhesis, University of Minnesota, June 1966.
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v:-;and location of the assembly cost function then becomes the

surement or Assembly

Strictly speaking milk procurement involves more than just

’-th; milke. This implies that each farm producing milk has a
apply function. This implies an intensive and an extensive
arginal change in supply as a result of a change in net price
jidj;o the farm producer.l/ An increase in volume can be the
result of a higher pay price stimulating more production from
xisting producers and/or the expansion of the assembly area to
wq};de more farm producers.

bIdeally, then, a procurement cost function rather than an
-gmtly cost function should be used in conjunction with a
tocessing cost function. This has been pointed out by a number of

riters, important among them is French. In a critique of an

article about plant location by Olson he pointed out this weakness
n Olson!

2/

'0S t's.—

s model which considered only processing and assembly

Williams, in another article, touched on this problem in a

1/

~ T Net price is the price paid for milk at the plant less any
Ssembly charge,

p.2

*jOlson, Fred,

~ "Location Theory as Applied to Milk Processing
*ants, " Journal of

Farm Economics, Vol. XLI, December 1959, p. 1558.




ﬁ

16

slightly different way.l/ He addressed himself to the problem of
. monopsony power which is the natural outcome of most spatial ef-
ficiency models. He reasoned that at the location of the pro-
cessing plant the plant's monopsony power is greatest and that as
the supply area expands, the processing firm encounters increasing

competitive pressure from adjacent plants. He, therefore, in-

cluded an average at-the-farm cost of raw product function, which

is a reflection of the competition from other plants as well as

the on farm production response. This cost function zlong with an
assembly cost function and a processing cost function was included
in a total cost function for ﬁarketing. The monopsony aspects are
not particularly appropriate to Minnesota's buqter-powder industry.
The industry is overwhelmingly made up of cooperative firms. As
has been mentioned previously these cooperatives have in general

followed the cooperative Principles of open membership and equal

o
treatment of all patrons.

The numerous ramifications of elastic supply functions are

important as well as interesting, but they are beyond the scope of

this study. For the inclusion of supply response functions to be

meaningful, they need to be specific to the area of a possible

lant, This formidable task requires resources greater than are

Vailable. 1Ip addition, it requires an extensive study of the

Onopsonistic behavior of the possible plant participants. This

1 :
__-_-/Willlams, Je Ce Jro’ "The Equj'librim Size of Marketing
ants in a Spatial Mar

: ket," Journal of Farm E onomic Vol. XLIV
ember 1967, ’ n arm Economics, R
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again is interesting but is beyond the present scope and objectives

of this studye

Yet another reason which lends credence to a study which does

not include a supply response function is the generally accepted

pbelief that milk supplies are jnelastice. Halvorson estimated the

price elasticity of milk in the Us So in the two periods 1929-57

and 1941-57.l/ He reported long run supply price elasticities in

the range of v35-050. Wipf and Houck estimated 2a supply function

for milk in the U. Se based on time series data for the period

1945—64.2/ They found the supply price elasticity to be about

.15. With elasticities of this magnitude, a change in the as-

sembly area is clearly more important in determining supply re-

e in net price that would result from altering

sponse than a chang

processing and/or assembly costse

A Modification of the Milk Assembly Cost Function

There are alternate assembly systems by which manufacturing

milk reaches processing plantse In the manufacturing milk indus-

try the assembly of wholemilk can be direct from the farm to the

dairy processing plant or indirect via milk receiving stations

and transshipment from that point. This latter method of assembly

"The Response of Milk Production to

L/ Halvorson, Harlow W.,
Vol. XL, December 1958, ppe

Price," Journal of Farm Economics,
1101-1113,

2

'jwipf, Larry J. and James P. Houck, Milk Supply Response in
the United States, an Aggregate Analysis, Department of Agricul-
tural Economics, Report No. 532, Imstitute of Agriculture, Uni-
versity of Minnesota, Ste Paul, Minnesota, July 1967.
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;as studied by Thompson.l/ It involves using smaller trucks to
‘assemble milk from the farm to a local point and the local point
.zransshipping the milk to a central processing plant in larger
truckse Farm assembly truck size is limited by road conditions,
weather and farm driveway conditions. These conditions preclude
the use of semi-trailer trucks for farm assembly. Semi-trailer
trucks can haul a considerably larger volume than the necessarily
limited size farm assembly trucks. Hence, they can transport milk
between points at a lower unit-coste This implies that as milk is
assembled from points farther and farther from the processing
plant a point is reached wheré it pays to set up a receiving
station and transship the milk from far out points in semi-trailer
truckse The effect of this transshipment possibility is to flatten
out the average milk assembly cost function that considers conly
direct assembly. The flattening out of the assembly function, in
turn, increases the equilibrium (least cost) volume of the proc-
essing plant.gl This can be seen diagramatically in figure 3.
Five relationships are drawn in this diagrame P represents long-
Tun processing costs per unit of wholemilk. A1 depicts average
assembly costs where all of the milk is assembled from farmers in

relatively small truckse. A2 represents average assembly costs

where a combination of small and large truck units and a system of

receiving stations are used for milk procurement. T1 is the sum

l/Thompson, ope cite

2 .
‘j0f course, this is contingent on equilibrium occurring at a
volume where transshipment is taking place.




‘Cost Per Unit
.O‘f Whole Milk
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Volume

Figure 3, Average processing, assembly and total costs in a
hypothetical butter-powder plant for direct assembly
and indirect assembly.
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of P and A}, and T, is the sum of P and A,e Minimum cost volume
with transshipment is V2 which is larger than minimum cost V; with
direct shipmente.

There is empirical evidence that supports this concept of re-
ducing assembly cost via transshipment. The number of receiving
gtations in the manufacturing milk industry in Minnesota has in-
creased steadily in the last 12 years. In 1958 the Minnesota
Department of Agriculture reported 91 manufacturing milk receiving
stations compared to 197 in 1970.172/  This same period has seen a
concomitant increase in the size of butter-powder processing
plants. Some butter-powder plants have fiftcen or more receiving

stations shipping milk to them.

Partitioning the Processing Cost Function

Much firm analysis centers around the total average and
marginal cost functions of the firm. Analysis less frequently
deals with what operations should economically be included irn the
operations of a plant or firm and hence these cost functionse.
Stigler addresses himself to the question of what activity should

be carried on by a firm in his book on industrial organization.il

/
=~ Some of this change may be due to other considerations. It
may be a short run effort of local creameries from becoming in-
solvent or closing.

2
: ‘jspecial reports of the Minnesota Department of Agriculture,
St. Paul, Minnesota, September 1, 1958 and July 1, 1970.

é-/Stigler, George J., The Organization of Industry, Richard
De Irwin, Homewood, Illinois, Chapter 12, ppe. 129-141, also pub-
lished as "The Division of Labor is Limited by the Extent of the
Market," Journal of Political Economy, Vol. LIX, June 1951.
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He points out that a firm can be viewed as engaging in a series of
‘distinct operations; purchasing and storing materials; transforming
materials into semifinished products and into finished products;
storing and selling the outputs; extending credit to buyers;
etc.lj The firm is partitioned among the functions or processes
which constitute the scope of its activity rather than the factor
or product markets it deals in.

The costs of these individual functions will be related by
technologye The cost of one function may depend upon whether the
preceding function took place immediately before or in the imme-

diate vicinity, as when hot skim milk coming off the milk sepa-

rator is pumped directly to the evaporator for drying. This saves
a8 cooling and heating cost that would occur if separating and
evapofating were carried on in a different place or at a different
time,

If the interrelationships of the cost functions are ignored,
for e#pository purposes, a simple geometrical construction of the
firm's cost functions can be obtained. 1f the cost of each func-
tion depends only on the rate of output (or input) of the func-
tion, a unique cost curve can be drawn for it. If all the func-

~ tions are computed on the basis of a common processing unit, say
wholemilk equivalents for milk processing, they can all be repre-

sented in the same figure« The vertical sum of these cost curves

will be the conventional average-cost curve of the firm.

1
h/Ibido s Po 131.
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Figure 4 gives a simplified example of such functions.l/

cﬁrves Pl, P2 and P3 are functions making up AC, average coste

Pl demonstrates increasing returns, P2 demonstrates decreasing
returns and P3 is the typical U-shaped average cost curve. The
solid segment of AC is the sum of Pl’ PZ’ P3. The dotted segment
of AC is the sum of P2, P3 and C3.

Stigler reasoned that the firm, represented by the solid AC,
faced with overall decreasing returns above V1 could not, under
competitive conditions, be in a position to take advantage of the
 economies of Plo A new firm might come into being and take on
this specialized functione If the new firm was the only firm, it
would or could have the monopoly power to charge Cgje The old firm
without Pl as a function would then, under competitive conditionms,
opérate at Vz. 1f the new firm with function Pl faced other firms
with functions similar to Pl’ that is, competitive conditions ex-
~ isted for the new firm, Cy would be driven down to C4 and there
would be a concomitant vertical shift downward in the dotted AC
curve of the old firme.

The development of a new firm in this case allowed for the
‘exploitation of economies of size for the process of function P;.
;¢‘At the same time, the spin off of function P1 lowered the average
cost, AC, for the old firm and allowed it to operate at a lower
Point on its decreasing cost function.

Dairy plant studies in the past have not asked what functioms

1/
%4 I_biﬂu Pe 132.
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7A

AC

e {
Figure 4, Average cost curves for several hypothetical
Y. functional operations necessary to process some

product and ways the functions can be combined in
a firm or plant.

Source: Stigler, p. 132,
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ihould be carried on in a plant, Typically the studies have

started with the products as a datum. The analysis usually cen-

tered around optimum size for the given productse.
In the butter-powder sector of the manufacturing milk indus-

try cﬁe question could well be asked, what processes should be

carried on in a plant? The processes of churning and butter

printing are quite separate from evaporating and drying, that is

once the milk is separated into its components, cream and skim

!nilko
)

face economies to scale or size.
;

function of assembly which enters the picture.
i

There is a wide range of volumes under which both processes
There is, however, the additional

The initial product
wholemilk embodies the two raw products of the two processes, cream

and skim milk. However, once separated the raw product cream

-}epresents only about 8.75 percent of the volume of wholemilk.
Therefore, a butter-powder plant faced with an overall decreasing
returns average cost curve but an increasing returns churning-

Printing function may find it profitable to spin off this function

to a specialized firm or plant. Although the new plant would face

an increasing assembly function for cream, it would be minor com-
Pared to the assembly function for wholemilk. The drying plant,
in turn, without the inclusion of the downward sloping average

cost curve for churning and printing, would find its minimum cost

point at a lgwer volume. This whole idea is expressed graphically

in figure 5, 1p this figure all curves are unit cost curves.
Curve A is the unit cost function for churning and printing; curve

B is the unit cost function for drying skim milk; and curve D is
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(H) Whole Milk Assembly -+
" Drying + Churning-Printing
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rying (G)
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Figure 5, Hypothetical average cost curves for a butter-powder

plant plus milk assembly, a specialized powder plant
plus milk assembly and butter processing in a separate
Plant and the partitioned average cost functions making
up the two systems.
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.the unit cost function for assembling wholemilke Curve H is the

vertical summation of A, B and D; it is, in other words, illus-
trative of a butter-powder plant unit cost curve which includes

assembly. Curve G is the vertical summation of B and D; it is the

~ unit cost curve, including assembly of a powder plant that ships

away the separated cream.

| Curve E needs a little explanation. It is included to repre-
sent the increased cost of shipping cream 6ver greater distances
As larger volumes are involved. The curve, in essence, suggests
éhat the larger the specialized churning-printing plant is, the
further away from the specialized drying plant it will be. More
simply stated, the larger the churning-printing plant, the larger
the cream assembly area.

The E curve has its origin at the minimum point of the unit
cost curve of the specialized drying plant with wholemilk assembly,
The curve then represents the minimum cost of assembling whole-
milk, separating wholemilk into cream and skim milk, drying skim
milk and assembling cream (from other plaﬁts) at a specialized
churning-printing plant.

Curve F is the summation of curves E and A, It is the unit

cost of assembling cream from several plants which includes

minimum cost of assembling wholemilk, separating, drying the skim
milk and churning and printing butter. The minimum point on this
curve, F, is the minimum cost of assembling and processing whole-

milk into butter and powder.

This is strictly a hypothetical example, the relative magni-
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tudes of volume and coét have no basis in empirical investigation.
The example should be viewed as a pictorial expression of the
major thesis of this study. The subsequent chapters will investi-
gage if and under what conditions the above results will be a

least cost solutione.

The Problem Restated

The problem of this study is to find the plant or combination
of plants which, under competitive conditions, minimize the cost
of assembling and processing milk into butter and nonfat dry milk
for conditions common to Minnesota. The assembly function is very
dependent on the density of milk production. The density of milk
production varies from area to area in the state. Thus, it can be
expected that the optimum size and type of milk processing plants
will vary. The problem can be restated as that of finding the
sizes and combination of plants that are least cost for specified
milk production densitiess.

Figure 6 is a diagramatic scheme of the alternative processing
channels that this study considers that milk can follow as it is
transformed into butter and nonfat dry milke Farm wholemilk
sources are assumed uniformly distributed on a random basis. Bulk
wholemilk from the farm has three alternative destinations. It
can be assembled, via farm-to-plant bulk tank trucks, to a plant
that receives, separates, churns, prints and drys the milk. It
can be assembled, via farm-to-plant bulk tank trucks, to a plant
that receives, separates and drys the milke. Or, it can be assem-

bled by means of farm-to-plant bulk tank trucks, to a plant (or
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receiving station) that merely reloads the wholemilk into larger
plant-to-plant semi~trailer tank trucks for shipment to processing
plants of either of the two previous types.

IThe receiving statién, just mentioned, can ship wholemilk to
the specialized drying plant or the butter-powder plant. The
drying plant can, in addition to receiving wholemilk from the
farm, receive wholemilk from receiving stations. It, in turn, can
ship cream to a butter-powder plant.l/ The specialized powder
plant also would ship nonfat dry milk to consumers. The butter-
powder plant, in addition to receiving wholemilk from the farm,
might also receive wholemilk from receiving stations and/or cream
from specialized drying plants. It in turn would ship butter and
powder to consumers .

These paths can all be traced out in figure 6.

Chapter Delineation

The first chapter of this thesis defines the problem, estab-

lishes the objectives and develops the thecretical basis for the

analysis,

Chapter II discusses the theory of production costs and the

T It is very unlikely that a completely specialized churning-
Printing plant would exist. Rather it would be part of a butter-
Powder plant where the powder department was geared to the whole-
milk receipts but the churn-print department would be geared to
handle additional cream. It is logical to expect a large churn-
Print operation to be located central to cream sources. It is
- highly likely that the ideal location for it would be at one of
the finite sources of cream, the drying plants. The further ad-
vantage of sharing some of the facilitating stages needed by both
the drying operation and the butter-printing operation almost as-

sumes that the butter-printing operation would be associated with
a drying operation.
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 method used to estimate those costs. The economic engineering
method of cost estimation, the method used, is reviewed. The
reasons for using it, its rationalization with theory, its appli-
. caiion to dairy plants and its limitation are discussed.

Chapter 111 presents the plant operation details and esti-
mated cost fuﬁéiions. Average cost functions are first developed
for six powder plants that receive wholemilk in bulk. Then the
average cost functions are developed for the butter operation,
with the assumption that the butter department will be in conjunc-
tion with a powder plante The two functions are also combined to
provide a traditional butter-powder plant long run cost functione.

Chapter IV presents estimation techniques and the estimated
cost functions for farm-to-plant and plant-to-plant bulk milk
hauling. This chapter also develops the cost-volume relationship
for operating a bulk milk receiving station. The receiving station
facilitates the transfer of milk from the farm-to-plant trucks to
the plant-to-plant trucks.

Chapter V deals with the translation of milk hauling costs
into milk and cream assembly costse It also deals with the inte-
gration of processing and assembly costs. It evaluates the inte-
grated cost functions at various volumes and various milk produc-
tion densities to determine least cost processing assembly systems,

The summary and conclusions are discussed in Chapter VII. A
recap of the problem, procedure, the data, the cost functions and

analysis is presented along with conclusions derived from the

study,

o



CHAPTER 11

RESEARCH PROCEDURE USED IN ESTIMATING
PROCESSING COSTS

This chapter deals with the theory of production costs and
he methods used to estimate those cost functions.
. The first section deals with the reasons for using an economic
ngineering approach to estimate the processing cost functions.
[t also presents a brief review of some of the previous studies
i‘ t have established the value of the economic engineering
nethods.
" The next section deals with the theory of cost functioms,
oth short and long run. It also discusses the adaptation of the
ory to dairy plants and-to the economic engineering techniquese.
- The third major section presents the procedure followed in
pplying the economic engineering techniques to estimating pro-
2ssing costs for nonfat dry milk and butter.
- The fourth section presents the scope and source of data.

The last section discusses the assumptions related to product

'deld and the seasonal distribution of milk productions

Economic Engineering as an Estimation Technique

A cost study may be made in one of several wayss Behind the

several ways are two basic approaches. They are: (1) statistical

31
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techniques using accounting data and (2) building block Ar economic
engineering techniquese. -

The use of accounting data was ruled out as a major approach
to estimating the cost functions for this study for several rea-
gonse First, good accounting data is not available for many of
the variables the study is concerned with. Few, if any, processing
plants in the state keep detailed emough accounting records to
allow the separate estimation of drying costs and butter churning
costse Also, plants do not exist for the full range of volumes
considered in this study. There is yet another problem, obsolete
technology is embodied in the accounting data of most plantse For
example, in Hanlon's study of four processing plants, the larger
plants used several small obsolete dryers to handle large vol-
umes.l/ Since that study was completed the equipment has been re-
placed by larger more efficient units. These larger more efficient
units existed at the time the study was made but the modified ac-
counting method used by Hanlon precluded their consideration in
determining economies to scale.

Yet another problem with accounting data approaches is the
problem associated with comparability of results between plants.
Accounting data include many local plant operation idiosyncrasies
which tend to mask the functional cost relationships of the basic
processese.

For these reasons the economic engineering approach to cost

1
—/Hanlon, op. cite, pe 533.
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estimation was selected as the superior alternative for estimating
the various cost functions of this study. This method permits the
development of cost functions, embodying the latest technology and
.combining of these functions to arrive at alternative plant types

‘and assembly systems.

The synthetic method is a well established method of cost
analysise It has its roots in budget analysis which has been
proved effeétive and useful over and over againe Also, it has had
wide acceptance in the construction industry and has been used by
numerous economists and agricultural economists.l/

The literature shows that Bressler was one of the first to
use the method in a systematic way in a dairy study in New England
in 1942.21 Another early classic study using economic engineering
methods was made by Chenery who used it to study gas transmission
costs in pipe lines.3/ Another important study demonstrating the
application of economic engineering techniques was made by

4/

Brewster in Texas in 1954.—' He used this method to study size-

l'-/Bressler, Re Ge Jr., "Research Determination of Economies

of Scale," Journal of Farm Economics, Vol. XXVII, August 1945,
Pe 533.

ngressler, Re Go Jre, Economies of Scale in the Operation of
Country Milk Plants, New England Research Council with the New

England Agricultural Experiment Stations and the Us. S. Department
of Agriculture.,

3 .
-/Chenery, H. B., "Engineering Production Functions,"

%%;r§§ily Journal of Economics, Vol. LXI{Il, November 1949, pp.

4
-jBrewster, John M., Comparative Economics of Different Types
of Cottonseed 0il Mills and Their Effects on 0Oil Supplies, Prices
and Returns to Growers, Marketing Research Report No. 54, U. Sa

?§§Zcultural Marketing Service, U. S. Department of Agriculture,
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iyolume relationships in the cottonseed milling industry. He was
one of the first agricultural economists to point up the appro-
!Rriateness of linear cost functions for many agricultural marketing
!érocessing operations. He showed, at least in cotton seed milling,
‘that most variations in product processed for a plant was the re-
sult of variation in time spent processing rather a rate change in
lp_rocessing methodse

- In 1956 French, Sammet and Bressler published a study of
fpsts‘of processing in the Califbrnia pear industry.l/ This re-
port contains a detailed account of the economic engineering
Fethodology that they refined and used in their estimation of long
run cost curves for pear processinge.

The use of the economic engineering approach by these re-
searchers and others demonstrate its usefulness as a method of

~ estimating economies to scale.

® The economic engineering method of estimating cost relation-
ships, like most economic research tools, is not without fault.
The means of estimating the cost coefficients is cut loose from
statistical reliability tests. This makes the accuracy of the

§9e£ficients difficult to judge.gl The researcher and the users

gﬁ the study can only compare the coefficients with alternative

1

ijrench, Bse Coy Lo Lo Sammet and Re Go Bressler, "Economic
Effic1ency in Plant Operations with Special Reference to the Mar-
A9t1n8 of California Pears," Hilgardia, Volume XXIV, California
-igricultural Experiment Station, July 1956.

2/
Black, Guy, "Synthetic Method of Cost Analysis in Agricul-

t : .
'ﬁz;aiéggfketing Firms," Journal of Farm Economics, Vol. XXXVII,
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gources, which often are not avéilable. This problem is related

to another, that is the danger of overlooking costs or oversimpli-

fying relationships between stages and thus underestimating costse

Effort was made to minimize these problems by working closely with

dairy engineers and dairy plant managerse

Another problem of the economic engineering approach to esti-

mating economies to scale is that the method overlooks effects

external to the plant.lj Cost effects resulting from multiplant

firms or number of firms in the industry elude the basic physical

approach of this technique. It is recognized that these are im-

portant issues but for this study they are considered beyond its

scopees

Theoretical Considerations

Before proceeding with the estimation of the long run cost-

volume relationships a brief discussiom of the theoretical produc-

tion process and its modification in actual dairy plants is in

order.
The principles of production are the foundation of the anmal-

The elements of

2/

able in any number of economic textse.—

ysis of costs, resource allocation and output.

production theory are avail

1

Y gnith, cabel A., "Survey of the Empirical Evidence on
Economies of Scale," Business Concentration and Price Policy, Out-
put of the National Bureau of Economic Research, New York Prince-
ton University Press, 1955, p. 223.

2/
: £/See for example, Henderson, James M.
icroeconomics, A Mathematical Approach, McGr
New York, 1958, p. 42.

and Richard E. Quant,
aw Hill Book Company,




36
Therefore, it is not necessary to restate them here. It is suffi-
cient to state the well known fact that the precise combination of
variable resources that a plant should use depends upon the margi-
nal physical products of those resources and upon their respective
pricese To minimize cost for a given a;ount of product, resources
~ gshould be combined in a ratio such that the marginal physical prod-
uct per dollar's worth of one equals the marginal physical product
per dollar's worth of each resource used. If this procedure is
followed for various quantities of product ﬁhe resulting cost out-
put relationship is the common cost curve. If some factors are
fixed, the curve is a short run cost curve. If all factors are
variable, the curve is a long run cost curve.

The theoretical long run cost function is the envelope of the
theoretical short run cost function. The long run cost function
is drawn as a smooth curve tangent to each short run c;st curve,
For economies to scale, the tangency points between the short run
average cost curves [ERA§7 and the long run average cost curve
YiRAQ7 occurs above the minimum point of the short run curves, as
shown in figure 2.1,1/

The same tangency condition should hold for estimated average

cost curves. However, the estimation technique of the economic

engineering approach used to develop the short run cost curves is

1/
i ~ For a more detailed discussion of the relationship between
Hezzt and long run cost curves see a basic economics text such as
= 3?50“ and Quant, ope. cit., Chapter IIl1. For the original work
. ner, Jacob, "Cost Curves and Supply Curves" Zeitschrift fir
ationalGkonomie, 1931, reprinted in Readings in Price Theory, The

A . . e
merican Economics Association, Richard D. Irwin, Homewood, 1952,
PPs 198-232,
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gure 2.1. Theoretical short and long run average cost curves.
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such that the envelope appears to touch the estimated short run
curves at their minimum. This occurs because the linear cost
functions of the economic engineering approach, at least the
linear cost functions of this study, are estimated only up to the
plants stated capacity. Stated capacity is estimated or defined
to be the maximum volume of the plant under which the constant
variable costs hold. Therefore, estimation of the cost-volume
relationship stops short of a true minimum of the short run aver-
age coste

This is not as damning as it might first appear, especially
in dairy plant processing. As Bressler pointed out in his study
of dairy plants, average variable cost showed yittle tendency to
rise up to plant capacity but rose very rapidly beyond that
point.lj This is easy to understand, once capacity in a dairy
plant is reached, (using the just defined capacity), further in-
creases in volume must come from operating the equipment at
greater than technically optimum rates which results in signifi-
cant product loss and quality deterioration. This has the effect
of sharply raising the average variable cost of the producte.

In light of rapidly rising average variable cost, the effect
of exfending the estimated short run average cost curve [ESRA§7
beyond plant capacity is to bend the curve sharply away from the
long run average cost curve [ﬁLRA§7, as shown in figure 2.2. The

solid segment of the short run average cost curves is what normally

1
—jBressler, ope cit., pe. 526,



The relationship of the estimated long run average
cost curve to the estimated short run average cost

Curvese.
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@s estimated in an economic engineering study using linear cost
estimateso The dotted portion of the short run average cost
es _
curves is the expected results of extending the estimated curve,
taking into account the rising average variable cost resulting
from taxing capacity. In a case such as this the minimum point on
the estimated short run.average cost curve is a good approximation
to the tangency point with the long run average cost curves as de-
fined in theory.

This study uses the minimum points of the estimated short runm
average cost curves to estimate long run average cost curves. It
couches the logic of this actibn in the argument above.

In theory the cost curves are dealt with as if the plant
-carriés on but one process. In reality, however, activities with-
in a plant consist of an integration and correlation of many dif-

ferent "processing" stages. Each processing stage can be viewed

as a center where the production function for that process can be
identifieds The stages are distinguished by the type of equipment
used and the function performed. In each stage there are the
necessary equipment, labor and facilitating elements for carrying
out the processe.

