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Processing Costs 

of Whole Milk Creameries 

Arvid C. Knudtson and E. Fred Koller 1 

IN THE LAST TWO DECADES some very significant techno
logical and economic changes have occurred in the creamery 

industry of Minnesota and the upper middlewest. Among the 
more important of these changes has been the large-scale shift 
from the receipt of farm-separated cream to the receipt of whole 
milk by creamery plants. In the prewar period 1935-39, the annual 
whole milk receipts of dairy plants and dealers in Minnesota 
averaged only 14 percent of the milk equivalent of the total 
volume of milk and cream received. By 1958 this situation was 
reversed and the whole milk receipts of dairy plants were 86 
percent of the total. Today most creameries in the state are 
operating on a whole milk basis. 

Another basic change in the creamery 
industry which was occurring at the 
same time was the shift toward fewer 
and larger plants. In 1938 there were 
874 creameries (butter-manufacturing 
plants) in Minnesota, but by 1958 the 
number had declined to 465 plants, a 
47 percent reduction. During this period 
the average annual volume of butterfat 
handled per plant increased from about 
285,000 pounds to about 675,000 pounds, 
or an increase of 137 percent. 

Even though there has been a sub
stantial reduction in plant numbers and 
a significant increase in the volume of 
milk or butterfat processed per plant 
the creamery industry of this area still 

has a large proportion of small volume 
plants. In 1958, 256 out of 465 plants 
had an annual butterfat volume of less 
than 500,000 pounds. 

Many of these small volume cream
eries face major difficulties in meeting 
competition, increasing efficiency, and 
adjusting to the changes occurring in 
the industry. Many of the plants have 
very high operating costs. According to 
a recent creamery cost study creameries 
which processed 150,000 to 300,000 
pounds of butterfat a year had average 
annual processing costs of about 9.8 
cents per pound of butterfat.' In con
trast, costs as low as 3.3 cents per pound 

' The authors acknowledge with appreciation the generous cooperation of creamery 
managers, dairy equipment dealers, dairy technologists, engineers, and others in the industry 
who supplied the basic data for this study. Credit is due to Drs. S. T. Coulter and E. L. Thomas, 
Department of Dairy Industries, and Drs. S. 0. Berg and S. A. Engene, Department of Agricul
tural Economics, University of Minnesota, for many helpful suggestions. The assistance given 
by E. E. Brugler, graduate research assistant, who aided in the collection of the data is grate
fully acknowledged. 

'Arvid C. Knudtson and E. Fred Koller, "Manufacturing Costs in Minnesota Creameries," 
Minn. Agr. Expt. Sta. Bui. 442, June 1957, p. 20. 
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of butterfat were found in some plants 
with annual volumes of more than 1 
million pounds. 

With such a large proportion of 
creameries in the state operating at 
double and triple attainable unit costs 
it is apparent that substantial adjust
ments in their organization and opera
tions are needed. 

Since the creamery industry in Min
nesota is organized largely along co
operative lines, planned reorganization 
or consolidation of small plants into 
larger organizations could more rapidly 
achieve the purpose of increasing effi
ciency and reducing unit costs in the 
industry. 

Purpose of the Study 

This study was initiated for the pur
pose of developing economic informa
tion useful to managers of whole milk 
creameries who desire to adjust their 
plant operations to changing conditions 
and to reduce processing costs. 

The principal purpose of the study 
was to provide cost information which 
would be useful in reorganizing plants 
in the creamery industry on a more 
efficient basis. It seeks to provide an 
answer to the question how large 
should an efficient whole milk creamery 
be. More specifically, this study is de
signed to develop the economies of scale 
curve 3 for whole milk creameries. 

In addition this study develops cost 
standards which may be used by plant 
managers in measuring the efficiency of 
their plants and in making decisions in 
changing plant operations. 

Theoretical Framework 

The economies of scale curve, or long
run average cost curve, indicates the 

relationship between plant volume and 
costs as the size of plant is changed. 
The long run is defined as a period 
sufficiently long to allow all economic 
resources to be varied in amount. In 
the long run the size of plant and equip
ment can be changed. Thus, the long
run average cost curve is a valuable aid 
in planning for the future. It indicates 
the size of plant that a firm should 
build to achieve minimum unit costs 
for a given volume of milk. 

The economies of scale curve consists 
of a series of segments of the short-run 
average cost curves of a number of 
creameries ranging from small to large 
volume or size. The short run is de
fined as a period so short that the size 
of plant cannot be changed. Thus, the 
short-run cost curve indicates the effect 
of changing the volume of milk pro
cessed on costs in a given plant. 

Within a given plant, the cost of pro
cessing a hundred pounds of milk can 
be reduced to some point as volume is 
increased and more complete use is 
made of buildings, equipment, and other 
fixed resources. Figure 1 shows the 
typical relationship of the volume of 
milk processed and per unit cost within 
a given plant. It should be remembered 
that these costs and volumes refer to 
one hypothetical plant designed for a 
given capacity. Other plants, designed 
for larger capacities, would have their 
minimum cost points at much larger 
volumes. 

Unused plant capacity results in per 
unit costs which are much higher than 
necessary. For example, our hypotheti
cal plant was designed for an optimum 
daily volume of approximately 100,000 
pounds of whole milk (point X). When 
this plant is operated at smaller vol
umes in range A, per unit costs are 
higher than the minimum per unit cost 
of 15.0 cents per hundred pounds of 

;i The economies of scale curve which is also referred to as the planning curve, or long-run 
average cost curve, indicates the relationship between costs and volume as plant size is varied. 
The economies of scale curve shows the lowest processing cost for each volume point over the 
entire range of possible plant volumes. 
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Fig. 1. A hypothetical cost-volume relationship of a whole milk creamery plant. 

milk possible at a daily volume of 
100,000 pounds of milk.' 

If the daily volume of milk processed 
in this plant were increased beyond 
100,000 pounds, per unit costs would 
tend to rise rapidly throughout range 
B. Costs rise in a plant as overcrowding 
occurs. Overcrowding results from vol
ume increases beyond the volume for 
which the plant was designed. 

The economies of scale cost-volume 
relationship is illustrated hypothetically 
in figure 2. The long downward slopirig 
curve LL that touches each one of the 
U-shaped cost curves is the economies 
of scale or long-run cost curve. Each of 
the U-shaped cost curves represents the 
short-run, or in-plant, cost curve for a 
particular plant. For example, the U-

shai;ed curve labeled "bb" is the same 
cost curve shown in figure 1. The econ
omies of scEle curve is drawn tangent 
to the short-run cost curves of the 
individual plants. 

Each point on the economies of scale 
or long-run cost curve represents the 
minimum cost for processing that par
ticular volume of milk. With this type 
of information an organization can re
view its present and future plant needs 
and select the plant from the economies 
of scale curve that would best suit 
their prospective volume and needs. 

In view of the problem stated in the 
preceding section, the need for deter
mining the shape of the economies of 
scale curve for whole milk creameries 
becomes apparent. 

4 Although minimum costs in this illustration are found at a daily volume of 100,000 pounds 
of milk the plant would be operated at larger volumes when the price of the product was such 
that it was profitable. 
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Fig. 2. A hypothetical cost-volume relationship illustrating economies of scale. 

Application of the Theory 
to the Problem 

In recent years, a number of research 
workers have used the synthetic method 
of cost analysis as a means of estimat
ing the economies of scale or long-run 
cost curve." The synthetic method 
(sometimes referred to as the "building 
block" approach) to the determination 
of the planning curve is consistent with 
the theory of the planning curve in that 
this method facilitates the development 

of least cost points for producing given 
outputs. 

The synthetic method of cost analysis 
is based on the following modifications 
of firm theory:n 1) The plant production 
process can be divided into stages or 
segments within which fixed and vari
able inputs are complementary to each 
other and combined only in fixed pro
portions. The segmentation of the pro
duction process uses the normal inter
ruptions or shifts in production. For 
example, the milk-receiving stage in-

'For some illustrations of use of the synthetic method of cost analysis see: Brewster, J. M., 
Comparative Economics of Different Types of Cottonseed Qi! Mills and Their Effects on Oil 
Supplies, Prices and Returns to Growers, USDA, AMS, Mktg. Res. Rpt. No. 54, Feb. 1954. 

Frazer, J. R., Nielsen, V. H., and Nord, J. D., The Cost of Manufacturing Butter: A Study 
Based on Data from 13 Iowa Creameries, Iowa Agr. Expt. Sta. Res. Bu!. 389, June 1952. 

French, B. C., Sammet, L. L., and Bressler, R. G., Economic Efficiency in Plant Operations 
with Svecial Reference to the Marketing of California Pears, Univ. of Cal. (Berkeley), Hilgardia 
24:19, July 1956. 

Henry, W. F., Bressler, R. G., Jr., and Frick, G. E., Efficiency of Milk Marketing in Con
necticut, Storrs Agr. Expt. Sta. Bu!. 259, Univ. of Conn., June 1948. 

"For a detailed discussion of these modifications see: French, B. C., Sammet, L. L., and 
Bressler, R. G., Economic Efficiency in Plant Operations with Special Reference to the Market
ing of California Pears, Hilgardia, 24:19, 548-579, July 1956. 
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eludes the entire operation from the 
time the whole milk is removed from the 
milk truck through the milk-separation 
process. The cream-processing stage in
cludes the processing operation from 
the time the cream is removed from the 
cream storage tank to the storage of 
butter in the cooler. 

