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Manufacturing Costs: Whole Milk Creameries:

BY J. R. Frazer, V. H. NieLsex anp G. W. Labp?

Dairying in Iowa has been an essential part of most
farm operations. The skimmilk resulting from farm
separation of the cream has been a useful supple-
ment to corn in the swine feeding operations which
constitute the most important single phase of Iowa
agriculture. Because of this relationship between
dairying and hog farming, the dairy processing in-
dustry in Iowa has been based primarily on one prod-
uct, butter, and most of this has been manufactured
in creameries receiving only farm-separated cream.
Many of these creameries were established 50-60
years ago when the roads and transportation facili-
ties of the time dictated the need for many local
plants which tended to remain small. Over the years
this system of dairy marketing has persisted in Iowa.
In other important dairy sections of the United
States, there has been a trend to concentrate dairy
processing in larger plants manufacturing a number
of different products.

Despite research and experience which indicate
that small creameries necessarily operate with high
unit costs, the small local creameries in Iowa have
prevailed. This may be due partly to lack of concern
among producer-members, partly to local pride and
partly to the determination of the operators to keep
the plants going despite obvious evidence of their in-
adequacies as processing and marketing units. Con-
sequently, a fierce and sometimes destructive compe-
tition for the available butterfat volume has devel-
oped. Costly overlapping and duplication of cream
routes is apparent in many areas, and the struggle
for volume has often resulted in pricing policies
which left inadequate financial resources for replace-
ment and expansion of plant facilities.

The project of which the present study is a part
was initiated to find rational solutions to this dairy
marketing problem. As a first contribution, Frazer,
Nielsen and Nord (5) published an analysis of the
butter manufacturing costs in farm-separated cream
plants. They demonstrated clearly the cost reduction
benefits which might be derived from consolidating
small creameries. Later the results were applied to

1 Project 1169, Towa Agricultural Experiment Station. This study was
financed in part by funds provided by the Agricultural Research Adminis-
tration, USDA. The authors wish to express their appreciation to Prof.
G. S. Shepherd of the Department of Economics and Sociology and Prof.
J. P. McKean of the Department of General Engineering for assistance
they rendered during the course of this study. The authors also wish to
thank Henry Homme and Lee Kolmer of the Department of Economics
and Sociology for their counsel. It would have been impossible to assem-
ble the necessary data without the fine cooperation received from directors,
managers and personnel of the plants studied.

? Formerly with Department of General Engineering, Iowa State Col-
lege, now at Clarkson College of Technology; Department of Dairy Indus-
try, Iowa State College; and Department of Economics and Sociology,
Towa State College; respectively.

proposed consolidation schemes in specific areas in
Iowa.

In recent years, changes in livestock feeding prac-
tices on many lowa farms have made increasing
quantities of skimmilk available. Simultaneously, a
price situation favorable to the nonfat solids in milk
has developed. These and other factors have created
interest in changing the traditional farm-separated
cream operations to whole milk operations. Natural-
ly, questions have arisen concerning the advisability
of effecting possible creamery consolidations simul-
taneously with the conversion to whole milk plants.
The present study proposes to answer some of the
questions concerning cost-volume relationships in
whole milk plants.

PURPOSE OF THIS STUDY

The extent to which it would be profitable to shift
from gathered cream operations to whole milk oper-
ations depends, to a large degree, upon the following:

(1) the efficiency of separation on the farm com-
pared with the efficiency of separation at the cream-

ery;
(2) the market value of the skimmilk solids;

(8) the value of the skimmilk to the farmer for
feeding purposes;

(4) the cost of hauling whole milk compared with
the cost of hauling cream; and

(5) the cost of manufacturing butter from whole
milk compared with the cost of manufacturing butter
from cream.

In this particular study, the relationship between
costs of manufacturing butter from whole milk and
volume of production are analyzed. Specifically, costs
are determined for the various operations beginning
with the receipt of the whole milk through the manu-
facturing and packaging operations which prepare
the product for sale as bulk butter. In addition, costs
are determined for the processing of the skimmilk
into storage for sale as such, or for further manufac-
turing operations.

Other studies are being made to determine the
costs of hauling both cream and whole milk for vari-
ous volumes of production, the costs of drying the
skimmilk into nonfat dry milk solids and the returns
that may be secured. Compilation of the results of
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these studies should help to provide answers to ques-
tions concerning the profitability of changing from
gathered cream to whole milk operations and the
volumes of production desirable from a cost view-
point in a whole milk creamery.

REVIEW OF LITERATURE

In the earlier studies of costs in dairy plant oper-
ations, costs were estimated from plant records. In
1935, Tinley and others (12) examined the records of
20 whole milk creameries in California which had
annual volumes ranging from % million to 7 million
pounds of butter. These were, for the most part,
whole milk creameries with the manufacture of but-
ter as the primary enterprise. Secondary activities
were the drying of skimmilk and buttermilk or the
manufacture of casein. The manufacture of butter
was charged with all expenses which would have
been incurred if only butter were made, while the
by-products were charged only with the additional
expenses which could be attributed directly to their
manufacture. Tinley found that labor costs, exclud-
ing hauling, butter printing and wrapping, ranged
from $7.45 to $17.55 per 1,000 pounds of butter manu-
factured. Labor costs declined rapidly as volume in-
creased from 2 million to 12 million pounds of butter
annually and somewhat less rapidly from 1% million
to 2% million pounds. These studies indicated that the
optimum size with respect to labor utilization would
be about 3% million pounds of butter annually.

Recently, more intensive studies have been made
of dairy plant operations. In June 1948, Henry, Bress-
ler and Frick (8) published a study on economies of
scale in market-milk plants. In their study model
plants were constructed on paper and assigned out-
puts equal to their respective capacities. These capa-
cities were estimated from technical data. Inasmuch
as each plant operated at its respective capacity, the
economies indicated by the results were considered
to be the true economies of scale for this type of
operation.

In 1952, Bartlett and Gothard (1) studied two plants
they believed to be efficient. These plants were proc-
essing 3,250 and 12,750 gallons of milk per day, re-
spectively. The labor, space, equipment, electric pow-
er and steam power used in the plants were studied
in detail.

French (6), in 1952, described the research proced-
ure used in evaluating the milk-receiving labor in In-
diana. The use of motion and time study techniques
was described, and time standards for receiving op-
erations were established.

Hall (7), in 1958, published a talk given in 1952 in
which receiving room efficiency and the causes of
inefficiencies were discussed in detail. Hall also es-
tablished time standards for receiving operations.

In 1952, Frazer, Nielsen and Nord (5) published a
study of butter manufacturing costs in gathered
cream creameries. Costs in sample plants were ana-
lyzed and compared with costs determined from
plants constructed on paper. Close agreement was
found between the manufacturing costs in the sample
plants and the budgeted plants.
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Walker, Preston and Nelson (14) examined the
manufacturing costs in specialized butter-nonfat dry
milk plants. Their study was based on the observa-
tion of 12 plants located in Washington, Oregon and
Idaho. The datd observed were applied to 12 hypo-
thetical plants, five of which were assumed to make
nonfat dry milk by the roller process while the other
seven were assumed to use the spray process. In the
former, the total manufacturing costs per 100 pounds
of milk declined from 71.1 cents in the smallest plant
processing a maximum of 60,900 pounds of milk daily
to 42.2 cents in the largest plant processing a maxi-
mum of 152,000 pounds of milk daily. In the spray
drying plants the costs ranged from 63.0 cents to 42.3
cents as the maximum daily volumes increased from
60,900 pounds in the smallest plant to 324,800 pounds
in the largest. The authors pointed out that the de-
cline in unit costs decreases progressively from a
high rate among small scale plants to a low rate
among the larger plants, The data from this study
were later applied by Nelson (9,10) to an analysis of
the input-output relationships in specialized butter-
powder and cheese plants.

METHOD OF PROCEDURE

The procedure followed in gathering the data for
this study was based primarily on the experience ac-
cumulated in a previous study of 13 gathered cream
creameries (5). All available data from these sample
plants applicable to the present study were used, and
some of the standards appearing in this study were
first developed for and published in that work.

SaMPLE PLANTS

In addition to the data obtained from the published
study of 13 gathered cream creameries, 10 whole
milk plants were visited, and their operations were
analyzed for this study. These 10 plants performed a
variety of operations in addition to the specific type
of operation considered here. Consequently, data on
the costs in these sample plants would have little
meaning here. Furthermore, it was not possible to
locate a sufficient number of plants performing only
the desired functions and covering the desired vol-
ume range to permit the selection of a sample of
plants.

However, sufficient information was secured in the
10 sample plants to develop four hypothetical plants
capable of performing the desired functions. Frazer
et al. (5) illustrated that plants developed in this
manner provide cost figures which closely approxi-
mate the average cost figures of existing sample
plants and, in many cases, provide more and better
information than is available from existing sample
plants. The hypothetical plants cover the desired vol-
ume range and have costs typical of those which
could be achieved if such plants were actually con-
structed and efficiently managed.