In most instances, the inputs of the centers are related to a
flow of a single physical product. In the case of dairy plants it
1s usually related to the flow of wholemilk or some constant factor
of Proportionality of one of its derivatives. The range of rate
variation is limited by technical or legal requirements and by the

Connecting centers in the plant. A balance of some sort must be
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reached with respect to rates in each center or some type of stor-
age function provided. The 'best" rate for any stage must be
gbalanced with the other stages and the cost of storage. In the
case of the plants of this study, receiving goes on at a given
rate and in all other stages the rates are consistent with the
drying unit's rate, in the case of the stages related to the drying
processe The stages related to butter processing are operated at
the same rate as the high speed soft printer.
Another important adjustment from textbook theory to dairy
plant reality relates to factor substitutiom. The continuous
factor substitution of theory.does not hold in dairy plant
operations. This is especially true in the short runm. This can
easily be seen from inspecting the factors of production found in
a dairy plant: labor, equipment, buildings, raw products, power,
fuel and water. Labor is not a substitute for equipment in the
highly mechanized technology specific conditions of modern dairy
plants. Likewise, the other factors are not substitutese. The
most logical substitution is labor and equipment. However, changes
in equipment that affect labor equipment ratios changes the equip-
ment size and hence the plant size which changes the scale in the
context of scale used here.

This implies that in dairy plants, in the short rum, varia-
tion in plant output for a time period, that is daily, annual,
etc., are a function of the hours of operation. French, Sammet

and Bressler point out that the failure to distinguish between

Tate and time dimensions has created problems over the nature of
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cost curves-l/ They point out that most empirical studies observe
ténly the time dimension and, hence, they find linear cost func-
igions and constant marginal costse.

l This is the type of functions defined in this study and the
study bases its theoretical validity on this argument presented so
well by French, Sammet and Bressler. Dairy plants in general and
specifically the plants of this study are designed to operate at a
set rate. Variations in plant volume are changed by changing the
hours of operation. This gives credence to the use of constant
average variable costs, as was dome in this studye.

The use of linear functions is admittedly dangerous if not
supported by evidence that average variable costs are in facf
fairly uniform in the range being considered. There ié evidence,
however, in the dairy industry that average variable costs are
fairly uniform. Bressler in an earlier study of New England dairy
plants showed that there was little tendency for average variable
cost to increase up to plant capacity but that it increased very
rapidly beyond that point.Z/ Juers correiated daily fuel and

electricity use with volume in his sample plants. In every case

the correlation coefficient was in the 90'5.2/ Knudtson correlated

monthly electricity and fuel use with volume of butter processed

— French, Sammet and Bressler, op. cite., pe 548.

2/ .
"“/BrESsler, Ope Cita, Pe 526.

3
—/Juers, op. cit., pp. 120-124.
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for butter plants in Minnesota.l/ All his correlation coeffi-

cients were in the 90's also, except onee He also compared, in
quirements functions with actual

graphical form, linear labor re

Visual observation indicates that a line

2/

ides a good estimate of labor costse=

j{abor uses ar function

prov
monthly electrical

Thompson correlated weekly labor costs,

a butter-powder plante

3/

efficients in the +90'se—

use and monthly fuel use with volume for

He also had correlation co

Hanlon correlated labor cost, electricity cost and fuel cost
with volume for four butter-powder plants in Minnesota. He had

linear correlation coefficients in the .90's for electricity and

s were generally in the

fuel but his 1abor correlation coefficient

4/
.70's and «80'se™

These results give strong evidence of constant average

variable costs for major cost factors in butter-powder plantse

Procedure

The economic engineering method contains three basic stepse.

The first step is to record in detail every step in the pro-

duction process. Then, with the help of these recorded details,

the process is broken into stages or centers, each of which has a

1

_—jgnudtson, Arvid Ce, "An Analysis of Processing Costs in
Specialized Butter Plants Receiving Wholemilk," Unpublished PheDe.
thesis, University of Minnesota, October 1957, ppe 147-153.

2
—llbid., PP 181-186.

3/
= Thompson, op. cit., ppe 18-37.
4
—/Hanlon, ope cit., Chapter 111.
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distinguishable production functione.

The second step is to evaluate the various techniques that
may be used at each processing stagee This is where the engineer-
ing data, time and motion data and in some cases specific ;ccount-
ing data are utilized to arrive at the desired factor combinations.

The third step is to apply factor prices to determine the
cost relationship at each center. The centers are then combined
to arrive at total cost of the processing operation.

The specific procedures of this study, behind these three

1/

broad steps, follow closely the work of Kerchmer,=' who in turn
patterned his work closely after the technique of French, Sammet
and Bressler.gl Kerchner synthesized a dairy plant capable of
processing wholemilk into butter and nonfat dry milk or cheese and
whey powder. The steps he followed were modified and extended to
facilitate the cost estimates for the several different size and

types of plants considered in this study. The similarity of many

of the processes made Kerchner's work a useful starting pointe.

Scope and Source of Data

The largest part of the data underlying the estimated cost

functions in this study were obtained from dairy plant engineering

1

-jgerchner, Orval Guy, "Economic Comparison of Flexible and
SPecia¥1zed Plants in the Minnesota Dairy Manufacturing Industry,"
Unpublished Ph.D. thesis, University of Minnesota, June 1966.

— French, Sammet and Bressler, op. cit.
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input-output coefficients. These input-output data were obtained
from a number of sources. Dairy equipment ehgineers and sales
personnel who service the dairy industry in Minnesota provided
much of the information, especially equipment specifications and
pricese Several previous studies of dairy processing plants were
also valuable sources of data. Much of the labor input-output
data was obtained by means of time and motion studies of many
aspects of dairy plant operation. Also many processing plants in
the state were visited to observe variations in processing methods
and to discuss management problems with the plant managerse. Other
valuable sources were staff members from the University of Minnesota
in the Departments of Agricultural Economics, Agricultural Engi-
neering, and Food Science and Industries.

The milk processing plants in this study ranged in volume
from about 78 million pounds of wholemilk annually to about 623
million pounds annually. This volume range was selected with the
help of sales engineers of large dairy equipment suppliers and
plant managerse They indicated that, under Minnesota conditionms,
a drying plant not capable of producing 1,000 pounds of powder per
hour would be economically unfeasible. On the other hand, the
largest dryer any of them had information on was an 8,000 pounds
of powder per hour model. They indicated that a plant with a
dryer of this capacity would be capable of ;sing all known techni-
cal efficiencies. A plant of this size also approximates the
annual volume capacity of a continuous churn-high speed butter

Printer combination. The four other plant sizes within the volume




46
range were included to provide the necessary information for esti-
mating the form of the long run cost function.

Butter churning and printing were treated as a joint opera-
tion because of the obvious cost advantage of a joint operation.
Before the development of the soft butter printer these two opera-
tions were usually carried on in separate plants. By combining
these operations there is a savings of the cost of the bulk con-
tainers used to hold the butter between churning and printing and
most of the labor of the central printing plant. The joint opera-

tion requires only slightly more labor than bulk packaging.

Assumptions

Several assumptions were used in designiné the plants and
estimating their costs.
Product yield: When converting milk products into wholemilk
equivalents the assumptions made in this study were:
(a) Wholemilk contained 3.5 percent milkfat and 8.5 percent
nonfat solids.
(b) The yield of 40 percent cream per hundred-weight of
wholemilk is 8475 poundse.
(c) The yield of butter per hundred-weight of wholemilk is
4.31 pounds.
(d) The yield of nonfat dry milk per hundred-weight of
wholemilk was 8438 pounds. This includes «40 pounds of

buttermilk powdere.
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EgEEPlY Distribution of Milk Receipts

Milk production has a distinctive seasonal pattern. It rises
to a peak in late spring and drops to a low in early fall.- This
seasonal pattern has an important effect on the utilization of
labor. It also has to be taken into account in determining annual
plant caﬁacity. The annual capacity is not three hundred sixty-
five times the maximum daily capacity. The peak daily capacity
can ;nly be achieved for a short period because of this season-
ality effect.

in this study a five period seasonal pattern of milk produc-
tion was developed as a seasonal index. All annual costs and pro-
duction were based on this seasonal pattern. Table 2.1 lists the
periods, the number of days in each period, the percent of the
year each period represents and the index of each period with the
maximum period as the base.

The seasonal index was derived from an average of milk pro-
duction on farms in Minnesota for the years 1966, 1967 and 1968.1/
Months with similar average daily production volumes of milk were
grouped together. Table 2.2 indicates the average monthly produc-
tion indices and how they were grouped into five periodse

In addition to the seasonal index the relationship between
the vélume of a maximum day and annual volume was established for
this seasonal pattern. The maximum daily volume is «322 percent

of annual volume. This was obtained by weighing the index by the

1/
—'Minnesota Agricultural Statistics 1969, op. cit., p. 61,
table 66.




Table 2.1l. Seasonal index of milk production in Minnesota,
' 1966-68 average.

Index of Percent

Days seasonal of the

production year
Period 1 122 100 33
Period 2 59 91 16
Period 3 62 83 17
Period 4 61 69 17
Period 5 _61 62 _17
365 . 100
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Table 2.2 Monthly seasonal index and derivation to a five period
index for milk production in Minnesota, 1966-68

average.
Index

Days .of
in monthly

month production

January 31 90} Index at 91

February 28 87 Zfériod 27

March 31 98

April 30 98§ 1Index at 100

May 31 100y /Period 1/

June 30 96

July 31 82

August 31 67 == A

September 30 58 1Index at 62 Index at 69 \ Index at 83

October 31 6 Zfériod §7 JPeriod 4/ [Period 27

November 30 68 d

December 31 B0 s

Source: Minnesota Agricultural Statistics 1969, table 66.
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seasonal periods, summing them and dividing this sum into 1/122 of
the weighted maximum seasonal index.l/

The capacity of the six drying facilities were calculated on
the basis of this seasonal index. It was assumed that the driers
would operate a maximum of twenty héurs in the peak periode This
allows for cleaning and a margin of safety for unforeseem shut
downs. The dryer capacities were converted to wholemilk equiva-
lents. All volume designations in this study are expressed in
these units unless otherwise specified.

The summary of hourly, daily, weekly and yearly production
capacities for the six estimated drying facilities can be found in
table 2.3, It is interesting to note the wide range in annual
plant capaciﬁies. They range from just under 78 million pounds of
milk processed annually to over 622 million pounds annually.

Six butter departments were also synthesized with comparable
volumes to the six drying facilities. These butter departments
and the drying facilities with similar capacities were combined
into traditional butter-powder plants.

The procedure of estimating the two operations separately
allowed the volume processed by the butter operation to be inde-
pendent of the drying operation. It is possible to have in one
Plant a large butter department an& a small drying department. In
this study the reference to a large butter department is to this

type of plant management.

~— There are 122 days in the maximum period.
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The next chapter discusses the synthesized plant processing

operations and the estimated cost functions derived from them.




CHAPTER 11I

ESTIMATION OF PROCESSING COSTS

This chapter is devoted to the estimation of individual long

run average cost functions for nonfat dry milk processing and

putter processing as well as these two processing cost functions

combined.

The first section deals with processing wholemilk into nonfat

dry milk and creame The processing stages are outlined and the

cost functions for factors of production by these stages are de-

velopede The factor cost functions for each plant are summed to

yield the short run average cost functions for the six specialized

drying plantse The long run average cost function is estimated by

fitting a smooth function to the minimum estimated points on the

short run average cost functionss.

The second section repeats this procedure for butter pro-

cessings The short run average cost functions are estimated for

butter departments. The term butter department is used rather

than plant because it is assumed that butter will be processed at

the site where powder is processed.

The last section combines the long run average cost functions

for the two products into a butter-powder plant that processes

wholemilk into nonfat dry milk and butter.

53
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Milk Drying Plants

In this section the short run average cost function for six
speciélized drying plants are developed along with the resulting
long run average cost function. The plants are assumed to receive

wholemilk in bulk and produce cream and nonfat dry milk,

The Processes of the Milk Drying Plants

There are five logical stages involved in a drying plant.
They are: (1) receiving wholemilk, (2) separating-pasteurizing,
(3) skim milk evaporating-drying, (4) powder packaging and ware-
housing and (5) facilitating processes, providing electricity,
refrigeration, heat and administration. Figure 3.1 presents a
schematic drawing of the stages (excluding (5)) and the flow of
products through the drying plant.

The receiving process includes receiving wholemilk in farm-
to-plant bulk trucks or over-the-road semi-trailer tank trucks,
pumping the wholemilk to the Separator or storage and providing
facilities for washing the tank trucks.

The separating-pasteurizing process is integrally connected.
This equipment is sized to the eévaporator and dryer to provide a
continuous flow of product from receiving to powder packaging.
This allows for a completely automated system which minimizes
labor, conserves heat energy and minimizes bacterial contamination.
The wholemilk is pumped from storage or directly from the tankers

to a heat exchanger which utilizes the regeneration process in
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heating the wholemilk to separation temperature.l/ The separated
cream is furtﬁer heated to pasteurization temperature and then
cooled, again utilizing regeneration as much as possible. The
cream is pumped to storage to condition the butterfat prior to
churning in the plant's butter department or another plant's but-
ter department,

The skim milk is pumped to the evaporator. The evaporator
condenses the skim milk from about 9 percent solids to about 45
percent solids. The condensed skim milk is pumped to a vertical
spray dryer where most of the remaining moisture is removed. This
process results in a switch in the product from a liquid phase to
a solid phase. The condensers are much more efficient at removing
moisture from the product but they cannot accomplish this phase
change. This explains why evaporators and dryers are both used in
drying skim milke.

The nonfat dry milk is pumped or augered to hoppers for
bagging in the powder packaging and warehousing process. The
powder is packaged in 50 pounds type "GV bagse It is palletized
and warehoused to await sale.

The facilitating stage includes providing steam or other

heat, refrigeration, electricity and administrations.

Factor Cost Categories

The cost functions for the drying plants were estimated by

1

-lRegeneration refers to the transfer of heat from milk or
S already separated to milk about to be separated. This
Partial heat transfer saves on both heating and cooling costse.
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estimating the various factors of production by stages. The
factors were categorized on the basis of ease of estimation. The
factor cost categories are:

Labor

Equipment, buildings, land

Fuel

Electrical

Water and sewage

General plant supplies

Packaging supplies

General administrative expenses

Patron account and field service

Each of these factors was evaluated for a fixed annual cost
component and a variable cost component. The variable cost compo-
nent is always expressed as dollars per 1,000 pounds of wholemilk
equivalents, the standard volume measure for this study. The de~

velopment of each of these factor costs is presented in the fol-

lowing sub-sectionse.

Labor Costs

The labor data was obtained from several sourcese. Plant
managers, dairy engineers, previous plant studies and time and
motion studies all were utilized in arriving at labor costse.

Labor requirements were segmented into several divisions for
both estimation and analytical purposes. Supervisory and adminis-
trative labor was treated as a fixed factor fpr each plant. These
labor requirements remain constant regardless of the annual volume
of milk processed. In the strictest sense this is somewhat re-
strictive. For example, a plant as defined here, operating at
one-half capacity could reduce its administrative staff to a size

comparable to a smaller plant processing a like volume but
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operating at capacity. It does not damage the overall analysis,
however, because the majér interest lies with the long run cost
curvé which envelopes the short run cost curves of this study at
or near plant capacity for all six plants.

The general manager's salary, plant superintendent's salary
and the required number and salary of office persomnnel were esti-
mated with the help of plant managers. Hanlon's study of four
butter-powder plants was also used as a guide to administrative
salaries.l/ The general manager's salary was based on responsi-
bilities mainly associated with procurement and processing. It
was assumed that product sales were handled by a regional marketing
cooperative.

The salary of the general manager of the smallest plant, 78
million pounds annually, was estimated at $13,000 per year. It
was further estimated that the manager's salary of each succes-
sively larger plant went up by $1,000. Thus, the salary of the
general manager of the largest plant, 623 million pounds annually,
was estimated at $18,000,

The plant superintendent's salary was estimated at $10,000
per year, In the smallest plant, the plant superintendent also
has responsibilities for supervising receiving and maintenance.
This is consistent with the smaller drying plants visited during
the course of the study.

The office salaries were estimated at $5,200 per year.

1
—/Hanlon, ope cit.
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Usually a bookkeeper receives somewhat more than this and general
gecretaries somewhat less. The number of office personnel was
separated into those for plant operations and those for patron
accountse This allowed for easy handling of either direct patrons
or receiving station accounts.

It was estimated that the smallest plant, Plant 1, required
one office worker, Plants 2, 3 and 4 required two office workers
and Plants 5 and 6 required three office workers for handling
plant operations.

Receiving labor was also treated as a fixed factor. Receiving
requires mostly supervisory labor in Minnesota plants. The bulk
truck drivers do most of the actual labor involved in unloading.
In Plants 1 and 2 one worker was estimated to be needed for this
3ob. In the other plants two workers were required. Their gross
salary was estimated at $6,760 annually.

Other labor treated as fixed for each plant was maintenance
and engineer labor., In Plant 1 it was assumed this was done by
the plant superintendént and general plant labor. 1In Plant 2 one
worker was estimated to be needed for these two jobse In the other
four plants two workers were estimated to be needed for the two
jobs .t/ The gross salary for these workers was estimated at
$9,000 annually.,

The labor needed for grading and plant quality control was

considered fixed. It was assumed that the plants wanted to

1
—/In calculating these requirements it was assumed that the
boilers are equipped with automatic controls.
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qualify their products for government purchase, therefore, a Ues Se
Department of Agriculture resident grader was included as a cost
for each plant. The cost of a grader was estimated at $12,000
annually. The grader was assumed to be responsible for the
quality control of the plant as well as grading. In the three
largest plants, Plants 4, 5 and 6, extra laboratory workers were
included to assist the grader. The gross salary for a laboratory
technician was estimated at $5,200 annually.

The remaining labor requirements, the actual plant production
labor, has both fixed and variable components. Daily clean-up and
set-up labor is fixed irrespective of volume. Operation labor and
packaging and warehouse labor varies with volume. This is consis-
tent with the earlier discussion on how volume changes in a plant
are achieved by changing the length of the operating period. The
actual variability of the labor is more complex than just relating
it on a one to one basis with the man-hours per 1,000 pounds of
volume because of seasonality of milk production.

Dairy engineer labor requirements and the data from the time
and motion studies are relevant on a daily basis. The estimation
of the fixed man hours for clean-up and set-up and the man-hours
required to perform the several tasks that vary with volume can
readily be expressed in the following functional form:
W=a+bV

i

where:

D
Hi’ is the daily (D) man-hours for plant i

a, is the daily fixed man-hours
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b, is the man-hour requirements per 1,000 pounds of
wholemilk equivalents
V, is daily volume of wholemilk equivalents, in 1,000

pounds

This daily labor use function cannot simply be converted into
an annual labor use function by multiplying through by 365 dayse
Two factors prevent this. First, milk production in Minnesota has
a seasonal pattern. This already has been discussed (Chapter I,
table 1)» Also, dairy plants find they must hire labor on an
annual basis in order to retain the quality of the labor needed in
a modern dairy plant. These two factors mean that a plant manager
will want a labor crew which will minimize the amount of unproduc-
tive labor in the off season but which, also, will not cost him
more in overtime wages (at time and one-half) than a man's annual
straight time salary. In view of this crew size problem a method
was devised for converting the daily man-hour requirement function
into an annual man-hour requirement functione This was done for
each plant.

First, a crew size was selected which was capable of handling
a daily volume which was in the volume range of the plant under
consideration. Next, the annual volume of milk was calculated
which provided a daily volume in the maximum éeriod which just
utilized the man hours available from that crew without overtime

hours. In functional notation it is:

v
3= (er) () - F

d bi
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where:
is annual (A) volume of wholemilk for plant 1 and
crew size j, in 1,000 pounds

d, is .00322, the fraction of annual volume that is

received on a day in the maximum period

b , is the man-hours of variable labor required for
processing in the i-th plant per 1,000 pounds

is the crew of j men
h, is 8 hours, the number of hours of straight time

per man per day

F., is fixed daily man-hours

i’
The next step was to determine how labor requirements in-
creased as annual volume increased beyond the volume that just
utilized the man-hours of straight time available in the maximum
periode The seasonal pattern of milk production from Chapter I,
table 1 was used in this estimation.

The peak period exists for 33 percent of the year. There-
fore, as volume first increases above V?j, overtime labor is re-
quired for only 33 percent of the volume increase. There is un-
used labor in the other periods to process the volume increase in
those periods. The overtime labor requirement on 33 percent of
the volume increase is valid until the volume.reaches 1/.91 times
the initial volume, V?j. At this point the second period joins
the peak period in requiring overtime labor to process increases
in volume. Now 50 percent of the annual increase in volume is

subject to overtime labor. Likewise, when annual volume reaches
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1/.83 times the initial volume, V?j, 67 percent of.further volume
increases are subject to overtime labor. The pattern continues,
when the annual volume reaches 1/.69 times the initial volume,
Vis «84 percent of further volume increases are subject to over-
time labor.

The same pattern holds if a volume increase reaches 1/.62 the
initial volume, Vi. However, it was assumed at this volume a man
would be added to the crew. The remaining unproductive labor in
the slack period is needed for vacation time.lj

The functional representation of this scheme is:

A _ -
Hyy =(Cryy (8) (365) + (1.5) (.33) bi_\‘r‘i‘j A RATARA R

50y b 5
Cry g (s; (365) + (1.5) (-50) bi_v‘;j -V V‘;j/.«n LV V"i‘j/.ss

Gr, . (8) (365) + (1.5) (.67) b |¥ - v| T /.83 < v < 7 /.69
1:-1_] ] 1) i)

1
o

Gryg (8) (365) + (1.5) (.84) bi[\T‘i‘j V:j/.w <V < \‘r‘;j/.sz
i3 is the annual man-hour equivalents of labor that
must be paid for the jth crew in the ith plant
is the jth crew size in the ith plant
8, is the hours of straight time per day per man
365, is the number of processing days in a year
1.5, is the time and one-half for o§ertime factor
«33, .50, .67, .84, are the proportions of the annual

volume change subject to overtime. Man-hour

~ Vacation pay is included in the gross wage rate so there is
ne inconsistency or double counting in this assumption.
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equivalents is used rather than just man-hours be-
cause some of the physical hours have been inflated
by a factor of 1.5 because they are over-time hours
and must be paid for at a time and one-half rate.

bi’ is the man-hours of variable labor required feor
processing in the ith plant
Vij’ is the annual volume of wholemilk for the ith plant
that just uses the straight time man-hours of labor
available on a peak period day for the jth crew
size, in 1,000 pounds

V, is volume in 1,000 pounds

The procedure outline above was followed for a number of dif-
ferent crew sizes for the six plants. The resulting functions for
each plant were compared and the least hour cost segments of each
function were combined to form an annual man-hours of production
labor functions. This function was converted into a linear func-
tion based on two factorse. First,

bi:k(l.S) («67) bi’

which says that the variable man-hour coefficient is the same for
the annual volume as the daily volume for the third period. It
also happens that the third period dominates the least cost
segments for the annual man-hour function. |

The variable coefficient for the annual linear man-hour
equivalent function was estimated to be the same as the variable
coefficient, b;, on a daily basis.

The intercept or fixed portion of the annual linear man-hour
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equivalent function was estimated in the following waye The total
man-hour equivalents required for V?j/.GZ (where j is the optimal
crew size at maximum volume for the ith plant) were calculated.

-From this total, [F . V?i], the estimate of vériable man-hour
equivalents was subtracted to leave the fixed man-hour equivalents
or intercept of the functione This was done for each of the six
plantse.

The annual man-hour equivalent functions' parameters do not
have a direct economic interpretation. The functions are a proxy
for the more complex system of crews and overtime labor require-
ments which in turn are developed from the daily fixed and hourly
variable labor requirements.

The annual man-hour equivalents functions for the six plants
were converted into dollar costs by applying the appropriate hourly
wage ratee.

The wag; rates for plant labor were obtained from the plant
managers and based on the wages paid in 1969. There was little
difference in rates from plant to plant. This was true whether the
plants were unionized or not. Two basic wage rates were used.
Machine operators and skilled workers were paid a gross wage of
$3.50 per hour and general plant labor was paid a gross wage of
$3.25 per hour. The gross wage rate includes the cost of fringe
benefits, vacation pay, sick leave, unemployment compensation,

1
payroll taxes, etc.—/ It is the wage cost to the plant not the

1/
. —'See Kerchner, ope. cit., p. 62 for details on fringe bene-
its, taxes, etce., in a representative union contract for the
manufacturing milk industry in Minnesota.
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rate the worker receivese.

The effective wage rate for each plant was a weighted average
of the two wage rates just mentioned. The average rate decreased
slightly as plant size increasede This was due to the higher
proportion of general plant workers in a crew in the larger
plantse.

The estimates of the daily fixed labor requirements for the
‘production crews for the six plants are shown in table 3.l. The
ma jor portion of the fixed time is for clean-up and set-up. The
labor requirements reflect the use of clean-in-place equipment
whenever possible. With clean-in-place systems cleaning is
automated and larger capacity plants require little more cleaning
labor than small ones. For example Plant 2 requires 155 hours
for clean-up and set-up and Plant 6, with four times the carpacity
only requires 17.5 hours.

The estimates of the variable labor coefficients are shown
in table 3.2. The operator labor is based on one worker attending
the evaporator-dryer complex and the separator-pasteurizer complex.
This equipment is equipped with automatic controls and the operator
performs mainly as a monitor over the system.

The packaging and warehouse labor coefficients are based on
the recommendations of the engineers who developed the automatic
bagging and weighing equipment. With the manual system a man can
Package and warehouse 2,320 pounds of powder per hour. With the
automatic equipment a man can package and warehouse 3,000 pounds

of powder per hour.



Table 3.1. Estimated daily fixed labor requirements for the

production crew for six milk drying plants in

Minnesota, 1970.
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--------------- Plants ===--c-ccecae--
1 2 3 4 5 6
(man-hours)

Receiving 3.75 2.25 2,75 3.25 3.75 4,25
Powder packaging
and warehousing 2.00 2.00 2.00 2.00 2.00 2.00
Refrigeration 25 25 25 23 «25 25
Evaporator and
dryer complex 8.00 8.00 8.00 8.00 8.00 8.00
General 3.00 3.00 3.00 3.00 3.00 3.00
Total 17,00 15.50 16,00 16.50 17.00 17.50
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Table 3.2. Estimated daily variable labor requirements for the
production crew for six drying plants in Minnesota,

1970.
------------------ Plants =--=cc--s=se=ccooo---
1 2 3 4 5 6
- (Man-hours per 1000 lbs. whole milk equivalents)
Operator labor .0798 .0399 .0266 .0200 .0133 .0l00

. 1
Packaging laborJ .0344 ,0344 ,0266 .0266 .0266 .0266

Total 1142 ,0743 .0532 ,0466 .0399 .0366

;/ Plants 1 and 2 manually packaged powder into 50 pound type G
bags. The larger plants were assumed to have an automatic
bagger for 50 pound type G bags. In both cases it was assumed
that the plants were equipped with powder hoppers so that the
packaging rate could be independent of the drying rate.
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The analysis showed the first two plants could not justify
the expense of an automatic bagger but the other four plants were
equipped with them.