2) Variations in output occur only 
with variations in the length of the 
operating period. At any given time, 
the equipment in a whole milk cream
ery is set to operate at a certain rate 
and output can be increased only by 
operating the equipment for a longer 
period of time. Thus, the input-output 
functions are linear. 

3) The cost functions, although linear, 
will be discontinuous in certain cases 
where complete divisibility of the vari-

able factor is not possible. For example, 
labor must be hired for an 8-hour day 
after which a higher wage rate must be 
paid. 

4) Certain costs are joint, or over
head, costs which are common to all 
stages and cannot be allocated among 
them. Administrative costs, fuel costs, 
and building costs are examples of 
overhead costs. 

5) The separate stage cost functions 
along with the overhead cost function 
can be aggregated into a total cost 
function. 

These modifications of firm theory are 
applicable to this cost study. A detailed 
discussion of the buttermaking process 
in the next section on research pro
cedure will clarify the reasons for these 
modifications. 

Research Procedure 
The Synthetic Method 

The first step in applying the syn
thetic method is to carefully analyze 
and record, in detail, every step in the 
production process. The description of 
the production process serves as the 
basis for dividing the process into a 
series of separate stages. 

The next step is to determine all the 
various techniques that may be used in 
each stage of the production process. 
For the individual stages, a detailed 
analysis is made of alternative types of 
organizations to determine the input
output data for each type of organiza
tion. The input-output data for the 
alternative organizations of a given 
stage may be developed by time-study 
analysis, from engineering estimates, 
or from production records. Thus, each 
factor used in a given stage can be 
treated individually. However, certain 
factors which _are common to all stages 
and the use of which cannot accurately 
be measured within a given stage are 
treated as joint or overhead costs. 

The next step is to standardize factor 
prices. Valid comparisons between 
plants can only be made when the 
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prices of all inputs are applied at uni
form rates. 

Given accurate input-output data for 
each of the known alternative tech
niques for a single stage and with costs 
standardized the least cost organization 
for each stage can be determined. 

The final step, that of developing the 
total cost function for a given plant, 
is simply to aggregate all of the func
tions of the separate stages with the 
joint or overhead costs into a single 
total cost function. 

A further step in estimating the long
run average cost curve involves de
veloping several short-run average cost 
curves over a wide range of volumes. 
These short-run cost curves provide the 
basis for constructing the long-run av
erage cost curve. 

The Production Process 
The production process in a butter 

plant can be segmented into two separ
ate stages (figure 3). The first stage, 
called the receiving stage, includes the 
receipt of the raw material, whole milk, 
and the separation of this milk into its 



Stage I. Receiving 

Receiving 
(can or bulk) 

Pre heater Plate cooler 

Stage 2. Cream processing 

Pasteurization Plate cooler Churn 

Packing and 
storage 

Fig. 3. Flow chart for a whole milk creamery. 

components, skim milk and cream. 
After separation the skim milk is cooled 
and held in an insulated storage tank 
until it is transported to a central dry
ing plant. 

The cream flows from the separator 
into the second production stage, cream 
processing, which begins with the pas
teurization process. After the cream is 
pasteurized it is cooled and then held in 
insulated storage until it is removed for 
churning. At one point during the 
churning process, the buttermilk is 
drained and stored in an insulated tank 
to await sale. When the churning proc
ess is completed the butter is removed 
from the churn, packed into boxes, and 
stored until it is sold. 

All inputs cannot be accounted for 
separately in the two processing stages, 
receiving and cream processing, with
out making numerous arbitrary alloca
tions. Therefore, inputs which were not 
unique to a given production stage were 
not measured within each separate 
stage but were measured in "total" for 
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the entire plant. Some of the inputs that 
were measured only in "total" include 
a small amount of miscellaneous labor 
(needed to tend the boiler, wash walls 
and floors) administrative costs, repair 
costs, general manufacturing supply 
costs, and some depreciation costs. 

A more thorough discussion of the 
details of each processing stage will 
provide background material for the 
discussion of cost measurements. Labor 
and the fixed factors will be the only 
inputs discussed because labor illus
trates the relationships of variable to 
fixed inputs. Furthermore, labor was 
chosen for this discussion because it is 
the most important variable input. 

The Receiving Stage 

The receiving stage may be organized 
to receive milk in cans or to receive 
milk from bulk-tank trucks. In this 
study the analysis of receiving costs is 
confined to plants which receive all of 
their milk in cans. 



Either of two different work organi
zations can be employed for receiving 
milk in cans. In one organization two 
men are employed in the receiving 
process. In this case one man lifts the 
lid off the can, places the lid on the lid 
rack of the can washer, dumps the can, 
and pushes the can onto the can washer 
conveyer. The second man takes the 
milk sample and records the weight of 
the total receipts for each patron. With 
the receiving stage organized for a two
man operation, the can washer is util
ized to full capacity during the oper
ating period and the can-washing rate 
determines the rate of receiving cans 
of milk. 

In the case where the receiving stage 
is organized on a one-man basis, one 
man performs all of the functions that 
were performed by the two men in the 
above case. The principal difference is 
that a small delay (averaging 0.15 min
utes) occurs between each patron's re
ceipts, during which time the single 
operator takes the sample and records 
the weight. One man can utilize a can 
washer as large as 12 cans per minute 
to full capacity. Therefore, with one 
man the rate of the can washer also 
determines the receiving rate, with a 
modification that a 0.15 minute sam
pling and recording interval exists be
tween each patron's receipts. 

In either case, increases in output, 
with a given set of equipment, can 
occur only by increasing the length of 
the operating period. Thus the func
tional relationship between the amounts 
of raw material received and labor used 
becomes linear. 

When milk is received at the plant 
in cans the process is as follows: The 
milk cans are dumped, the milk is 
weighed, and a sample is taken. The 
milk is then emptied out of the weigh 
tank and into the dump tank. From 
there it is pumped to the whole milk 
storage tank, or surge tank. From the 
surge tank the whole milk is pumped 

to the preheater where its temperature 
is raised to 90° F. From the preheater 
the whole milk is pumped to the sepa
rator where it is separated into cream 
and skim milk. The skim milk is 
pumped from the separator to a plate 
cooler where the temperature is re
duced to storage temperature (40° F.). 
From the plate cooler the skim milk 
is pumped to the skim milk storage 
tank where it is held until it is trans
ported to a drying plant. The cream 
coming from the separator is pumped 
directly into tht next stage, the cream 
processing stage. 

The preheating, separating, and cool
ing functions performed in the receiv
ing stage are accomplished without any 
labor input other than the fixed labor 
requirements of setting up the equip
ment and cleaning up at the end of the 
processing period. The necessary tend
ing of the separator, plate heater, and 
cooler can be done during the normal 
delays that occur between truck loads 
in the receiving operation. Short delays 
in receiving occur during the time an 
unloaded truck is moved out and a 
loaded one is moved into the unloading 
position. 

The Cream Processing Stage 

In the cream processing stage the 
cream is first pumped from the sepa
rator into a high-temperature, short
time (HTST) pasteurization unit for 
flash pasteurizing.' The HTST units are 
matched to the capacities of the sepa
rators to insure a constant flow of cream 
for processing. After the cream is pas
teurized it is pumped through a plate 
cooler where its temperature is reduced 
to 48° F. From the plate cooler the 
cream is pumped into an insulated tank 
to await churning. The cream processing 
up to this point is performed almost 
without any labor inputs other than 
the fixed labor inputs of setting up and 
cleaning up the equipment. An occa-

7 Minnesota State Sanitation Regulations require a flash pasteurization temperature of 161 ° 
F. maintained for 15 seconds. This minimum is commonly exceeded by several degrees because 
a desirable cooked flavor results in the butter and the butter has superior keeping qualities. 
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sional check of the operating tempera
ture of the pasteurization unit and plate 
cooler can be made during the normal 
delays in the churning operation. 

The next step in the cream processing 
stage is butter churning. This is a batch 
type of production process in which 
fixed amounts of labor and manufac
turing supplies are combined with a 
given amount of cream to produce a 
given amount of butter.8 Therefore, in 
churning the labor production function 
is linear, but discontinuous. In addition 
to the inputs required to churn each 
batch of butter there is a fixed amount 
of labor required for setup and cleanup 
for each operating period. 

In brief, the detail of the churning 
operation is as follows: First, the cream 
is pumped into the churn, the color is 
added, and the churning is started. 
After an operating period of 40 minutes 
the churn is stopped, the buttermilk is 
drained, and salt is added. The churn 
is started again, and butter is "worked" 
for approximately 30 minutes. Again 
the churn is stopped, a Kohman mois
ture test is made, and the moisture is 
adjusted to the proper level. Additional 
"working" of the butter may be needed 
at this time. The butter is now ready 
to be removed from the churn. When 
the butter is removed from the churn 
it is packed directly into boxes or un
loaded into butter boats. 

Preparation for the butter-packing 
operation involves forming 64-pound 
cardboard cartons, taping the cartons, 
lining the cartons with two parchment 
liners, and stacking the boxes to wait 
for the completion of the churning 
operation. Butter packing involves re
moving the butter from the churn or 
the butter boat and packing it into the 
bulk butter boxes. The filled boxes are 
taped and set on the hand-truck for 
removal to storage. The entire butter
packing operation is based on a series 
of set labor requirements per box. The 
procedures of forming, taping, lining, 

packing, and placing the boxes on the 
truck are all steps that require a set 
amount of time per box. Thus, the labor 
function for the butter-packing opera
tion is also a linear function. 