MetHoDS Usep IN OBTAINING DATA

To gather the information for this study and other
studies forming a part of this project, a team of three



or four men visited each of the sample plants. Al-
though complete information was not available at
each plant, the following methods were used to gath-
er the data in most cases:

(1) The over-all operation was inspected to observe
the integration of the work force, equipment and
functions performed.

(2) Pertinent operations were timed with a stop
watch.

(8) Pertinent equipment in the plant was listed and
described as to type, capacity and function.

(4) Cost data were secured from the plant’s
records.

(5) Haulers were interviewed, and their problems
were discussed.

(6) The plant manager, plant superintendent and
key workers were interviewed, and the problems of
each were discussed.

(7) Manufacturers of dairy equipment were con-
sulted about prices of equipment installations.

An attempt was made to have all the people partici-
pating in the over-all project become aware of the
general objectives of the study. This was done to
provide group participation in making the basic as-
sumptions necessary for determining certain costs.

Basic AsSsuMPTIONS

Because of a great many factors over which the
individual plant managers have little or no control,
some costs vary considerably among plants. In de-
veloping a comparative study of this sort, it is nec-
essary to standardize some variables by selecting
values typical of the industry as a whole so that
attention can be focused on those variables that are
subject to managerial decisions. Establishment of
these standards involves making basic assumptions,
the validity of which is difficult to prove. Therefore,
all such basic assumptions have been made by the
investigators as a group in an effort to minimize
arbitrariness and to achieve conditions representa-
tive of typical situations. Other standards, such as
time standards for various operations and equipment
necessary for various functions, have been estab-
lished on the basis of intensive research and are not
classified as basic assumptions.

The following basic assumptions concern the oper-
ation of the hypothetical plants:

(1) Average butterfat test in the
Hush. Sea8Om;: v, o s ‘s s aatietin Lo 3.5 percent

(2) Average production of milk per day
per producer. .................. 240 pounds

(3) Average number of cans per day

per producer . . ..... ................. 3.5
(4) Average number of cans per load........ 123
(5) Average number of patrons per load. ... .. 35

(6) Number of loads per churning . . ... ..

(7) Average overrun............. .. 21.5 percent
(8) Twice monthly testing of composite samples

(9) Production of butter per
churning. . .........

(10) Operating days per week. . ............. ... 7

(11) Peak month’s production represents 11 per-
cent annual production.

MeraODS OF DETERMINING COSTS

Using the above standards, costs were developed
for each of four plants. The combinations of building
and equipment represented in Plants I, II, III and IV
were selected as being the ones that give the lowest
costs for producing the annual target volumes of
500,000, 1 million, 1% million and 2 million pounds
of butter, respectively. Daily production in the peak
month amounts to one, two, three and four full churn-
ings, respectively, when the plants are operating at
these target volumes. Costs were calculated on an
annual basis for several different volumes for each
plant. Sufficient labor and equipment were assigned
to each plant to handle the load in the peak month,
and annual costs were assigned to this labor force
and equipment.

With a given processing unit, expenditures on cer-
tain items remain the same from year to year re-
gardless of volume. General administrative expense,
office supplies, insurance, taxes, depreciation and in-
terest on building and equipment belong to this cate-
gory of fixed costs. General plant supplies are fixed
throughout the volume ranges considered for each
plant; however, they would decline slightly if volume
became so small that every-other-day receiving or
churning became feasible.

Expenditures for processing materials and packag-
ing materials vary in exact proportion to output. Ex-
penditures on fuel and electricity also vary as out-
put varies. However, since some fuel and electricity
is required for heating, cleaning and lighting regard-
less of volume, these do not vary in exact proportion
to output. Total labor costs and payroll taxes also
vary as output varies. Where labor is employed on
an annual basis and no seasonal labor is hired, a
firm will maintain the same labor force through wide
ranges in annual volume. Hence, labor costs change
sharply at those volumes at which the size of the
labor force is increased or decreased.

LABOR COSTS

The amount and type of labor required by each
plant was determined by setting time standards for
various tasks. The time standards were based on
time studies of all phases of plant operations. These
time standards are typical of times taken to perform
the operations in the plants studied and do not repre-
sent any particular optimum or desired standard. A
complete list of the time standards is given in
Appendix B.

Work organization charts have been developed for
a day’s production in the peak season for each plant.
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The charts for the target volume for each plant are
presented in Appendix C. These work organization
charts itemize the work to be done during the day
as part of the daily routine and, in addition, provide
for such irregularly occurring duties as loading but-
ter and unloading supplies which cannot be assigned
a specific time on the work organization chart. Not
shown on the charts are the work schedules of the
manager, clerical help, testers or additional men
needed to provide a day off each week for the oper-
ating personnel.

Most creameries employ their labor on an annual
salary basis and, with few exceptions, keep a con-
stant work force throughout the year. Thus, no sea-
sonal employees have been provided for in this study.
Rather, it has been assumed that the regular em-
ployees will perform such functions as painting build-
ings and equipment, installing new equipment, etc.,
during the slack season of the year.

Wage rates, therefore, have been established on an
annual basis, and the following wage rates, typical
of those being paid, have been established by group
decision:

Manager (Plants I and II). . .. .. $6,500 per year

Manager (Plants III and IV).. ... $7,000 per year
Plant Superintendent. . .. .. . . $4,500 per year
Buttermaker ... ... ... .. .. ... . ... $4,000 per year
Helper ........ ... .. ... . . ... $3,000 per year
IO ror o o e vy e s s s $2,000 per year
Chief office clerk....... ... .. .. .. $2,500 per year
Other office help. . ......... ... . $2,000 per year

These rates do not constitute a recommended
standard. Information concerning wage rates was ob-
tained before the revised Minimum Wage and Hour
Law became effective. Hence, some of the wage
rates may be lower than those now in force for cer-
tain plants. These standard wage rates were applied
to the employees of each plant, as determined by
the work organization charts, to determine labor
cost.

BUILDING COSTS

Building costs were assessed by determining the
space requirements for each general function in the
plant and determining the cost of providing that
space. In every case, the space allocations provide
enough room for efficient operation and easy clean-
ing. Space requirements are listed in Appendix Table

The cost of providing the necessary space was de-
termined by calculating the present cost of construct-
ing an adequate building. This cost was determined
through the use of Boeckh’s Manual of Appraisals (2)
and the Boeckh Index Calculator Tables (3). A
sample calculation of building replacement cost is
given in Appendix Table A-6. The values listed are for
single-story brick and concrete construction, adjusted
by a Des Moines construction cost index of 2.444 to
allow for the increase in prices since Boeckh’s man-
ual and tables were published. For each plant, the
adjusted cost was increased by $11,000 as an allow-
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ance for special items in creamery construction, such
as cold storage facilities and tiled walls.

The annual depreciation and maintenance cost was
set at 4 percent of this construction cost.? The amount
of money spent on maintenance materially affects the
life and, therefore, the rate of depreciation of the
building, with depreciation costs and maintenance
costs tending to vary inversely. As no attempt has
been made to evaluate how much money should be
spent on maintenance, the depreciation and mainte-
nance costs have been grouped as one. This is not
presented as a generally applicable treatment of de-
preciation but only as a satisfactory one in this in-
stance.

An annual interest cost of 5 percent of the average
investment (considered to be half of the original in-
vestment) is charged. Thus, the annual cost of the
building is the sum of the depreciation, maintenance
and interest costs, or an amount equal to 6.5 percent
(4 percent plus half of 5 percent) of the present cost.

EQUIPMENT COSTS

Equipment costs were determined in a manner
similar to building costs. The necessary equipment
to do the job efficiently and well was first determined.
Present costs of the equipment were secured from
manufacturers and suppliers of dairy equipment. A
complete list of equipment installations and costs
may be obtained from the Department of Dairy In-
dustry, Iowa State College, Ames, Iowa.

Depreciation and maintenance costs were grouped
as one percentage, with the percentage applied to the
original cost of the individual piece of equipment.
These two costs have been grouped following the
same reasoning as discussed in determining building
costs. The choice of the percentage charge for depre-
ciation and maintenance comes from estimates of the
life of the equipment and of the maintenance cost of
that equipment. The selection of appropriate depre-
ciation and maintenance rates was considered a basic
decision and, as such, represents the consensus of
opinion of the group working on this study. Bulletin
“F” of the U. S. Treasury Department, Bureau of
Internal Revenue, entitled “Income Tax, Deprecia-
tion and Obsolescence, Estimated Useful Lives and
Depreciation Rates” (13), The Market-Milk Industry
by C. L. Roadhouse and J. L. Henderson (11), and
Dairy Engineering by A. W. Farral (4), were used
as references.

Interest is charged at 5 percent of the average in-
vestment (half of the original investment) in equip-
ment. Thus, the annual cost of the equipment is the
sum of the depreciation, maintenance and interest
costs, all calculated as a percentage of the invest-
ment in equipment. Appendix Table A-4 lists the total
investment in building and equipment for each of the
plants.