The daily fixed and variable production labor requirement
were converted into annual production labor requirements by the
method described previously. The estimated production cost func-
tions in man-hours and in dollars for the six plants is shown in
table 3.3. The distinguishing feature of these functions is the
steady increase in the intercept value and steady decrease in the
variable coefficient as plant size rises.

Table 3.4 contains a summary of the non-production plant
personnel discussed earlier in the text. These costs were combined
with the production labor cost functions of table 3.3 to form the
overall plant labor cost functions. These functions are shown in
table 3.5.

Figure 3.2 shows the labor cost functions plotted as average
labor cost curves. The cost functions are easier to compare in
this forme The average labor cost drops rapidly in the low volume
ranges, especially for the volume ranges of the two smallest
plants, The average labor cost to process 50 million pounds of
milk is $1.65 per 1,000 pounds of wholemilk and at 233 million
pounds it drops to $.59 per 1,000 pounds, a difference of $1.06.
At 623 million pounds average cost is about $.35 per 1,000 pounds,
a difference of $.24 compared to $.59 per 1,000 pounds at a volume

of 233 million pounds.
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Table 3.5. Estimated labor cost functions of production and non-
production personnel combined for six milk drying
plants in Minnesota, 1970.

Plant Maximum Labor cost function
< annual
volume
(mil. 1bs,) (dollars)
1 78 63,441 + 3837 V¥/
2 156 77,241 + .2496 V
3 233 96,405 + 1777 '
4 311 110,854 + .1552 '
5 467 117,980 + 1325 \'
6 623 139,024 + 1208 '

1/ V is volume in 1000 pounds whole milk equivalents.
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Figure 3.2. Estimated average labor cost for six specialized milk

drying plants in Minnesota, 1970.
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Equipment Building and Land Costs

Equipment and building costs were divided into five cate-
gories to aid in estimating annual costs for them. The five
categories are:

Depreciation

Repair and maintenance

Interest on investment

Property taxes
Insurance

Depreciation. The annual depreciation charge was computed

for each major piece of equipment. It was based on the estimated
useful life suggested by the equipment sales personnel. They
indicated their estimates of useful life were sgrongly weighted by
expectations of obsolescence. The estimated installed cost, life
expectancy and annual depreciation charge for the equipment in the
six drying plants are shown in appendix table A.l.

The annual building depreciation charge was computed for each
processing stage. The annual depreciation charge was based on an
expected useful life of 20 years. Plant managers indicated that
although the structures would last longer than this, obsolescence
dictates a shorter useful life expectancy. An architectural firm
provided construction costs for the various building requirements.
The space requirements were based on space uses in the plants
visited in the course of the study and/or physical requirements
set down by the equipment manufacturers. The building space re-
quirements by stages, unit construction coest, total construction
cost and annual depreciation charge for the six drying plants are

shown in appendix tables A.2 through A.7.
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Repair and Maintenance. Because of strict sanitary regula-

tions and strict mechanical performance requirements, equipment
and buildings must be kept in excellent condition. Parts that
tend to wear must be replaced periodically to insure top perfor-
mance and to minimize possible costly shut downs. A rate of 1.5
percent of new equipment and building costs was used as an eéti-
mate of the annual cost of repair and maintenance. Rates similar

to this have been used by other dairy researchers.l/

Interest on Investment. The opportunity cost of capital in-

vested in equipmeht and buildings was based on a seven percent
interest rate applied to the mid-1ife value. Historically dairy
plants in the state have been able to borrow money for equipment
and buildings at a rate between 5.5 and 6.0 percente. Currently,

a period of inflation, interest rates have risen to eight percent
and higher. An expert on agricultural finance in the Department
of Agricultural Economics, University of Minnesota, indicated
these high rates were probably transitory and that a rate of seven
percent would be more appropriate given the time horizon of this

study.

Property Taxes. The Minnesota Department of Taxation was

consulted for property tax rates. The state average mill rate of

l/Kerchner, ope cit., pe 76 used a rate of le5 percente.
Homme and Simmons used a rate of 2.0 percent, Homme, Henry A. and
Richard L. Simmons, Planning Agricultural Processing for the
South: Butter and Milk Powder Manufacturing Costs, Agricultural
Policy Institute, North Carolina State University, Raleigh, North
Carolina, July 1965, p. 1l.
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299 was used as the appropriate tax rates This was ad justed by
multiplied by .33 to take account of "true value" and again by .33
to account for nassessed value."ll This value was then multiplied
by 5 to reflect the mean value of equipment and buildings as mid-
1ife value. This resulted in a rate of 1.6 percent to be applied
to new value of equipment and buildings as the estimate of annual

property tax coste

Insurance. The annual insurance cost was based on coverage
for fife and extended coverage for such items as wind, hail, and
vandalisme A rate of 36 cents per $100 of equipment and building
was usede This was provided by a local agent who insures a number
of dairy plantse. This rate was applied to 80 percent of new value.
This resulted in a rate of 0.3 percent to be applied to new value
of equipment and buildings as the estimate of annual insurance

coste

Land Cost. The annual cost of the land at the plant site was
assumed to be the opportunity cost of the capital invested in
land. Land site requirements were assumed to be five times the
building area.Zj The land was given a nominal value of $.20 per

square foot. An interest rate of seven percent was usede The

1/

Tax assessors start with "market value" of property and

then adjust its value by these factors "true value" and then as-
sessed value. The mill rate is applied to the assessed value.

For a discussion of "true value' and "assessed value" see Minnesota
Statutes 1967, Vole. I, Chapter 273, Section 293,11 and 273.13.

2/
--jThIS is a rule of thumb used by the architectural firm that
provided other data in this studye.
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land site area, the investment cost and the annual interest charge

for the six piants is shown in appendix table A.8.

Summarye. The percentage rates for repair and maintenance,
interest on investment, property taxes and insurance were applied
to the new equipment and building values found in Appendix A
tables 1 through 7. The resulting values were added to the annual
depreciation charges to get the total annual cost of equipment and
buildings for each of the six plantse These costs are summarized
in table 3.6. The annual land cost, from appendix table 8, 1is
also included in table 3.6.

The annual cost of equipment, buildings and land ranges from
$79,026 for Plant 1, the smallest plant to $270,699 for Plant 6,
the largest plante The largest plant has eight times the capacity
of the smallest plant but its annuai equipment, building land cost

is only 3.5 times that of the smaller plante

Fuel Costs

Fuel is an important cost item in a drying plant. It is
needed for firing the .furnaces of the dryer and the boiler. The
boiler provides steam for heating milk in the separator-pasteurizer
process, heating skim milk in the evaporators, heating water for
clean-up and heating the buildinge

Natural gas was selected as the fuel sourcee It is available
in most communities in the state and generally provides the most
economical source of energye Dairy plants usually subscribe to

interruptable servicee. This service comes at 2 special reduced
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rate but it means the supplier can cut off service in periods of
heavy community use. This means the plant must have a standby
source of fuel, usually bottle gas or fuel oile Most drying
plants maintain a standby boiler as an insurance factor so the
conversion in fuels may be a simple processe

A gas rate of $.37 per 1,000 cubic feet of gas was used as an
estimate of the cost of interruptable services Kerchner found
this to be an appropriate rate in his study.l/ Several gas sup-
pliers in the state were contacted and they indicated the rate
structure has not changed since his study was made.

Gas requirements were divided into fixed and variable re-
quirementse. The dryer, evaporator-pasteurizer complex, and truck
washing in the receiving stage were classified as variable gas
userss The fixed uses included heating the equipment to operating

temperature, heating the building and heating cleaning watere

Variable Gas Costs. The variable gas use coefficients were

obtained from several sourcese. The coefficients for the six
plants are summarized in table 3.7.

The receiving and separating-pasteurizing stage gas require-
ments were obtained from Kerchner's dairy plant study.Z/ His
requirements are based on engineering data, for translating the
heat energy needed to provide hot water for cleaning the bulk

trucks and to heat the wholemilk for separating and the cream for

l/Kerchner, ope. cit., pe 64.

2/1pid., pp. 64, 65 and 80«
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Table 3+7. Estimated variable natural gas requirements for six
milk drying plants in Minnesota, 1970

Equipment @~ === eccecccacaa-- Plants -=-cececacca.
use complex 1 and 2 3 and 4 5 and 6
(cu. ft. per 1,000 lbse We M, EJ

Receiving - Separating

Pasteurizingl/ 25.54 25.54 25.564
Evaporating2/ 387.00 296,96 276.89
Dryers 259,45 259.45  259.45
TOTAL 671.99 581.95 561.88

l/Based on Kerchner, op. cit., pp. 64, 65 and 80.

z-/Based on engineering data in Mojonnier Bros. Co. Bulletin
Noe 488-130

3
-/Based on Hanlon, op. cit., ps 67.
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pasteurizing into gas requirements for the boiler. He assumed 75
percent regeneration in the separator-pasteurizer complexe

The evaporator's gas requirements were developed from the
manufacturer's stated BTU requiréments.l/ This equipment supplier
also provided information on the number of "effects" to use with
the evaporators in the different plants.

An evaporator's thermal efficiency is dependent on the number
of "effects" that it has. An "effect! can be thought of as the
exposure of the skim milk to a nest of heat exchanger tubes for
the purpose of evaporating moisture in the skim milk. In a single
neffect" evaporator the heat exchanger tubes transfer thermal
energy from the steam to the skim milk. The thermal energy causes
some of the moisture in the skim milk to evaporate. In a double
teffect" evaporator the second "effect" transfers some of the
thermal energy in the evaporate (the evapcrated moisture from the
skim milk) of the first "effect" to the skim milke In a double
meffect" evaporator the second effect first removes some of the
moisture with evaporate from the first effect and then in the
first "effect" steam removes more moisture. Thus the more effects
that an evaporator has the most efficient it is in using gas
energy to concentrate skim milk.

The more "effects" that an evaporator has the more expensive
it is to purchase. The engineers of one of the major suppliers of

evaporators recommended double "effect" evaporators for Plants 1

1/

=~'Mojonnier Bros. Co., Bulletin No. 488-13.
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and 2, triple "effect" evaporators for Plants 3 and 4 and quadru-
ple "effect" evaporators for Plants 5 and 6. They also recom-
mended that the evaporators be equipped with thermo-compressor
unitse These act as steam regenerators and have about the same
effect on thermal efficiency as an added "effect."

The dryer's gas requirements were obtained from Hanlon's
study of butter-powder plants.l/ His data was based on actual
gas meter readings of dryers operating under plant conditions.
Dairy engineers indicated there were no thermal efficiency dif-
ferences between the dryer's sizes used in the six plants. The

coefficient from Hanlon's study was applied to all six dryers.

Fixed Gas Costse The fixed gas requirements were more dif-

ficult to estimate than the variable coefficientss Dairy engineers
have not comncerned themselves very much with establishing coef-
ficients for wash water use, equipment heat loss and its effect on
building heating requirements and other similar considerationse

In the absence of good engineering data, the fixed gas requirements
were based on empirical evidence obtained by Hanlon.g/ He esti-
mated a gas use function for a butter-powder plant with a volume
similar to Plant 2 of this study. The least squares estimate,
based on actual gas meter observations was:

_ . 1
c’; — 1186 + .718205 v’W

1/

Hanlon, ope cite, Pe 67.

gllbido, PPe 65-68.
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where:
dﬁ,'is estimate of total natural gas used monthly, in
cubic feet
M
Vﬁ, is volume of wholemilk processed monthly, 1,000

pounds unit

The intercept value, 1186, was interpreted as an estimate of
the gas used for the fixed requirements. The fixed gas require-
ments for the other five plants were estimated by using this re-
lationship for Plant 2 and adjusting it according to the building
space of the other plants. The annual fixed gas requirements for

the six plants are summarized in table 3.8.

Summary of Gas Costse The fixed and variable gas requirements

were converted into dollar costs by multiplying the values by $.37.
The gas cost function for the six plants are summarized in table
3.9.

The economies to scale are not as great for fuel use as they
were for labor and equipment, buildings and land. Plant l's gas
cost at 78 million pounds of wholemilk is about $.30 per 1,000
pounds. This cost drops only 6 cents per 1,000 pounds for Plant &
at a volume of 311 million pounds of wholemilk. Plant 6, the
largest plant, has a fuel cost of about $.22 per 1,000 pounds at a
volume of 623 million pounds of wholemilke This is $.08 per

1,000 pounds less than Plant 1, the smallest plant.

Electricity Costs

Milk drying plants rely heavily on electrical energy for the
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Table 3.8. Estimated fixed natural gas requirements for six milk
drying plants in Minnesota, 1970. '

Plant Maximum Annual fixed
whole milk gas requirements
volume
(million lbse) (cubic ft.)
1 78 10,116
2 156 10,680
3 233 13,404
4 311 14,652
5 467 18,168

6 623 20,784
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Table 3.9. Estimated gas cost functions for six milk drying plants
in Minnesota, 1970.

Plant Maximum Gas cost Total gas cost
whole milk functions at

volume maximum volume
(million 1lbs.) (dollars) (dollars)
1 78 3743 + .2486 v&/ 23,084
2 156 3952 + 2486 V 42,773
3 233 4959 + ,2153 V 55,210
4 311 5421 + 42153 V 72,444
5 467 6722 + ,2079 V 103,770
6 623 7690 + .2079 V 137,108

1/

~'v is 1,000 pounds wholemilk.
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aumerous motors on almost every major piece of equipment and to
provide light. Electrical costs were divided into three cate-
gories for estimation purposes, a demand charge cost, a fixed
energy cost and a variable energy cost.

The demand charge is a monthly charge made by the electrical
supplier based on the maximum kilowatt-amperes used during the
monthe The fixed energy cost includes the electrical energy used
for plant operations that do not vary with volume processed. It
includes clean-up, bringing equipment to operating temperature;
laboratory use, office use, lighting, etce.

The variable energy cost includes electrical energy used by
the equipment when processing and it varies diréctly with volume
processed.

The unit cost of electricity was based on the rate schedule
of a major electrical supplier in the state.l/ The applicable
rates are reproduced in tables 3,10 and 3.11l. Table 3,10 shows
the demand charge rates and table 3.1l shows the energy charge
ratese The rates in both cases are dependent on the quantity of

electrical service used per month.

Demand Charge Cost. The monthly demand charge is based on

the greatest fifteen minute load during the monthe. This is ad-

Jjusted by the average power factor for the month.gj

1
—jNorthern States Power Company, Schedule GKO25.

~ The power factor relates to electrical energy feedback into
the suppliers lines. 1In this study it was assumed to be .85 based
on Farrall, Arthur W., Engineering for Dairy and Food Products,
John Wiley and Sons, New York, 1963, p. 4l.




p— ------IIIIIIlllllIIIllllllllllllllll.....l.

87

Table 3.10. Standard demand charge for secondary voltage service.

Kilovolt-amperes or less per month

First 100 $185 per month
Next 100 $1.55 per k v a per month
Excess $1.27 per k v a per month

Source: Northern States Power, schedule GK025,
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Table 3.11. Standard schedule of rates for electrical energy charge.

Kilowatt hours per month Cost per kilowatt hour
(cents)
First 20,000 1.55
Next 30,000 1.20
Next 50,000 1.05
Next 400,000 .94

Source: Northern States Power, schedule GK25,
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The connected horse-power was used as the determining factor
for estimating the demand charge.l/ The number and horse-power of
the electrical motors in the six plants were estimated from the
equipment tests in appendix table A.l. It was assumed that one
horse-power was equivalent to one kilowatt. This is based on the
engineers rule of thumb that one horse-power-hour is equal to omne
kilowatt-hour under operating conditions. This conversion factor
takes into account energy losses in feeder lines and operating
inefficiencies.

The total kilowatts, based on connected horse-power, was con-
verted to kilowatt amperes by multiplying kilowatts by 1.18, to
account for the power factor of .85. This kilowatt-ampere value
was used as an estimate of the greatest 15 minute load for a
monthe It was assumed to be the same for all twelve months. The
appropriéte rate from table 3,10 was applied to the kilowatt-
ampere for each of the six plantss This monthly charge was con-
verted to an annual charge by multiplying by twelve. The annual
demand charge cost for the six plants is summarized in table 3.14.
The annual demand charge costs range from $3,708 for Plant 1, the

smallest plant to $11,868 for Plant 6, the largest plant.

Fixed Energy Cost. The fixed electrical energy costs were

based on equipment motor operating time involved in clean-up and

warm-upe. They also include allowances for electrical energy used

/oy .
= This is the rule of thumb used by engineers. Kerchner used
this method in estimating demand for a butter-powder plant,
Kerchner, op. cit., pe 67.
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in the office, laboratory, etce The estimates of the fixed horse-
power-hours for the.six plants are shown in table 3.12. These
horse-power-hours were converted to kilowatt-hours on the basis of
one horse-power-hour is equivalent to one kilowatt-hour. The ap-
propriate unit-cost was obtained from table 3.11 for each plant.
The appropriate rate was based on an estimate of the total energy
used in a month by each plant at near capacity volume. The energy
unit-cost rate for Plants 1 through 6 were calculated to be $.0123,
$.,0117, $.0111, $.0108, $.,0103 and $.0100, respectively. These
rates were applied to the daily fixed energy requirements and
multiplied by 365 to obtain the annual fixed electrical energy

cost for the six plants. These costs are summarized in table 3.14.

Variable Energy Cost. The variable energy cost coefficients

were based on horse-power-hours of motor use and the hourly
capacity of the equipment containing the motors. The horse-power
used per hour and the wholemilk equivalents processed during an
hour were estimated by stages. The horse-power-hours were con-
verted to kilowatt hours (on a 1 for 1 basis) and this divided by
the hourly volume processedes These coefficients by stages and
plants are summarized in table 3.13. The sum of the coefficients
by stages for each plant were converted to costs by applying the
appropriate unit-cost rates developed in the fixed energy cost
section above. These variable electrical energy cost coefficients
are also summarized in table 3.14.

There are economies to scale in all three electrical cost

divisions. The annual electrical demand ranges from $3,708 for
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Table 3.12 Estimated daily fixed horsepower-hours for six drying
plants in Minnesota, 1970.

-------- Plants =«-=cve-=
1 2 3 4 5 6
(Ho P.-HIS. )
Receiving 3.00 3,00 4,00 4,00 6.00 8,00

Separator, pasteurizer 5.25 46.25 58,75 58.75 105.63 111.88

Evaporator, dryer 27.30 31.05 54,45 66.15 100.50 131.13

Powder packaging 19,50 23,00 28.75 33.50 42.75 52.00
Warehousing 9.00 9.00 9.00 9.00 9.00 9.00
Refrigeration 18,00 18.00 18.00 18.00 18.00 18.00
Boiler 30.00 32,00 38,00 40,00 48.00 54.00
laboratory 3.00 3.00 3.00 3.00 3.00 3.00
Office 9.00 9.00 9.00 9.00 9.00 9.00

Total 124,05 171.33 222.95 241.40 341.88 396.01
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Table 3.13 Estimated variable electric requirements for six milk
drying plants in Minnesota, 1970.

------------- Plants =«cccecceaa
Equipment Center 1 2 3 4 5 6
(KWH's/1000 1bs. whole milk)

Receiving «2000 #2000 «2000 «2000 «2000 »2000
Refrigeration .0061 0061 .0061 0061 0061 .0061
Separator 1.7598  1.4665  1.2590 9428  1.1523 1.0475
Boiler 1,0810 1.0810- 1.0810 11,0810 1.0810 1.0810
Evaporator 1.5252 8670 1.0140 .923? 1.1229 1.0988
Dryerxr 6.5365 3.8549 3.2123 2.8073 2.3883 2.1788
Warehousing +2830 «2830 « 3363 #3363 + 3363 + 3363

Total 11.3916 7.7585  7.1067 6.2974 6.2869 5.9485
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drying plants in Minnesota, 1970.
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Estimated annual electric cost functions for six milk

Plant Maximum Annual Annual Variable
volume cost cost of cost for
wholemilk of fixed energy per
demand energy 1,000 lbse.
charge charge W.M.E.
(million lbs.) (dollars)
1 78 3,708 557 0.1139
2 156 4,080 730 0.0776
3 233 5,820 903 0.0711
4 311 6,888 950 0.0680
5 467 8,424 1286 0.0648
6 623 11,868 1445 0.0595
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the smallest plant to $11,868 for the largest plant. The largest
plant is eighf times larger than the smallest but the cost is only
three times as great. The same situation holds for the annual
fixed energy cost. The largest plant's cost of $1,445 is not
three times the smallest plant's cost of $557. Again the same
situation holds for the variable energy cost coefficients. The
largest plant's cost coefficient of $.0595 per 1,000 pounds of
wholemilk is almost half the smallest plant's cost coefficient of

$.1139 per 1,000 pounds of wholemilk.

Water and Sewage Costs

Water is used in a drying plant for cleaning and cooling
products coming off the pasteurizer and cooling the evaporators.l/

A rate of 11 cents per 1,000 gallons of water was used for
the unit cost of water and sewage. This is based on the assumption
that the plants purchase water from a municipal source at 7 cents
per 100 cubic feet and that the water is disposed of through the
municipal sewage system at 1 cent per 100 cubic feet.

Water and sewage costs were divided into fixed and variable

costs for estimation purposes.

Fixed Water and Sewage Costs. Plant cleaning is the main

source of fixed water and sewage costs. No engineering

— In areas where water is not readily available in large
Quantities at economical prices, the evaporator cooling water may
be reused by installing evaporative cooling towers to recool the
watere Engineers indicated that at the water cost rate used in
this study there is little difference in the cost of cooling with
all main water or tower watere.
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specifications could be found for plant cleaning water require-
mentse Kerchner estimated fixed water costs for a butter-powder
plant with the help of a plant manager.l/ His estimates were used
making adjustments in the quantity requirements for the different

size plants. These costs are summarized in table 3.15.

Variable Water and Sewage Costs. The main source of variable

water costs are truck washing, cooling cream and cooling the
evaporatorse The variable water requirements for receiving and
cream cooling were estimated to be the same for all six plants.
It was assumed that 14 gallons of water was needed for cleaning
bulk truck tanks for each 1,000 pounds of wholemilk received. It
was also assumed that cream is partially cooled with main water.
It was estimated to take about 30 gallons of water per 1,000 pounds
6f wholemilk equivalent of cream.g/ The evaporator water require-
ments depend on the size of the evaporator and the number of
"effects" it has. The variable water use coefficients for the
different size dryers were based on the manufacturer's engineering
specifications.él

The physical water use requirements were converted to costs by
multiplying through 11 cents per 1,000 gallons of water. These

water and sewage costs for the six plants are summarized in

l/Kerchner, op. cit., p. 72.

— Cream was cooled from 140° to 55° with water. It takes

about 3 gallons of water per gallon of cream. Farrall, op. cit.,
ps 289,

3 ;
-/Mojonnier Bros. Co., Bulletin No. 488-13.
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Table 3.15. Estimated annual fixed cost and variable cost
coefficient for water and sewage for six milk
drying plants in Minnesota, 1970.

Fixed annual Variable water cost

Plant water cost per 1000 1lbs. W.M.E.
receiving separating evaporating total

(dollars) (dollars per 1000 W. M. E.)

1 416 .0020 .0033 .0315  .0368
2 456 .0020 .0033 .0310 .0363
3 496 .0020 .0033 .0205 .0258
4 537 .0020 .0033 .0204 .0257
5 577 .0020 .0033 .0243 .0296

6 617 .0020 .0033 .0242 .0295




97
table 3.15. The fixed annual water and sewage costs range from
$416 for the smallest plant to $617 for the largest plant. The
amount of water needed to clean a large drying plant is not much
greater than that needed for a small plant and these costs reflect
thate The variable cost coefficients range from $.0368 for the
smallest plant to $.0295 for the largest. This is due to the
greater number of effects in the evaporator of the larger plant.

There are economies to scale for water and sewage costs but

they are of a minor nature compared to labor and equipment costs.

General Plant Supply Costs

General plant supplies include such items as soap, sanitizing
agents, brushes, lubricants, uniforms, laundry service and a host
of other miscellaneous items. It was estimated with the help of
several plant managers and accounting data from their plants.
First, accounting data from a number of plants was evaluated for
cost volume relationships of their drying department. From these
several were selected which were known to be well managed and did
not have specialty dry milk powder products as a sideline. From
these plants' costs the annual general supply costs of the six
drying plants were estimated. These costs are summarized in table
3.16.

These estimated annual general plant supply costs demonstrate
economies to scale. The costs range from $18,400 for the smallest
plant to $23,000 for the largest. The major contributing cost
items to general supply costs are soap and sanitizing agents.

Just as cleaning water requirements go up little for larger plants
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Table 3.16. Estimated annual cost of general plant supplies for
six milk drying plants in Minnesota, 1970.

Plant Maximum Annual general
volume plant supply
costs
(million 1lbs.) (dollars)
1 78 18,400
2 156 19,000
3 233 19,700
4 311 20,600
5 467 21,700

6 623 23,000
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so it is with soap and sanitizing agent requirements,

Packaging Supply Costs

It was assumed that the dry milk powder was packaged in 50
pound.type "G" bagse These meet the federal government's purchase
specifications. The federal government is the largest buyer of
milk powder.

Type "G" bags cost $241.20 per 1,000, Assuming 83.8 pounds
of milk powder per 1,000 pounds of wholemilk, the cost of packaging
is $.4043 per 1,000 pounds of wholemilk. This cost is applicable
to all six plants. There are no economies to scale in packaging

supplies,

General Administrative Costs

General administrative expenses include such items as office
supplies, telephone service, meeting expenses, audit, legal fees,
etce There does not seem to be any clear-cut relationship between
volume processed and these costs. A study of a number of audit
records of butter-powder plants indicated that larger volume plants
have higher costs than small plants. However, the major expense
seems to be fixed for all plant sizes and relatively small in-
creases for larger volume plants.