Scope and Source of the Data 

The basic data used in this analysis 
were obtained from four carefully se
lected whole-milk creameries. The main 
considerations in selecting the sample 
plants were to select well managed, 
similarly organized plants that repre
sented a wide range of plant volumes. 

The selection process began with a 
complete enumeration of all the whole
milk creameries in Minnesota which 
specialized in butter production and did 
not dry or otherwise process their skim 
milk. Supplementary data on volume of 
milk receipts, dairy products sold, and 
other information were obtained from 
the Minnesota Department of Agricul
ture, Dairy, and Food. 

From these data, 18 plants were se
lected for a preliminary survey. The 18 
plants were selected on the basis that 
1) they received only whole milk, 2) 
they represented a wide range of vol
umes, 3) they sold only butter, skim 
milk, and buttermilk. 

After a field survey was made to 
gather further information on their or
ganization and operation 3 sample 
plants were selected from among the 
18 plants surveyed. The fourth and 
largest sample plant selected was not 
a specialized whole-milk creamery, but 
rather a completely separate butter 
operation of a large multi-product dairy 
organization. The fourth plant was in
cluded because it was considered im
portant to synthesize a model plant at 
a volume considerably beyond the vol
umes of existing specialized butter 
plants, and the butter operation in this 
large dairy firm provided a basis for 
synthesizing the model plant. 

s Although it is possible to churn less than a full churn of cream it is seldom done. Rather 
small amounts of cream will be carried over to the following day in order to keep the churn 
operating at as near capacity as possible for every churning. 

10 



The range of volumes covered by the 
four sample plants, in terms of average 
annual daily milk receipts, extended 
from 32,000 pounds up to 187,500 pounds 
of milk per day. The volume of milk 
handled by existing whole-milk cream
eries specializing in butter production 
in the state ranged from 11,000 pounds 
of milk per day up to 107,000 pounds. 0 

The smallest sizes of specialized butter 
plants were not included in the study 
because they were not considered to be 
a desirable alternative in a reorganiza
tion of creamery plants and the cream
ery industry. A brief review of the 
accounting costs of the smallest plants 
showed that processing costs per pound 
of butter were significantly higher in 
the smaller plants.10 Also, observations 
of the operations of the small plants 
indicated that generally both labor and 
equipment were underemployed, there
by causing the higher per unit pro
cessing costs. 

The basic data acquired for the study 
from the four sample plants were ob
tained from various plant records, audit 
reports, observations, detailed time 
studies, and discussions with plant man
agers. Further information was obtained 
from consultation with engineers, dairy 
equipment manufacturers, and dairy 
technologists. The data taken from the 
production records and audit reports 
covered the 1956 calendar year. The 
time study observations and factor price 
data presented are 1957 data. 

On the basis of the data obtained 
from the four sample plants the four 
model plants referred to in the re
mainder of this study were synthesized. 
Several adjustments were made to 
bring the organization and operation of 
the model plants as near to ideal condi
tions as possible. These adjustments 
were necessary because the sample 
plants were not ideally organized and 
equipped in all respects. For example, 

in the receiving stage, a one-man re
ceiving line was employed in all of the 
model plants, except during periods of 
peak volumes in the largest plant when 
a two-man line was used. In their actual 
operations, the three smallest sample 
plants used a two-man receiving line 
while the largest sample plant used a 
one-man receiving line and also re
ceived milk in bulk. 

Also, the model plants were equipped 
with larger capacity separators than 
were used in the sample plants. Larger 
capacity separators reduced cleanup 
labor requirements because fewer sepa
rators were required. One hour of 
daily cleanup labor was saved by 
eliminating a separator. Also, where the 
operating run extends much beyond 4 
hours the bowl on each separator has 
to be cleaned, which requires 20 min
utes of labor. The larger capacity sepa
rators allow shorter runs to process a 
given volume and thus reduce the need 
for a cleaning during the operating 
period. 

For pasteurization, high-temperature, 
short-time pasteurization units were 
projected in all of the model plants. 
Even for the smallest model plant a 
HTST unit was used. The capacity of 
the smallest unit was 2,000 pounds of 
milk per hour; this is the smallest milk 
volume recommended for HTST pas
teurizing. 

There were two main advantages to 
the HTST pasteurization method. First, 
the HTST method saved fuel because 
the heated milk was used for regenera
tive heating in a heat exchanger. This 
reduced fuel costs for pasteurization. 
The other advantage was in labor sav
ing. By combining a HTST pasteuriza
tion unit with the "in-place" method of 
cleaning, considerable labor was saved. 
Each vat requires an additional 35 min
utes for cleaning as compared with a 
HTST unit. The additional cost of the 

0 In the flush production season the volume of milk in these plants ranged from about 
15,000 to 145,000 pounds a day. It should be remembered that this study did not include larger 
volume whole milk creameries which manufactured skim milk into powder. 

10 A. C. Knudtson and E. F. Koller, "Manufacturing Costs in Minnesota Creameries," Minn. 
Agr. Expt. Sta. Bui. 442, June 1957, p. 20. 
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HTST unit over the cost of vats was 
negligible in comparison with the labor 
and fuel saving. As plant volumes in
crease the investment in a HTST unit 
decreases relative to pasteurizing vats 
because more and more vats are needed 
to replace the HTST unit. 

In the churning stage, larger churns 
were used in the two larger model 
plants than were used in the respective 
sample plants. Also, butter boats or 
carts were used in the two largest 
model plants. Larger churns saved labor 
because larger amounts of butter were 
churned without an increase in churn
ing time. The butter boats saved labor 
because with boats it was possible to 
more fully utilize the churn; the churn 
could be emptied into the butter boat 
and be back in operation while the 
previous batch of butter was being 
packed into boxes. 

The daily cleanup, setup labor was 
reduced greatly by adding "in-place" 
cleaning of pipes, plate coolers, and the 
HTST pasteurizing units. With the "in
place" cleaning method the entire time 
for cleaning all pipes was reduced to 
about 15 minutes of labor, but a period 
of 1 hour and 15 minutes was required 
for circulating the different cleaning 
solutions through the pipe system. The 
only pipes that had to be hand-washed 
were a few elbows, and connections 
between the separators and the main 
lines, and between the storage tanks 
and the main lines. 

The supplementary data necessary 
for synthesizing ideal organizations 
were derived from detailed studies of 
phases of the operations of several 
other plants. 

The cost estimates developed in this 
study are not to be construed as statisti
cally representative of the processing 
costs experienced in whole milk cream
eries specializing in butter production 
in Minnesota. Instead, these costs are 
the costs of producing butter in plants 
which are organized as close to ideal as 
possible. However, they can be con
sidered attainable costs. 

Methods of Cost Measurement 

The problems of measurement, de
t•eloping the input-output data, are en
gineering problems. Typically the econ
omist begins with given input-output 
data and proceeds from this point. 
However, in most synthetic plant cost 
studies the input-output data are not 
available but have to be derived-and 
most frequently without a staff of engi
neers. In applying the synthetic method 
or any other budgeting procedure the 
results are only as good as the input
output data. Therefore, the measure
ments are an extremely important part 
of a synthetic cost analysis. 
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The methods used to measure input
output data vary according to the type 
of inputs. The details of each method 
will be discussed relative to each input. 

Labor 

The labor data in this study were 
derived by using time-study methods. 
The other alternative, that of using 
plant labor records, was not satisfactory 
because the records lacked sufficient de
tail to be of value. 

First, each of the four sample plants 
was reviewed and described to de
termine labor uses and flows. This de
scription furnished a background for 
further study. A detailed analysis was 
made of the entire work routine of 
every man in each of the sample plants. 
Since the four sample plants were or
ganized nearly alike the data from the 
complete work organization studies pro
vided the basis of the time standards 
which were applied in the model plants. 

In cases where the model plant or
ganizations differed from the sample 
plants it was necessary to gather de
tailed labor data on the alternative or
ganizations by making observations in 
other plants. These labor data were de
rived by determining labor rates on 
specific operations. For example, this 
method was used in determining the 
time rates for packing butter from the 
churn and from butter boats. This 
method was also used to determine a 



one- and a two-man rate for forming 
and lining butter boxes. Labor rate de
terminations were also made for the 
various machine operations such as the 
different receiving labor organizations, 
the churning operation, and others. 

The rates used in each case contained 
an element of judgment. In most cases 
the rate was selected from the observa
tions which showed the greatest con
sistency rather than being an average 
of all time observations for a given job. 

Fuel 
Two different methods were used in 

determining fuel needs for the model 
plants. In the three largest plants, 
steam meters were used. The steam 
meter readings had, in each case, been 
recorded by months. In addition to milk 
volume, building heat requirements 
were relatively important in determin
ing the total amount of steam used per 
month. Therefore, the effect of building 
heat had to be removed from the steam 
requirements. An engineer estimated 
the proportion of steam that was used 
for building heat by months. The esti
mates were based on the type of build
ing construction, average outdoor tem
perature by months, and heat loss from 
processing equipment. These results 
were cross checked by correlating fuel 
used and milk volume for the 6 months 
of the year during which almost no 
building heat was required. 

The steam used in the winter months 
was then adjusted to account for the 
building heat requirements. The ad
justed monthly steam data were con
verted into No. 5 fuel oil by using the 
appropriate heat values for fuel oil and 
a boiler conversion efficiency factor. 
The fuel functions for the three largest 
plants were developed by regression 
analysis using the adjusted monthly 
fuel oil data and milk volume. 