OTHER COSTS

Labor, building and equipment are responsible for
a major portion of the total cost involved in the type
of plant studied here. These costs have, therefore,

3 This is the figure used by Frazer et al. (5).



received a large share of the attention in developing
costs for this study. Some items of cost, such as
packaging materials, are easy to determine for vari-
ous sized plants, whereas others, such as power, vary
considerably, depending on local conditions. In gen-
eral, the costs of fuel, power, materials used in proc-
essing, packaging materials, general plant supplies,
office supplies and general administrative expense
were determined by using the figures available from
both the 10 plants visited for this study and the 13
sample plants studied by Frazer et al. (5). In most
cases, it was necessary to alter the actual figures of
the plants to fit the functions of the plants developed
here, and an average of these values was then se-
lected. All of these calculations were considered basic
decisions and subjected to the scrutiny of the entire
group. While these figures are subject to greater per-
centage error than the others, the absolute error is
not large enough to affect the conclusions reached.

The costs of insurance, local taxes and payroll tax-
es were computed for each plant at standardized
rates. Insurance was computed at $1.35 per $100 of
coverage on the building and $1.45 per $100 of cover-
age on the contents of the building. These rates were
furnished by the Iowa Inspection Bureau, Des Moines,
Iowa, as representative rates for the insurance of
butter plants. The rates were applied to a coverage
representing 80 percent of average investment. Local
taxes were charged at the rate of 30 mills per dollar
of average investment. Payroll taxes were charged
at a rate of 2 percent of the wages paid.

RESULTS

Using the methods discussed in the preceding sec-
tion, costs have been established for Plants I, II, III
and IV as 9.42, 7.18, 6.26 and 5.62 cents per pound of
butter manufactured at annual volumes of 500,000,
1 million, 1.5 million and 2 million pounds, respect-
ively. A summary of total costs in these plants is
given in Appendix Table A-2. These figures represent
the plant costs of receiving the whole milk, separat-
ing, pasteurizing, churning the cream into butter,
packaging the butter for sale in bulk and storing the
bulk butter for shipment. In addition, the costs of
cooling and storing the skimmilk are included.

Prant 1

Plant I, with a target volume of 500,000 pounds of
butter per year, has a unit cost of 9.42 cents per
pound at this volume. Table 1 shows the unit costs
in cents per pound of butter manufactured for Plant
I. In this and later tables, two figures are presented
for labor costs at those volumes at which changes in
the labor force are possible. Daily production in the
peak season is 1,800 pounds of butter, requiring that
the plant receive 42,300 pounds of 3.5-percent milk.
The 42,300 pounds of milk is separated into approxi-

mately 4,300 pounds of cream and 38,000 pounds of

skimmilk.

Milk is received in Plant I by one person at the
rate of 20,000 pounds per hour. The milk is pumped

TABLE 1. UNIT COSTS FOR PLANT I IN CENTS PER POUND
OF BUTTER MANUFACTURED AT VARIOUS ANNUAL VOLUMES.
Ttem 200,000 1bs. 300,000 lbs. 400,000 lbs. 500,000 Ibs.
Labor 5.37-7.62 5.08-5.42 4.06 3.25
Fuel 1,12 0.89 0.77 0.70
Power 0.52 0.48 0.46 0.45
Processing materials 0.05 0.05 0.05 0.05
Packaging materials 0.23 0.23 0.23 0.23
Building 1.73 1.15 0.87 0.69
Equipment 6.57 4.38 3.29 2.63
Insurance 0.45 0.30 0.23 0.18
Taxes 1.21 0.80 0.60 0.48
Payroll taxes 0.11-0.16 0.11-0.16 0.08 0.07
General plant supplies 0.87 0.58 0.44 0.35
Office supplies 0.12 0.08 0.06 0.05
General administrative
expense 0.72 0.48 0.36 0.29
Total cost
per pound 19.07-21.37 14.61-15.00 11.50 9.42

from the receiving room to the separators through
2-inch sanitary pipe by a 3-horsepower centrifugal
pump.

The milk is stored before separation in a 2,000-
gallon surge tank. From here the milk is pumped
through a preheater, heating it to 100° F., before sep-
aration in two separators, each having a capacity of
11,000 pounds per hour. The cream then goes to one
of two 600-gallon round processors for pasteurizing,
cooling and overnight storage. This cream is churned
into butter the following morning in one 2,000-pound
churn. Following separation, the skimmilk is cooled
from 100° F. to 40° F. in a plate cooler having a ca-
pacity of 20,000 pounds per hour and then is stored
in a 5,000-gallon cold-wall storage tank.

The capacities of the various pieces of equipment
have been selected so that the products may be
handled without delays which are uneconomical or
detrimental to quality. Likewise, labor-saving equip-
ment such as a printomatic weight recorder and an
automatic sampler was used wherever feasible.
Though these devices may not speed up the process-
ing rate appreciably, they do facilitate some of the
tasks and usually make for greater accuracy and
therefore justify their annual cost.

The labor force in Plant I consists of a manager,
a combination buttermaker-plant superintendent, one
helper, one half-time tester and one half-time office
clerk. This results in a total annual labor cost of
$16,250. It is assumed that the half-time tester and
the half-time office clerk will be female employees.
Observation in the field indicates that half-time fe-
male help is generally available, whereas, half-time
male help is not. At an annual volume of 300,000
pounds, the tester can be dispensed with. When vol-
ume drops to 200,000 pounds, a labor force consisting
of a manager-buttermaker, full-time helper and half-
time office clerk is sufficient.

The work organization chart for Plant I shows the
daily duties of the buttermaker and the helper when
the plant is operating at its target volume. The duties
of the manager, the half-time tester and the half-
time office clerk are not shown. The duties of the
manager encompass a great many functions, some of
which may require him to be absent from the cream-
ery at various times. Therefore, the manager has not
been assigned any specific plant duties on a daily
basis. However, in a plant of this size, the manage-
ment functions are not as complex as in the larger
plants, and the manager is expected to relieve the

7



buttermaker and the helper on their days off. Thus
the manager is expected to work 2 days a week in
the plant, thereby keeping the plant operating 7 days
a week, with no employee working more than 6 days
a week.

The work organization chart of Plant I makes no
provision for such irregular duties as receiving sup-
plies and loading butter. These duties are not as
time consuming in a plant of this size as they are
in the larger plants, and it is anticipated that the
manager will be available to perform such functions
at least part of the time. If not, the length of the
working day for the buttermaker and helper would
have to be increased, although it is not anticipated
that a working day of more than 8 hours would often
be necessary.

Prant II

Plant IT produces 1 million pounds of butter per
year at a unit cost of 7.18 cents per pound. Table 2
shows the costs in cents per pound of butter manu-
factured for Plant II. The chief reasons for the re-
duction in cost of 2.24 cents per pound from the tar-
get volume of Plant I to that of Plant II lie in the
reduction of labor, building and equipment costs by
0.60 cent, 0.30 cent and 0.87 cent, respectively.

In the peak season, Plant II manufactures 3,600
pounds of butter daily, requiring that it receive 84,600
pounds of 3.5-percent milk. The 84,600 pounds of milk
is separated into approximately 8,600 pounds of
cream and 76,000 pounds of skimmilk.

In Plant II, two men receive milk at the rate of
33,000 pounds per hour. The milk is stored before
separation in a 3,000-gallon surge tank. From here
the milk is pumped through a preheater, heating it
to 100° F., before separation in three separators, each
having a capacity of 11,000 pounds per hour. The
cream then goes to two of three 600-gallon round
processors for pasteurizing and cooling and overnight
storage. This cream is churned into butter the follow-
ing morning in one 2,000-pound churn. Following
separation, the skimmilk is cooled from 100° F. to 40°
F. in a plate cooler having a capacity of 33,000 pounds
per hour, and then is stored in two 5,000-gallon cold-
wall storage tanks.

At volumes above 600,000 pounds the labor force

TABLE 2. UNIT COSTS FOR PLANT II IN CENTS PER POUND
OF BUTTER MANUFACTURED AT VARIOUS ANNUAL VOLUMES.

500,000 600,000 700,000 800,000 900,000 1,0(1)19,000
s.

Item Ibs. 1bs. Ibs. 1bs. 1bs.
Labor 4.70  3.92-4.42 3.79 3.31 2.94 2.65
Fuel 0.73 0.67 0.63 0.60 0.57 0.55
Power 0.50 0.48 0.47 0.46 0.46 0.45
Processing

materials  0.05 0.05 0.05 0.05 0.05 0.05
Packaging

materials  0.23 0.23 0.23 0.23 0.23 0.23
Building 0.80 0.66 0.57 0.49 0.44 0.39
Equipment 3.52 2.93 2.50 2.19 1.95 1.76
Insurance 0.24 0.20 0.17 0.15 0.13 0.12
Taxes 0.62 0.52 0.44 0.39 0.34 0.31
Payroll taxes 0.09  0.08-0.09 0.08 0.07 0.06 0.05
General plant

supplies 0.75 0.58 0.50 0.44 0.39 0.35

ce

supplies 0.09 0.08 0.07 0.06 0.05 0.05
General ad-

ministrative

expense 0.43 0.36 0.31 0.27 0.24 0.22

Total cost

perlb. 12.75 10.76-11.27 9.81 8.71 7.85 7.18

S

consists of a manager, a plant superintendent, a but-
termaker, two helpers, a combination helper-tester
and a full-time office clerk. This results in a total
annual labor cost of $26,500. At annual volumes of
less than 600,000<pounds only one helper is needed.