The general administrative costs were estimated by taking the
audit statement of four butter-powder plants with good cost

records adjusting for local conditions and extrapolating to fit

the plant sizes of this study.l/ These results were then divided

l/The basic records were also used by Hanlon, op. cit., p. 112.
Insurance was excluded because it was included in equipment,
building and land costs and audit and unclassified was ad justed to
make them more consistent with general expectationse.
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into butter department costs and drying plant costs. It was esti-
mated that 80 percent of the costs were associated with drying and
receiving and 20 percent associated with the butter department.,
The annual general administrative costs for the six drying plants
are summarized in table 3.17. The annual general administrative
costs vary from $8,400 for the smallest plant to $16,400 for the
largest plant. The largest plant has eight times the volume of
the smallest plant but only about twice the general administrative

coste

Patron Accounts and Field Serﬁice Costs

The patron account and field service costs include the costs
of a field man to handle patron relations and patron quality con-
trol, commercial laboratory fees for patron quality control and
secretarial and booking help for keeping patron accountse

Plant managers were consulted about the number of patrons a
field man could service. There was general agreement that a field
man could service 250 to 300 manufacturing grade patrons. This
was transléted into a cost per volume relationship by assuming
that a field man was needed for 78 million pounds of milk. It was
further assumed that if a full-time field man was not needed, part-
time help was available for this position. At an annual salary of
$8,000 gross the cost for field man service was calculated to be
$+1028 per 1,000 pounds of milk.

Most dairies have their patron milk quality work done by com-
mercial laboratories. This basically involves simple bacteria

plate counts. A commercial laboratory indicated the annual cost



Table 3.17.
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Estimated general administrative expenses for six

milk drying plants in Minnesota, 1970.

Plant Maximum Annual general
milk administration
capacity expenses
(million lbs.) (dollars)

1 78 8,400

2 156 9,400

3 233 10,400

4 311 11,800

5 467 14,000

6 623 16,400

= =
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of this was about $.1080 per sample. Using the same patron te
volume relation used above, this amounted to $.0361 per 1,000
pounds of milke.

There is a considerable amount of book work required in keep-
ing patron accounts. Records must be kept of each day's receipts
for each patron and summarized bi-weekly or monthly. In addition
annual records must be kept for patronage refunds and other patron
details. It was assumed one person was needed for each 78 million
pounds of milk (250 to 300 patrons) at an annual salary of $5,200
gross, this amounted to $.0668 per 1,000 pounds of wholemilk.

The sum of the field service and patron accounts cost amounts
to $.2009 per 1,000 pounds of wholemilk. There are no economies to

scale for patron accounts or field service costse.

Summary of Milk Drying Plant Costs

The nine cost categories just described and estimated for the
six milk drying plants are summarized in table 3.18. The categories
are labor costs, equipment, building and land costs, fuel costs,
electrical costs, water and sewage costs, general administrative
costs and patron accounts and field service costs. The annual
fixed costs and the variable cost coefficients for each cost cate-
gory are summarized for the six milk drying plants.

The short run cost functions (total annual average cost) were
derived from the sum of the fixed annual costs and the sum of the
variable cost coefficients for each plant are listed in table 3.18.
The average costs for the six plants for selected volumes are shown

in table 3.19. The average cost functions for the six plants are
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Estimated short run average costs for selected volume
of wholemilk for six milk drying plants manufacturing

nonfat dry milk and cream in Minnesota, 1970.

Wholemilk
Volume

(mil . leo)

Plant
1

Plant
3

(dollars/1,000 1bs.)

Average Cost

Plant
4

Plant
5

40

50

60

70

78

95
110
125
140
156
170
190
210
233
250
270
290
311
330
350
370
390
410
430
450
467
490
510
530
550
570
590
610
623

5.831
4.942
4,350
3.927
3.666

4,257
3.952
3.457
3.151
2.919
2,737
2,581

3.047
2.851
2,703
2,533
2.397
2.268

2,570
2.419
2.330
2,236
2,156
2.082

2,366
2,275
2.205
2,138
2.079
2,026
1.978
1.934
1.894
1.863

2,067
2.029
1.982
1.944
1.909
1.877
1.847
1.819
1.793
1.777
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also plotted in figure 3.3.

Figure 3.3 also shows the long run average cost curve for the
volume range of the six plants. The long run cost function was
estimated to be:

LRACP = 1.522 + 167.458V"]
where:
LRACp, is the long run average cost for milk drying
plants per 1,000 pounds of wholemilk processed
V, 1is volume of wholemilk processed in 1,000 pounds

The estimated long run average cost function for milk drying
plants demonstrates economies to scale throughout the volume range
estimateds At a volume of 78 million pounds of wholemilk the
average cost of processing wholemilk into nonfat dry milk and
cream is $3.67 per 1,000 pounds. This average cost drops to $1.78
per 1,000 pounds at 623 million pounds, the maximum volume esti-
mated. The economies to scale are greatest in the lower volume
ranges. The average cost drops $1.59 per 1,000 pounds in going
from 78 million pounds of milk annually at an average cost of
$3.67 per 1,000 pounds to 311 million pounds with an average cost
of $2.08 per 1,000 poundse As plant volume is increased from 78
million pounds to 623 million pounds average cost declines $1.78
per 1,000 pounds. About 90 percent of this savings in average
cost is achieved when volume reaches 311 million pounds a year.

In addition to the economies of scale exhibited by the six
planté in figure 3.3, the slope of the six short run average cost

curves also provides some interesting insightse The larger the
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Figure 3.3. Short run and long run average costs, six milk drying

plants in Minnesota, 1970.
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plant's capacity the less steep the slope of the short run average
cost curve.l/ This implies that a reduction in volume in the
short run results in a smaller rise in average processing cost

for a relatively larger plant than a smaller plant. A larger
plant can adjust to a given shift in milk production better than a
smaller plant,

In conclusion, there are economies to scale for milk drying

planté throughout the volume range 78 to 623 million pounds of
wholemilk a year. The major economies are demonstrated in the

lower half of the volume range.

Butter Departments

This section presents the development of the long run average
cost function for butter departments. The butter departments
costs were assumed to be additions to the milk drying plant costs
previously estimateds The butter department costs were estimated
in a manner that did not restrict them to the same milk volume
equivalents as the milk drying plants. This allows for the
possible inshipments of cream to the butter department from other
milk drying plants without a butter departmente.

In the development of the long run cost function for the milk
dryiné plants, six different sets of ma jor equipment complexes
were used to define scale of plant. In butter processing over the

same range of volumes one churn and printer size was usede There

1/

— Absolute value of slope.
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is only cne size Af high speed soft butter printer manufactured
for large volume operations. There are different size batch
butter churns but the continuous churn is manufactured in only one
basic size. A recent study by Nolte and Koller indicated there is
very little difference in the operating cost of batch churn and
continuous churn in the volume range of this study.l/ The differ-
ence in scale for the six departments is little more than the size
of the butter cooler and the amount of cream storage. These two
storage items were estimated at a constant unit cost over the
volume range so that there are no economies to scale. There is
also a little difference in administrative costs for the differ-
ence size departments but this is minor. The economies to scale
for the butter departments is more nearly an economies to size in

the use of the churn-printer complex.

The Processes of the Butter Department

There are three logical operating stages envolved in a butter
department. They are: (1) churning-printing stage, (2) butter
cooling stage and (3) facilitating stage.

Figure 3.4 presents a schematic drawing of the two processing
stages and the flow of products through the butter department.
Cream is received into storage from the drying department in the
same plant or from specialized drying plants. The cream is pumped

from storage to the continuous churn. The buttermilk from the

—'Nolte, G. M. and E. Fred Koller, "Continuous Churns Intro-
duced Into Minnesota Creamery Industry," Minnesota Farm Business
Notes, No. 509, Institute of Agriculture, University of Minnesota,
August 1968.
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churning 6peration is pumped back to storage to await movement
back to the drying operation. The butter from the churning
operation is deposited directly or pumped to one of three
packaging units, a one-fourth pound print high speed soft printer,
a one pound print soft printer or a 68 pound bulk packaging unit.
The packaged butter is palletized and transported to the cooler
to await shipment to consumers.

In this study it was assumed that all butter flowed through
the ohe-fourth pound print high speed soft printer. Plants with
high speed soft printers try to maximize the quantity marketed as
one-fourth pound prints. This assumption does not restrict the
analysis. The only change in costs from considering other pack-
aging configurations is a slight decrease in labor costs for bulk
packaging. This does not affect the analysis of type or size of
Plant unless different size departments are assumed to have dif-

ferent packaging configurations.

Factor Cost Categories

The cost functions for the butter departments were estimated
by estimating the various factors of production by stages. Like
the estimating procedure used in the milk drying plants, the
factors were categorized to facilitate the estimation procedure.
The factors categories are:

Labor

Equipment, buildings and land
Fuel

Electricity

Water and sewage

General plant supplies
General administration
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Each of these factors was evaluated for a fixed annual cost
component and a variable cost coefficient. The development of

each of these factors is taken up in the following sub-sections.

Labor Costs

The labor cost data was developed in a similar manner to that
used in the milk drying plants. Labor requirements were divided
into supervisory and administrative labor and production labor.
Supervisory and administrative labor was treated as fixed for each
department. The estimates were based on the recommendation of
plant managers. The estimates were made on the basis of the de-
partments being additions to the drying plants previously esti-
mateds This means, for example, that a general manager is not
neededs The general managers of the drying plants were allocated
an addition to their salary for the additional responsibility of
managing the butter departments.

The processing labor requirements were treated as variable.
The production requirements without considering seasonality or
crew shift-problems, were first estimated based on time and motion
data. These estimates were then adjusted to allow for seasonality

and the numbers of crew shifts per day.

Production Labor Costs. The churning-printing process re-

quires a crew of three, a churn operator, a printer operator and
a worker boxing the one pound butter packages by hand or with a
semi-automatic boxer. The rate of processing is limited by one of

two things. If a semi-automatic boxer is used, the printer is the
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limiting factor at an effective rate of 4,000 pounds of butter
produced per Bour.l/ 1f the butter is boxed by hand this operation
becomes the limiting féctor at an effective rate of 3,500 pounds
per hour.

The particular method of toxing does not have significant
effect on labor cost. Women are used in the hand boxing operation
and their lower wage rate practically compensates for the lower
production rate. At a gross wage rate of $3.50 per hour for males
and $2.50 per hour for females and abstracting from seasonality
and shift problems, the operating cost for churning-printing and
hand boxing is 11.7 cents per 1,000 pounds of wholemilk equivalents,
and for semi-automatic boxing it is 11.3 cents per 1,000 pounds of
wholemilk equivalents. When seasonality and shift problems are
considered there are some advantages to the use of women and hand
boxing. In many rural communities women can be hired on a part-
time or seasonal basis. This means that in the slack periods the
women workers need not be guaranteed a 40-hour work week. On the
other hand, plant managers indicate they must practice year around
employment for male workers to insure a quality labor force. Male
workers are usually kept on the payroll in the slack periods.

The use of women to box butter also may have an advantage in

organizing shifts. It is easier to schedule crews when only two

=~ The butter printer is engineered to operate at a rate up to
4,500 pounds per hour but the records of plants surveyed indicated
an effective rate of 4,000 pounds of butter per hour was consistent

with plant operations. This rate allows for occasional stops for
ad justments, etc.
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workers on a three-man crew need to be guatanteed.40 hours of work
per week, but the work week is more than five days.

In addition to the actual processing labor requirements,
clean-up and set-up of the churn and printer was estimated to re-
quire two man hours per run.l/

Production labor costs for the butter department were esti-
mated from these facts. The hourly requirements were converted
into shifts and shifts into work weeks. Several different volumes
in the range up to 623 million pounds of wholemilk equivalents were
evaluated for crew size, extra overtime changes, and specifically
average labor costs. From this analysis average production labor
Costs were estimated at 14 cents per 1,000 pounds of wholemilk
equivalents. The shift analysis showed that at certain volumes
the average labor cost deviated a penny per 1,000 pounds on one
side or the other of the 14 cent average. This was not related to
size of butter department but rather to efficient use of a partic-
ular crew size. It was not considered significant enough to go to

a complex labor cost function which would include these minor

variations,

Indirect Labor Costs, In addition to the direct processing

labor Costs, the additional costs of management, supervisory labor

and miscellaneous help was estimated as fixed for each butter de-

Partment,

e e

3 ="The "rypr concept was used instead of daily operation be-
bagse the larger Plants operate continuously for 70 hours or more
efore stopping for a clean-up.
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Butter Department No. 1, the smallest department, was esti-
mated to need a part-time office worker and an additional plant
workere It was assumed the plant worker released the plant
superintendent of the milk drying plant from some of his work
responsibilities to allow him to supervise the butter department.
It was further estimated that the general manager of the associated
&rying plant would receive an additiomal $1,000 for the management
responsibilities of a butter department. The annual indirect

labor costs for Department 1 were estimated as follows:

Part-time office worker $ 2,600
General plant worker 6,820
Addition to manager's salary 1,000
TOTAL $10,420

Department 2 was estimated to need an office worker and a
working butter foreman. The associated drying plant's general
manager was allocated an addition to his salary of $1,500. The

annual indirect labor costs for Department 2 were estimated as

follows:
Office worker $ 5,200
Working butter foreman 8,000
Addition to manager's salary 1,500
TOTAL $14,700

Department 3 was estimated to need an office worker and a
working butter foreman. The associated drying plant's manager was
allocated an additional $2,000 to his salary. The annual indirect
labor costs were estimated as follows:

Office worker $ 5,200
Working butter foreman 8,600
Addition to manager's salary 2,000
TOTAL $15,800
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Department 4 was estimated to need an office worker plus a
part-time helper. This department also needed a butter foreman and
a general plant worker. It was assumed this worker would assist
the U.S.D.A. resident gra&er. The associated drying plant's
manager was allocated an additional $2,500 to his salarye. The

annual indirect labor costs for Department 4 were estimated as

follows:
Office workers $ 7,800
Butter foreman " 9,000
General plant worker 6,820
Addition to manager's salary 2,500
TOTAL $26,120

Department 5 was estimated to need two office workers, a
butter foreman, a general plant worker and a part-time laboratory
helper. The associated drying plant's general manager was allo-
cated an additional $3,000 to his salary. The annual indirect

labor costs for Department 5 were estimated as follows:

Office workers $10,400
Butter foreman 9,500
General plant worker 6,820
Part-time laboratory helper 3,000
Addition to manager's salary 3,500
TOTAL $33,220

Department 6, the largest department, was estimated to need
two office workers, a butter foreman, a general plant worker and a
laboratory helper. The associated drying plant's general manager
was allocated an additional $4,500 to his salary. The annual labor

costs for Department 6 were estimated as follows:

Office workers $10,400
Butter foreman 10,000
General plant worker 6,820
Laboratory assistant 6,000
Addition to manager's salary 4,500

TOTAL $37,720
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Summary of Labor Costs. The estimated production labor cost

of 14 cents per 1,000 pounds of wholemilk equivalents was applied
to all six butter departments. There are no economies to scale in
this estimate.

The indirect annual labor cost for the smallest butter de-
partment was estimated at $10,420. The indirect annual labor cost
for the largest butter department was estimated at $37,720. The
largest department is eight times larger than the smallest one but
indirect labor costs are less than four times as greate There are

some economies to scale for indirect labor costs.

Equipment, Building and Land Costs

Equipment, building and land costs for the butter departments
were estimated in the same manner used for the drying plants.
Depreciation was based on the recommendations of dairy equipment
sales, engineers, annual repair and maintenance costs were calcu-
lated at the rate of 1.5 percent of purchase value, annual interest
on investment costs were calculated at the rate of 7 percent of
mid-life value (3.5 percent of purchase value), annual property
tax costs were calculated at the rate of 1.6 percent of purchase
value and annual insurance costs were calculated at the rate of
0.3 percent of purchase value.

The estimated installed cost, life expectancy and annual
depreciation charge for the butter department equipment are shown
in appendix table A.9. The estimated annual depreciation cost for
the equipment in the butter department is $22,412.

The percentage rates for repair and maintenance, interest on
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investment, property taxes, and insurance were applied to the new
equipment values found in appendix table A.9. The resulting values
were added to the $22,412 depreciation charge to give an estimated
annual equipment cost of $38,315.

The building and storage requirements varied for the six but-
ter departments. The size requirements, purchase value and annual
cost are shown in appendix table A.10.

Enough cream storage was provided for one day's receipts during
the peak periods It was assumed earlier that the drying plant also
provided one day's cream storage.

Enough butter storage was provided to store 14 days of pro-
duction during the peak period. This allows the resident grader
to complete all the quality tests on the butter before it has to
be shippeds The butter cooler costs were based on a self contained
free standing prefabricated model. It was assumed to be equipped
with pallet racks to allow for floor to ceiling storage. It was
also assumed that the cooler was capable of storing butter at zero
degrees, a common practice with print butter. The unit-cost of
the butter cooler was based on the recommendations of a major
manufacture of coolers.,

The building requirements for the churn-print room were based
on the size of the best organized churn-print room visited during
the course of the study. The building requirements for the office
and personnel services area were based on estimated additional
needs to the existing facilities in the assoclated drying plant.

The same unit costs were used as were used in the drying plant for

Comparable areas.
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The churn-print room is the same size for all departments.
This implies economies to scale. The butter cooler and cream
storage are directly proportional to value. There are no economies

to scale for these.

Fuel Costs

Fuel requirements of a butter department are minimal. Fuel
is required to heat the building and to heat cleaning water. The
only cost estimated for fuel requirements was the gas cost of
providing these two heating tasks. It was assumed the boiler of
the associated drying plant provided the steame The wear on the
boiler of providing this marginal quantity of steam is so small it
was not estimated.

A dairy engineer's rule of thumb was used to estimate the
gas requirements for heating the building. The rule is the volume
of the building times 10 equals the BTU loss per hour during the
winter months. This applies to building areas where there is no
great heat loss from processing equipment such as the churn-print
room. The complete formula used to generate the annual cost of

gas for building heating is as follows:

GB

[V x 10 x .001 x 1.4 x .00037 x 3600/

]

«0186V
where:
G , is annual cost of heating the butter department
V, is building volume of the butter department
«001, is the cubic feet of gas needed to generate a BTU

l.4, is the efficiency factor of converting gas to BTU!s
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«00037, is the cost of a cubic foot of gas

3600, is the number of hours of winter weather

The application of this formula resulted in the following

annual gas costs for heating the butter department:

Department 1 $591
Department 2 614
Department 3 636
Department & 658
Department 5 688
Department 6 718

It was assumed that all size departments used the same amount
of hot water for clean-up. Eighteen hundred gallons of water was
heated 120° each day. Using the same transformation factors as
above this amounted to $.703 per day or $257 per year.

There are economies to scale for fuel costs but fuel is a

minor cost factor in the butter departments.

Electrical Costs

Electrical energy is used in the butter department to pump
Cream, operate the churn and printer, run the compressors on the
butter cooler as well as some lesser uses. The electrical cost
functions were estimated in three parts, just as was done for the
drying plant. The three parts are, a demand charge cost, a fixed
energy cost and a variable energy cost. The first two were esti-
mated as fixed annual costs and the latter wés a variable cost co-
efficient of volume churned.

The demand charge cost was based on the connected horse-power,
Just as in the drying plants. The connected horse-power was esti-

mated at 85 based on the equipment list in appendix table A.9.
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The connected horse-power was converted to kilowatts at a 1 to 1
rate and the kilowatts to kilovolt-amperes by dividing by .85, the
power factor. A unit cost rate of $1.27 per kilovolt-ampere was
used to convert the physical value to coste.

The monthly demand charge cost for the butter department is
$119.38 per month or $1,433 annually.
; The main contributor to the fixed energy cost in the butter
department is the electrical energy used to maintain a zero tem-
perature in the butter cooler. This cost was determined by esti-
mating the BTU's lost through the cooler walls and converting that
into electrical energy equivalents. The formula used to estimate

the kilowatt-hours [§W§7 of electrical energy is:

KWH = P (T° - TV) * 0.0295 - 8760
where:
KWH™, is kilowatt-hours of electrical energy
P, is the peripheral area of the butter cooler
T®, is 44.2°F, the average outside temperature in
Central Minnesota
T", is .0°F, the average inside temperature of the
butter cooler
0.0295, is the "A" value of 4 inch urethane, the cooler
insulation

8760, is the number of hours in a year

The application of this formula resulted in the following

annual kilowatt hours of electrical energy requirements for the

six butter coolers:



Department 34,310
Department 59,860
Department 74,095
Department 91,615
Department 125,925
Department 174,470

The variable electrical energy requirements were estimated

for cooling the butter and for operating the several electric

motors associated with the churn and butter printer,

It was assumed that butter was cooled from 50° to 0° and that
the sbecific heat of butter is .63, There are 43.1 pounds of but-
ter per 1,000 pounds of wholemilk, therefore, 1,358 BTU!s of
sensible heat must be removed from 1,000 pounds of wholemilk
equivalents of butter. In addition, it was assumed to take 1,024
BTU's per 1,000 pounds of wholemilk equivalents of butter to re-
move the latent heat of fusion. Therefore, it was estimated that
2,382 BTU's of heat had to be removed per 1,000 pounds of whole-
milk equivalents. The relationship of 12,000 BTU's per hour is
about equal to 1.5 kilowatt-hours was used to convert the BTU's to
kilowatt-hours.

The variable electrical cost for refrigeration is .2978 kilo-
watts per 1,000 pounds of wholemilk equivalents of butter.

The churn and printer plus the several small auxiliary motors
were estimated to require 63 kilowatts per hour. At the hourly
production rate of 4,000 pounds of butter, this amounted to 0.0151
Kili's per pound of butter or 0.6508 KWH's per 1,000 pounds of whole-
milk equivalents of butter.

Electrical energy for the butter departments was priced at



0.94 cents per kilowatt hour.l/ This rate was applied to the

annual fixed énergy requirements of the cooler and the two
variable cost coefficients just estimated. These were added to
the annual demand charge cost to give the electrical cost func-
tions for the six butter departments. The electrical costs are
summarized in table 3.20.

There are only minor economies to scale for electrical costs.

Water and Sewage Costs

Water is used primarily for cleaning in the butter department.
1t was estimated to take 3,000 gallons of water per day for butter
departments. The same unit cost of 11 cents per 1,000 gallons was
used that was used in the drying plant.

The estimated annual cost of water and sewage for all butter

departments is $120.

General Plant Supply Costs

General plant supplies include soap, salt, sanitizers, brushes,
uniforms, laundry service and other miscellaneous small items.
These items were all treated as fixed costs except salte. The col-
lective cost of these items was estimated with the help of plant
managers and accounting data from a number of butter plants.

The general plant supply cost estimates for the six depart-

ments are:

L/see table 3.11.
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Estimated annual demand charge cost, annual fixed
energy cost and variable energy cost coefficient for
electrical service for six butter departments in

Minnesota, 1970.

Depart- Maximum Annual Annual Variable

ment volume demand fixed energy cost
W.M.E. charge energy coefficient
cost per 1,000
lbs. W.M.E.
--------------- dollars --cceamccaccane

1 78 1433 211 .0089

2 156 1433 452 «0089

3 233 1433 586 .0089

4 311 1433 750 .0089

5 467 1433 1083 .0089

6 623 1433 1530 .0089
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Department 1 $2,125
Department 2 2,375
Department 3 2,500
Department & 2,875
Department 5 3,250
Department 6 3,500

Salt cost was estimated to be 1.78 cents per 1,000 pounds of
wholemilk equivalents. This is based on a micro flour sale price
of $2.06 per 100 pounds and 2 percent salt in the butter.

There are some minor economies to scale for plant supply

costse

Packaging Supply Costs

It was assumed that the butter was formed into one-fourth
pound sticks and packaged in one pound cartons. The one pound
cartons were packaged in 32 pound pasteboard boxes for shipment.

The price of packaging supplies was obtained from a local
paper products distributor. The parchment paper costs .0010 per
one-fourth pound wrap, the carton costs .0148 cents per pound of

butter and the 32 pound pasteboard box costs .0022 cents per pound

of butter. This summed to .018 cents per pound of butter or 0.78

cents per 1,000 pounds of wholemilk equivalents,

General Administrative Costs

General administrative costs are similar to those listed for
a drying plant. These costs were estimated as 20 percent of the
general expenses of a butter-powder plant. The butter-powder

plant costs were the same as those used in estimating similar




125

costs of the drying plants.l/

The estimated annual general administration costs for the six
butter departments are summarized in table 3.21.

There are economies to scale for general administrative costs.
Annual costs only double while volume increases eight-fold in

going from the smallest volume department to the largest.

Summary of Butter Department Costs

The eight cost categories just described and estimated are
summarized in table 3.22. The categories are labor, equipment,
buildings and land, fuel, electricity, water and sewage, general
plant supplies and general administration costse. The annual fixed
costs and the variable cost coefficient for each cost category are
listed for the six butter departments. The volume of the six de-
partments coincide with the six milk drying plants.

The production process and the churn and printer are the same
size for all departments. This explains the constant variable
cost coefficient for all six plants.

The different fixed costs are the result of more indirect
labor, more and larger storage facilities in the larger depart-
ments. The other equipment is the same for all plants. The fixed
costs for the larger departments do not rise as fast as capacity
increases,

The major purpose in developing the six butter departments and

their cost function was to generate a long run average cost

1
~/See page 99, Chapter 1II.
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Table 3.21. Estimated general administrative expenses for six
butter departments in Minnesota, 1970.

Depart- Maximum Annual general
ment volume administrative
of W.M.E. expenses
(million 1lbs.) (dollars)
1 78 2100
2 156 2350
3 233 2600
4 31 2950
5 467 3500

6 623 4100
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function for butter departments. This function was assumed to be
the smooth curve fitted to the minimum point of the short run
average cost functions. This function was estimated to be:

LRAC® = .2575 + 38,621 V!

% = .997
where:
LRACB, is the long run average cost for butter depart-
ments adjoining milk drying plants per 1,000
pounds of wholemilk equivalent
V, is the volume of wholemilk equivalents of cream
processed in 1,000 pounds.
This average cost function is drawn in figure 3.5.

Referring to figure 3.5, at a volume of 78 million pounds of
wholemilk equivalents, the average long run cost of the butter de-
partment is $.753 per 1,000 pounds and at 623 million pounds, the
maximum volume estimated, the average cost drops tc $.330 per
1,000 pounds. This amounts to a savings of $.417 per 1,000 pounds.
Like the drying plant's long run average cost, the major savings
in average cost occurs in the lower half of the volume range. The
average cost at 311 million pounds of wholemilk equivalents, half
the maximum volume, is $.382 per 1,000 pounds. This amounts to a
savings in average cost of $.371 per 1,000 pounds over $.753 per
1,000 pounds at 78 million pounds. On the other hand, increasing
the volume from 311 to 623 million pounds results in only a savings
of $.052 per 1,000 pounds of wholemilk equivalents.

In summary there are economies to scale in butter processing
in the range 78 to 623 million pounds of wholemilk equivalents of

creame The major economies are obtained in the lower half of this
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volume range.