The smallest sample plant used coal 
for fuel and did not meter the steam 
used. It was impossible to develop a 
fuel-milk volume relationship from the 
available fuel data in sample plant No. 
1. For this plant the fuel function was 
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estimated. The estimating method and 
supplementary information were sup
plied by an engineer. The fixed steam 
requirements for building heating and 
cleaning requirements were estimated 
on the basis of building size and con
struction, and hot water and steam 
needs for cleaning. 

From equipment specifications, milk 
volumes, and milk temperatures the 
variable steam requirements were esti
mated for each processing operation 
such as can washing, preheating the 
whole milk for separating, and pas
teurizing. A heat-loss factor was ap
plied and the total steam requirements 
were aggregated. The conversion of 
steam requirements to fuel oil com
pleted the physical fuel function for 
plant No. 1. 

Electricity 
Electricity use in the four sample 

plants was obtained by means of 
monthly meter readings. The monthly 
use of electricity, in each sample plant, 
was correlated with the volume of milk 
processed to derive the electricity func
tions. Some electricity requirements are 
fixed, others are variable. For example, 
building lighting and the power needed 
to start motors are fixed uses for elec
tricity, while variable uses occur in can 
washing, churning, separating, and 
other places. In the case of electricity 
as in the case of fuel no allocations 
were possible between stages; the en
tire amounts were accounted for rela
tive to total plant use. 

Packaging Supplies 
All of the sample plants used a simi

lar type of bulk butter box, which was 
a 64-pound capacity cardboard box. In 
all cases the bulk butter boxes were 
lined with two parchment liners. The 
butter boxes were received at the plant 
packed flattened out, with only one 
corner taped. Thus, each box had to be 
formed and taped (41 inches of 3-inch 
tape required). The average of prices 
paid by the sample plants for boxes, 
liners, and tape was used in determin-



ing the packaging costs in the sample 
plants. The costs of the three com
ponent items were totaled to determine 
a cost per box. The 64-pound bulk but
ter box was the only type of butter 
container used in the model plants. 

Fixed Costs 
General Supplies and Repairs 

All manufacturing supplies and all 
repairs are grouped into this category. 
The general supplies include such items 
as washing compounds, sanitizing solu
tions, salt, brushes, and numerous other 
small items. It is recognized that some 
general supply items such as salt are 
variable inputs. However, these items 
are very small relative to total costs, 
and therefore have been included as a 
fixed operational expense with the gen
eral supply items. 

The repair expense is also included in 
this category because of the difficulty 
of separating some repair items from 
supply costs. Repair costs, although 
somewhat related to volume, are con
sidered a fixed operational expense. An 
average of 3 years repair expense in 
each of the sample plants was used as 
the total annual repair expense for 
each of the model plants. 

General and Administrative Costs 

Included in this group of cost items 
are: management salaries, office salaries, 
office supplies, depreciation expense on 
office equipment, telephone and tele
graph expense, bank charges, travel 
and annual meeting expenses, directors' 
fees, insurance, local taxes, payroll 
taxes, and several other items. Several 
different methods of measurement were 
used in determining the cost of the 
various items. 

Management salaries were arbitrarily 
set after reviewing the salaries in sev
eral plants of various sizes. Office sala
ries were based on a uniform pay rate 
and a 44-hour week for the number of 
office employees in each of the sample 
plants. Office supplies, telephone and 
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telegraph, bank charges, travel, and an
nual meeting expenses were either 
taken as experienced in the sample 
plant or estimated from the costs found 
in other plants. The depreciation ex
pense on office equipment was based 
on replacement costs of all the items 
used in the offices of the model plants. 
Directors' fees, based on the average 
fees among the sample plants, were ap
plied uniformly in all of the model 
plants. 

In the case of insurance and local 
taxes the sample plants' expenditures 
relative to asset valuations served as 
the basis for determining an average 
rate to apply to the model plants. The 
average of the four sample plant rates 
was taken· and applied uniformly to the 
building and equipment costs in the 
model plants. The current payroll tax 
rate was applied to the total wage 
bill to arrive at the payroll tax for each 
model plant. 

It was recognized that some items of 
administrative expense were variable. 
However, the time required to measure 
the variable administrative cost items 
was considered prohibitive and, there
fore, administrative costs were treated 
as a fixed operational cost. 

Building Costs 
Building cost data from the sample 

plants were inadequate for use in the 
analysis. The actual building costs of 
the sample plants reflected both differ
ent types of construction and price level 
changes associated with different dates 
of purchase. 

The costs of building for the four 
sample plants were estimated. The cost 
estimates were based on the building 
space needed for various purposes, such 
as processing, storing, and refrigerating. 
The building cost estimating method 
was worked out with the aid of an 
engineer familiar with the construction 
costs of dairy plants. 

The depreciation expense charged for 
building use was a linear rate based on 
the estimated life of the building. The 
method does not furnish a true building 



cost because the level of use of the 
building was not considered. However, 
the linear accounting method probably 
represents the best approximation of 
building cost that could be made with 
the information available. The impor
tant consideration is that with building 
costs for the model plants corrected to 
current construction costs and with uni
form depreciation rates being charged 
building cost variations between plants 
are eliminated. 

In calculating building and equip
ment costs no charge was included for 
interest on the investment. 

Equipment Costs 

In the case of equipment, as in the 
case of buildings, replacement costs 
were used and uniform depreciation 
rates were charged in all plants. Three 
dairy equipment firms were consulted 
in developing the replacement equip
ment costs. The plant layout and equip
ment specifications of the sample plants 
were used as guides in developing the 
equipment requirements for the model 
plants. With the aid of three engineers 
from two of the dairy equipment firms 
the complete equipment layouts for 
each of the model plants were idealized 
and sized to the volumes of the sample 
plants. 

The annual equipment expense was 
based on depreciation rates charged in 

the sample plants. The depreciation 
rates charged were kept uniform among 
the model plants. 

The Assumptions and 
Specifications 

Several assumptions and specifica
tions are necessary to reduce the num
ber of variables that have to be con
sidered, and also to insure uniformity 
among the model plants. 

The assumptions and specifications 
regarding raw material and receiving 
were as follows: 

1. The plants received only whole 
milk containing 3.5 percent butterfat. 

2. All plants received milk from pa
trons in IO-gallon cans. 

3. All plants received 66.7 pounds of 
milk per can. 

4. All plants have a similar distribu
tion of patrons according to size. 

5. All plants are subject to a similar 
seasonal pattern of whole milk receipts 
(see table 1). 

6. All plants set the separators to 
produce cream containing 40 percent 
butterfat. 

7. All milk receipts were scheduled 
into the plant to avoid truck delays at 
the time of peak receipts. Total receiv
ing time fell to 50 percent of capacity 
receiving time during the period of low 
receipts. 

Table 1. Adjusted seasonal pattern of whole milk receipts in each of the four model plants 
in tenns of daily average volume 

Percent 
Month of June Plant no. 1 Plant no. 2 Plant no. 3 Plant no. 4 

pounds of whole milk 
January 68 27,200 61,200 102,000 190,400 
February . 74 29,600 66,600 111,000 207,200 
March 80 32,000 72,000 120,000 224,000 
April 86 34,400 77,400 129,000 240,800 
May 93 37,200 83,700 139,500 260,400 
June 100 40,000 90,000 150,000 280,000 
July 82 32,800 73,800 123,000 229,600 
August 66 26,400 59,400 99,000 184,800 
September. 56 22,400 50,400 84,000 156,800 
October 50 20,000 54,000 75,000 140,000 
November 53 21,200 47,700 79,500 148,400 
December 60 24,000 54,000 90,000 168,000 
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The assumptions regarding finished 
products were as follows: 

1. All plants achieved an overrun of 
23.5 percent. 

2. All plants produced sweet cream 
butter containing 2 percent salt. 

3. All butter is packaged in 64-pound 
bulk butter boxes. 

4. Assumed average annual butter 
output is shown in table 2. 

Table 2. Average annual output of butter 
in each of the four model plants 

Plant number 

1 
2 
3 
4 

Annual butter 
output 

457,580 
1,029,555 
1.720,247 
3,203,063 

The assumptions regarding the fixed 
plant (building and equipment) were as 
follows: 

1. All buildings were of similar con
struction. 

2. All equipment and processing tech
niques were similar except for size. 

3. All plants had their own water 
supply. 

4. The equipment organizations were 
developed to enable processing the ca
pacity volume with approximately one 
8-hour shift. 

The assumptions regarding labor 
were as follows: 

1. All labor used was hired on the 
basis of an 8-hour day and a 40-hour 
week. 

2. All labor hired was able to perform 
all of the operations at the specified 
rates. 

3. All labor could be hired for a daily 
2-hour overtime period without incur
ring any decrease in efficiency. 

4. All labor was paid according to job 
classification and the rates were uni
form among plants. 

There were several other assumptions 
that pertained to several factors. They 
were as follows: 

1. All factors were applied at uniform 
prices to all of the model plants. 

2. All factors used were of equal 
quality. 

3. The office workers were hired for 
a 44-hour week. 

4. The manager's salary was included 
as an item of administrative expense 
even though he may perform some 
plant duties. 

The assumptions in most cases were 
based on the average of observed ex
perience among the sample plants. The 
application of the assumptions is ne
cessary to provide model plant cost data 
that will be uniform from plant to 
plant and be relevant in the light of the 
theoretical framework. 