The work organization chart for Plant II shows
the daily duties of the buttermaker, the plant super-
intendent and two helpers but not the duties of the
manager, the combination helper-tester and the of-
fice clerk. The manager in this plant is not expected
to perform any plant duties. The combination helper-
tester is used 4 days a week providing a day off for
the other four men and, in addition, does the testing
for 4 days every 2 weeks. The work organization
chart schedules each man for approximately a 7-hour
day. An 8-hour day would make considerable time
available for miscellaneous duties.

Prant 111

Plant III produces 1.5 million pounds of butter per
year at a unit cost of 6.26 cents per pound. Table 3
shows the unit costs for Plant III. The chief reasons
for the reduction in cost of 0.92 cent between the tar-
get volumes of Plant II and Plant III are lower
equipment and labor costs. Equipment costs are re-
duced 0.40 cent, mainly because relatively little ex-
tra equipment is needed in Plant III. Labor costs are
reduced 0.25 cent because the additional employees
are all in the lower wage brackets.

On every peak day, Plant III manufactures 5,400
pounds of butter, requiring that it receive 126,900
pounds of 3.5-percent milk. This 126,900 pounds of
milk is separated into approximately 12,900 pounds
of cream and 114,000 pounds of skimmilk. The re-
ceiving facilities and method of operation in Plant III
are the same as those in Plant II. The principal ad-
ditional pieces of equipment in Plant III are an addi-
tional round processor, more storage capacity, an-
other churn and more refrigeration and steam
capacity.

At volumes above 1.4 million pounds, the labor
force in Plant III consists of a manager, a plant
superintendent, a buttermaker, five helpers, a tester,
one full-time and one half-time office clerk. This re-
sults in a total annual labor cost of $36,000. At vol-
umes between 1 million and 1.4 million pounds, the
tester is not needed. Below 1 million pounds, four
helpers are enough if a tester is used.

The work organization chart for Plant III shows
the daily duties of the buttermaker, the plant super-
intendent and four helpers. The duties of the man-
ager, the office help, the tester and one helper are
not shown. The manager in this plant is not expected
to perform any plant duties. The tester will be kept
busy 6 days every 2 weeks. The extra helper works
6 days a week providing a day off for the other six
men. Considerable time is available for miscellane-
ous duties and no one works more than an 8-hour
day.

Prant IV
Plant IV produces 2 million pounds of butter per



TABLE 3.

UNIT COSTS FOR PLANT III IN CENTS PER POUND OF BUTTER MANUFACTURED AT VARIOUS ANNUAL VOLUMES.

1,000,000 1,100,000 1,200,000 1,300,000 1,400,000 1,500,000
Item 1bs. Ibs. 1bs. 1bs. 1bs. 1bs.
JaBBOE o 5 amnie 5o s 58 6o s BEanmme s SR G 6§ o RS e T e e S e 3.30-3.40 3.09 2.83 2.62 2.43-2.57 2.40
MR rom 4 39 MR B EREL EAGIR IR A S A C RS SR A S B LAN NSO et Y e 0.57 0.55 0.54 0.52 0.51 0.50
BOWETM ) caler e gt by g b st e et e R b b L A A e 0.48 0.47 0.46 0.46 0.45 0.45
Processing: 1oaberiallS: .., . o w vwwoss o w v s a s o 6 o5 6 s 4 deriet 0.05 0.05 0.05 0.05 0.05 0.05
Poekaging mraberials: . o u i somenmin o oo s arsemie s o e i s o e 0.23 0.23 0.23 0.23 0.23 0.23
BB 5 0 o gy mme sl e e 5 e ym g o 5 4050 FREE 6 B, S ane s 3% % 0.46 0.41 0.38 0.35 0.83 0.30
FEOUIDINEHE .0 e e B 0 5 8, S e A S B R b e 2.03 1.85 1.70 1.57 1.45 1.36
551 e 0 TN 0 o e W S, B i, OO Sl S e i (i 0.14 0.12 0.11 0.10 0.10 0.09
41 7o) DA s p ol A IRy D A S E re W R w S i - 0.36 0.33 0.30 0.28 0.26 0.24
Rasib T g - o aamo e d B E o b e e g B o e o L 0.07 0.06 0.06 0.05 0.05 0.05
General plant supplies ........ s 0.52 0.47 0.43 0.40 0.37 0.35
Office sopolies . . ...:c.00 . p0004 - 0.07 0.06 0.06 0.05 0.05 0.05
General administrative expense 0.29 0.26 0.24 0.22 0.21 0.19
Total cost per pound .. ... 8.57-8.67 7.95 7.39 6.90 6.49-6.63 6.26

year at a unit cost of 5.62 cents per pound. Table 4
shows the unit costs for Plant IV. The cost reduction
of 0.64 cent is the smallest difference between plants
found in this study and is composed chiefly of a 0.25-
cent reduction in labor cost and a 0.22-cent reduc-
tion in equipment cost. Labor costs are reduced chief-
ly because of the economies in work organization
realized by hiring a special clean-up crew and be-
cause all additional employees are in the lower wage
bracket. Some expensive additional equipment is re-
quired in Plant IV. However, a production increase
of 33 percent over Plant III accompanied by a total
equipment cost increase of 12 percent permits some
equipment cost reduction per unit of output.

On every peak day, Plant IV manufactures 7,200
pounds of butter, requiring that it receive 169,200
pounds of 3.5-percent milk. The 169,200 pounds of
milk is separated into approximately 17,200 pounds
of cream and 152,000 pounds of skimmilk. The re-
ceiving facilities and method of operation in Plant IV
are the same as those in plants II and III. Pasteur-
izing and cooling of cream in Plant IV is done in a
short-time, high-temperature pasteurizer, rather than
in round processors. This method of pasteurization
could have been used in Plant III at little additional
cost; it is a more economical method of performing
this function in Plant IV. Other major items of addi-
tional equipment in Plant IV are more storage and
refrigeration capacity and a composition control unit
for the buttermaking process.

The labor force in Plant IV consists of a manager,
a plant superintendent, a buttermaker, seven helpers,
a tester and two full-time office clerks. This results
in a total annual labor cost of $43,000. At volumes
below 1.5 million pounds, one helper less is needed
and overtime must be paid if annual output rises
above 2 million pounds.

The work organization chart for Plant IV shows
the daily duties of the buttermaker, the plant super-

intendent and four helpers. The duties of the man-
ager, the office help, the tester and three helpers are
not shown. The manager in this plant is not expected
to perform any plant duties. The tester will be kept
busy 8 days every 2 weeks. One of the extra helpers
is available to provide 1 day off a week for the other
men. The other two helpers are clean-up men who
do the cleaning for the entire plant after the day’s
operations are completed. This cleaning requires a
total of 10%% man-hours per day. Night clean-up crews
are used in some plants and are necessary in a plant
of this size unless two separate receiving lines are
set up.

The three helpers not shown on the work organiza-
ion chart split up the functions of receiving and per-
forming miscellaneous plant duties. In this plant, ex-
cept for the 12:30 to 1:30 lunch hour, one man is al-
ways available for irregular duties of a general na-
ture.

DISCUSSION

The results obtained in this study show minimum
costs of 9.42, 7.18, 6.26 and 5.21 cents per pound of
butter manufactured for whole milk creameries pro-
ducing 500,000, 1 million, 1.5 million and 2.2 million
pounds, respectively. These figures represent the
costs that could be attained under the stated condi-
tions if new plants were constructed and equipped
for whole milk operation and provided with able man-
agers. In general, it is felt that the conditions im-
posed in developing the costs are typical of those
prevalent in the dairy industry and that the estimated
costs are representative of the costs that can be a-
tained by plants of this type.

Because of the large seasonal variation present in
the production of milk, the maximum annual volumes
possible for these four plants are 524,000, 1,048,000,

TABLE 4. UNIT COSTS FOR PLANT IV IN CENTS PER POUND OF BUTTER MANUFACTURED AT VARIOUS ANNUAL VOLUMES.