Butter-Powder Plants

In this section the milk drying plant long run average cost
function and the butter department long run average cost function
are combined to give a butter-powder plant long run average cost
function.s This combined long run cost function is representative
of the costs of plants which process all their milk receipts into
butter and nonfat dry milk. It differs from the cost functions of
earlier butter-powder plant studies by the addition of soft printing
of the butter rather than bulk packaging.

The milk drying plant long run average cost function and the
butter department long run average cost function were combined by
summing the average cost of the two for a given volume. The three
functions are plotted in figure 3.6.

Several interesting observations can be made from a compari-
son of these three functionse First there is a sizable difference
in the magnitude of the long run average cost of processing for
milk drying plants and costs of processing for butter departments.
The average cost of the butter department is only about 16 percent
of the total average cost of a butter-powder plant. This implies
a second observation, the cost savings associated with scale of
operation are greater for the drying plant than for the butter
department. In going from 78 million pounds of wholemilk equiva-
lents to 623 million pounds, there is an average cost savings of

$1.89 per 1,000 pounds for the drying plant. This compares to an
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average cost savings of $.43 per 1,000 pounds for the butter de-

partment for a similar volume increase.

Summary

In this chapter the long run average cost functions were
estiméted for milk drying plants, for butter departments located
at powder plants but not necessarily processing the equivalent
volume of product, and for butter-powder plants where milk powder
and butter are processed in fixed proportions. The functions all
exhibit economies to scale but the major economies are achieved in
the first half of the estimated volume range.

The question left to be answered is at what point will rising
assembly costs offset the decreasing processing costs and cause
the overall assembly-processing average cost to rise. If this
occurs at a low enough volume, a volume low enough to still have
significant increased economies in butter processing, it will pay
to ship the cream to a plant that can assumulate enough cream to
exploit the economies to scale in butter processinge

The next chapter deals with the estimation of milk hauling
costse In the subsequent chapter the milk hauling costs are used
to estimate assembly cost functionse. The assembly cost functions
are combined with the processing cost functions of this chapter to

answer the questions just posed.
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exhibit economies to scale but the major economies are achieved in
the first half of the estimated volume range.

The question left to be answered is at what point will rising
assembly costs offset the decreasing processing costs and cause
the overall assembly-processing average cost to rise. If this
occurs at a low enough volume, a volume low enough to still have
significant increased economies in butter processing, it will pay
to ship the cream to a plant that can assumulate enough cream to
exploit the economies to scale in butter processinge

The next chapter deals with the estimation of milk hauling
costse In the subsequent chapter the milk hauling costs are used
to estimate assembly cost functionse. The assembly cost functions
are combined with the processing cost functions of this chapter to

answer the questions just posed.



CHAPTER IV

ESTIMATION OF MILK CCLLECTING
AND HAULING COSTS

The cost of collecting and hauling milk is a function of many
variable factorsglj This chapter discusses thése factors and
presents the estimated functional relationship of them to the cost
of collecting and hauling milke. In Chapter V these functional
relationships are applied to factor conditions found in Minnesota
to estimate cost-volume assembly functionse

There are three distinct types of operations involved in col-
lecting and hauling milke They are: (1) farm-éo-plant milk col-
lecting and hauling, (2) milk receiving station operations and
(3) plant-to-plant milk or cream hauling. Farm-to-plant milk col-
lection involves relatively small bulk trucks collecting milk from
a number of farmers, a route, and hauling it to a processing plant
or receiving statione Milk receiving stations receive milk from
farm-to-plant bulk trucks and transfer the milk to plant-to-plant
semi-trailer tank trucks. The plant-to-plant milk hauling involves
transporting milk from milk receiving stations to processing

plantse Plant-to-plant cream hauling involves the same semi-

l/Collect::i.ng and hauling milk is used as a generic term to
represent movement of milk from place to place in general. The
term assembly is used to characterize the movement of milk from
place to place but there the places have geographical reference to
one another. For example, assembly of the milk from the 20 farms
in a five-mile radius of the plant.

133
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trailer tank trucks hauling cream from milk drying plants to large
butter departments.

The economic engineering method was used to estimate the
costs of farm-to-plant milk hauling. This method was also used to
estimate the costs of operating the receiving station. The plant-
to-plant hauling costs were estimated by using estimated physical
and cost data from a study by Thompsonl/ and a study by Kerchner.zf

The next three sections take up in turn farm-to-plant col-
lecting and hauling cost functions, the milk receiving station

operating cost function and plant-to-plant hauling cost functions.

Farm-to-Plant Milk Collecting and Hauling Costs

In this study it is assumed that milk is collected from farms
and hauled to plants or receiving stations in bulk trucks. Cur-
rently manufacturing grade milk is also collected in cans. This
method is rapidly declining and it is expected to soon be obso-
lete. New quality standards for milk currently being discussed,
will, if adopted, set requirements at a level that will make it
virtually impossible to meet with can milke For this reason col-
lecting and hauling can milk was excluded from this studye.

In general bulk milk is collected from the farm every other
day. Each truck usually collects the milk from a number of farms

in a single load. Because of road conditions, the winter and

l/Thompson, ope. cite

~ Kerchner, Orval, Costs of Transporting Bulk and Packaged
Milk by Truck, Marketing Research Report No. 791, Economic Research
Service, U. S. Department of Agriculture, May 1967.




135
spring weather conditions and the size of farmers! driveways, the
trucks are limited to single unit models [;émi-trailer models are
infeasiblg7. Both single driving axle and tandem driving axle
straight trucks are used to assemble manufacturing grade milk in
Minnesota. Single axle models are the most popular. Tandem axle
models are most often found on grade A milk routes where producers
are large and/or the assembly area is extensive.

At the present time the majority of trucks haul two loads per
daye This facilitates spreading the fixed cost of the truck over
a large volume of milk and provides a reasonable work day for the
driver. There are exceptions to thise If the routes are partic-
ularly long because of: (1) the distance the routes are from the
plant, (2) the distance between farm stops Zaensity of producer§7,
or (3) the number of farm stops [ﬁény small producer§7 then time
may limit a truck to one load per day. It will be seen in the
next chapter that as the assembly area expands, a distance from
the plant is reached beyond which it pays to switch from a single
axle truck hauling two loads per day to a tandem axle hauling one
load per daye

There are a number of published cost studies dealing with
farm-to-plant milk collecting and hauling which were helpful in
estimating the milk collecting and hauling costs functionse. The
technique and results of previous studies were used whenever
possibles No previous study was acceptable by itself, however,
because of technological changes, price changes and/or geographic

differences.




136

Cost estimates have been made for farm-to-plant assembly of
bulk milk by many researchers in various parts of the country.
Miller conducted a study in Wisconsin,l/ Baum and Pauls in
Washington,gl Clark in California,gj McKinney and Stelly in
Texas,ﬁj Morris and Thompson in Missouri,éj Sinclair in Vermont,éj
Bowring and Taylor in New Hampshire,zl Ishee and Barr in

Pennsylvania,gl Pritchard and Cope in Indiana,gl Cotton in North

1
-jMiller, Arthur H., Bulk Handling of Wisconsin Milk--Farm to

Plant, Wisconsin Agricultural Experiment Station Bulletin No. 192,
1956.

~ Baum, E. L. and D. E. Pauls, A Comparative Analysis of
Costs of Farm Collection of Milk by Can and Tank in Western
Washington, 1952, Washington Agricultural Experiment Station
Technical Bulletin No. 10, May 1953.

E/CIarke, De As Jr., A Comparative Analysis of the Costs of
Operating Milk Collection Routes by Can and Tank in California,
Mimeo Report No. 91, California Agricultural Experiment Station,
October 1947.

é/McKinney, Kenneth and Randall Stelly, Farm-to-Plant Hauling
and Receiving Bulk Milk, Texas Agricultural Experiment Station
MP-377, October 1959,

éﬁﬂorris O. Richard and Russell G. Thompson, Costs of Hauling
Bulk Milk From Farm to Plant, Missouri Agricultural Experiment
Technical Bulletin No. 873, November 1964,

é/Sinclair, Robert O., Economic Effect of Bulk Milk Hauling
in Vermont, Vermont Agricultural Experiment Station Bulletin No.
581, June 1955.

Z/Bowring, James R. and Kenneth A, Taylor, Transition to Bulk
Assembly of Milk in Northern New England, New Hampshire Agricul-
tural Experiment Station Bulletin 453, October 1958.

§/Ishee, Sidney and W. L. Barr, Effects of Bulk Milk Assembly
on Hauling Costs, Pennsylvania State University, Agricultural
Experiment Station Bulletin 641, December 1958.

9

—/Pritchard, Norris T. and William H. Cope, Milk Assembly in
the Fort Wayne Milkshed, Purdue Agricultural Experiment Station
Bulletin 559, February 1951,
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Carolina,l/ Groves and Cook in Wisconsin,g/ Cowden for the U. S.
Department of Agricultureél and Jacobson and Fairchild in Ohio.&/
Most of these studies were initiated as a result of the rapid
shift to bulk milk hauling during the 1950's. There are some
exceptions to this. Groves and Cook sought to reconcile the dif-
ferences in costs of the many previous milk hauling studies.z/
The authors were 'largely successful in their efforts; most of the
differences in costs between studies could be explained by changes
in general price levels or location. Morris and Thompson looked
at the effect of size of bulk truck, size of patron and length of
haul on costs.él And Jacobson and Fairchild looked at equitable
ways of dividing milk hauling costs between producers of various
size and distance from the bottler../

These studies provided a valuable background from which to

1/

= Cotton, Walter P., Farm to Plant Milk Assembly Rates and
Problems in North Carolina, North Carolina State College, Depart-
ment of Agricultural Economics AE Information Series 23, December
1950,

g/Groves, Fe We and H. L. Cook, Hauling and Transportation
Cost Functions for Wisconsin Milk, University of Wisconsin, Agri-
cultural Economics 31, April 1961.

Q/Cowden, Je We, Farm-to-Plant Bulk and Can Milk Hauling
Costs, U.S.D.A., Farmers Coop. Service Report 18, March 1956.

ﬂ/Jacobson, Robert E. and Gary F. Fairchild, Hauling Costs
and Rates in Bulk Milk Assembly, Ohio Agricultural Research and
Development Center, Research Circular No. 162, February 1969.

5
‘/Groves and Cook, op. cit.
Q/Morris and Thompson, op. cit.

7
‘/Jacobson and Fairchild, op. cit.
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pattern this portion of the study. In some cases data was even
used; when it was felt the data was épplicable and original data

was not easily available.

Procedure

The approach used to estimate cost functions for farm-to-
plant milk collecting and hauling is similar to the approach used
to estimate processing cost functions. The total operation was
partitioned into easily estimable parts (stages), the physical re-
lationships were estimated for each part and factor prices were
applied to the physical estimates.l/

The economic engineering method was selected as the appro-
priate estimating technique for the same basic reasons that it was
used to estimate processing costse éood accounting data was not
availlable for some costs and didn't exist at all for some of the
alternative hauling systems. This method allowed the synthesizing
of cost relationships for systems not commonly found in current
use.

The farm-to-plant hauling costs were first divided into truck
costs, labor costs and administrative costse Administrative costs
were handled separately for estimation reasons. The truck cost
and labor cost categories were each separated into a set of fixed
costs and a set of variable cost sub-divisions. The fixed and
variable sub-divisions were further partitioned into plant and

route costse The following diagram illustrates this division,

1/

—'In a few cases direct dollar estimates were made.



sub-division and partitioning:

Hauling costs

Truck costs Labor costs Administrative costs
Fixed Variable //;ixe Variable costs
plant  route plant route

Truck Costs

There are a number of different size bulk trucks used in
Minnesota for hauling milk from farm to plant. In this study the
costs of four sizes were estimated. They have hauling capacities
of 1,800, 2,200, 2,700 and 3,200 gallons of milk. The 1,800 and
2,200 gallon tanks are used on single driving axle trucks. The
2,700 and 3,200 gallon tanks are used on tandem axle trucks. The
2,200 and 3,200 gallon models are of major interest in this study.
They represent the maximum size or near maximum size that can be
used by these two truck types. State weight regulations restricts
larger weights. In addition, dairy equipment dealers indicated
that most current sales are of these size tanks.

The truck costs were divided into fixed and variable cost
categoriess The fixed category includes depreciation of equip-
ment, interest on investment, insurance and license fees. The
variable cost category includes fuel, oil and grease, tires and

repair and maintenance. The classification of these costs are

summarized in table 4.1,



Table 4.1. Classification of farm-to-plant bulk milk truck costse

(a)
(b)
(c)
(d)

Truck Costs

Fixed Variable

Depreciation (a) Fuel, oil and grease
Interest on investment (b) Tires

Insurance (¢) Repair and maintenance

License fee
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Truck Fixed Costs

Depreciation. A bulk truck is made up of two major equipment

components, a cab and chassis and a bulk tanke These items are
usually purchased separately and have different life expectancies.
Equipment sales personnel and truck owners were consulted in esti-
mating the annual depreciation charge.

A cab and chassis was estimated to last four years. At the
end of the four years it was estimated to have g salvage value of
20 percent of purchase value. Thus, the annual depreciation rate
is 20 percent of purchase value.

The purchase value of the cab and chassis was based on prices
quoted by several truck sales agencies. They were asked to pro-
vide "bargained for" prices for cab and chassis appropriate for the
four size tanks. These purchase values are listed in table 4.2.

The purchase value of the bulk tanks were based on the prices
listed by several local manufacturers of bulk tanks. These manu-
facturers indicated that tanks are not a bargained for item like a
cab and chassis. The purchase value of the four bulk tanks is also
listed in table 4.2.

The cab and chassis and the bulk tanks purchase values were
added together to get total purchase value of the truck units.

The purchase values of the 1,800, 2,200, 2,700 and 3,200 gallens
of milk capacity trucks are $11,480, $12,815, $17,325 and $18,890,
respectively.

The bulk tanks were estimated to have a useful life of twelve

years with no salvage value. Bulk tanks are not regularly traded




Table 4,2,
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Estimated investment costs of several size bulk milk

trucks in Minnesota, 1970.

Milk hauling Cost of Cost of Total
capacity tank truck cost
(gallons) (dollars)

1,800 6,500 4,980 11,480
2,200 7,125 5,690 12,815
2,700 7,775 9,550 17,325
3,000 7,850 10,790 18,890
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and there is little alternative use for the tanks once they are
not suited for hauling milk any longer. The twelve year estimate
was based on the recommendation of the manager of the transporta-
tion department of a large regional dairy ccoperative. This
amounts to an annual depreciation rate of 8.33 percent of purchase
values The annual depreciation costs for the bulk tanks and the
cab and chassis are summarized in table 4.3.

The annual depreciation cost for the 1,800, 2,200, 2,700 and
3,200 gallon capacity trucks are $1,925, $2,121, $3,555 and $3,926,

respectively.

Interest on Investment. Interest on investment is the op-

portunity cost of the capital invested in the equipment. It was
calculated at an interest rate of seven percent applied to the
midlife value of the cab and chassis and the bulk tankse The

formula used is:

111\ = 0.07 [P-5/ + 0.07 s
2

where:

IA’ is the annual investment cost, in dollars
P, is the purchase value of the cab and chassis and
the bulk tanks

S, 1s the salvage values

The annual interest on investment costs for the four trucks
are also summarized in table 4.3. They are $436, $488,

$1,000 and $1,067 for the 1,800, 2,200, 2,700 and 3,200 gallon

capacity trucks, respectively.
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Table 4.3. Annual depreciation, interest, license, insurance and
total fixed cost for four sizes of bulk milk trucks in
Minnesota, 1970.

Milk Depre- Interest License Insurance Total
Hauling ciation Fixed
Capacity Cost
(gallons) ~ ========-ooos dollarg ==-==========<

1,800 996,00 436,10 45,85 447.30Q/ 1925.25
2,200 1138.00 488,39 47,10 477.46 2120.95
2,700 1910.00 999,81 76.10 569.19 3555,.10
3,200 2179.00 1066.38 79.90 600,94 3926,22

g/ Based on liability limits of $25,000/$50,000/$10,000 full coverage
comprehensive and $50 deductible collision and universal driver coverage.
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License Fees. The annual license fee is a minor cost in

Minnesota. Milk hauling vehicles are within the license classifi-
cation of "farm truck"” which has a very low cost rate. The annual
license fees for the 1,800, 2,200, 2,700 and 3,200 gallon capacity
trucks are $45.85, $47.10, $76.10 and $79.90, respectively. These

values are also summarized inm table 4.3.

Insurance. Insurance costs were estimated with the help of a
local insurance cémpany. The annual insurance costs for the 1,800,
2,200, 2,700 and 3,200 gallon capacity trucks are $447, $477, $569
and $596, respectively. These costs are also summarized in table

4.3,

Summarye. The four costs categories, depreciation, interest
on investment, license fees and insurance, were summed as shown in
table 4.3 to give total annual fixed truck costse The estimated
annual fixed costs for the 1,800, 2,200, 2,700 and 3,200 gallon
capacity trucks are $1,925, $2,121, $3,555 and $3,891, respectively.

Expressed on a cost per unit of capacity, the annual fixed
costs are $107, $97, $132 and $122 per 100 gallons of truck tank
capacity for the 1,800, 2,200, 2,700 and 3,200 gallon capacity
trucks, respectively. The 2,200 gallon capacity truck has the
lowest annual fixed cost per gallon of capacity followed by the
1,800 gallon capacity trucke These are the single driving axle
trucks. The 3,200 gallon capacity truck has the third lowest
annual fixed costs per gallon of capacity and the 2,700 gallon

capacity truck has the highest annual fixed costs per gallon of
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capacity. The capacity gained by adding a second axle is not great
enough to absorb the annual fixed cost of the added axle at the

costs per gallon obtained by the single axle truckse.

Truck Variable Costs

Variable truck costs vary with miles driven and number of
driving axles. Variable truck costs were estimated in three
parts: (1) fuel, oil and grease, (2) tires and (3) repair and

maintenancee.

Fuel, 0il and Grease. The fuel used by most farm-to-plant

trucks is gasoline. Gasoline consumption was estimated with the
help of the drivers surveyed and truck sales agencies. None of

the haulers surveyed kept detailed enough accounting records to
allow fuel costs to be estimated from their records. Some of them
said they occasionally tested their trucks for gasoline consumption
rates. Based on this type of evidence, the single axle trucks

were estimated to get 6.5 miles per gallon and the tandem axle
trucks six miles per gallon.

Gasoline price was estimated at $.328 per gallon. This is
based on the suggestion of a local distributor and includes a six
percent discount for volume.

This price was applied to the gasoline use rates to obtain a
cost of $.0505 per mile for the single axle trucks and $.0547 per
mile for the tandem axle trucks.

0il and grease costs were based on the service recommendations

of the truck manufacturers and the service charge experienced by
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several of the haulers who followed the recommendaﬁions. A service
charge for the single axle truck was $20 and for the tandem axle
truck it was $22. The manufacturer recommended servicing every
3,000 miles. Based on this information, the estimated cost of oil
and grease is $.0067 per mile for the single axle trucks and $.0073

per mile for the tandem axle trucks.

Tires. Physical tire requirements were based on the replace-
ment rate of the haulers surveyed. It was estimated that a set of
tires lasted 50,000 miles. The haulers indicated they usually
traded trucks with poor tires on them. Therefore, it was assumed
that two sets of tires are used in 135,000 miles of service [in
addition to the truck's original tire§7o

Tires were priced at $100 per tire. This price was recom-
mended by a local tire distributor for the size and quality
usually used by farm-to-plant milk haulers. New tire prices were
useds Recapped tires do not stand up under harsh road conditions
of rural Minnesota.

The single axle truck required 12 tires per 135,000 miles.

At $100 per tire, the estimated tire cost for the single axle
trucks is $.0089 per mile. The tandem axle trucks required 20
tires per 135,000 miles. At $100 per tire, the estimated tire

cost for the tandem axle trucks is $.0148 per mile.

Repair and Maintenance. This was a difficult cost to esti-

mates This is not a regularly occurring expenses None of the

haulers surveyed could provide the quantity or quality of records
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to give a realistic estimate of repair and maintenance costs. The
manager of the transportation department of a large regional dairy
cooperative recommended the use of general motor overhaul every
35,000 miles as a proxy for repair and maintenance costs. He
emphasized the point that farm-to-plant trucks require considerably
higher maintenance and repair service than plant-to-plant trucks.
Based on the transportation manager's recommendation, the single
axle truck was estimated to require $1,160 for repair and
maintenance and the tandem axle truck $1,260 for repair and
maintenance every 35,000 miless On a per mile basis, the estimated
cost of repair and maintenance is $.0331 per mile for the single
axle trucks and $.0360 for the tandem axle trucks.

Because of the lack of data on repair and maintenance costs,
the estimated values were compared to the results of Groves and
Cooks estimated repair and maintenance costs in Wisconsin.l/ They
reported a repair and maintenance cost of $.0285 per mile based on
accounting data provided by the Wisconsin Milk Haulers Associatione
This value was adjusted for price change by the B.L.S. Consumer
Price Index. The adjusted value is $.0342 per mile. This com-

pares favorably with the estimates of this study.

Summary. The three categories of variable cost were summed
to give total variable cost as is shown in table 4.4, The variable
truck cost per mile for the single axle trucks is $.0992 and for

the tandem axle trucks $.1128.

1
-jGroves and Cook, op. cit., p. 10.
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Table 4.4. Estimated variable truck costs, gasoline, oil and
grease costs, tire costs, and repair and maintenance
costs of single and tandem axle bulk milk trucks
in Minnesota, 1970.

Variable cost per mile

Category single axle tandem axle
(dollars)
Gasoline, oil and grease 0.0572 0.0620
Tires 0.0089 0.0148
Repair and maintenance 0.0331 0.0360

Total variable cost 0.0992 0.1128
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Labor Costs

Labor costs were estimated as a function of miles driven,
volume hauled, number of loads hauled and number of farm stopse
Labor costs were divided into fixed and variable categoriess, Each
of these categories in turn were divided into plant and route sub-
divisions. The classification scheme for labor costs is summarized
in table 4.5,

The labor data was obtained in several ways. The route time
data, with the exception of pumping time, was obtained from time
studies of fifteen bulk milk routes with 132 farm stopse The bulk
trucks use a standard pump, therefore, it was not necessary to time
this phase of the operation.

The plant time data was partially based on the time studies
of the fifteen routes and partially on engineering data and plant
manager's recommendations. The milk receiving stage at the plants
to which the milk was delivered from the observed routes had
unique characteristics which made some of the time study results
unusable. Therefore, it was necessary to use engineering data and
plant manager's recommendations.

The wage rate for labor was estimated at $3.50 per hour. This
was the approximate gross wage ratel/ paid by several of the large
regional dairy cooperatives in Minnesota. Plant managers indicated

that truck drivers receive about the same wage as skilled plant

l/The gross wage includes about 50 cents of taxes, fringe
benefits, etc. See Kerchner, op. cit., p. 62, for the approximate
breakdown of the gross wage rate.




Table 4.5. Classification of farm~-to-plant milk collecting and
hauling labor costs for bulk milk truck in Minnesota,

1970,
Labor Costs
Variable Fixed
(1) Plant (1) Plant
(a) Unloading (a) Route preparation
(b) Truck cleaning
(¢) Waiting and posi-
tioning to unload
(2) Route (2) Route
(a) Driving (a) Farm positioning,

milk sampling and
(b) Loading tank rinsing
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Route Fixed Costs. The fixed labor requirements on the route

include positioning the truck on the farm, sampling and measuring
the milk in the farm bulk tank and rinsing the farm bulk tank
after it is emptied. 1In addition, the small amount of pumping
time used to drain the last milk from the farm bulk tank was esti-
mated as a fixed time to simplify the summing of the several cost
functions.

The fixed time per farm stop was estimated to be 0.126 hours.
This is based on the average time of the 132 observations of the
time study. The standard error is .04 hours. The fixed time for
drawing the last milk from the farm bulk tank was estimated at .0l
hours per farm stop. The total fixed time per farm stop is then
0,136 hours. At a wage rate of $3.50 per hour, the estimated
fixed cost on the route per farm stop is $.476.

Although these costs are fixed for a farm stop, the number of
farm stops is also a variable. The fixed time on a route is the
product of the fixed time per farm stop and the number of farm
stopse The number of farm stops is limited by the size of the
truck and the volume of milk of the farm stopse The number of
farm stops per route is dealt with further in the planning of

routes in the next chapter.

Route Variable Costs. Variable labor requirements on the

route include driving time and pumping time on the farm [Erans-

ferring the milk from the farm bulk tank to the truck bulk tanE7.
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Driving time was estimated as a function of miles driven,
The distance traveled and the time required to drive between each
farm stop and/or plant was obtained in the time studies of milk
routess This data is plotted on a graph in figure 4.l. Examina-
tion of it shows that a linear function is a good estimate of the
relationship between driving time and distance driven.

A linear function was fitted to the driving time data. The
least squares estimate is:l/

0 = .023 + 024 M R2 = .93

where:
D | . )
T , is hours of driving time

M, is miles driven

At a wage rate of $3.50 per hour the driving time function became
the cost function:
CD

s = «0805 + 0840 M

where:
D
CS, is the cost of driving labor between stops for a
farm-to-plant bulk milk truck, in dollars

M, is the miles driven between stops

The driving cost for collecting and hauling a load of milk for a
farm-to-plant bulk milk truck is:

D
CL = ,0805 (n + 1) + .0840 M

l/For a discussion of the methodology of least squares esti-
mation see for example Dixion, Wildred J. and Frank J. Massey,
Introduction to Statistical Analysis, McGraw Hill Book Company,
New York, 1957, Chapter 11, pp. 189-208.
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where:
Cz, is the cost of driving labor (in dollars) for a load
of milk in a farm-to-plant bulk milk truck
n, 1s the number of farm stops per load

M, is total miles driven per load

Pumping time on the farm was estimated as a function of
volume of milk pumped. The standard pump on most farm pickup
bulk trucks is rated at 60 gallons per minute. This is equiva-
lent to the function:

P
T = 0.0032V
F
where:
P )
TF, is hours of milk pumping time on the farm

V, is volume of milk pumped, in 100 pounds

At a wage rate of $3.50 per hour, the cost of labor for
pumping milk on the farm is:
P
C_ = .0112 V
F
where:
P
CF’ is the cost of labor for pumping milk on the farm,
in dollars

V, is the volume of milk pumped, in 100 pounds

The time required to drain the last milk from the tank was
included in the fixed time on the farm. Therefore, the time spent
pumping on the farm for the whole route is found by simply in-

serting the volume of the route in the above function.