The Model Plant's Physical and Cost Relationships 

Labor 
Total labor requirements were de

termined by measuring the labor input
output relations in each processing 
stage. Also, the fixed general plant 
labor requirements were measured. The 
total labor requirements were sum
marized into a complete work organiza
tion for each plant. Additional relief 
workers were also added to the number 
of workers required to perform the 
processing functions to arrive at the 
total number of workers needed. 

The following sections detail the 
measurements of labor. 
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Receiving Stage Labor 

The labor requirements for receivin 
milk included both fixed and variable 
elements. The portion of receiving labo 
which was fixed was the amount neces
sary to setup and cleanup the receivin 
room. Very often the time requirements 
of cleanup and setup could not be separ
ated as the two operations were being 
performed simultaneously. Setup an 
cleanup of the receiving room include 
the necessary disassembling, washing, 
reassembling, and sanitizing of th 
weigh tank, dump tank, pipeline to 
surge tank, surge tank, pipeline to th 



separator, separator, and the skim milk 
storage tanks. In addition the daily 
servicing of the can washer was in
cluded as a part of the setup and clean
up labor. 

Observations of the sample plants 
served as the basis of determining the 
amounts of fixed cleanup and setup 
labor required. It was found that 80 
man-minutes were required to service 
the can washer, disassemble, wash and 
reassemble the weigh tank, dump tank, 
and line to the separator. It required 
60 man-minutes to disassemble, clean, 
and reassemble each separator. Each 
storage tank required 15 man-minutes 
of cleaning time. The total tank clean
ing time extends over a longer time 
period than 15 minutes, however. This 
occurs because a mechanical tank 
sprayer was used for "in-place" clean
ing of the tanks, and even though only 
15 minutes of labor was required, about 
1 hour and 15 minutes of total cleaning 
time was involved. 

The "in-place" cleaning method is 
often referred to as a "cooking" process. 
The method works as follows: After the 
production process is completed a rinse 
water is circulated throughout the 
equipment and lines. Following the 
rinse water an alkali solution heated to 
17 5 ° F. is circulated for 30 minutes, then 
an acid solution (175° F.) is circulated 
for 30 minutes. A 15-minute hot-water 
rinse follows the acid solution. The "in
place" cleaning method was used in the 
receiving stage for all of the long pipe 
lines, the preheater, the plate cooler, 
and all of the storage tanks. 

The total amount of variable receiv
ing labor required was determined by 
the following factors: (1) Volume of 
milk received per patron, (2) pounds of 
milk received, (3) washing rate of the 
can washer, and (4) time required to 
sample and record weights for each 
patron. 

There were three different can wash
ers used in the four model plants. The 
two smallest plants, plants nos. 1 and 2, 
were equipped with 8 can-per-minute 
washers, the third largest plant, plant 
no. 3, was equipped with a 13 can-per
minute washer, and the largest plant, 
plant no. 4, used a 16 can-per-minute 
washer. 

The average daily volume of milk re
ceived from each patron was assumed 
constant for all plants at 333.5 pounds. 
All milk was received in IO-gallon cans 
at the rate of 66.7 pounds per can. 

The receiving lines in the three small
est model plants were organized as one
man receiving lines. The largest plant 
also used a one-man receiving organiza
tion up to daily milk receipts of 200,000 
pounds. With a one-man organization 
in plant no. 4, the can washer was timed 
to operate at 12 cans per minute. One 
man cannot maintain a rate over 12 
cans per minute, therefore, when the 
daily milk volume exceeded 200,000 
pounds per day two men were used 
because a washing rate of 15 cans per 
minute was the least cost receiving rate 
at the large volumes. 

The hourly capacity of each of the 
model plant receiving lines was cal
culated at plant capacity based on the 
following information: 

1. The average patron supplied 333.5 
pounds of milk. 

2. Each IO-gallon can received con
tained 66. 7 pounds of milk. 

3. There was a .15-minute delay be
tween patrons for sampling and record
ing milk weight. 

4. Equipment manufacturers recom
mend an allowance of 33 percent excess 
capacity to cover truck delays, break
downs, etc. 

In the two smallest plants, plants nos. 
1 and 2, 8 can-per-minute washers were 
used. There can washers were operated 
at 7.5 cans per minute. 

The total receiving time at the physical capacity of plant no. 1 was determined 
as follows: 

Total milk volume at plant capacity= Number of patrons 
Pounds received per patron 

17 



60,000 pounds of milk = 180 patrons 
333.5 pounds per patron 

180 patrons X .15 minute sampling time= 27 minutes total sampling time 

60,000 pounds of milk = 900 cans received 
66.7 pounds per can 

7 
9oo cans . = 120 minutes total can intake time 

.5 cans per mmute 

(120 minutes can time + 27 minutes sampling time) 1.33 for excess capacity = 196 
minutes total receiving time 

~0,000. pounds of n:1ilk = 306.12 pounds per minute 
196 mmutes total time 

306.12 pounds per minute X 60 minutes= 18,367.2 pounds per hour 

The hourly receiving rate for plant no. 1 was 18, 367.2 pounds per hour; this 
rate also applies to plant no. 2. 

In plant no. 3 the 13 can-per-minute washer was operated at the rate of 12 
cans per minute. Applying the same assumptions the hourly receiving rate at 
capacity was determined as follows: 

200,000 pounds of milk = 600 patrons 
333.5 pounds per patron 

600 patrons X .15 minutes sampling time= 90 minutes total sampling time 

200,000 pounds of milk = 2,999 cans received 
66.7 pounds per can 

2,999 cans received = 250 minutes total can intake time 
12 cans per minute 

(250 minutes can intake + 90 minutes sampling) 1.33 for excess capacity = 452 
minutes total receiving time 

___ 20?,000 pounds. = 442.48 pounds per minute 
452 mmutes total time 

442.48 pounds per minute X 60 minutes = 26,548.80 pounds per hour 

This hourly receiving rate of 26,548.80 pounds per hour also applied to the 
largest plant, plant no. 4, at daily volumes of less than 200,000 pounds, when it 
was operated as a one-man receiving line at 12 cans per minute. 

When plant no. 4 was operating at capacity, 300,000 per day and down to 
200,000 pounds of milk per day, the receiving time was based on a two-man re
ceiving line operating at 15 cans per minute. The hourly receiving rate was cal
culated as follows: 

300,000 pounds of milk = 4,498 cans received 
66. 7 pounds per can 

4,498 cans_ = 300 minutes total receiving time 
14 cans per mmute 

300 minutes X 1.33 for excess capacity= 400 minutes total time 

3oo,OOO pounds = 750 pounds per minute 
400 minutes 

750 pounds per minute X 60 = 45,000 pounds per hour 
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Table 3. Receiving labor requirements for the four model plants 

Plant no. 1 Plant no. 2 Plant no. 3 Plant no. 4 

Volume Fixed Variable Total Fixed Variable Total Fixed Variable Total Fixed Variable Total 
of milk time time time time time time time time time time time time 

cwts. man-minutes 

20 155 98 253 
40 155 143 298 155 196 351 
60 155 196 351 155 239 394 
80 215 286 501 215 252 467 .... 100 215 339 554 215 287 502 t:c 

120 215 392 607 215 320 535 
140 215 354 569 260 413 673 

160 215 387 602 260 447 707 
180 215 420 635 260 480 740 
200 215 454 669 260 533 793 
220 320 587 907 

240 320 640 960 

260 320 693 1,013 

280 320 747 1,067 

300 320 800 1,120 



With a two-man line the sample was 
taken and the weight recorded without 
a delay in the can receiving rate. In 
plant no. 4 the receiving rate of 45,000 
pounds per hour applied to volumes 
above 200,000 pounds. 

In each case the problem of sched
uling trucks was, of necessity, assumed 
away. It was assumed that at the peak 
volumes sufficient trucks would be 
hired and scheduled to provide a con
stant flow of milk into the plant. The 
33 percent excess capacity allows for 
minor operating difficulties. At volumes 
less than capacity the same hourly re
ceiving rates were applied. However, 
the total receiving period was assumed 
never to fall below 50 percent of the 
capacity receiving time. This estimate 
was based on a comparison of the re
ceiving times experienced in the sample 
plants at the peak and low capacities. 

Table 3 shows the fixed and variable 
labor requirements for each of the four 
model plants organized to receive milk 
in cans. 

Cream Processing Labor 

The labor required for the cream pro
cessing stage included a fixed amount 
of setup and cleanup labor. This fixed 
labor requirement included the time for 
setup and cleanup of the high-tempera
ture short-time pasteurization unit, the 
plate cooler, the cream storage tanks, 
the churn, and the butter packing 
equipment. In addition to the fixed 
labor requirements associated with each 
operating day there are several fixed 
labor requirements associated with each 
churning. The fixed labor requirements 
for each churning are the following: 
Babcock butterfat test, 20 minutes; 
Kohman moisture test, 15 minutes; and 
the several brief periods of tending the 
churn during the churning of each 
batch of butter. 

The variable labor required for the 
butter packing operation included the 
following: Forming boxes .333 minute 
per box, lining boxes .662 minute per 
box, packing butter 1.5 minutes per box 
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for one man or .6 minute per box for 
two men. 

The time standards applied in the 
cream processing stage represent av
erages of observed timings, except in 
the case of churning where dairy 
technologists recommend a 40-minute 
churning period. 

The total labor requirements for the 
cream processing stage for the four 
model plants are summarized in table 4. 