1,500,000 1,600,000 1,700,000 1,800,000 1,900,000 2,000,000 2,200,000

Item 1bs. 1bs. 1bs. 1bs. 1bs. 1bs. 1bs.
Labor 2.67-2.87 2.69 2.53 2.39 2.26 2.15 1.97
Fuel 0.52 0.51 0.50 0.49 0.48 0.47 0.46
Power oy 0.47 0.46 0.46 0.46 0.45 0.45 0.44
Processing mnaterialsl . c swvenisv e s a8 8% wiEe e e 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Packaging materials ..................... P 0.23 0.23 0.23 0.23 0.23 0.23 0.23
BUullding L.l ... e cmmmensid s & wn s 5 mommeansia s s 0.31 0.29 0.28 0.26 0.25 0.24 0.21
Equipment . .................. ... ... 1.52 1.42 1.34 1.26 1.20 1.14 1.03
INBOYBN0O! wube s s 5z s 5 56 3 aesmiEasy 8 5 65 6 BREEIEE & 0.10 0.09 0.09 0.08 0.08 0.07 0.07
BANTRU rsnava'ss 5.8 5K 95 § 2EEieE 3 0 64 K 58 WERIe s § 0.26 0.25 0.23 0.22 0.21 0.20 0.18
PaYYOIL EAXES ... . .. cisonoxiomapminin e nes e oo 0.05-0.06 0.05 0.05 0.05 0.05 0.04 0.04
General plant supplies . ...................... 0.46 0.44 0.41 0.39 0.37 0.35 0.32
e SuPPHES 5o :ix ps 5 o nummews s s 6w s 5 msm s 0.06 0.06 0.06 0.05 0.05 0.05 0.04
General administrative expense . ............... 0.24 0.23 0.21 0.20 0.19 0.18 0.17
Total [ EOSt TPEE DO | 1 50nitd 06« » &5 4 Sreiscnsiis 6.94-7.15 6.77 6.44 6.13 5.87 5.62 5.21




1,500,000 and 2,200,000 pounds of butter, respectively.
At these annual volumes, the daily skimmilk storage
capacity is completely used during the peak month.
The production of larger volumes of butter requires
the installation of more storage capacity, a change
in the procedure for disposing of the skimmilk or a
change in the seasonal pattern of production to main-
tain volume in the peak month and increase volume
in the other months. Plants I and II can increase
their production slightly above the largest volumes
studied here, but no plant can increase its annual
volume above the preceding capacity figures without
encountering increasing unit costs.

Unit costs decrease continuously at a decreasing
rate throughout the volume range of this study, both
within each plant and between the low cost points of
successive plants. The realization that costs decrease
with volume within a given plant is the source of the
fierce competition that sometimes develops for the
farmer’s cream or whole milk. Decreasing costs be-
tween plants are one reason for the trend in the dairy
industry toward the elimination of small processing
units and the establishment of large ones.

The lowest unit costs are found at an annual vol-
ume of 2.2 million pounds, which represents the larg-
est volume analyzed. Larger volumes have not been
studied for several reasons. One reason is that the
cost curve begins to level out and the rate of decline
in cost will not be as great at larger volumes. A sec-
ond reason is that the cost figures for relatively small
plants are of more value to this study because chang-
es to whole milk operations in Iowa are more likely
to occur at small volumes. Another reason is that it
would not be possible to attain a greater volume with-
out materially changing the method of operation.
Either the milk would have to be received for a longer
period than normal (requiring a change in hauling
practices), or additional receiving lines would have
to be set up either in the plant or at another location.
The duplication of facilities and change in the method
of operation might result in higher unit costs at vol-
umes slightly above 2.2 million pounds. However, a
plant operating at volumes substantially above this
level might expect lower unit costs than a plant oper-
ating at this volume.

The cost figures that have been tabulated in tables
1, 2, 3 and 4 are shown graphically in fig. 1. The
curve ABCDE represents the costs per pound of but-
ter for various annual volumes in Plant I; FGHI,
Plant II; JKLMN, Plant III and OPQ, Plant IV. Each
of these is an intra-plant cost curve; it compares
unit costs of producing various annual volumes of
butter within a given plant. The segment of each
curve showing a plant’s costs at and above the pre-
viously mentioned maximum possible annual volume
is not plotted. At this capacity output, each plant’s
cost curve would turn sharply upward.

Only these four model plants were analyzed; how-
ever, intermediate plants could be constructed by
varying the sizes and combinations of building, equip-
ment and labor. If this were done and the lowest
cost points for all plants were connected, the curve
EINQ would be obtained. At each volume of output,
this curve shows which plant has the lowest unit
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Fig. 1. Inter-plant and intra-plant unit cost curves.

costs. This inter-plant cost curve shows how unit
costs vary as annual output varies from the lowest
cost output of one plant to the lowest .cost output
of another.

When an operator is planning a new plant, he may
use the inter-plant cost curve to determine which one
of the possible combinations of building, equipment
and labor has the lowest unit cost at the annual vol-
umes he expects. After the plant is constructed, the
intra-plant cost curve is the curve relevant to his
decision-making as it shows what unit costs he will
encounter at various annual volumes in that parti-
cular plant. Before the plant is built, he can select
any combination represented on the inter-plant curve.
After the plant is constructed, he is restricted to op-
erating on the intra-plant curve corresponding to that
plant. He cannot achieve the unit costs given for
other plants but can only achieve the unit costs on
the intra-plant curve representing his combination of
building, equipment and labor.

For example, if an operator expects an annual
volume of 1.5 million pounds, he will select Plant
III. After the building is constructed and the mach-
inery installed, his costs of producing various annual
volumes are given by curve JKLMN. If his volume
declines to 1 million pounds, he can produce at 8.57
cents per pound but not at 7.18 cents. To produce at
the latter figure, he would need to have Plant II.

Each combination of building and equipment gives
rise to a different cost curve. The cost curve facing
a particular plant shifts upward or downward as the
prices it must pay for inputs rise or fall. Thus, the
position of a firm’s cost curve changes in response
to two different sets of forces: (1) changes in the
building, equipment and labor used and (2) changes
in the prices it must pay to hire or buy resources.

These curves emphasize the importance of estimat-
ing future volumes accurately when planning a new



plant. If an operator underestimates future volume
production, he will find himself unable to handle all
of the milk available to him because of his limited
facilities. When this increased volume appears, the
plant will have to be remodeled or producers will
have to look elsewhere for a market. On the other
hand, if he overestimates his future volume, his
unit costs will be unnecessarily high by the amount
that the intra-plant cost curve exceeds the inter-plant
cost curve at that reduced volume. Overestimating
future volume is less costly to the large plant than
to the small one since the amount by which the unit
cost at any fraction of capacity output exceeds the
cost on the inter-plant curve is less in the large than
in the small plants. In addition, as shown in table 5,
the amount by which the unit costs at less than capa-
city exceed the unit costs at capacity is less for the
large than for the small plants.

These results demonstrate the cost advantages of
the large plant: (1) It has lower unit processing costs
at its capacity volume; (2) overestimating future vol-
ume is less costly; (3) the provision of extra process-
ing facilities against unforeseen increases in the vol-
ume of whole milk is less costly.

These cost advantages can be converted into net
revenue advantages, and it is instructive to look at
these plants from the standpoint of net revenues. To-
tal net revenue is total revenue minus processing
costs minus the expenditure on butterfat. Suppose the
average net price per pound of butter (gross price
plus premium minus transportation charge) is 62
cents during some year and the weighted average
butterfat price is 65 cents a pound. Table 6 tabulates
the net revenues at selected volumes. Two cost and
two net revenue figures are shown at those volumes
at which changes in the labor force are possible.

With fixed prices for butterfat and butter, the near-
er a plant’s output approaches capacity the greater

is its net revenue or the less its net loss. A larger
plant operated at capacity has greater net revenue
or smaller net losses than a smaller plant operated
at its capacity. A price structure that allows profits
to a larger plant can mean losses to a smaller plant.
For example, in table 6, Plant IV is earning a profit
at both volumes while Plant I shows only losses.
Plants II and III sustain losses at small outputs while
they earn profits at optimum output.

These revenue figures demonstrate the substantial
increases in returns to farmers that would be made
possible by the consolidation of small whole milk
plants. For example, if four plants producing 500,000
pounds of butter each were to consolidate into one
large creamery, such as Plant IV, producing 2 mil-
lion pounds, their net revenue would increase by $75,-
381 (from minus $18,280 to $57,551). This increase
would be sufficient to pay for the new creamery in
3% years. Consolidation into larger units would per-
mit greater net savings.

Tables 1, 2, 3 and 4 show the per-unit processing
costs at various volumes. For a plant to break even
or make a profit, the net price per pound of butter
minus the cost of the butterfat in a pound of butter
must equal or exceed the processing cost. When this
difference is less than the processing cost, the plant
loses money. If we know the net price a plant re-
ceives for butter, we can compute the break-even
price it can pay for butterfat from this formula:

Pr=1215 (P — C,)

Py = price per pound of butterfat f.o.b. plant

Pp = net price per pound of butter

C, = processing cost per pound of butter

1.215 = pounds of butter made from 1 pound
of butterfat

Table 7 shows the break-even butterfat price for se-
lected volumes with a net butter price of 65 cents a

where

TABLE 5. COMPARISON OF UNIT COSTS AT CAPACITY AND SPECIFIED PERCENTAGES OF CAPACITY.