Plant Fixed Costs. The fixed labor requirements at the plant
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include: (1) preparing for the route, (2) washing the truck bulk
tank and (3) weighing, positioning and waiting to unload.

Route preparation was estimated to take 15 minutes. Eight
usable observations from the milk route time studies average 14.5
minutese.

Washing time was estimated at 25 minutes. This Qas the aver-
age of seven usable observations from the milk route time studies.
Most tanks were washed with an automatic tank washer. This re-
quires a 20 minute cycle plus time for attaching the mechanism and
rinsing the outside of the truck. The truck pump and small parts
were washed while the washer was cycling. In several cases the
automatic washer was not used. This method took the same amount
of time as the automatic washer. The automatic washer has
sanitary advantages rather than time saving features.

Weighing, positioning and waiting to unload was estimated at
12 minutes per load of milk. This was the average of fifteen
observations from the milk route time studies.,

The three categories of fixed time at the plant were summed
as shown in table 4.6. A truck delivering one load per day re-
quires 52 minutes per day and a truck delivering two loads per day
requires 64 minutes for the fixed time at the plant.

At a wage of $3.50 per hour, the fixed labor cost per day at

the plant for one load is $3.03 and for two loads it is $3.73.

Plant Variable Cost. The only variable labor requirement at

the plant is for pumping the milk from the bulk truck into storage.

Labor time was estimated as a function of volume pumped. The
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Table 4.6. Estimated fixed time at the plant for bulk milk trucks
J hauling one and two loads per day in Minnesota, 1970.

Classification 1 load 2 loads
---------- (minutes)e-c----
Route preparation 15 15
Truck tank washing 25 25

Weighing, positioning and
waiting 12 24

Total 52 64
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estimate was based on engineering data provided by a sales engi-
neer. Plants are in the process of adopting much higher capacity
pumps for loading and unloading milk. It was assumed that plants
were equipped with high capacity twenty;five horse-power, 125,000
pound per hour pumps. At this capacity rate the variable plant
labor function was estimated to be:

T§ = 0.,0008 Vv
where:

P
TP’ is hours of pumping time at the plant

V, is hundred weight of milk pumped

At a wage rate of $3.50 per hour, the cost of labor for
pumping milk at the plant is:
P_.
CP = ,0028 Vv
where:
P
CP, is the cost of labor for pumping milk at the plant,

in dollars

V, is volume of milk pumped, in 100 pounds

The labor cost relationships just described and estimated are
applied to specific Minnesota situations in arriving at assembly

cost functions in Chapter V.

Administrative Cost

This cost is for items such as accounting, bookkeeping and
other administrative functions. This cost often is not identi-
fiable under Minnesota conditions. In Minnesota most of the

haulers are small entrepreneurs with only one or two trucks.
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These haulers usually do not keep formal enough accounting records
to identify this cost. In fact for a small operator it may not
even occur., If the dair& plant operates its own trucks, however,
this cost will occur. If this cost occurs for alternatives other
than a small contract hauler then the small hauler can capture
those costs as a rent.

Data to estimate the value of this administrative cost was
not available. As was mentioned, the small haulers surveyed did
not keep records of such items and the large haulers, although they
had records, did not have them in a usable form.

In absence of data in Minnesota, the results of a recent
study in Ohio was used to estimate administrative office costs.l/
The authors reported a cost of $.1092 per stop which, following
their procedure in reverse, amounted to about $530 per truck per
yeare. This value was used as an administrative charge for all
trucks.

The truck, labor and administrative cost relationships just
estimated are applied to specific Minnesota conditions in the next
chapter to estimate direct farm to plant cost-volume assemble

functions for milke.

Receiving Station

A receiving station as used in this study is a dairy facility

that receives milk from farm-to-plant bulk milk trucks and trans-

1
—/Jacobson and Fairchild, op. cit., p. 6.
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ships the milk in large semi-trailer bulk tank trucks., The esti-
mated facility is basically a garage-like structure with an at-
tached service area for office, supply storage and laboratory.

The same economic engineering techniques used in developing
processing costs were used in estimating the costs of the milk
receiving station. The reasons.for using this method are also the
same.

The operation of a receiving station is much less complex
than the operation of a processing plant. This simplified the
estimation of the cost function.

Costs for the milk receiving station were divided into five
categories for estimation purposes. The five cost categories are:

Building and land

Equipment

Labor

Utilities

Plant supplies

The physical requirements for each of these categories was
estimated and factor prices applied to get estimates of the cost
functionse.

The data used in developing the costs functions for milk
receiving plants were obtained from receiving facilities at the
butter-powder plants visited during the course of the study and
another study of bulk milk receiving stations made by Aplin in

New York in 1958.l/

l/Apliu, Re Do, Country Reload Plants for Bulk Milk, Depart-
ment of Agricultural Economics, Cornell University Agricultural
Experiment Station, New York State College of Agriculture, Ithica,
New York, 1958.
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Building and Land Cost

The building was broken into two sections, the truck
receiving and shipping area and the service area.

The truck receiving.and shipping area was estimated to handle
four straight trucks or two semi-trailer trucks at one time. It
was assumed this could be done with two drive through lanes 58
feet long and 13 feet wide. This amounts to 1,508 square feet.
Based on this area and a unit-cost of $10 per square foot con-
struction cost, the estimated purchase value of the shipping and
receiving area is $15,080.

The service area was assumed to include an office, laboratory
and general storage area. This was estimated to take 875 square
feet. At a unit cost of $15 per square foot for construction, the
estimated purchase cost of the service area is $13,121.

The estimated cost of the building, the combined cost of re-
ceiving and shipping, and service area, is $28,205. The building
was assumed to last 20 years. This is based on the 20 year
building expectation used in estimating processing costs. The
estimated annual depreciation charge for the milk receiving
station building facilities is $1,410.

The other annual costs, repair and maintenance, interest on
investment, property taxes and insurance were calculated at the

rates used for the processing costs.l/

Based on those rates the estimated annual cost of repair and

Y

For a discussion of these rates see Chapter 1II, pages 74-
77 of this study.
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maintenance, interest on investment, property taxes and insurance
is $946.

The building site area was calculated at five times the
building area. At $.20 per square foot, this amounts to a pur-
chase value of $2,383. The annual interest cost of the building
site area for the milk receiving station, based on an interest

rate of seven percent, is $167.

Equipment Cost

Equipment requirements were based on the equipment in the
receiving departments of plants visited in the course of the
study. The laboratory and office equipment cost was based on
Aplin.l/ The estimated life, installed cost and annual deprecia-
tion cost for the equipment is summarized in appendix table A.ll.
The estimated annual depreciation charge for equipment in the
milk receiving station is $1,308.

The other annual costs were calculated at the rates used for
estimating processing costs.g/ Based on those rates, the estimated
annual cost of repair and maintenance, interest on investment,
property taxes and insurance is $1,282.

The estimated annual cost of equipment buildings and land for

the milk receiving station is $5,113.

l/Aplin, OE. cit.
2/

—'For a discussion of these rates see Chapter III, pages 74-
77 of this study.



Labor Cost

The labor requirements for the milk receiving station were
based on the experiences of receiving departments of butter-powder
plantse A person is needed to supervise milk intake and loadout,
general cleaning, some laboratory work and a little record
keeping. It was assumed that these daily tasks could be handled
by one worker. Therefore, the labor requirements were estimated
to be one man per day.

A gross wage of $3.50 per hour was assumed to be the wage
rate. This is equivalent to the wage rate for skilled plant
workers used in estimating processing costs. Based on this wage
rate, and an eight hour day 365 days a year, th; estimated straight
time labor cost is $10,192. 1In addition, it was assumed that the
worker would work one hour a day overtime for 120 days during the
peak period of milk production. At a time and one-half wage rate,
this adds $630 to the labor cost. The estimated total annual labor
cost for the milk receiving station is $10,822,

In caiculating the labor cost in this way, it was assumed
that swing shift-labor was available two days per week. It was
assumed that this could be done by stationing a fieldman at the
recelving station and utilizing him two days per week as a plant

worker,

Utilities

The utilities were divided into three categories. The three

cost categories are:



Water and sewage
Electrical
Fuel

The physical requirements were developed primarily from

Apl in .l/

Water and Sewage. Water is used primarily for cleaning.

Cleaning includes the building and storage tanks as well as the
farm-to-plant trucks' tankse.

The trucks'! tanks are cleaned once per day. Kerchner esti-
mated that it takes 14 gallons of water per 1,000 pounds of milk
for cleaning the truck's tank.g/ Oplin's water estimate of 3,910
gallons of water per day was adjusted to reflect this variable
water use for cleaning trucks. The adjusted water use function
is:

W
G =1,621 + 14V
D
where:
W

GD, is gallons of water used

V, is volume of milk received, in 1,000 pounds

This water use function was converted into a cost function by

applying a water cost rate of $.11 per 1,000 gallons of water.
This rate was estimated in the processing cost chapter. It as-
sumes the water is purchased from a municipal source and that it

is returned to the municipal sewage system, The estimated daily

1
—/Aplin, op. cit., p. 35,

2/
~ Kerchner, op. cit., pe 72,
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cost of water and sewage is:
W
CD = .178 + 0015 Vv
where:

W
CD, is the daily cost of water and sewage, in dollars

V, is the volume of milk received, in 1,000 pounds

The plant operates 365 days per year. Therefore, the fixed
factor was expanded by 365. The estimated annual water and sewage
cost function for the milk receiving station is:

Cw = 65 + ,0015 V

A
where:

QA’ is the annual cost of water and sewage, in dollars

V, is the volume of milk received, in 1,000 pounds

Electricity. Electricity is a minor cost item in a milk re-
ceiving station. It is used for pumping and general service.
Aplin's estimate for a similar receiving station is 107 kilowatt-
hours Z§h§7 per day. This was adjusted to reflect the variable
electrical use of the milk pumpse A milk pump was estimated to
use «2 KWH per 1,00C pounds of milk pumpeds Milk must be pumped
twice, therefore, the plant used .4 KWH per 1,000 pounds of milk

pumped. Based on this, the adjusted daily electrical use function

is:
E
K = 65.4 + .4V
D
where:
E
Kb, is the daily kilowatt-hours of electricity used

V, is volume of milk received, in 1,000 pounds
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The electricity use function was converted into a cost func-
tion by using an electrical energy cost rate of $.03 per kilowatt-
hour.l/ This resulted in the following cost function:
CF = 1.962 + 012V
where:
E
CD, is the daily electrical cost, in dollars

V, is the volume of milk received, in 1,000 pounds

This function was converted into an annual cost function by
expanding the fixed coefficient by 365. The estimated annual cost
of electricity for the milk receiving station is:

qf =716 + .012v

where:

E

QA’ is the annual cost of electricity, in dollars

V, is the volume of milk received, in 1,000 pounds

Fuel. Fuel is used in a receiving station to heat the
building and to heat cleaning water. Aplin estimated that a plant
similar to the one of this study required 57 gallons of fuel oil
per day.g/ This fuel use was adjusted to reflect fuel used for
heating truck cleaning water. It was estimated that 60 percent of
the 14 gallons of water per 1,000 pounds of milk for cleaning
trucks was heated from 50° to 180°. This is equivalent to about

12,500 BTU's of energy per 1,000 pounds of milk or 0.082 gallons

1/

~ This is based on Northern States Power general service rate
(DC204). The demand charge was so small it was ignored in calcu-
lating the electrical cost function.

—Aplin, OE- Cit-, Pe 35.




r———

167
1/
of fuel oil.™ Based on these assumptions, the estimated fuel oil
use function is:
F

where:
F
GD, is gallons of fuel o0il used daily

V, is volume of milk received, in 1,000 pounds

This function was converted to a daily fuel cost function by
applying a fuel oil cost of $.149 per gallon.z/ This resulted in
the following daily fuel o0il cost function:

cg = 6.50 + 0.0122V
where:

F .
CD, is daily fuel oil cost, in dollars

V, is volume of milk received, in 1,000 pounds

This function was converted into an annual fuel oil cost
function by expanding the fixed coefficient by 365. The estimated
annual cost function for fuel in the milk receiving station is:

G, = 2372 + 0.0122V

. where:
F
QA’ is annual cost of fuel, in dollars

V, is volume of milk received, in 1,000 pounds

Plant Supply Cost

Plant supplies include office supplies, soaps, sanitizing

1
—/Farrall, OE. Citn, Pe 654.
2/

~ This is based on a local petroleum distributor's price for
No. 2 furnace oil.
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agents, laundry service and miscellaneous items such as brushes,
gaskets, etc. These are a small cost item in a milk receiving
station. Aplin's estimate for a receiving station similar to the
one of this study was useds The value was adjusted to reflect
less laundry because of less labor and to reflect current prices.
The estimated annual cost of plant supplies for the milk receiving

station is $1,887.

Summary

The several individual costs and cost functions just discussed
are suwmmarized in table 4.7, The summation of these functions is
the total annual cost function. It is:

c: = 21,965 + .0257V
where:
T . . .
QA’ is total annual cost of a milk receiving station,
in dollars

V, is the volume of milk received, in 1,000 pounds

The large fixed cost is the dominant feature of this cost
function. This implies economies to size; additional milk receipts
add little to cost at the margin. The economies to size are il-
lustrated graphically in figure 4.2. The average cost curve is
plotted there. It falls dramatically, especially in the lower
volume range. In going from 10 million pounds of milk received
annually to 40 million pounds, average cost drops $1.65 per 1,000
pounds of milk received. The addition of another 30 million pounds

of milk reduces average cost an additional $.23 per 1,000 pounds

of milk.



Table 4.7. Estimated fixed and variable costs for a bulk milk
receiving station in Minnesota, 1970.

Cost
Item

Fixed Cost

Variable Cost
per 1,000 1lbs.
Milk Received

Building and
Land

Equipment
Labor
Water
Electricity
Fuel

General Supplies

Total

0.0015

0,0120

0.0122

0257
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Figure 4.2. Estimated average cest of operating a bulk milk
receiving station in Minnesota, 1970,
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The falling average cost function implies the size of the re-
ceiving station, and its assembly area, is an important cost factor
in determining its use in overall assembly patterns for milk as
well as determining its distance from the processing plant. The
problem of an optimal size receiving station is dealt with in the
next chapter.

The average cost of operating a receiving station, just esti-
mated, is combined with the farm-to-plant (or receiving station)
assembly function and the plant-to-plant milk hauling function to

estimate an indirect cost-volume assembly function in Chapter V.

Plant-to-Plant Hauling Costs

Semi-trailer tank trucks are used in this study to haul milk
from receiving stations to processing plants and/or cream from
specialized drying plants to large butter departments.

The data for estimating plant-to-plant hauling costs was
obtained primarily from two recent studies of plant-to-plant milk
hauling costs.

The labor data was obtained from Thompson.l/ This study re-
ported the results of an intensive time and motion study of plant-
to-plant milk hauling labor requirements. Eighty-eight drivers
were timed on all tasks that they performed on 214 plant-to-plant

2/
routes.—

1/

g/Ibid.

P

Thompson, op. cit.



The truck costs were developed from data obtained from

1/2/

Kerchner, His truck costs were estimated by the economic
engineering method using data obtained from trucking firms,
several milk haulers, and equipment dealers throughout the U. S.

His data for the Midwest was used, with some modifications, for

estimating the fixed and variable truck costse

Truck Costs

It was assumed that 5,700 gallon (49,000 pounds) capacity
semi-trailer tank trucks are used for plant-to-plant hauling.
Thompson'!s research has shown that the largest semi-trailer tankers
provide plant-to-plant milk hauling service at the lowest average

3/

cost.~" He found this to be true even though in using the larger
size units a great deal of excess capacity existed. The 5,700
gallon semi-trailer tankers are about as large as the legal limits
allow in Minnesota.

Kerchner divided truck costs into fixed and variable costs in

a manner similar to the cost categories used for estimating farm-

to-plant truck costs.

Fixed Costs. The fixed costs included depreciation of equip-
ment and garage facilities, insurance, interest in investment,

highway use-tax, license and miscellaneous tax, management and

1
—/Kerchner, Orval, Costs of Transporting Bulk and Packaged
Milk by Truck, op. cit.

~— Kerchner's truck costs include administrative costs which
were treated as a separate category in the farm-to-plant estimation.

3
-/Thompson, ope cit., p. 94,
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office salaries and administrative costs. These costs are sum-
marized in table 4.8.11 Kerchner's depreciation was based on an
estimated purchase price for a diesel truck tractor of $17,000 and
a tank trailer of $14,000. These costs were based on information
from haulers and equipment dealers. A salvage value of $1,000
each was assumed for the tractor and trailer, with a life of seven
years for the tractor and ten years for the trailer.

Building depreciation, estimated from building, office and
shop equipment costs as supplied by haulers, was assigned on a per
truck basise The building was assumed to have a life expectancy
of 33 years. These costs are also shown in table 4.8. Interest
on investment cost was based on a rate of seven.percent of mid-
life value of the equipment and buildings. This was adjusted from
six percent used by Kerchner. This cost is summarized in table
4,8,

Insurance, licensing, and taxes were synthesized by Kerchner
from information obtained from haulers, state licensing and
insurance regulations and insurance companies. They are also
summarized in table 4.8.

Costs for management and office salaries and administration

2/

were developed from data obtained in a 1970 survey by Hunter.=

leerchner, Costs of Transporting Bulk and Packaged Milk by
Truck, ope. cite., p. 4.

2/

~ Hunter, Je. He, Jr., Costs of Operating Exempt for Hire Motor
Carriers of Agricultural Commodities, A Pilot Study in Delaware,
Maryland and Virginia, U. S. Department of Agriculture, ERS-109,
1963 as reported in Kerchner, Costs of Transporting Bulk and
Packaged Milk by Truck, op. cit., p. 12.




Table 4.8. Estimated annual fixed costs for a 49,000 pound
capacity plant-to-plant bulk milk truck in Minnesota,

1970.
Cost Item Cost
(dollars)

Depreciation
Equipmentl/ 3,586
Building and Toolsgl 250
Insurance 1,000
Interestil 1,120
Federal Highway Use Tax 180
License and Miscellaneous Tax 800
Management and Office Salaryﬁ/ 973
Administrative Costs>/ 649
8,558

llTandem tractor and tandem trailer.

Z/Maintenance shop and office space.

Q/Rate of 7 percent adjusted from Kerchner's 6 percent.

&/Supervision and clerical personnel plus a return to management.

3/

office expensese.

Includes office supplies, utilities, legal fees and miscellaneous

Source: Kerchner, Cost of Transporting Bulk and Packaged Milk by

Truck, ps. 4.
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The estimated total annual fixed truck cost for a 5,700 gallon
plant-to-plant semi-trailer truck is $8,558. This is based on the

summarization of costs in table 4.8.

Variable Costs. Kerchner developed variable costs on a

mileage basiss. Variable costs include fuel, tires, maintenance
and miscellaneous tiems. Kerchner estimated diesel fuel consump-
tion at 5.5 miles per gallon. Fuel price was based on the current
quoted price of a major distributor in central Minnesota. It was
quoted at 28.4 cents per gallon. Based on this information, fuel
cost was estimated at $.0516 per mile as shown in table 4.9.

Kerchner based his estimate of tire cost on data provided by
haulers. Tire life was estimated at 200,000 miles, 100,000 miles
on the original tread and two recapps of 50,000 miles each. New
tire price was estimated at $115 per tire and recapps at $70 per
recappe A truck unit requires 18 tires. Based on this informa-
tion, the estimated cost of tires is $.0166 per mile as shown in
table 4.9,

Kerchner obtained maintenance records on 75 tractors over a
6 month period from a regional trucking organization. These
records were used to compute the cost of grease and oil, repair
and maintenance labor per trucke. The records showed an average
cost of maintenance of $.0319 per mile. This cost is also shown
in table 4.9.

The other variable cost category, miscellaneous items, was
used by Kerchner as an estimate of the many little things that are

difficult to enumerate. His estimate is $.0100 per mile and is
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Table 4.9, Estimated variable costs per mile for a 49,000 pound
capacity plant-to-plant bulk milk truck in Minnesota,

1970.
Item Cost
(dollars)
1/
Fuel, diesel— $.0516
Tires $00166
Maintenance $.0319
Miscellaneous $.0100
Total $.1101
1/ .
~ Adjusted from Kerchner to reflect change in fuel price. It is

based on 5.5 miles per gallon and 28.4 cents per gallon.

Source: Kerchner, Cost of Transporting Bulk and Packaged Milk by

Truck, p. 6.
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summarized with the other variable costs in table 4.9.
The four variable costs were summed as shown in table 4.9.
The estimated variable cost for operating a 5,700 gallon capacity
plant-to-plant semi-trailer tank truck is $.1101 per mile.
‘ The combination of these fixed and variable truck costs gives
the linear cost function:
' = 8558 + 1101 M
A
where:
q:, is total annual truck cost for a 5,700 gallon
capacity plant-to-plant semi-trailer tank truck, in

dollars

M, is miles driven per year

Labor Costs

Labor costs were estimated by applying a standard gross wage
rate of $3.50 per hourl/ to the physical labor requirements re-
ported by Thompson. This wage rate is consistent with the wage
rate of several large dairies and that used in other parts of this
study.

Thompson divided labor requirements into fixed and variable

2/

categoriese.—

Fixed Costs. The fixed labor requiremenfs estimated by

Thompson include route preparation, local hookup and unhook,

~ See Kerchner page 62 for a relative breakdown of the gross
wagee

2
—/Thompson, op. cit., pp. 73-94,
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waiting time, personal time and miscellaneous time. The estimates
of these labor requirements are summarized in table 4.10.1/
Thirty minutes per day for cleaning the truck's milk tank was
assumed to be needed as an addition to Thompson'!s fixed labor re-
quirements. This estimate was based on data obtained for the
farm-to-plant portion of this study.
Based on a wage rate of $3.50 per hour, the fixed cost per

load for plant-to-plant milk hauling is $2.11 plus $1.75 per day

for cleaninge.

Variable Cost. Thompson divided variable labor into three

categories, driving time, local pumping time (loading) and central
pumping time (unloading).

Thompson found that driving time between plants was closely
correlated with the road distance between those plants. He esti-
mated the following function, using least squares estimation:

L’ = .078 + .024 M R? = 98
where:

L, is hours of driving time

M, is miles driven between plants

Based on a wage of $3.50 per hour, this driving time function

is the cost function:

® = .2730 + .0840 M

where:

D
C, is cost of driving labor

}-/Ibido, Pe 87a



Table 4.10.

milk hauling tasks
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Estimated labor requirements for fixed plant-to-plant

in Minnesota, 1970,

Classification Time Per
Load
(minutes)
Route preparation 5.0
Local hookup and unhook 7.2
Central hookup and unhook 7.3
Wait 11.0
Personal 2.9
Miscellaneous 3.1
Total 36,1
Source: Thompson, op. cit., pe. 87.
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M, is miles driven between plants

It is of more than passing interest to compare the driving
time function above with the driving time function for farm-to-
plant hauling. They both have the same variable coefficient, .024.
This implies that once a truck gets on the road and rolling, it
travels about the same speed, 42 miles per hour, irrespective of
size or type of truck.

Thompson's estimated pumping time is a function of volume of
milk pumped and the size of pumpe The receiving station and the
processing plants estimated in this study were assumed to have
higher capacity pumps than were included in Thompson's study.
Pumping time therefore, was estimated on the basis of engineering
datas A 125,000 pound per hour a pump requires .008 hours per
1,000 pounds of milk pumped. At a wage rate of $3.50, the pumping
cost function is:

¢k = .028 v
where:
CP, is the cost of pumping milk in or out of the semi-

trailer tank trucks

V, is the volume of milk pumped, in 1,000 pounds

The truck and labor cost functions just estimated are applied
to specific Minnesota conditions in the next chapter to estimate
the average cost of hauling milk or cream on a per mile basis be-
tween plants. The average cost of hauling milk between plants is
combined with farm-to-plant average cost and the average cost of

operating the receiving station to give an indirect cost-volume
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assembly function for milk. The average cost of hauling cream is
used as a contributing cost to assembling and processing cream in

large butter departments,




CHAPTER V

INTEGRATION AND ANALYSIS OF ASSEMBLY AND
PROCESSING COST FUNCTIONS

In this chapter the farm-to-plant cost estimates prepared in
Chapter IV are used to develop cost-volume assembly functions for
collecting milk direct from farm to plant. The receiving station
cost function and the plant-to-plant hauling cost functions, also
prepared in Chapter IV, are used to modify direct assembly to in-
clude indirect assembly by means of transshipment through re-
ceiving stations. The plant-to-plant costs are also used to de-
velop a cream shipment cost function.

The assembly and processing cost function are combined and
evaluated for least cost processing and assembly systems at
various volumes and various milk production densities., Specifi=
cally, the combined cost functions are evaluated at various vol-
umes of milk up to 623 million pounds a year and at milk pro-
duction densities of 260,000, 130,000, 65,000 and 32,500 pounds of
milk per square mile annually to determine which of ghe following
systems is least cost:

1. Plants processing direct received milk into butter and

powder.

2. Plants processing direct and indirect received milk into

butter and powder.

182



r—

183
3. Plants processing direct received milk into powder and
cream and shipping the cream to large butter departments
for processing.
4. Plants processing direct and indirect received milk into
powder and cream and shipping the cream to large butter

departments for processing.

Rationalizing the Assembly Cost Function

Assembly costs rise as volume assembled to a plant increases

| because the increase in volume must come from a widening supply
area.l/ By making certain simplifying, but reasonable assumptions,
a volume-geometric area relationship can be speéified. The col-
lecting and hauling cost functions can be applied to the geometric
area to estimate the cost of assembling the milk to one point in
the area. By repeating this for various size areas, a cost-volume
milk assembly function can be estimated.

The use of a regularly shaped geometric supply area such as a
square or circle is well documented in the literature. Its popu-
larity in estimating assembly costs comes mainly from the unwieldy
task of trying to deal with every farm source of raw product

2/

supply.=" One of the earliest studies of processing and assembly

that made use of a regular shaped geometric supply area was a

1/

~— The alternative of more production per farm has been ex-
cluded as a possible way of increasing volume. It was pointed out
earlier in this study that farm production of milk is inelastic.

~ French, Ben C., "Some Considerations in Estimating Assembly
Cost Functions for Agricultural Processing Operations," Journal of
Farm Economics, Vol. XLII, November 1960, p. 767.
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dairy study by Bressler and Hammerberg.lj This study used a
circular shaped assembly area and converted air miles, radius, to
road miles with an adjustment factor. Another often sighted study
of processing and assembly costs that made use of a circular sup-

2/

ply area was made by Henry and Seagraves.~ They were interested
in looking at the cost differences of expanding the supply area
versus intensifying production near the plant for broilers. They
also relied on the functional relationship between the radius and
the area of a circle to link cost and volume together in a manage-
able fashion.