The amount of time required to tend 
the pasteuerization unit during the pro
cessing period was so minor that a 
measurement was not attempted. A 
routine inspection of operating temper
atures would be possible within normal 
operating delays. 

A small amount of labor was required 
for general plant duties. Averages of 
sample plant experience were applied 
in determining the amount of labor that 
should be furnished in addition to the 
labor required in the two processing 
stages. This additional labor was used 
to tend the boiler and clean the floors, 
laboratory, washrooms, and perform 
other nonregular tasks. 

Work Organization 

Complete work organizations were 
developed for the model plants from 
the input-output data derived from the 
sample plants and other observed plant 
operations. 

Detailed labor analysis assures ac
curacy in estimating the labor require
ments for each plant. Complete work 
organizations were developed for the 
model plants at their lowest and highest 
volume of receipts. Figure 14, Appendix 
B, shows the detailed work organization 
for plant no. 2 at capacity volume. 

The work organizations in the model 
plants differ from those found in the 
sample plants in that the equipment 
and work organizations in these plants 
have been altered to approach as near 
ideal conditions as possible. 

The work organizations were de
veloped on the basis of 8-hour days 
without overtime. However, overtime 



Table 4. Cream processing labor requirements for the four model plants 

Plant Number of Fixed time Fixed time 
no. churnings per day per churn 

1 1 60 69 
2 I 60 69 

2 60 50 
3 I 75 80 

2 75 70 
3 75 67 

4 1 90 84 
2 90 74 
3 90 71 

labor was used when it resulted in the 
least cost labor organization. The work 
organization was used only to deter
mine the number of men and the total 
time needed to process a given volume. 
Given the work organizations based on 
8-hour days, overtime labor output can 
be derived, converted into cost terms, 
and compared with the alternative of 
hiring additional workers. 

Labor Cost 

The detailed work organizations pro
vided the basis for determining the 
labor cost-functions for the model 
plants. The labor costs were calculated 
at the following wage rates: 

The buttermaker received $1.35 per 
hour for the first 8 hours, and $2.02 
per hour for overtime hours. 

Creamery helpers received $1.15 
per hour for the first 8 hours, and 
$1.72 per hour for overtime hours. 

The manager's salary is not in
cluded as a labor cost, but is ac
counted for as an administrative cost. 

Figure 4 shows the labor cost-func-
tions for the smallest plant, plant no. 1, 
for either of two alternative plans of 
work organization. One alternative em
ploys one man for 8 hours (to 43,600 
pounds of milk) and also employs this 
worker for an additional 2 hours of 
overtime. Ten hours enable the one 
man to handle 60,000 pounds of milk 
per day, which is the physical capacity 
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Total cream 
Total fixed Variable processing 
churn time time time 

minutes 
69 91 220 
69 91 220 

ll8 182 360 
80 99 254 

140 198 403 
200 297 572 

84 187 361 
148 374 612 
212 551 854 

of the plant. This alternative is illus
trated by the lower line in figure 4. 
The other alternative is to employ one 
man for 8 hours at volumes under 
43,600 pounds and two men for 8 hours 
at volumes over 43,600 pounds. This 
alternative is illustrated by a combina
tion of the lower function up to 43,600 
pounds and the upper horizontal func
tion beyond 43,600 pounds. Since one 
man working 10 hours results in a total 
labor cost of $14.84 at capacity com
pared with $20.00 for two men working 
8 hours each, the one-man work or
ganization would be selected. In a plant 
as small as plant no. 1, it is very com
mon for the operator-manager to work 
in the plant; therefore, it was assumed 
in this case that the operator-manager 

Dollars 

30 

20 

10 

(2 men) 

~ man, 2 hours overtime) 

(1 r.1an) 

250 500 750 

Cwt. of milk daily 

Fig. 4. Total daily labor cost, model plant no. 1. 



Dollars 

40 

(2 men, I swing) 

30 

20 

JO 

o~----+------1------+------+------1--------+---
250 500 750 1.000 1.250 1.500 

Cwt. of milk daily 

Fig. 5. Total daily labor cost, model plant no. 2. 

would relieve the buttermaker 2 out 
of 7 days. 

The same procedure was followed in 
selecting the final work organization in 
each of the other three model plants. 
In plant no. 2 the work organization 
programmed two men working at the 
low volume with an additional relief 
worker (swing worker) added. The 
manager supplements the labor force 
by working approximately an hour a 
day at the peak volume. Figure 5 shows 
the labor cost function for plant no. 2. 
In plant no. 2 the two men work only 
a total of approximately 11 hours per 
day at production at the lowest volume. 
An additional relief man was needed in 
plant no. 2 or the manager would have 
been working 4 full days per week 
in the plant which was considered too 
much time at plant labor. This work 
organization (two workers and one re
lief man) can handle two churnings per 
day or a volume of 120,000 pounds of 
milk without overtime. Therefore, labor 
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costs would be fixed at $29.20 over the 
entire range of volumes in plant no. 2. 

A similar work organization was used 
in plant no. 3. Figure 6 shows that the 
organization employing three men (two 
working and one relief) with overtime 
would be selected as the least cost 
alternative compared with using four 
men to reach capacity. In plant no. 3 it 
is possible for two men to also attain 
two churnings, 132,000 pounds of milk 
without overtime. Beyond two churn
ings, overtime is necessary. A larger 
volume is achieved without overtime in 
plant no. 3 than in plant no. 2 because 
a much larger capacity can washer and 
more rapid receiving rate was used; 
also, a larger churn was used. This 
work organization can achieve capacity 
volume with 2 hours overtime and 
with 2 hours of relief assistance daily 
from the manager during the peak. This 
amount of assistance from the manager 
is far less than the amount of plant 
labor now being performed by the plant 



Dollars 

50 

40 (3 men, 1 swing) 

30 

(2 men, 1 swing) 

20 

10 

750 l,000 l.250 l.500 1,750 2,000 2,250 
Cwt. of milk daily 

Fig. 6. Total daily labor cost, model plant no. 3. 

managers in any one of the three small
est sample plants. It is very typical for 
the managers to supplement the labor 
force during the peak season. In sample 
plants nos. 1 and 3 the managers 
worked at plant labor 6 days a week, 
9 hours a day for most of the year. 
This practice, however, was considered 
undesirable because it does not allow 
adequate time for managerial functions. 
Therefore, in the model plants sufficient 
labor was provided so that the manager 
was much freer for managerial duties. 

Figure 7 shows the labor cost func
tion for model plant no. 4. The mini
mun organization requires three men. 
With three men employed over an ex
tended period of time it is necessary to 
employ two relief (swing) men. The 
basic labor force with 2 hours over
time could process a volume of 240,000 
pounds at a cost of $58.44 per day. 
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However, by adding another man at a 
volume of 232,500 pounds the daily cost 
for all volumes in excess of 232,500 
pounds per day does not exceed $56.80. 
This was chosen as the least cost labor 
organization for plant no. 4. 

Fuel 
Fuel Utilization 

Fuel input-output data in three of the 
four sample plants were measured and 
recorded over time in terms of pounds 
of steam used per month. An initial 
analysis showed that factors other than 
volume of milk processed in any given 
month were important in determining 
the amount of steam used. An engineer 
consulted in connection with this prob
lem indicated that building heat re
quirements were quite important rela-



Dollars 

70 

60 

50 
_/?/ 

\ (3 men, 2 hours overtime) 

(4 men, 2 swing)/ 

(3 men, 2 swing) 

40 

30 

20 

10 

0'-------1-----+-----+------1------1------+------+-
1,500 1,750 2,000 2,250 2,500 2,750 3,000 

Cwt. of milk daily 

Fig. 7. Total daily labor cost, model plant no. 4. 

tive to total fuel used in a butter plant. 
Building heat requirements were esti
mated for the winter of 1956 based on 
winter temperatures, building construc
tion, and heat loss from processing 
equipment. These heat requirements 
were subtracted from the total heat used 
during the winter months. In percentage 
terms the estimated building heat re
quirements increased the total steam 
used by 10 percent in November, 20 
percent in December, January, Febru
ary, and March, and 10 percent in April. 
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An additional check was made on 
building heat requirements as follows: 
The steam used and milk processed dur
ing the 6-month period of low building 
heat requirements were correlated. An 
average of the percentage deviations of 
each winter month's steam use from 
these four regression lines was used 
as the basis for correcting the winter 
month's steam requirements. This 
method resulted in increasing the win
ter month's steam requirements as 
follows: November-13 percent, Decem-



ber-21 percent, January-21 percent, 
February-18 percent, March-15 per
cent, and April-8 percent. These cor
rection factors were applied to the 
monthly steam data. The resulting 
steam requirements were converted 
into gallons of no. 5 fuel oil. The con
version of steam to fuel was made as 
follows: 

Pounds of steam X 1181 * (B.t.u.'s in 
steam) Total B.t.u.'s (British 
thermal units) in steam (B.t.u.'s in 
steam at temperature of 307° F. and 
60 pounds pressure) 

Total B.t.u.'s in steam-(pounds of 
water X 18 B.t.u.'s per pound of 
water) X 1.33 for boiler efficiency = 
Total B.t.u.'s needed in fuel oil 

Total B.t.u.'s needed in oil 
B.t.u.'s in no. 5 fuel oil total gallons 

of fuel oil 
required 

Sample plant nos. 1, 2, and 3 used vat 
pastuerization while all of the model 
plants were equipped with HTST (high 
temperature short time) pasteurization 
units. The fuel savings achieved by 
using HTST units for cream pasteuriza
tion were calculated as follows: 

Pounds of cream X (190° -90° F.) temperature rise X .77 specific heat of cream 

.85 (factor to account for heat loss) 
X 1.33 = total B.t.u.'s needed in oil with vat pasteurization 

Total B.t.u.'s needed ,<v_at pasteurization) X .47 = fuel saved with HTST 
148,000 B.t.u. s m no. 5 011 

The .47 is a factor to account for the fuel saved by using the heated cream 
for regenerative heating. 