Capacity | 70 percent of capacity | 90 percent of capacity
Unit Excess over Volume Unit Excess over
Plant Volume Unit costs Volume costs capacity costs capacity
unit costs unit costs
(pounds) (cents) (pounds) (cents) (cents) (pounds) (cents) (cents)
I 500,000 9.42 350,000 13.25 3.83 450,000 10.46 1.04
1I 1,000,000 7.18 700,000 9.81 2.63 900,000 7.85 0.67
III 1,500,000 6.26 1,050,000 8.31 2.05 1,350,000 6.70 0.44
v 2,200,000 5.21 1,540,000 7.00 1.79 1,980,000 5.67 0.46
TABLE 6. ANNUAL NET REVENUE AT SELECTED VOLUMES.
Annual volume (thousands of pounds)
Plant I Plant II i Plant 111 Plant
500 500 1,000 1,000 1,500 1,500 2,200
Processing cost $ 38,140 $ 47,080 $ 63,750 $ 71,796 $ 85,700 $ 93,870 $104,100 $ 114,620
{ to to to
42,740 86,700 107,250
Butterfat cost 106,996 267,490 267,490 534,979 534,979 802,469 802,468 1,176,954
Total cost 145,136 314,570 331,240 606,775 620,679 896,339 906,558 1,291,574
to to to
149,736 621,679 909,718
Revenue 124,000 310,000 310,000 620,000 620,000 930,000 930,000 1,364,000
Net revenue® —21,136 —4,570 —21,240 13,225 — 679 33,661 23,442 72,426
4 to to to
—25,736 —1,679 20,282
Ratios:
Net revenue to
total investment 6.4% 14.1% 8.9% 27.4%
to
7.7%
Net revenue to
total revenue 2.1% 3.6% 2.5% 5.3%
to
2.2%

® Total revenue minus total cost.
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TABLE 7. BREAK-EVEN BUTTERFAT PRICES AT SELECTED

VOLUMES.

Annual volume (thousands of pounds)

|
Plant I ‘ Plant II Plant 111 | Plant 1V

200 500 500 1,000 1,000 1,500 1,500 2,200
$0.558- $0.645 $0.635 $0.703 $0.686- $0.714 $0.705- $0.726
0.530 0.684 0.703

pound. At lower butterfat prices the firms would
make positive net revenues and at higher prices they
would undergo losses at these volumes.

The plants developed in this study manufacture
both butter and skimmilk, but costs have been com-
puted in terms of cents per pound of butter manu-
factured. These costs can also be expressed in cents
per hundred pounds of whole milk received, and a
summary of costs in this unit is given in Appendix
Table A-1. They may be of value in comparing these
costs with those of other whole milk operations. How-
ever, the unit of cents per pound of butter manufac-
tured has been used to permit comparison of these
figures with those developed for creameries producing
butter from gathered cream.

It should be recognized that in calculating costs in
terms of cents per pound of butter manufactured, all
of the costs have been charged against the butter
and none allocated to the skimmilk. The butter and
the skimmilk are joint products, and an allocation of
costs between the two on any physical basis would
necessarily be arbitrary since much of the cost is in-
curred before the two are separated. The pertinent
costs here are the extra costs of manufacturing but-
ter from whole milk as compared with manufactur-
ing butter from gathered cream. These costs ex-
pressed as cents per pound of butter can realistically
be charged to the skimmilk and compared with the
revenue received for the skimmilk (expressed in
cents per pounds of butter) in deciding whether a
change to whole milk would be advisable.

Frazer et al. (5) showed the costs of manufacturing
butter from gathered cream to be from 3 to 5 cents
per pound of butter manufactured in reasonably effi-
cient plants, with the costs varying with volume of
production. Some adjustment of these figures should
be made to allow for price level changes from the
time they were developed until now, but it is not ex-
pected that such changes would increase the costs by
more than 0.5 cent per pound. At an annual produc-
tion of 2 million pounds of butter, the extra costs in
the whole milk plants as compared with the gathered
cream plants amount to approximately 2 cents per
pound of butter. With an annual production of 1 mil-
lion pounds of butter, the extra costs are approxi-
mately 3 cents per pound of butter. A cost difference
of 3 cents per pound of butter is equivalent to a cost
of 14.22 cents per hundred pounds of skimmilk. The
skimmilk must be of sufficient value to absorb these
costs if a change to whole milk operations is to be
advisable.

The methods used in this study are considered to
be the best methods available for the determination
of cost-volume relationships. In addition, the study
provides other information which may be of value to
the dairy industry. The equipment installation in
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Plants I-IV might be used by plant managers for
comparison with the equipment they are now using.
Situations have been observed where inadequate
equipment resulted in unnecessary costs because it
made an operation slower or required additional em-
ployees. Study of the time standards and the work
organization charts should also provide information
for comparing operations in individual plants.

In summary, this study provides partial answers
to the questions of how large an efficient whole milk
creamery should be and whether a change to whole
milk from gathered cream would be advisable. Add-
ing these figures to those applying to hauling costs
and drying costs (if the skimmilk is to be dried) will
provide a basis for determining the most economical
size for a whole milk creamery. Comparison of these
costs with those in gathered cream operations will
provide the cost data necessary for an evaluation of
the advisability of changing to whole milk.

LIMITATIONS

The purpose of this study has been to determine
the unit costs of butter manufacturing in whole milk
creameries operating with various annual volumes.
The costs were evaluated assuming the operating con-
ditions prevailing in typical Iowa plants. The work
organization, for example, was based on a constant
labor force throughout the year paid on an annual
salary basis. Plant managers should consider the
possibility of lowering costs by using a seasonally
variable labor force consisting of (1) a permanent
staff sufficient to handle production plus plant and
equipment maintenance and repair during the low
volume season and (2) employees hired only for the
flush season. Some plant managers have found it pos-
sible to lower labor costs by paying supervisory per-
sonnel on an annual basis and other employees at an
hourly wage rate with a guaranteed minimum work
week and provision for overtime pay during the flush
seasons.

Another possible cost-reducing scheme not applied
in this study is the use of in-place cleaning of sani-
tary pipes, fittings and certain pieces of equipment.
This technique had not yet been widely introduced
at the time the cost study was made. Since plant
clean-up requires a considerable share of the total
man-hours paid for, it is reasonable to expect that
significant savings could be realized by using in-place
cleaning methods where possible. Part of this saving
would accrue from less wear and tear on pipes and
fittings. On the other hand, greater expenditures
would be required for detergents and hot water.

There are certain other restrictions on the results
in addition to those arising from the use of typical
practices in Jowa creameries. In a multi-product
plant, labor economies may be realized by the use of
an integrated labor force. The labor costs of produc-
ing two or more products independently may be more
than the labor costs involved in producing those same
products in an integrated plant. For example, time
that would be idle time in a single product plant can
be devoted to other products in a multi-product plant.



In an integrated plant certain equipment such as a
pasteurizer or cooler may be operated for a longer
time with no increase in cleaning costs. Such poten-
tial labor savings would appear to be greater in
larger plants.

Average equipment prices have been used in this
study. Because of differences in bargaining power,
some managers may be able to obtain lower prices
than others. Also, differences in local conditions over

which the manager has no control cause variations
in the other prices a manager must pay.

It is conceded that some plant operators, through
skillful practice, might well achieve lower unit costs
than those presented here. By the same token there
may be others who will find themselves spending
more. The data presented will, however, serve as basis
for comparison so long as the assumed conditions are
kept in mind.

SUMMARY

In recent years changes in livestock feeding prac-
tices on many lowa farms have made increasing
quantities of skimmilk available for manufacturing
purposes. Simultaneously, a price situation favorable
to the nonfat solids in milk has developed. These and
other factors have created a need for changing the
traditional farm-separated cream operations in Iowa
creameries to whole milk operations. This study en-
deavors to analyze the economics of the latter and
presents the butter manufacturing costs encountered
in four hypothetical whole milk plants—Plants I, II,
IIT and IV. The annual target volumes for these four
plants are 500,000, 1 million, 1.5 million and 2 million
pounds of butter, respectively. Each plant consists of
that combination of building and equipment which
gives the lowest cost of producing its respective an-
nual target volume. The hypothetical plants were de-
veloped after an intensive study of the operations of
13 gathered cream creameries and 10 whole milk
plants. Costs are determined for the various opera-
tions from whole milk receipt through the manufac-
turing and bulk packaging operations to the storage
of the skimmilk. In another phase of this project,
the costs of skimmilk drying have been studied.

Unit costs of butter manufacturing decline rapidly
between % and 1 million pounds—from 9.42 cents per
pound in Plant I to 7.18 cents per pound in Plant II.
They continue to decline, but at a slower rate, up
to annual volumes of 2.2 million pounds, reaching
6.26 cents per pound at 1.5 million pounds and 5.21

cents per pound at 2.2 million pounds. The largest
plant can produce 4 times as much butter as the
smallest while paying only 2.4 times as much for the
processing operations.