The specific problem of handling assembly costs where col-
lection routes are involved was discussed in an article by
Olsen.él He went beyond just using a circular supply area. He
divided assembly costs into fixed and variable costs on the basis
of whether the cost item varied with location of the route to the
plant. He reasoned that even travel between farm stops is fixed
because this task must be performed irrespective of where (to what
plant) the milk is assembled. This idea is employed in this

study.

French enlarged on the framework used by these authors and

l/Bressler, Re Go Jre, and D. O. Hammerberg, Efficiency of
Milk Marketing in Connecticut, 3: Economics of the Assembly of
Milk, Storrs Agricultural Experiment Station Bulletin 239, Uni-
versity of Connecticut, Storrs Connecticut, 1942.

2

‘/Henry, William R. and James A. Seagraves, "Economic
Aspects of Broiler Production Density," Journal of Farm Economics,
Vol. XLII, ppe 1-17, February 1960.

2-lolsen, op. cita
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set down some logical procedures and formulations for developing
assembly cost functions where a regular shaped supply area is the
link between cost and volume.l/ The fixed and variable costs as
defined by Olsen, were used along with the equational form of unit
costs suggested by French in developing average assembly cost
functions.

The total cost of transporting the required supplies of a
single product from any point to a processing plant depends on the
equipment used, the labor used with each piece of transport equip-
ment, the work methods employed by the labor, the distance from
the supply point or route to the plant, the speed of travel, the
prices of inputs, the total volume of product h;ndled per trip and
per period, waiting time at the plant and at the farm and minor
environmental factors that may vary from time to time.g/ Most of
these are fixed or approximately linear functions. If the volume
per trip and the truck speed are treated as constants, a reason-
able assumption for milk hauling, the variable cost per unit of
commodity can be represented by: (1) a constant part bo’ associ-
ated with fixed truck costs, loading, unloading and waiting time
and (2) a constant cost per unit of volume per unit of distance
traveled bl’ which includes variable truck cost and driving labor.
For a single supply source the total variable cost of hauling any

given volume, S, is

l/French, op. cite.

2/1pid., p. 769.
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- 1/
C=5 (b +b, D)

where:

C, is total cost of hauling from one point to a plant
D, is road distance traveled

S, the supply assembled

With several discrete supply sources the total variable cost

per period is a sum of the cost from each distance, weighted by

the volume transported from that distance. That is,

n

c= 2 (b, 8, +b; S, D)

i=1

The average total assembly cost is simply

c/s

The milk assembly functions were estimated by using the

above function with the collecting and hauling cost data devel-

oped

in the previous chapter. In order to do this some further

assumptions had to be made about average production per farm and

the average density of farms in a region.

to pl

The density of milk production varies considerably from place

ace in the state. The density of milk production by

counties is shown in figure 5.l. These are actual densities of

production; the effective densities for butter-powder plants is

lesse.

This is especially true in the higher density counties.

There is competition from fluid markets and several large cheese

l/Ibido, Pe 770.
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d
Figure 5.1. - Pounds of milk produced per square mile for selecte
® 'counties in Minnesota, 1968.

Source: Minnesota Agricultural Statistics 1969.
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plants. The tendency for overlapping assembly areas for butter-
powder plants is also greater in the more dense areas.

In absence of any good method of determining the effective
density for a given region, four densities were selected for the
analysise The four densities selected are 260,000, 130,000, 65,000
and 32,500 pounds of milk production annually per square mile. It
was assumed that 260,000 pounds per square mile was a practical
high for effective density in an area. At the other end of the
range, it was assumed that below 32,500 pounds per square mile
the general approach used in the study is ineffective; the assump-
tion of uniform density breaks down and special local situations
become more important.

Production per farm varies a great deal from farm to farm.
However, it is reasonable to talk about average size farms when
they are aggregated into groups serviced by a bulk milk truck.

The average size farm was estimated at 260,000 pounds of
milk per year. This is approximately the average size of farms
shipping manufacturing grade milk in bulk in Minnesota in 1969.1/
On the basis of this assumption, the production per square mile
was translated into farms per square mile. The 260,000 pounds per
square mile density is equivalent to one farm per square mile.
Likewise, the 130,000 pounds per square mile density is equivalent

to one farm per two square miles, the 65,000 pounds per square

l/This was based on data taken from the Minnesota Dairy
Summary, June 5, 1970, Minnesota Crop and Livestock Reporting
Service, St. Paul, Minnesota.
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mile density is equivalent to one farm per four square miles and
the 32,500 pounds per square mile density is equivalent to one
farm per eight square miles.

By specifying the average production per farm, the average
number of stops per load can be calculated and by specifying the
average density the average distance traveled between farms can
be estimated as well as the number of routes in a given area. It
thus becomes possible to treat loads of milk as originating at a
point. The fixed costs per unit of product, bo is made up of:

(1) fixed truck cost, (2) fixed and variable time at the plant,
(3) fixed time on the farm, summed over the number of farms in a
load, (4) pumping time on the farm and (5) variable truck cost and
driving time traveling from the first farm stop to the last farm
stop of the load. (From here on this will be called the route, it
excludes travel from the plant to the first farm stop and travel
from the last farm stop to the plant. This will be called travel
to and from the route.) The constant cost per unit of volume per
unit of distance traveled, bl’ is made up of the variable truck
cost and driving labor; it applies to travel to and from the
routes All collecting and hauling costs are treated as fixed, for
a truck size, except those associated with travel to and from the
route. It follows that average assembly cost increase as routes
are added at further and further distances from the plant. The
routes radiate out from the plant to form a regularly shaped
supply area.

The supply area was assumed to be a diamond shaped area
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tilted 45° to the road system as shown in figure 5.2. In much of
the dairy area of Minnesota the road system approximates a square
grid systems If the road system is thought of as a rectangular
coordinate system with a plant at the origin, then the road
distance to any point is X + Y. It follows that the road distance
from the plant to any point on the edge of the diamond shaped
supply area is the same. If routes have their origins along such a
diamond then all such routes will have the same variable cost
value, bl' The unit-costs of assembly, b° and bl’ were developed
on an average daily basise Collecting and hauling costs were
converted into assembly costs on the basis of the volume of milk
assembled by each truck size on a daily basise "The assembly cost
functions for direct assembly are presented first. The indirect
assembly via transshipping through receiving stations is then

presented.

Direct Assembly Cost Functions

The average daily load volume of a truck is dependent on the
number of farm stops and the average daily volume of production of
each farme Bulk milk in Minnesota is picked up on an every-other-
day basise Therefore, considering seasonality (a peak day is 322
percent of annual volume) a 2,200 gallon capacity truck can
service 22 farm stops per day, two eleven stop loads. A 3,200
gallon capacity truck can service 16 farm stops per day, all in one
loade The average volume assembled on an average.day for a 2,200
gallon capacity truck servicing 22 farms is 31,328 pounds. The

unit costs were derived by dividing costs by this value. This



Figure 5.2,

(o, a)

Pllanf /

Supply area for a square grid road system.

(2, o)
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also was done with the 2,200 gallon capacity truck. Its average
volume assembled on an average day servicing 16 farms is 22,795
pounds of milk,

Although farm-to-plant hauling cost data was estimated for
four truck sizes, only two were used in estimating farm-to-plant
assembly cost functions. The 2,200 gallon capacity truck, hauling
two loads per day, was included for close in routes. The 3,200
gallon unit, hauling one load per day, was included for more far
distant routes. These two size trucks each provide hauling at a
lower cost than the other truck in its axle class.

The number of miles on a route and the general shape of the
routes was based on results obtained by plottiné a series of
sample assembly routes for the four densities, the two truck sizes
and various width assembly areas. Farms were randomly allocated
on a square grid road network for network for each of the four
densities. Minimum travel distance routes were worked out by
trial and error. Effort was made to use Kreuser's computerized
version of Dantzig and Ramser's route minimizing programme.l/g/
The number of alternative farm combinations per route ran computer
time so high the programme was impractical, especially considering

the general nature of the analysis. In addition, the exact length

l/G. B. Dantzig and J. H. Ramser, "The Truck Dispatching
Problem," Management Science, Vol. VI, ppe. 80-91, 1959,

Z/Kreuser, Jerome L., Mira: A Method for Solving the Truck
Dispatching Problem, Data and Computation Center, Social Systems

Research Institute, University of Wisconsin, Madison, Wisconsin,
1968.
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of the routes is not crucial to the results. Costs associated
with route length are fixed.

From these sample routes, average distance between farm stops
was estimated for each of the four densities. Also the depth of
the routes was estimated. Depth of a route is defined as the
distance between the start and finish location of a route (routes
were in general U shaped) and the farthest out farm stop Zzhe
distance between the top and bottom of the.;7.

The diamond shaped assembly area was divided into tiers of
routeses Figure 5.3 shows one quadrant of an assembly area for
the 260,000 pound per square mile density and how the tiers divide
up the area. The width of the tiers was based on the depth of the
routes. For a density of 260,000 pounds per square mile and 11
stop loads the depth of route was estimated to be 7 miles. Cne
additional mile was added to this to allow for the distance be-
tween the end of one route and the beginning of the next. Every
eight miles a new tier of routes was added as shown in figure 5.3.
The average miles per route, the route depths and the tier width
for the four densities and the two truck sizes are shown in
table 5.1,

The first tier for all four densities was calculated in a
slightly different manner. It was assumed thét two 11 stop loads
per quadrant was the minimum or base. In other words, these two

[ loads in a quadrant (eight loads in the diamond shaped area)
essentially required only fixed costs of assembly. The first tier

has no, or very little, cost required for traveling to and from
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Miles

22.8 101.9 251.5 467 .4 749.8
Million Pounds Milk

Figure 5.3. One quadrant from a diamond shaped assembly area
with a density of 260,000 pounds per square mile
divided into tiers of 11 farm-stop-load routes.
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the routes.

Once the tiers were defined it was a simple matter to cal-
culate the unit cost of assembling milk from each of the tiers.
It is the route costs and plant costs, which are fixed per truck,

bo’ plus the cost of traveling to and from the tier, b The

1°
leading edge of a tier is everywhere equal distance from the
plant, therefore, all milk is hauled from the tier at the same
unit coste.

With this information on route size and length, number and
size of farm stops, size of trucks and the density assumptions
coupled with the farm-to-plant hauling cost data, it was possible
to estimate average cost functions for assembli;g milk as a func-
tion of volume assembled. Both marginal assembly cost functions,
the unit cost of assembling from the periphery of the supply area,
and the average assembly cost functions, the average unit cost of
assembling from the whole supply area, were estimated.l/ The
average cost of assembly is the weighted unit cost of assembling

milk from each tier in a specified size assembly area. The

weights are the volume of milk in each tier.

~ Average cost of assembly is the relevant function to com-
bine with the processing cost function to determine least cost
size of plant and the size of the assembly area. Farmers who must
pay the marketing cost are interested in minimizing the marketing
cost they faces They are interested in minimizing the combined
cost of processing and assembly. Therefore, farmers near a plant
are willing to subsidize the cost of assembling milk from further
out farmers so long as the savings in processing cost due to the
larger volume of the further out farmers are greater than the
assembly subsidy they must pay. The cooperatives affect this
transfer payment by owning the trucks or by payment schemes to
contract haulers,
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The tier system of route location provides only a few point
estimates of fhe average and/or marginal cost-volume relationshipse.
These point estimates were used to estimate a continuous cost-
volume function by fitting a smooth curve to the point estimates.
The reasonableness of this was tested by comparing the estimated
values obtained from the continuous function against the costs ob-
tained from the hand plotted routes.

The problem of specifically defining the volume at which
truck sizes changed to get minimum average cost of assembly was
only dealt with in a limited way. The hauling cost data of
Chapter III indicated that for near in assembly the 2,200 gallon
truck, making two loads per day, is the least cost method of as-
sembly. As the assembly area expands with volume increases, a
point is reached where the larger 3,200 gallon truck, making one
load per day, becomes the least cost method of assembly. Break
even analysis indicated that this occurs when the periphery of the
assembly area is about 50 or 60 miles from a plant. With this in
mind truck type, and hence truck cost, (fixed and variable) was
switched with the tier that approximated this distance.

The unit cost of assembling milk, less travel to and from the
route, is treated as a constant for each of the four densities in
this analysise The farm-to-plant hauling cost items developed in
Chapter III1 and treated as fixed for assembly analysis are:

l, Fixed truck cost

2, Fixed labor at the plant, summed over the number of loads

hauled per day.
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3. Fixed labor on the farm, summed over the number of farm
stops per day.

4, Fixed driving labor, the intercept value of the farm-to-
plant driving time function summed over the number of
farm stops per day.

5. Pumping labor, plant and farm, based on average volume
pumped per day.

6. Travel on the route, based on the miles driven daily on

the route proper varies with the four densities.

The daily costs of the sik cost categories above were cal-
culated for the two truck sizes and the four depsities. The re-
sults are summarized in table 5.2. These daily total costs were
converted into unit-costs (dollars per thousand pounds of milk) by
dividing through by the average milk hauled per day. For the 2,200
gallon truck this was 31,328 pounds and for the 3,200 gallon truck
it was 22,795 pounds. These unit-costs for the two truck sizes and
the four densities are shown in table 5.3. The unit cost
J (remember this does not include travel to and from the route) of
r the 2,200 gallon truck ranges from $1.074 per thousand pounds of
| milk at the 260,000 poundsper square mile density to $1.449 per
l thousand at the 32,500 pounds per square mile density. The in-
crease in cost as density goes down is due to the greater distance
that must be traveled between farm stopse

The unit cost of the 3,200 gallon truck ranges from $1.357

per thousand pounds of milk at the 260,000 pounds per square mile

density to $1.754 per pound at the 32,500 pounds per square mile
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Table 5.2. Daily assembly costs of two truck sizes and four
densities, excluding cost of travel to and from the

routese.
Cost Item Daily Cost
2200 gal. 3200 gal.
truck truck
---------- (dollars) ---ce--
Fixed truck cost 7426 12.21
Fixed labor at the plant 3.75 1.82
Fixed labor on the farm 10.47 7.62
Fixed driving labor 1.93 1.37
Pumping labor 4,39 3.19
Sub Total 27.80 26.21
Travel cost on the route
for density of:
260,000 pounds/square mile 5.86 4,72
130,000 pounds/square mile 8.06 6.30
65,000 pounds/square mile 11.36 8.86
32,500 pounds/square mile 17.59 13.78
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Table 5¢3. Unit cost of assembling milk for two truck sizes and
four densities excluding unit cost of travel to and
from the routese.

Density per 2200 gal. 3200 gal.
square mile truck truck
------ (dollars/thousand pounds)----
260,000 1.074 1.357
130,000 1.145 1.426
65,000 1.250 1.538

32,500 1.449 1.754
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density. The higher unit-cost of the 3,200 gallon truck compared
to the 2,200 gallon truck at the same densities due to higher
truck costse.

The other cost element of assembling milk is the cost of going
and coming from the routes. 1Im the analysis here it is based on
the distance from the plant to the first or last farm stop in each
tier of routes.

The variable truck cost per mile and driving labor cost per
miles were summed and divided by the quantity of milk hauled.

This yielded a unit-cost per mile (dollars per thousand pound
mile)s This, in turn, was multiplied by the number of miles
driven going and coming from the routes in each tier and added to
the fixed cost to give the average cost of assembling milk from
each tier,

The variable truck cost per mile for the 2,200 gallon truck
is $,0992 and the driving labor cost per mile is $.0840. These
were combined and divided by 31,328 pounds to yield a unit-cost of
$¢00585 per thousand pound-mile. The 31,328 pounds represents two
loads so the distance traveled is four times the distance to the
route or $.,02340 per thousand pound per mile of distance to the
route.

The variable truck cost per mile for the 3,200 gallon truck
is $.1128 and the driving labor cost per mile is $.0840. These
were combined and divided by 22,794 pounds to yield a unit-cost
of $.00863 per thousand pound-mile. The 22,975 pounds is for one
load so the distance traveled is twe times the distance to the

route or $.,01726 per thousand pound-mile of distance to the routee
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These unit-costs per mile were applied to the distance to the
route values given in table 5.1. The unit-cost of assembling milk
from successively further out tiers is shown in table 5.4, as
marginal cost. Marginal cost here refers to the unit-cost of as-
sembling milk from the outer tier or periphery of the assembly
areae.

The average cost of assembly, also shown in table 5.4, is the
weighted average unit-cost of assembling from each tiers. The
weights being the volume of milk assembled from each tier.

These point estimates of average and marginal assembly cost-
volume relationships were fitted with functions of the form
Cc= AVb to generate continuous functions for each density. The
following functional relationships were estimated:

260,000 pounds per square mile density

= «1510
MC260 = ,2287 V

«3349 V'1138

ACy60

130,000 pounds per square mile density

MC «1954

130 1576 V

. <1524
AC130

]

02452 'V

65,500 pounds per square mile density

_ «2231
MC o = 41333 V

2131 vl767

A
C65

32,500 pounds per square mile density

MC = ,1228 V’2461

32.5
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Table 5.4. Volume of milk, distance to assembly area periphery,
marginal cost and average cost of assembly for four

densities.
Distance to Marginal Average Truck
Volume Periphery Cost Cost Size
(thousand (miles) (dollars/thousand) (gallons)
pounds)
Density of 260,000 pounds/square mile
22,823 6.6 1.087 1.087 2,200
101,920 14,0 1.268 1.230 2,200
251,474 22.0 1.454 1.360 2,200
467,417 30.0 1.657 1.495 2,200
749,759 38.0 1.895 1.631 2,200
Density of 130,000 pounds/square mile
22,823 9.4 1.170 1.170 2,200
104,116 20.0 1.433 1,377 2,200
257,972 31.0 1.703 1.565 2,200
491,693 43,5 2.091 1.822 3,200
815,443 56,0 2,341 2.027 3,200
Density of 65,000 pounds/square mile
22,823 13.3 1.288 1.288 2,200
916,330 27.3 1.662 1.573 2,200
221,130 41.3 2,017 10823 2,200
426,465 5763 2.429 2.114 3,200
697,645 72.3 2,751 24362 3,200
Density of 32,500 pounds/square mile
22,823 18.8 1.500 1.500 2,200
109,330 41.0 2,026 1.911 3,200
282,913 66.0 2.660 2,379 3,200
538,330 91.0 3.163 2.754 3,200
874,120 116.0 3.666 3.106 3,200




204
«2004

AC
32.5

«1951 V

where:

MC, is marginal assembly cost, the unit-cost of assem-
bling milk from the periphery of the area required
to generate the called for volume of the function

AC, is the average cost of assembly, the average unit-
cost of assembling from the total area required to
generate the called for volume of the function

V, is the volume of milk assembled in thousand pounds

The above equations are estimates of the functional relation-
ship of marginal and average cost of assembling milk to volume as-
sembled for direct farm-to-plant assembly.

The possibility of indirect assembly via milk receiving
stations with transshipment of milk in over-the-road tankers is

considered nexte.

Indirect Assembly Cost Functions

Milk receiving stations will become part of the overall as-
sembly pattern if the marginal cost of adding a receiving station
is less than the marginal cost of extending the periphery of the
direct assembly area.

The marginal cost of adding a receiving station requires some
explanation. As can be seen from Chapter IV, the operation of the
receiving station is subject to economies ﬁo size over the range
considered (to about 100,000,000 pounds of milk annually).

Marginal cost of indirect shipment includes average assembly cost

to the receiving station and the average cost of transshipping the
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milk to the main processing center. Average assembly cost to the
receiving station and average transshipment costs increase with
volume, while average cost of operating the receiving station
decrease with volume. Thus, just as there is a minimum cost vol-
ume of assembling and processing, there is a minimum cost size
receiving station.

As a first approximation, the marginal cost of adding a re-
ceiving station was based on the average cost of adding a least
cost volume receiving station. It is a first approximation be-
cause it assumes that the total least cost volume of the receiving
station is consistent with an overall least cost volume. 1If it
isn't, the average cost of indirect shipment mu;t be adjusted to
reflect some lesser volume and the marginal cost decision criteria
reapplied to see if the receiving station with less (or more) than
least cost volume is still part of the least cost assembly sete.

The average cost of operating a receiving station was esti-
mated in Chapter IV. The average cost function was estimated to
be: ‘

RS

AC " = .0257 + 21965 v'1

where:
RS | .
AC , is the average cost of operating a receiving
station per 1,000 pounds of milk handled annually
V, is the volume of milk handled annually in 1,000

pounds

The average cost functions of assembling milk to the milk

receiving station were taken to be the same as those for direct
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shipment to processing plants. They are listed on page 195.

The average cost of transshipping milk was developed from the
data on plant-to-plant hauling costs given in Chapter I1I. Like
the farm-to-plant assembly functions, the plant-to-plant hauling
costs of Chapter IV were all treated as given and fixed except for
those that varied with distance. The relevan; distance of trans-
shipment of milk for determining receiving station size is the
distance to the periphery of the receiving station's assembly
areas The unit cost of transporting the milk the remaining dis-
tance to the central processing plant contributes to marginal cost
but not to the least cost volume receiving station. Its determi-
nation is taken up separately.

The annual fixed truck cost for the semi-trailer truck unit
was estimated to be $8,858 in Chapter IV. This is equivalent to
23.45 per day. It was assumed that the average volume of a load
was 42,000 pounds, 86 percent of the 49,000 pounds of capacity.
This allowed for seasonality. It was further assumed that the
tanker would haul three loads per day. Dividing the daily cost by
126,000 pounds yielded a fixed unit-cost for the tanker of $.186
per thousand pounds of milke.

The labor costs treated as fixed per load included fixed time
at the processing plant and receiving station; pumping time, both
loading and unloading, tank cleaning time and fixed driving time,
the intercept portion of the plant-to-plant driving time function.
The sum of the five cost factors is $.314 per thousand pounds of

milk. It is the average fixed cost of transporting milk from a



207
receiving station to a central processing plant. This does not
include the variable cost of the truck or driver for actually
transporting the milk over the road.

The variable truck cost per mile for the plant-to-plant
tanker was estimated to be $.1101 in Chapter IV. Variable driving
labor per mile was estimated to be $.0480 per'mile. The sum of
these two divided by 4,200 pounds per load yields a unit-cost of
$+00462 per thousand pound-mile.

The assumption has previously been made that the assembly
area is diamond shaped and imposed on a square road grid system.
The distance from the center of the area, the receiving plant

location, to the periphery is related to volume by the equation:

distance = V'5

[(2) densit27'5

This expression facilitated expressing the variable portion of
transshipping costs to the periphery of the receiving station

area, as a function of volume of the receiving station

VC = (2) (.00462) v

[(2) densit17'5

where:
VC, is the variable unit-cost to the periphery of the
area
V, is volume of milk assembled to the receiving
station, in 1,000 pounds

The four densities were inserted into this function to get
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the following functions:

T 5
vc260 = .000405 V

T o5
vc130 = 000573 V
ve T .000809 V">

65

T .5
vc32.5 = 001146 V

where:
T .

VC , is the variable unit cost of transporting milk in
plant-to-plant tankers to the periphery of the as-
sembly area, in dollars per 1,000 pounds of milk

V, is volume of milk assembled to the receiving station,

in 1,000 pounds

The combined average assembly cost, average receiving station
operation cost and average transshipment to the periphery of the

assembly area for the four densities are:

receiving station assembly transshipment to
periphery
'1 /AR °
AC260 = o0257 + 21965 V T 3349 V + 314 + ,000405 V
AC .o = 0257 + 21965 v'1 4 L2452 ve152% 4 334 4 000573 v°O
- [ ) '5
AC65 = #0257 + 21965 Vv 1 + L2131 V 1767 + 314 + ,000809 Vv
"1 . °
AC,, = 40257 + 21965 v+ L1950 v'2%%% & 314 4 001146 v°O
where:

AC, is average cost assembling to the receiving station

plus average cost of operating the receiving station
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plus transporting the milk to the periphery of the
receiving station assembly area, in dollars

V, is the volume of the receiving station in 1,000

pounds of milk

The least cost point on a cost curve can be formed analyti-
cally by taking the first derivative, setting it to zero and
solving for volume.l/ With the above functions, however, there

are complications in solving for volume once the derivative is

taken. The method of solving for variables raised to an odd power
is to take the log transforms. However, the functions are additive
in the variable, volume, which precludes the use of log transformse.

As an alternative, the least cost volume was estimated by
generating a series of solutions over a range of volumes and
selecting that volume that had the lowest average cost associated
with it. The approximate least cost volume and the accompanying
average cost of the combined functions is shown in table 5.5.

The total average cost of indirect assembly also includes the
cost of transporting the milk from the edge of the receiving
station assembly area (which is assumed to be coincidental with
the periphery of the direct assembly area) to the central pro-
cessing plant. The same functions used to define the variable
average cost of transshipping milk to the edge of the receiving
station assembly area apply except that the appropriate volume, V,

is the volume of the direct assembly area.

l/Assuming second order conditions hold.
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Table 5.5. Least cost volume of milk and average cost of assem-
bling milk to the receiving station plus average cost
of operating the receiving station plus average cost
of transporting the milk to the periphery of the
receiving station assembly area.

Density Least cost Average
volume cost
(1bs./ (dollar/
sqe mile) (thousand 1bs. thousand 1lbs.)
260,000 100,000 1.932
130,000 80,000 2,148
65,000 70,000 2,392

32,500 50,000 2.743
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The first approximation to the marginal cost of indirect as-

sembly for the four was estimated to be:

ICA‘
MCy60

I1.A.
MC
130

MCI .A.
65

I.A.
MC3a.5

where:

1.A.
MG T,

Direct Versus Indirect Assembly

)

= 2.148 + .000573 V*°

= 2.392 + 000809 v’5

= 2,743 + ,001146 v‘5

is the marginal cost per 1,000 pounds of milk of
adding indirect assemblyl/
is the volume of the direct assembly area, in

1,000 pounds

The marginal

with the marginal

cost of direct assembly of milk was compared

cost of indirect assembly of milk for each of

the four densities. 1In all four cases the marginal cost of ex-

tending the direct assembly area is less than the marginal cost of

adding receiving stations for volumes of milk through 623 million

poundse In mathematical terms the following inequalities hold:

lJIt should be remembered that this is the appropriate mar-
ginal cost only when the receiving station is operating at least

cost volume.
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260,000 density

1.932 + .000405 V*7~ .2287 ve1524

130,000 density
2.148 + .000573 V*O5,  .1576 v*19%%

0< V. 623,000
65,000 density S I

2,392 + 4000809 V*>5,  .1333 v+2231

32,500 density

2.743 + 001146 V*>s  .1228 v*2461

That the inequalities hold, can be seen by comparing the marginal
costs of direct and indirect assembly for the four densities sum-
marized for various volumes in table 5.6. Even in the least dense
case, 32,500 pounds per square mile, direct assembly of milk is
clearly less costly than indirect assembly via receiving stations.
At 623 million pounds of milk the marginal cost of expanding the
direct assembly area is $3.275 per thousand pounds of milk where as
the addition of a receiving station has a marginal cost $3.651 per
thousand pounds of milk. Thus even for areas of low densities of
milk production in Minnesota the use of receiving stations does
not seem to be a practical alternative for least cost assembly of
bulk handled milk.