After the monthly steam data were 
converted into fuel oil and adjustments 
were made for building heat and pas
teurization, the monthly milk volumes 
and fuel oil requirements were corre
lated for each of the three largest 
model plants. The following equations 
describe the fuel functions for plant 
nos. 2, 3, and 4. 

Plant no. 2 

Gallons of no. 5 oil = 51 + .06884X 
(r = .8453) 

Plant no. 3 

Gallons of no. 5 oil = 75 + .058736X 
(r = .9900) 

Plant no. 4 

Gallons of no. 5 oil = 41 + .074196X 
(r = .9076) 

The smallest sample plant, plant no. 
1, used coal for fuel. It was impossible 
to relate coal used to milk volume over 
time from the available records. There-

fore, it was necessary to estimate fuel 
requirements for model plant no. 1. The 
total fuel function was derived by cal
culating the fuel requirements of each 
operation separately and summing the 
components. 

The can washing fuel requirements 
were estimated as follows: 

The equipment manufacturer speci
fies a boiler horsepower requirement of 
4 BHP per can washed per minute, per 
hour of operation. From this the total 
BHP requirements can be calculated. 

7.5 cans per minute X 4BHP = 30BHP 
total required per hour. 

25 

Convert the total BHP (brake horse
power) requirement into B.t.u.'s as 
follows: 

30 BHP X 33,500 B.t.u.'s per BHP= 
1,005,000 total B.t.u.'s needed per 
hour 

1,005,000 B.t.u.'s X 1.33 factor for 75 
percent boiler efficiency= 1,336,650 
B.t.u.'s needed in oil per hour of 
operation 



Convert B.t.u.'s into oil: 

1,336,650 B.t.u.'s needed in oil = gallons of oil per hour of can washer 
148,000 B.t.u.'s per gallon no. 5 oil operation 

The fuel required to preheat the milk from receiving temperature to separat
ing temperature was calculated as follows: 

Lbs. of milk X (90° -40° F.) temp. rise X .93 specific heat of milk X .517 X 1.33 

.85 factor to account for heat loss 
= total B.t.u.'s needed in oil 

The .517 is a factor to correct for heat saved by using the skim milk for re
generative heating in a plate heat exchanger. The 1.33 factor corrects for boiler 
efficiency. 

__ T_o_t_a_l_B_._t_.u_._'s_n_e_e_d_e_d_in_o_i_l_ = gallons of fuel oil required for a given milk 
148,000 B.t.u.'s in no. 5 oil volume for preheating 

The fuel requirements for pasteurizing cream were calculated as follows: 

Lbs. of cream X 190° -90° F.) temp. rise X .77 specific heat of cream X .47 X 1.33 
.85 (factor to account for heat loss) 

= total B.t.u.'s needed in oil 

The .47 factor corrects for heat saved by using the cream for regenerative 
heating in a plate heater exchanger. The 1.33 factor corrects for boiler efficiency. 

Total B.t.u.'s needed in oil= gallons of fuel oil required for preheating a given 
148,000 B.t.u.'s in no. 5 oil volume of cream 

The fuel required for total cleanup was estimated by an engineer on the basis 
of floor area-1 pound of steam for every 3 square feet of floor area.u The floor 
area for processing in plant no. 1 measures 1,824 square feet. 

1,824 square feet floor area = 608 pounds of steam required 
3 pounds of steam 

608 pounds of steam X 1181 B.t.u.'s per pound steam= total B.t.u.'s in steam 

Total B.t.u.'s in steam-(pounds H,O X 18 B.t.u.'s per lb. H,O) 1.33 for boiler 
efficiency = total B.t.u.'s needed in fuel oil 

Total B.t.u.'s required in oil = gallons of oil required for cleaning 
148,000 B.t.u.'s per gallon of no. 5 oil 

All component uses for fuel oil were calculated and summed. The total esti
mated fuel function for plant no. 1 can be expressed as follows: 

Gallons of no. 5 oil= 36 + .0498X (where X = hundredweights of milk) 

11 This factor for calculating fuel requirements for cleaning purposes has also been used in 
other dairy plant studies. For example. see: Henry, W. F., Bressler, R. G., and Frick, G. E., 
Efficiency of Milk Marketing in Connecticut, Storrs Agr. Expt. Sta. Bui. 259, June 1948, pp. 35. 
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Table 5. Fuel used and total daily fuel cost according to volume in four model plants 

Daily 
milk 
volume 

Plant no. 1 

Total 
cost 

Plant no. 2 Plant no. 3 Plant no. 4 

cwt. 

2DO 
300 
4JO 
500 
600 
700 
800 
900 

1,000 
1,100 
1,200 
1.300 
1,400 
1,500 
1,600 
1,700 
1,800 
1,900 
2,000 
2,100 
2,200 
2,300 
2,400 
2,500 
2,600 
2,700 
2,800 
2,900 
3,000 

Oil 

gallons 
47 
52 
57 
62 
66 

dollars 
4.66 
5.22 
5.68 
6.22 
6.62 

Fuel Cost 

Oil 

gallons 

84 
92 
99 

106 
114 
120 
126 
135 

The physical input-output fuel data 
are based on the use of no. 5 fuel oil 
in all of the model plants. The price of 
no. 5 fuel oil delivered at all of the 
plants was set at $.10 per gallon. This 
was based on the prices paid for fuel 
oil in 1956. Table 5 shows the fuel cost
milk volume relationship for the four 
model plants. 

Electricity Utilization 
The electricity required for operation 

of the four model plants was assumed 
to be the same as the electricity re
quirements of each of the respective 
sample plants. Electricity was metered 
into the sample plants and meter read
ings were recorded monthly. A correla-

Total Total Total 
cost Oil cost Oil cost 

dollars gallons dollars gallons dollars 

8.44 
9.18 
9.86 

10.60 122 12.23 
11.36 129 12.88 
12.00 134 13.43 
12.64 140 14.03 
13.50 146 14.64 

153 15.30 
159 15.90 145 14.50 
164 16.40 152 15.20 
170 17.00 162 16.18 
176 17.60 169 16.94 
182 18.20 174 17.42 
188 18.80 182 18.20 
194 19.40 190 18.96 

196 19.63 
204 20.40 
212 21.16 
219 21.93 
226 22.60 
234 23.38 
241 24.08 
248 24.80 
256 25.59 
263 26.30 

tion between monthly milk volumes 
and kilowatt hours of electricity used 
was made for each of the four sample 
plants. The resulting electricity func
tions were applied directly to the model 
plants. The functions were as follows: 
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Plant no. 1 
kw.-hr. electricity = 96 + .2753X 

r = .9913 
Plant no. 2 

kw.-hr. electricity = 22 + .3654X 
r = .9834 

Plant no. 3 
kw.-hr. electricity = 123 + .46984X 

r = .9974 
Plant no. 4 

kw.-hr. electricity = 260 + .2691X 
r = .9568 

(where X represents hundredweights 
of milk) 



Table 6. Electricity used and total electricity cost daily according to volume in four model plants 

Daily Plant no. I Plant no. 2 Plant no. 3 Plant no. 4 

milk Total 
volume Elec. cost Elec. 

cwt. kw.hr. dollars kw.-hr. 
200 153 4.59 
300 176 5.27 
400 208 6.24 
500 238 7.14 205 
600 265 7.95 242 
700 277 
800 318 
900 348 

1,000 388 
1,100 423 
1,200 460 
1,300 
1,400 
1,500 
1,600 
1,700 
1,800 
1,900 
2,000 
2,100 
2,200 
2,300 
2,400 
2,500 
2,600 
2,700 
2,800 
2,900 
3,000 

Electricity Cost 

The sample plants all paid $.03 per 
kilowatt hour for electricity. This was 
the rate that the supplier charged to 
small industrial users. Table 6 shows 
the electricity cost for the four model 
plants based on $.03 per kilowatt hour. 
Electricity costs were higher than fuel 
costs in all of the plants. Refrigeration 
of raw material and butter accounts for 
the greatest use of electrical power, and 
numerous pumps and electrical motors 
which are used throughout the plants 
also require considerable power. 

Packaging Supplies 
The entire butter output of the model 

plants was packed in 64-pound bulk 
butter boxes. The boxes are formed and 

Total Total Total 
cost Elec. cost Elec. cost 

dollars kw.-hr. dollars kw.-hr. dollars 

6.16 
7.25 
8.30 
9.55 501 15.03 

10.43 553 16.60 
11.65 585 17.56 
12.68 637 19.12 
13.80 688 20.64 
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743 22.28 
789 23.68 637 19.11 
832 24.96 665 19.96 
879 26.38 690 20.70 
927 27.80 719 21.58 
973 29.19 745 22.36 

1,020 30.60 772 23.18 
1,065 31.95 798 23.95 

826 24.78 
853 25.59 
876 26.38 
906 27.20 
933 28.00 
960 28.80 
986 29.60 

1,010 30.40 
1,040 31.20 
1,060 32.00 

taped with a gummed 3-inch wide tape. 
Before packing the butter into the 
boxes they are lined with two parch
ment liners. Thus, the complete package 
consists of the box, 41 inches of 3-inch 
gummed tape, and two parchment 
liners. This complete package is re
ferred to as a butter box. 