The reduction in costs of 2.24 cents per pound be-
tween %2 million and 1 million pounds is largely ac-
counted for by the reductions in labor, building and
equipment costs of 0.60 cent, 0.30 cent and 0.87 cent,
respectively. Costs decline by 0.92 cent between 1 and
1.5 million pounds, mainly because of a 0.40-cent re-
duction in equipment cost and a 0.25-cent decrease
in labor cost. The cost reduction of 1.05 cents per
pound between 1.5 and 2.2 million pounds is chiefly
composed of a 0.33-cent decline in equipment cost
and a 0.43-cent reduction in labor cost.

Not only do unit costs decrease as output increases
from one plant to another, but they also decline as
output rises within a given processing unit. In Plant
I, unit costs decline from 21.37 cents at 200,000 pounds
to 9.42 cents at 500,000 pounds. In Plant II, they fall
from 12.75 cents at 500,000 pounds to 7.18 cents at 1
million pounds; in Plant III, from 8.67 cents at 1 mil-
lion to 6.26 cents at 1.5 million; in Plant IV, from
7.15 cents at 1.5 million to 5.21 at 2.2 million pounds.

These figures, of course, present only part of the
picture. Assembling costs may increase rapidly
enough with increasing volume to offset part of this
saving in processing costs. Another study is currently
underway to determine the relationship between vol-
ume of whole milk handled and assembling costs.
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APPENDIX A

A-1. UNIT COSTS IN FOUR WHOLE MILK PLANTS. A-2. TOTAL ANNUAL COSTS FOR FOUR WHOLE MILK PLANTS.

Plant Plant Plant Plant Plant Plant Plant Plant

I II III v I 11 11T v

500,000 1,000,000 1,500,000 2,000,000 500,000 1,000,000 1,500,000 2,000,000

pounds pounds pounds pounds pounds pounds pounds pounds

1t o it oF rdllE) Item (dollars)

e eIt Prevowh o Labor 16,250 26,500 36,000 43,000
Labor 13.85 11.29 10.21 9.16 Fuel 3,500 5,500 7,500 9,500
Fuel 2.98 2.34 2,13 2.02 Power 2,250 4,500 6,750 9,000
Power 1.92 1.92 1.92 1.92 Materials used in processing 258 515 772 1,030
Materials used in processing 0.22 0.22 0.22 0.22 Packaging materials 1,150 2,302 3,455 4,610
Packaging materials 0.98 0.98 0.98 0.98 Building cost 3,464 3,965 4,556 4,712
Building cost 2.95 1.69 1.30 1.00 Equipment cost 13,147 17,583 20,347 22,756
Equipment cost 11.20 7.50 5.77 4.84 Insurance 912 1,17 1,358 1,507
Insurance 0.78 0.50 0.38 0.32 Taxes 2,410 3,100 3,580 3,970
Taxes 2.05 1.32 1.02 0.85 Payroll taxes 325 530 720 860
Payroll taxes 0.28 0.23 0.20 0.18 General plant supplies 1,740 3,480 5,220 6,960
General plant supplies 1.48 1.48 1.48 1.48 Office supplies 234 468 702 936
Office supplies 0.20 0.20 0.20 0.20 General administrative
General administrative expense 1.23 0.93 0.83 0.78 expense 1,440 2,170 2,910 3,650

Total 40.12 30.60 26.64 23.95 Total 47,080 71,796 93,870 112,491
A-3. TOTAL INVESTMENT IN AND ANNUAL COSTS OF EQUIPMENT BY FUNCTIONS IN FOUR WHOLE MILK PLANTS.?
Plant 1 | Plant 1T | Plant IV
Total Annual Total Annual Total Annnal Total Annual
invest- cost invest- cost invest- cost invest- cost
Function ment ment ment ment
(dollars) (dollars) (dollars) (dollars) (dollars) (dollars) (dollars) {dollars)
Administration 1,400 175 1,800 225 2,000 250 5,600 700
Receiving and
testing 21,360 2,812 21,580 2,840 21,580 2,840 21,580 2,840
Separation,

pasteurization

and cooling 50,870 6,162 79,050 9,491 87,740 10,498 99,750 11,649
Churning 5,510 8786 5,610 888 9,620 1,579 10,320 1,641
General plant

(refrigeration) 11,050 1,182 17,380 1,846 24,030 2,545 30,440 3,218
General plant

(steam and

water, etc.) 17,600 1,938 20,900 2,298 23,950 2,635 24,550 2,708

Total 107,790 13,147 146,320 17,588 168,920 20,347 192,240 22,756

® An itemized list of the equipment installations may be obtained from the Department of Dairy Industry, Iowa State College.
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APPENDIX A (contd.)

A-4. TOTAL INVESTMENTS IN BUILDING AND EQUIPMENT IN
FOUR WHOLE MILK PLANTS.

Plant Building

Equipment Total
(dollars) (dollars) (dollars)
1 53,300 107,790 161,090
11 61,000 146,320 207,320
111 70,100 168,920 239,020
v 72,500 192,240 264,740

A-5. FLOOR AREA REQUIREMENTS.

Plant Plant Plant Plant
1 II 11T Iv
(square feet)

Administration 240 240 336 336
Receiving 700 700 700 700
Testing 225 225 225 225
Pasteurizing, etc. 1,600 2,500 3,000 3,000
Churning 420 420 900 900
Refrigeration 300 400 500 600
Steam and water 800 920 1,000 1,000
Supplies 800 1,000 1,200 1,400
Cooler 256 288 320 360
Rest rooms, etc. 100 150 200 200
Total 5,441 6,843 8,381 8,721

A-6. SAMPLE CALCULATION OF REPLACEMENT COST OF
CREAMERY BUILDING (PLANT I)

Perimeter of building. ... ... . ... .. ... ... ... . ... ...... .. .. 300 ft.
Aven OF BRIAING., o vviom o 6556 45 @i e @ @8 F G 5 Sue S 5,441 sq. ft.
Base price per square foot of ground area.................... —$3.18

Adjusted base price per square foot of ground
area $3.18 X 2.444

Estimate of replacement cost 5,441 X $7.78.

Adjustment for additional facilities. . . S

Total estimate of replacement cost.................

APPENDIX B
TIME STANDARDS FOR CREAMERY
“«OPERATIONS
CHURNING
RINSE BRUPHL o0 s 50 00 o Gmmiaors o5 5 % % 8% Bmane 1 5 44 B8 ¥ RS 5 min.
Run: CFeam J0t0 CRUI. | . 5 cmans nr 5 s o moemiiarsin s ¥e o atd 45T o008 15 min.
BN (CBOME. & oo 6ot e ot TS5 2 en @ 82 ARk 2 2 2 4. ala 4 0o 45 min.
Prain Datteamrllked = 68008t £ 5 sy e aams s b8 Sn i o« o 10 min.
Wash BOEEEY . oo nbmm e & e o b es SEEisms s ¢ 46 5% 5 8@ g5 10 min.
D WasH WHEEY . ;v arevm e 9 5 5.5 § Airen nass a5 5 3 5 e s 10 min.
Add Falt and. T8 (CRUTIY .00 oi i e i 40 5 8 sisemgbrors o 9 50515 8 o Ao min
Run test, add water, run churn . .............. ... ... .... 15 min.
After rinsing churn, one man would be substantially free for
next hour, busy 15 of the next 30 minutes, and fully occu-
pied the next 20 minutes.
T 1.800 1ha. "butter (1. M0 v v o o ombs A 0 8 @ 0 8 el s 20 min.
Tub 1,800 1bs. butter (2 men) . .................0.0c..uu.n 10 min.
Weigh, package and remove 1,800 lbs. of butter (1 man) .... 25 min.
Weigh, package and remove 1,800 lbs. of butter (2 men) .... 15 min.

Make boxes for 1,800 lbs. of butter (1 man)
Line boxes for 1,800 lbs. of butter (1 man)
Clean churn
Time required of 1 man on cleaning churn ...
Make records . ..

Receiving rate (1 man)
Receiving rate (2 men)

5 cans per min.
......................... 8 cans per min.
(Allow 5 minutes between loads)

Time receiving line is in operation (Plant I) .............. 145 min.
Time receiving line is in operation (Plant II) ............. 199 min.
Time receiving line is in operation (Plant III) ............ 300 min.
Time receiving line is in operation (Plant IV) ............ 403 min.

Prepare receiving room . ...

PASTEURIZING, SEPARATING AND COOLING
Although not kept busy 100 percent of the time, when a plant is produc-
ing its target volume the full-time attention of one man is required to
supervise the operation of the equipment used in separating the whole
milk and preparing the cream for churning and the skimmilk for storage.