Because of the infeasibility of indirect‘assembly of milk over
the range of volumes considered in this study, the appropriate
assembly patterns are all direct assembly. Yet to be analyzed is
the feasibility of specialized milk drying plants that ship their

cream production to large butter departments in other dairy plants
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and the least cost volume of processing and assembling of milk.
All of the functions have been developed to do this except a

function to define the cost of shipping cream. This is con-

sidered in the next sectione

Cream Shipment Costs

It was assumed that the same plant-to-plant tankers used to
haul ﬁilk are used to haul cream. Therefore, the cream hauling
costs are simply a transformation of the plant-to-plant milk
hauling cost functions to reflect greater quantity of wholemilk
equivalents of cream hauled in a tanker load. A 42,000 pound load
of milk is about equivalent to a 480,000 pound load of wholemilk
equivalents of cream.

The fixed unit cost of transporting milk in plant-to-plant
tankers was calculated to be $.314 per thousand pounds of milk,
assuming 42,000 pounds of milk per load. At 480,000 pounds of
wholemilk equivalents of cream per load this becomes $.0275 per
thousand pounds of wholemilk equivalents of cream.

The variable unit cost per mile for transporting milk in
plant-to-plant tankers was estimated to be $.00462 per thousand
pound-mile, assuming 42,000 pounds of milk per load. At 480,000
pounds of wholemilk equivalents of cream per load, this becomes
$.000404 per thousand pound-mile of wholemilk equivalents of cream.

It was assumed that if cream is shipped to a butter department
in another plant it travels twice as far as the distance from the
powder plant to the periphery of its assembly area. The tanker

then travels four times the distance from the plant to the
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periphery. The variable unit cost per mile was transformed into a

cost-volume relationship by applying the following equation:

Average cost of travel = (4) (.000404) V'5

[(2) densitz7'5

For the four densities the specific functions for shipping cream

are:

260,000 pounds/square mile density

S.Co .5
AC . " = .0275 + ,0000709 V

130,000 pounds/square mile density

S-Co .5

AC = . + . 1002 Vv
130 0275 0001002

65,000 pounds/square mile density

S.C. ’5

AC65 = .0275 + .0001417 V

32,500 pounds/square mile density

S.C. _ .5
AC32.5 = o0275 + .0002004 V
where:
ACS'C', is average cost per 1,000 pounds of wholemilk

equivalents of cream, in dollars
V, is volume of milk received at the milk drying
plant shipping cream, in 1,000 pounds
With the development of these functions, milk assembly and
cream shipment, sufficient information exists to compare the aver-
age cost curves for the two processing systems postulated in

Chapter 1.
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Combined Assembly and Processing Cost Functions

Direct assembly cost functions for the four densities were
combined with the cost functions of t;o processing systems:
l. Plants processing milk receipts into butter and powder
[3-¥].
2, Plants processing milk receipts into powder and cream,
shipping the cream to large butter departments where it

is processed into butter [f-SB:§7.

The first system above is straight forward. The average as-
sembly cost functions for the four densities were combined with
the butter-powder plant long run average cost function estimated
in Chapter II1I1. The total long run average cost of assembling
and processing of this system for selected volumes for the four
densities is listed in table 5.7. This total long run average
cost function for processing and assembly is also plotted in
figures 5.4-5.7 for the four densities.

The second processing system, the specialized milk drying
plant shipping cream to a large butter department involves
several cost functions. The milk drying plant long run average
cost function, estimated in Chapter I1II, was used for the
specialized drying plant. The cream shipment functions, just
estimated, were used for the appropriate density situation. The
butter processing costs were assumed to the minimum processing
cost estimated for a butter department in Chapter III. The total

long run average cost of assembling and selected volumes for the
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Figure 5.4 The combined assembly and processing average cost
curves for specialized powder plants plus butter
processing in least cost butter departments and for
butter-powder plants for a density of 260,000 pounds
of milk per square mile.
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Figure 5¢5. The combined assembly and processing average cost
curves for specialized powder plants plus butter
processing in least cost butter departments and for
butter-powder plants for a density of 130,000 pounds
of milk per square mile.
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Figure 5.6, The combined assembly and processing average cost
curves for specialized powder plants plus butter
processing in least cost butter departments and for
butter-powder plants for a density of 65,000 pounds
of milk per square mile.
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Figure 567, The combined assembly and processing average cost
curves for specialized powder plants plus butter
processing in least cost butter departments and for
butter-powder plants for a density of 32,500 pounds
of milk per square mile. !
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four densities is listed in table 5.7 along with the butter-powder
plant costs. This total long run average cost function for pro-
cessing and assembly is also plotted in figures 5.4-5.7 for the
four densities. The assembly-processing long run average cost
functions for the butter-powder plants are also plotted on these
same graphs for comparative purposes.

Figures 5.4-5.7 also show the volume-distance from the plant
to the edge of the assembly area relationships. The four graphs
show the average assembly-processing cost-volume relationships for
the two processing systems, they show the size of the assembly
area for given volumes and they show the comparative total average
cost of the two systems.

These four figures and table 5.7 show that the butter-powder
plant system of processing achieves the least cost over a volume
range of milk to 623 million pounds for all four milk production
densities considered. 1In none of the four density cases does the
assembly cost of milk rise fast enough to turn the assembly-pro-
cessing average cost curves up at a low enough volume to justify
shipping cream to a plant that can capture unused economies to
scale in churning and printing.

The least cost volume for a butter-powder plant system in a
32,500 pounds of milk per square mile density.region is about
400 million pounds of milk annually. The total average cost of
assembling and processing at that volume is $4.882 per 1,000 pounds
of milk. The distance from the plant to the periphery of the

assembly area is about 78 miles. If the processing is organized
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with a specialized milk drying plant instead, the least cost vol-
ume for the drying plant occurs at a volume around 300 million
pounds of milk annually. The average cost of this system at 300
million pounds is $4.980 per 1,000 pounds of milk. The minimum
average cost of assembly and processing for the specialized drying
plant system is $.098 per 1,000 pounds higher than the minimum
average cost of assembly and processing for the butter-powder
plant system.

The least cost volume for a butter-powder plant system in a
65,000 pounds of milk per square mile density region is about 600
million pounds of milk annually. The total average cost of as-
sembling and processing at the volume is $4.355 per 1,000 pounds
of milk. The distance from the plant to the periphery of the as-
sembly area is about 68 miles. If the processing is organized
with a specialized milk drying plant instead, the least cost vol-
ume for the drying plant occurs at a volume around 400 million
pounds of milk annually. The average cost of this system at 400
million pounds is $4.459 per 1,000 pounds of milk. The minimum
average cost of assembling and processing for the specialized
drying plant system is $.104 per 1,000 pounds higher than the
minimum average cost of assembly and processing for the butter-
powder plant system.

The least cost volume for a butter-powder plant system in a
130,000 pounds of milk per square mile density region is about
623 million pounds of milk, the maximum volume considered in this

study. The total average cost of assembling and processing at that
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volume is $3.969 per 1,000 pounds of milk. The distance from the
plant to the periphery of the assembly area is about 49 milese.

If the processing is organized with a specialized milk drying plant
instead, the least cost volume for the drying plant occurs at a
volume around 550 million pounds of milk annually. The average
cost of this system at 550 million pounds is $4.085 per 1,000
pounds of milk. The minimum average cost of assembling and pro-
cessing for the specialized drying plant system is $.119 per 1,000
pounds higher than the minimum average cost of assembly and pro-
cessing for the butter-powder plant systeme.

The least cost volume for a butter-powder plant system in a
260,000 pounds of milk per square mile density region is at 623
million pounds of milk, the maximum volume considered in this
study. The greatly increasing average assembly cost at this density
level is not great enough to offset the decreasing cost of pro-
cessing even at the maximum volume estimated. The total average
cost of assembly and processing at that volume is $3.639 per 1,000
pounds of milk. The distance from the plant to the periphery of
the assembly area is about 34 miles. The total average cost of
assembly and processing for a system with specialized drying
plants is also still falling at a maximum volume of 623 million
pounds of milk. This type of system costs $.04 per 1,000 pounds
more than the butter-powder system. This is the cost of trans-
porting the cream.

Although the butter-powder plant system is the least cost

system at the optimum volume, there is a volume range where the
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specialized milk drying plant system has lower average costs than
the butter-powder plant system., For the 32,500 pounds per square
mile density region, the specialized milk drying system is lower
cost than the butter-powder plant system at volumes below 200
million pounds annually. For the 65,000 pounds of milk per square
mile this is true below volumes of 250 million pounds of milk
annually. For the 130,000 pounds of milk per square mile density
it is true below 275 million pounds of milk annually and for the
160,000 pounds of milk per square mile density it is true below
300 million pounds of milk annually. Plants that fall in these
volume ranges and cannot expand their volume for one reason or
another may want to consider shipping their cream rather than in-
stalling churning and printing equipment.

Another important characteristic of these total average cost
functions for assembly and processing is their almost flat shape
over a wide volume range in the vicinity of the least cost volume.
For at least the lower three density regions there is a volume
range of about 250-300 million pounds over which cost does not
vary five cents per 1,000 pounds at the most. This flatness
means that local conditions assumed away in this analysis will be
important in making decisions about size and type of plant in
specific situations.

The shape of the overall combined average cost functions also
provide some insights. The total average cost functions for as-
sembly and processing for both types of processing organization

fall rapidly in the lower volume ranges for all densities. The
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economies to scale considering both processing and assembly are
substantial at least to volumes around 300 million for both pro-
cessing systems and all four densities. The least dense region,
32,500 pounds of milk per square mile, can effect at most a savings
of two cents per 1,000 pounds for some volumes over 300 million
poundse The next density region, 65,000 pounds of milk per square
mile, can achieve at most a savings of seven cents per 1,000
pounds for some volumes over 300 million pounds. The second most
dense region, 130,000 pounds of milk per square mile, can achieve
a savings of only nine cents per 1,000 pounds by doubling its
volume from 300 million pounds. The most dense region, 260,000
pounds of milk per square mile, shows moderate savings beyond 300
million pounds of milke At the maximum volume considered the
butter-powder plant system shows savings of 24 cents per 1,000
pounds over 300 million pounds.

This analysis points strongly to the fact that plants with an
annual volume much below 300 million pounds annually are too small
to achieve competitive processing costs under most Minnesota milk
production densities. For plants over 300 million pounds annually,
the density of the assembly area becomes important in determining
the economically efficient size butter-powder plant. For many
densities there is a wide volume range above 300 millien pounds of
milk annually within which average cost of assembly and processing

is at a practical minimum.
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CHAPTER VI

SUMMARY AND CONCLUSIONS

The butter-powder sector of the manufacturing milk industry
of Minnesota is undergoing ad justment to a series of technological
improvements. The introduction of new high speed soft butter
printers and continuous butter churns has made it highly desirable
to combine churning and printing in the same plant and continuous
operation. Other milk processing equipment, especially milk
evaporators and dryers, have become more automated and better
engineereds This in turn has encouraged the adoption of higher
capacity, more efficient, more dependable processing equipment.
The switch from can handling of milk on the farm to bulk handling,
which has experienced a steady upward trend, is expected to in-
crease further because of impending new milk sanitation regula-
tionse In addition to an increase in bulk handling, higher capacity
bulk trucks are being adapted for use in assembling bulk handled
milke

In light of these technological changes and possible effect
on the structure of the industry three broad objectives were
established and dealt with in this study. The first was to
determine the long run cost relationships for processing milk into
butter and nonfat dry milk. The second was to estimate the long

run cost relationships for collecting milk in bulk trucks and

227
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transporting milk and cream between plants. The third was to
determine the combined long run cost relationships for assembly
and processing of milk into butter and nonfat dry milk for: (a)
alternative processing systems and (b) various milk production
density patterns.

Two processing systems were evaluated. One is the traditional
butter-powder plant where milk receipts are processed into butter
and nonfat dry milk in the same plant. The other is a system in-
volving a specialized milk drying plant where the milk receipts
are processed into nonfat dry milk and cream. The cream is shipped
to a large butter department in another plant where economies to
scale in churning and printing are achieved in processing the
creams

Four milk production density patterns were used in evaluating
the above two processing systems. They are annual milk production
densities of 260,000, 130,000, 65,000 and 32,500 pounds of whole-
milk per square milece.

The processing costs were estimated by the economic engineering
methode This method was selected because of a lack of good plant
operating cost data and the value of this method in synthesizing
alternative processing and assembly systems.

Six specialized milk drying plants were synthesized within
the volume range of 78 to 623 million pounds of milk annually.

Six butter departments designed as additions to milk drying plants
were estimated for similar volumes. The butter departments were
designed and the costs estimated in a manner such that their pro-

cessing capacity could be independent of the milk receipts of the
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accompanying drying operation. The butter departments could re-
ceive cream from specialized milk drying plants.
An envelope function was fitted to the short run average cost
functions for the six drying plants to estimate the long run aver-
age cost function for milk drying plants. The same procedure was
followed for the six butter departments in estimating the long run
average cost function for butter departments. These two long run

average cost functions were appropriately combined to form the

long run average cost function for butter-powder plants.

The cost of assembly of bulk milk to processing plants was
estimated by synthesizing the costs of milk collection routes
radiating out from the plant in various size diamond shaped as-
sembly areas. Both direct farm-to-plant assembly and indirect
assembly via transshipping milk through milk receiving stations
and transporting it in plant-to-plant semi-trailer tank trucks
i were estimatede. The cost relationships for the many factors re-
H quired in milk collecting and hauling for farm-to-plant trucks,
receiving stations and plant-to-plant trucks were estimated to
provide the needed cost relationships for determining direct and
indirect cost-volume milk assembly functions.

The farm-to-plant collecting and hauling costs were divided
into truck costs, labor costs and administrative costse. Cost
relationships were estimated separately for each of these cate-
gories. The physical data for the labor cost; were obtained from

a detailed time and motion study of fifteen different country milk

routese,
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The cost-volume relatiomship for the receiving station was
estimated by synthesizing a bulk milk receiving station. The
plant-to-plant hauling cost estimates were developed from two
previous studiese.

For farm-to-plant milk assembly, the costs at the plant and
on the route were fixed. The variable costs were those created in
going and coming from the routes. The size and shape of routes for
four densities were determined by plotting a series of sample
routes. The average shaped route for each density was added in
tiers around the plant in a diamond shaped patterme. The unit cost
of assembling from each tier was determined as well as the cumula-
tion volume by tiers. Fower functions were fitted to the cost-
volume relationships for the successive tiers of routes to esti-
mate continuous asscmbly cost-volume relationships for direct,
farm-to-plant, assembly of milk. This was done for each of the

four densitiese

The indirect cost of assembly was estimated for a least cost-
volume receiving station. The farm-to-plant average cost-volume

assembly function, the receiving station average cost-volume func-

tion and the plant-to-plant average cost-volume functions were ap-
propriately summed to give a total average cost-volume function
for assembling milk to a receiving station and transporting it to
the processing plante

The assembly average cost-volume functions, the processing
average cost-volume functions and the cream shipment average cost-

volume functions were appropriately combined to produce total
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average cost functions for milk assembly and processing for the
two processing systems under the farm milk production density
patterns. From these functions the least cost type of plants,
size of plants and size of assembly areas for the farm density

patterns were determined.

Summary of Results

The estimated long run average cost functions for processing
operations all showed economies to scale.

The long run average cost function for milk drying plants
ranged from $3.67 per 1,000 pounds of milk at a volume of 78
million pounds annually to $1.79 per 1,000 pounds at a volume of
623 million pounds annually. The major economies to scale occurred
in the lower half of the volume range. The average cost at 300
million pounds is $2.08 per 1,000 pounds of milke This is $1.59
less per 1,000 than $3.67, the average cost at 78 million pounds,
and only $.29 per 1,000 greater than $1.79, the average cost at
623 million poundse.

The long run average cost function for butter departments
ranged from $.75 per 1,000 pounds of wholemilk equivalents of cream
at 78 million pounds annually to $.32 per 1,000 pounds at 623
million pounds annually. The major economies to scale for the
butter departments also occur in the lower half of the volume
range. The average cost at 300 million pounds is $.39 per 1,000
pounds of wholemilk equivalents of cream. This is $e36 per 1,000

less than $.75, the average cost at 78 million pounds, and only
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$.07 per 1,000 greater than $.32, the average cost at 623 million
poundse.

The long run average cost function for butter-powder plants
is simply the combination of the two long run average cost func-
tions above. The same characteristics are exhibited by it that
are exhibited by the two functions separatelye.

The estimated farm-to-plant average cost-volume functions for
assembling milk exhibit increasing costs but at a decreasing rate.
They also exhibit increasing costs with decreases in milk produc-
tion densities. The average costs of farm-to-plant assembly for
100 million pounds of milk annually were estimated at $1.24,
$1.42, $1.63 and $1.96 per 1,000 pounds of milk for milk produc-
tion densities of 260,000, 130,000, 65,000 and 32,500 pounds per
square mile, respectively. The average costs for 350 million
pounds of milk were estimated at $1.43, $1.71, $2.03 and $2.52 per
1,000 pounds of milk for the same four densities. At the maximum
volume considered, 623 million pounds, the average costs of assem-
bly were estimated at $1.53, $1.87, $2.26 and $2.83 per 1,000
pounds of milk for the same four densities.

The marginal cost of adding a receiving station was greater
than the marginal cost of direct-assembly at all volumes considered
in this study. The marginal cost of direct assembly at 623 million
pounds if $3.28 per 1,000 pounds of milk for the least dense
pattern. The marginal cost of adding a receiving station with a
least cost volume of 50 million pounds annually to the periphery

of the assembly area of 600 million pounds was estimated at $3.63
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per 1,000 pounds. The same relationship between direct and in-
direct marginél assembly costs hold for the more dense milk pro-
duction patterns but the difference is even stronger in favor of
direct assemblye.

The least cost processing system of the two evaluated is the
butter-powder plant system for all four densities. The potential
unused economies in churning and printing that remain at the least
cost volume of specialized drying is not great enough to pay the
cost of shipping cream and still show a savings over the costs of
a comparable butter-powder plant system.

The long run average cost of assembly and processing is $4.88
per 1,000 pounds of milk for a butter-powder plant processing 400
million pounds of milk annually, the approximate least cost vol-
ume, in a milk production area of 32,500 pounds per square mile.
In a milk density area of 65,000 pounds per square mile, the aver-
age cost is $4.36 per 1,000 pounds at the approximate least cost
volume of 600 million poundse In a milk density area of 130,000
pounds per square mile the average cost is $3.97 per 1,000 pounds
at the approximate least cost volume of 622 million pounds. In a
milk density area of 260,000 pounds per square mile the average
cost of assembly and processing doesn't turn up in the volume
range through 623 million poundss. The function is relatively
shallow in this volume range indicating there are only modest
potential economies remaining. The average cost of assembly and
processing at 623 million pounds is $3.64 per 1,000 pounds of

milko
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Hypothesis Testing

This study was guided by a general hypothesis and three sub-
hypotheses. The general hypothesis relies on the sub-hypotheses so
they are discussed first. Sub-hypothesis one was:

Plants with relatively large volumes of wholemilk can

manufacture nonfat dry milk and/or butter at significantly

lower costs than plants with small volumes.

This sub-hypothesis was substantiated by this study. The
long run average cost functions for milk drying plants, butter
departments and butter-powder plants declined throughout the vol-
ume range of 78 million to 623 million pounds of wholemilk equiva-
lents annually. The decline was greatest in the lower volume
rangee.

Sub-hypothesis two was:

The unit cost of assembling milk increases as the size of

the assembly area increases and declines as the density of

milk production in the area increases.

This sub-hypothesis was substantiated by this studye. The
average cost of assembling milk increased at a decreasing rate
through a volume of 623 million pounds annually. This was on the
basis of uniform density in the region, an approximate square grid
road system and an assembly area that expanded away from the plant
in a diamond shape as volume increased.

Assembly functions were estimated for four different
densities. The results show that higher densities have lower

costs for assembling milk than lower densities at any given volume.

Sub-hypothesis three is:
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The cost of transporting cream, on a wholemilk eqﬁivalent
basis, is significantly less than transporting wholemilke

The results of this study are unclear with respect to this
hypothesis. The study did show that the unit cost of shipping
cream is considerably less than shipping wholemilk when the same
unit, 1,000 pounds of wholemilk equivalents is usede. However, for
the densities considered it wasn't significant because shipping
cream wasn't included in the least cost set of solutions which
brings us to the general hypothesise.

The general hypothesis was:

The volume of a milk processing plant and the density of milk

production in its assembly area determine if nonfat dry milk

and butter manufacturing can be most economically carried on
in the same plante.

The results of this study failed to prove or disprove this
‘hypothesise. The proof of the sub-hypotheses provide evidence of
the truth of this hypothesis, economies to scale for processing
for both nonfat dry milk and butter, rising average costs assembly
with increases in volume and decreases in density of milk produc-
tion and the substantially lower cost of transporting cream than
wholemilk on an equivalency basis. However, for the range of
densities considered realistic to Minnesota, the same type of
processing plants were always butter-powder plants, in the least
cost solution set. However, there is a volume range below the least
cost volume where a system of specialized milk drying plants and
large butter departments is less costly than combined butter-
powder plants. To fully prove this hypothesis, assembly functions

for milk production densities below those used in this study would
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have to be estimated and integrated into the processing cost
functions. This will be left as a challenge to some researcher in

the future.

General Conclusions

Based on the specific results already stated some broad

general conclusions can be stated:

1. Indirect milk assembly via bulk milk receiving stations
is a more costly method of assembling milk than direct
assembly under most Minnesota milk production conditions.

2. 1In the long run butter-powder plant systems processing
milk into butter and nonfat dry milk are the least cost
type plants under most Minnesota milk production
conditionse.

3. In the long run careful consideration should be given to
all factors before building a processing plant with a
capacity below 300 million pounds of milk annually.

4. Dairy cooperative management should give attention to
cost efficiencies in both processing and assembly. In-
creasing processing volume by increasing the effective
density of a supply area through mergers of cooperatives
with overlapping supply areas is economically superior
to increasing processing volume by merging cooperatives
with non-overlapping supply arease.

These conclusions have important implications to the dairy

industry of Minnesota. The cost saving potential of large butter-




7——

237

powder plants, large relative to what exist currently, will all
but eliminate the "local" dairy processing plant from the Minnesota
scenee The members of the "local™ treameries, receiving stations
or small butter-powder plants will find the foregone cost savings
of shipping direct to a large regional plant, perhaps up to 70
miles or more away, too great a price to pay for maintaining their
"local" plant, even taking into account the strong sentiment in
favor of the "locals." Based on the results of this study 15 to
20 butter-powder plants will be able to provide an efficient milk
assembly and processing system for the state. This will still
allow for some assembly area overlap.
This structure can only be achieved by the.merger and

consolidation of the approximately 300 plants of one type or
another that currently exist. This consolidation will require a
great deal of administrative skill and energy. Butter-powder

l plant volume increases in the past have tended to result from the

| purchase of the milk supply of independent receiving stations with

. little regard for assembly efficiency. This cannot continue with-

out damaging the performance of the industry. Further mergers, and

there will be many, will have to be made on the basis of both

assembly and processing cost efficienciese.

Plant managers will have to give more attention to assembly
costs than they have in the past, even beyond merger considerations.

The problems of coordinating a large fleet of farm-to-plant bulk

trucks has not existed in the manufacturing milk industry of

Minnesota before. Managers will have to work hard at accumulating
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the background of experiences which will allow them to efficiently
manage large assembly systemse.

Managers will also have to give more attention to patron re-
lationships and education. The short informal communication
lines that exist for the small "locals" require little or no
special effort on the part of management to communicate with the
patrons. With the development of plants and assembly patterns of
the size recommended by this study, the short informal communi-
cation lines will no longer exist. Managers will have to develop
special skills and programs for communicating with the member
patrons.

The conclusions of this study have implications beyond the
manufacturing milk industry to the rural communities in general.
The local dairy plants are usually a vital economic force in the
many small rural communities in which they are located. The
elimination of the vast majority of these will seriously impd%g
the economic health of the small communities that lose theme On
the other hand, those communities in which the large remaining
plants are located will benefit greatly from their presence.

The effects of technological change on the manufacturing
milk industry of Minnesota and the communities in which the bro-
cessing plants operate will continue to have great structural
consequences. The economic forces discussed in this study are

sure to bring larger and fewer butter-powder plants.
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Appendix Table A.8. Land site area, investment cost and annual

opportunity cost of the capital for six
drying plants in Minnesota, 1970.

Plant

Site area Investment Annual
cost opportunity
cost
(sq. feet) =~ ==m------ (dollars) =--=======-
43,065 8,613 603
59,490 11,898 833
79,925 15,985 1,119
95,760 19,152 1,341
134,175 26,835 1,878

169,295 33,859 2,370




?-—————
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Appendix Table A.9. Estimated life, installed cost and annual
depreciation for churning-printing equipment
in a butter department, Minnesota, 1970.

Equipment Estimated Installed Annual
life ~ cost depreciation
(years) = ==---=-- (dollars) ----=---
i Continuous churn 10 54,000 5,400
‘ ' Bulk packaging unit 15 13,400 894
Soft butter printer
(% 1b. prints) 10 100,440 10,044
Soft butter printer
(1 1b. prints) 10 34,339 3,434
Pasteboard box gluer 15 4,801 320
Semi-automatic boxer 10 11,000 1,100
Scale 15 900 60
Micro scale and light
package rejector 10 3,000 300
) Fork lift truck 10 6,600 660
Butter test equipment
and miscellaneous 10 2,000 200

Total 230,480 22,412
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