CLEANING

Plant Plant Plant Plant

I i ] 111

(minutes )

Clean receiving room 60 60 60 60
Clean separators (45 min. each) 90 135 1385 135
Clean storage vats (30 min. each) 60 90 90 150
Clean round processors (30 min. each) 30 60 90 30
Clean plate cooler 30 45 45 45
Clean pipes 30 30 30 45
General plant cleanup 60 90 90 120
Clean cream pasteurizer & cooler 45

Total man-min. cleaning time 360 510 540 630
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APPENDIX C

WORK ORGANIZATION, PLANT I

Time Buttermaker Helper Time Buttermaker Helper
7:00 AM. -
__| Rinse churm —| Tend =
Attend boiler 12:30 P.M. ___| pasteurization,
separation,
— =] rete.
__| Make boxes =
7:30 AM. =
__| Clean round |
__| processor 1:00 PM. - Eat
8:00 AM. ___| Line boxes =
1 1:30 PM. __| Eat
—| Operate chum !
8:30 AM. __| M.D.* 15 min. —
— Clean
2:00 P.M. . receiving
- room
—| Operate churn =
9:00 AM. ..
_| Tub butter Tub butter —| Clean
o 2:30 PM. __| two .
_| Weigh butter Weigh butter e
o . Clean
o) Prepare = g(I)il)tleer
9:30 AM. ___ receiving room =
—| M.D. 40 min. —
e 8:000 B M.
—| Eat M.D. 30 min. -
= =1 Clean
10:00 AM. ___ — pipes
: Assemble pipes 3:30 P.M.
=L __| Records Clean
= = storage vat
10:30 A M. ___ =
_ 4:00 PM.  ___
—| Tend s
__| pasteurization, Receive o St]oer:?ve vat
1100, M. || Soparation, — (skim )
: 4:30 PM.
11:30 AM. =
] = General
5:00 P.M. ___ plant
— cleanup
12:00 Noon . =
i 5:30 P.M.
= Receive

# Miscellaneous duties.
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WORK ORGANIZATION, PLANT

Time

Buttermaker

Plant
Superintendent

7:00 AM.

8:00 A.M.

8:30 A.M.

9:00 A.M.

9:30 AM.

10:00 A.M.

10:30 A.M.

11:00 AM.

11:30 A M.

12:00 Noon

Helper

Helper

Rinse chum

Attend boiler

Make boxes

Clean
round
Processor

Line boxes

Operate churn

M.D. 15 min.

Operate churn

¢
Tub butter

Assemble pipes

Prepare
receiving room

Prepare
receiving room

Weigh butter

Make boxes

Line boxes

M.D. 10 min.

Operate churn

M.D. 15 min.

Operate churn

Tub butter

Weigh butter

M.D. 10 min.

M.D. 45 min. M.D. 50 min. M.D. 50 min.
Tend =

pasteurization, Receive Receive
separation,

etc.

II.
% 7 Flant
Time Buttermaker Sripermtendent Helper Helper
_| M.D. 60 min.
2:30 PM. ___
_| Eat
= Receive Receive
: Tend
pasteurization,
=5 separation,
1:00 PM. ___ etc.
~| Clean chumns
: Cleax(ll
: roun
1:30 PM. processor
: Eat Eat
2:00 PM.
_| M.D. 50 min.
2.30 P.M. __ M.D. 60 min.
: Eat
_ | General plant Clean
cleanup storage vat
3:00 PM. __ Clean
B receiving room
: Records Clean pipes
3:30 PM. ___
2 Clean
< d two
5| separators Glean
plate Clean séparator
= cooler
4:00 PM. ___
4:30 PM. ___ Clean Clean
storage vat storage vat
i (skim) (skim)
Wl General plant
- cleanup
5:00 PM. ___ General plant General plant

5:30

P.M.

cleanup

cleanup




WORK ORGANIZATION, PLANT IIIL

Time Buttermaker Helper Pli‘:l':;ns‘i’eix’]‘ir' Helper Helper Helper Time Buttermaker Helper Pli;‘l‘;; '15&1;?‘ Helper Helper Helper
ey
@ 7:00 AM. | __ —|Tend
__|Rinse chuxrn e gﬂiteurlzw M.D. 60 min.|M.D. 60 min.|M.D. 60 min.
__|Attend boiler 12:80 PM. — | separation, Receive Receive
i —|ete. Eat Eat Eat
__|Make boxes L/
7:30 A.M. ___|Line boxes =
= 1:00 P.M.
—|M.D. 25 min. —|Clean churns
8:00 AM. | _ =
_|Rinse churn | = M.D. 60 min.|M.D. 60 min.
- Clean 1:30 PM. Receive
Operate round Eat Eat
~|churn processor =
= —|M.D. 50 min.
8:30 A.M. __ |M.D. 15 min. — |
_ Make boxes 2:00 PM., Tend | Receive
Operate pasteuriza-
~—|churn . S tion,
A M.D. 15 min. —) separation,
o ete.
9:00 AM. ___ __| General
| Tub butter | Tub butter Prepare re- | Prepare re- i Pllan'f
—Io Assemble ceiving room | ceiving room Cleag 2:30 PM, ___|MP Receive
perate : pipes roun: i . i
S T Weigh butter DYGCESSOr —_ M.D. 90 min. M.D. 90 min
—| weigh butter
9:30 AM. ___ Line boxes M.D. 50 min.| M.D. 50 min,|——- —|Records
M.D. 40 min. =
—|Operate M.D. 20 min. M.D. 25 min. 3:00 PM.
__|churn =
10:00 AM. __ s = Clean Clean
M.D. 10 min. | Tub butter Tub butter receiving receiving
i S - room room
—| Operate 3:30 PM.
= c}f’\;:: ¢ Weigh butter Weigh butter N
-
=l - M.D. 30 min.|M.D. 30 min.|Clean
10:30 A.M. __[M.D. 15 min.| Make boxes _ . Records SEpATalor
Clean s
= Line boxes | Tend round 4:00 P.M.
__| Operate pasteuriza- | Receive Receive ROy = Clean
churn tion, two
: MD. 10 min.[cter O M.D. 5 min,_ + separators A
11:00 AM. = Clean pipes |Clean
i Tub butter Tl St o storage vat
- ) SO OUBEr . 4:30 PM. Clean
- ‘Weigh butter Weigh butter i plate cooler
—|M.D. 65 min. = General Clean Clean
11:30 AM. plant storage vat  |storage vat
Eat o cleanup (skim) (skim)
= M.D. 40 min. M.D. 40 min. 5:00 P.M.
- = General General General
il plant plant plant
12:00 Noon =i cleanup cleanup cleanup

5:30

P.M.




WORK ORGANIZATION, PLANT 1V.

Time Buttermaker Helper Pl lii‘l';;nsd“elt’ft" Helper He.lper Helper
6:00 AM.
— Rinse churn
: Make boxes
= Line boxes
6:30 AM. ___
- Make boxes
= Line boxes
7:00 AM. M.D. 5 min.
— Rinse churn
= Operate
= churn
7:30 AM. M.D. 15 min.
: Operate Make boxes
__[churn
M.D. 10 min.
8:00 AM.
__|Tub butter |Tub butter
— |Operate ‘Weigh butter
churn and
~"|weigh butter
8:30 AM. ___ Line boxes
o) M.D. 20 min.
—|Operate
__|churn
9:00 A.M. Tub butter
__|Tub butter Prepare re- | Prepare re-
e Assemble ceiving room |ceiving room
= Weigh butter | P1PeS
— [Operate
s Chq"}‘l and Make boxes
9:30 AM. weigh butter | —————
= Line boxes M.D. 50 min.|M.D. 50 min.
) M.D. 35 min.
—|Operate
__|churn M.D. 10 min.
10:00 AM.
__|Tub butter | Tub butter
i M.D. 210
__|Operate Weigh butter mm,
__|churn and General
weigh butter plant
= duties
10:30 A M. ___
M.D. 35 min.
A Tend
__|Operate pasteuriza- |Receive Receive
churn tion,
= separation,
= ete.
11:00 AM.
__|Tub butter | Tub butter
_|Weigh butter | Weigh butter
11:30 AM.
—|M.D. 70 min.|M.D. 70 min.
Eat Eat
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WORK ORGANIZATION, PLANT IV. (cont’d.)

3 1723 02095 0184

Plant Super-

Time Buttermaker Helper intendent Helper = Helper Helper
12:00 Noon
ol Tend M.D. 210
i ; asteuriza- min.
—|M.D. 70 min.|M.D. 70 min.|P:
— ;g’;a’,ration General
—|Eat Eat etc. i g{ft?;s
12:30 P.M.
__[Tend M.D. 60 min.| M.D. 60 min |Receive M.D. 60 min.
pasteuriza- 3
—tion, Receive
_lseparation, Eat Eat Eat
1:00 P.M. __ete.
1:30 PM.
— Clean churns
— M.D. 60 min. M.D. 60 min.
2:00 P.M. ___IRecords
i Eat
2:30 PM. ___
= S— Tend |
= {).astem‘lza- Receive Receive
ion,
3:00 P.M. ___|General separation,
__[plant etc.
cleanup
=l M.D. 150
3:30 PM. e
el General
plant
= duties
4:00 PM. ___
4:30 PM. ___
5:00 PM.
5:30 P.M.