The number of butter boxes required 
at a given volume was determined by 
the following simple calculations: 

Determine the pounds of butter pro-
duced from a given milk volume. 

(Pounds of milk X 3.5 percent butter
fat) 123.5 = pounds of butter. 

The factor 123.5 accounts for an over
run of 23.5 percent. 

Next divide the pounds of butter by 
64 pounds to determine the total num
ber of boxes needed. 



Packaging Costs 

Total packaging costs for butter are 
based on the assumption that all butter 
was packaged in 64-pound butter boxes. 
Each complete butter box, with tape 
and liners cost 22.64 cents. Table 7 
shows the total packaging costs for the 
four model plants. 

Other Factor Costs 
There are several other inputs which 

either were not measured in physical 
terms in this study or which could not 
be measured in physical terms. These 
factors will only be presented in cost 
terms in the following section; they 
include such items as general supplies 
and repairs, administrative costs, equip
ment costs, and building costs. 

General Supplies and Repairs 

General supplies include such things 
as washing compounds, sanitizing solu
tions, salt and butter coloring, and sev
eral other miscellaneous items. It was 
recognized that some of the items in
cluded in general supplies should not 
be treated as a fixed expense. However, 
the cost of the variable items included 
in general supplies, such as butter color
ing, are so minor relative to total cost 
that the error that would be introduced 
by treating all general supplies as fixed 
costs would be slight. The general sup
ply and repair costs of the model plants 
are based directly on the experience of 
the sample plants. 

Repairs were also included in this 
category because numerous repair items 

Table 7. Total daily butter packaging cost according to volume in four model plants 

Daily Plant no. I Plant no. 2 Plant no. 3 Plant no. 4 

milk Total Total Total Total 
volume Butter cost Butter cost Butter cost Butter cost 

cwt. boxes dollars boxes dollars boxes dollars boxes dollars 

200 . 14 3.08 
300 . 21 4.77 
400 . 27 6.14 
500 . 34 7.67 35 7.99 
600 . 41 9.28 41 9.28 
700 . 48 10.91 
800 . 55 12.34 53 12.08 
900 . 61 13.81 61 13.81 

1,000 . 68 15.32 70 15.93 
1,100. 75 16.95 73 16.50 
1.200. 81 18.34 81 18.34 
1.300 . 87 19.67 
1,400 . 94 21.26 96 21.73 
1.500 . 100 22.56 102 23.30 
1,600 . 106 23.90 108 24.80 
1,700. 112 25.40 115 26.30 
1,800 . 119 26.90 122 27.80 
1,900 . 125 28.34 128 29.30 
2,000 . 132 29.88 134 30.35 
2,100 . 143 32.36 
2,200 . 150 33.85 
2,300 . 157 35.55 
2.400 . 163 36.90 
2,500 . 170 38.58 
2,600 . 177 39.85 
2,700 . 184 41.60 
2,800 . 190 43.00 
2,900 . 197 44.60 
3,000 . 203 45.96 
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Table 8. Daily and annual total general supply 
and repair costs for the four model plants 

Total supply and repair cost 

Plant no. Daily Annual 

dollars dollars 

I 13.41 4,895 
2 17.07 6,230 
3 18.95 6,917 
4 20.62 7,528 

were included in the invoices listing 
general supplies. Thus, it was much 
more simple to handle the repairs and 
general supplies together, and no im
portant reason could be found for mak
ing a detailed analysis of each separ
ately. Repairs also include both fixed 
and variable costs, because some repairs 
are annual maintenance costs and some 
result from increased use associated 
with increased volumes. The variable 
portion of repair costs could not be 
easily measured, however, and there
fore repair costs were considered as 
fixed operational costs. Table 8 shows 
daily and annual total general supply 
and repair costs for the four model 
plants. 

Administrative Costs 

This category also includes some 
items which are, in fact, variable in 
nature; however, because of time limi
tations the administrative costs were 
all treated as fixed operational costs. 
Some administrative cost items were 
taken directly from the experience of 
the sample plants. For example, such 
was the case for office supplies, audit 
and tax service, advertising, travel and 
annual meeting costs, and miscellane
ous costs (table 9). Insurance costs and 
local taxes were based on the average 
of rates found in the sample plants. An 
average of the four sample plant rates 
was applied to building and equipment 
costs for the model plants. 

The quality control work was based 
on a fieldman's salary of $4,600. Plant 
no. 1 was charged with 25 percent of 
full time; plant no. 2, 33 percent; plant 
no. 3, 50 percent; and plant no. 4 hired 
a full-time fieldman. 

Office equipment depreciation was 
based on replacement cost of the office 
furnishings in each plant. This equip
ment was depreciated at an annual rate 
of 10 percent. 

Table 9. Annual total administrative costs according to major expense items in four model plants 

Expense item Plant no. I Plant no. 2 Plant no. 3 

dollars 
5,000 6,000 

389 389 
1,144 2,288 

191 349 
163 163 
67 90 

1,793 2,168 
548 663 
265 265 
353 600 
269 368 
219 330 

1,150 1,550 
326 460 

Total 11,877 15,683 

• Tax rate 1.59 percent of building and equipment cost. 

t Insurance rate 0.4865 percent of building and equipment cost. 

:j: Payroll tax rate 2.25 percent of labor bill. 
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7,000 
389 

4,576 
508 
163 
170 

2,578 
789 
339 
643 
609 
446 

2,300 
598 

21,108 

Plant no. 4 

8,000 
389 

5,720 
600 
163 
205 

3,209 
982 
378 
733 
722 
629 

4,600 
659 

26,989 



Table 10. Daily total administrative costs for 
the four model plants 

Total daily 
Plant no. administrative cost 

dollars 
l 32.54 
2 42.97 
3 57.91 
4 71.96 

Managers' salaries were included at 
$5,000, $6,000, $7,000, and $8,000 for 
plant nos. 1, 2, 3, and 4, respectively. 
These salaries were in line with man
agement salaries in whole milk cream
eries in this area at the time of the 
study. 

Administrative costs on a daily basis 
are shown in table 10. 

Fixed Costs 

Equipment Costs 

Equipment costs for the model plants 
were developed on the basis of current 
replacement costs. Equipment prices 
were obtained from three dairy equip
ment suppliers. Major equipment items 
were individually accounted for, and an 
additional percentage allowance was 
made for minor items. Annual deprecia
tion costs were based on a straight-line 
accounting method. The depreciation 
rates applied to the individual items in 
the model plants were the rates that 
were used in the sample plants. The 
total costs of the major pieces of equip
ment, the depreciation rates, and the 
annual depreciation expense for each 
of the four model plants are shown in 
tables 19, 20, 21, and 22, Appendix A. 

The daily depreciation charged in the 
four model plants is shown in table 11. 

Table 11. Daily total equipment costs for the 
lour model plants 

Plant no. Duily equipment cost 

dollars 
I 25.30 
2 30.67 
3 37.82 
4 45.24 

-·---·------ -

Building Costs 

Building costs were estimated on the 
basis of current replacement costs. The 
building cost estimating method and 
unit cost data used were obtained from 
an engineer familiar with dairy plant 
construction. Building space require
ments for each production purpose were 
estimated separately and summed to ar
rive at a total building cost. The method 
of calculating building costs is shown 
in table 23, Appendix A. The space re
quirements were calculated from the 
floor plans of the sample plants with 
changes being made where necessary. 
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The calculations of unit space costs 
and total building costs are presented 
in tables 24, 25, 26, and 27, Appendix A. 
The buildings are all of the same type 
of construction, cement blocks faced 
with brick. The processing area is lined 
with glazed tile. 

A 3 percent depreciation rate was 
used in calculating building costs. Build
ing costs on a daily basis are shown in 
table 12. 

Table 12. Daily total building costs for the 
lour model plants 

Plant no. 

l 
2 
3 
4 

Daily total 
cost 

dollars 
3.78 
4.24 
4.92 
6.35 



The Model Plant Cost Functions 

Daily Short-run Total Costs 
The individual factor cost functions 

were aggregated into total daily cost 
functions for each model plant. All of 

the individual cost functions were 
linear except in some cases the labor 
cost functions were discontinuous. Dis
continuities existed in the labor cost 
functions for two reasons: (1) The num-

Table 13. Relationship between daily milk volume and component cost items model plant no, I 

Daily Equip- Adminis- Repair and Pack- Total 
milk Building men! trative general aging Electric- Fuel Labor daily 
volume cost cost cost supply cost cost ity cost cost cost cost 

cwts. dollars 
200 3.79 25.30 32.54 13.41 3.08 4.59 4.66 10.38 97.75 
300 3.79 25.30 32.54 13.41 4.77 5.27 5.22 10.45 100.75 
400 3.79 25.30 32.54 13.41 6.14 6.24 5.68 11.65 104.75 
500 3.79 25.30 32.54 13.41 7.67 7.14 6.22 12.68 108.75 
600 3.79 25.30 32.54 13.41 9.28 7.95 6.62 13.86 112.75 

Dollars 

120 

100 

80 

-------- Labor cost 

-------------- Fuel cost 
------------ Electricity cost 
------ ~- Packaging cost 

Repair and general supply cost 

60 Administration cost 

40 

20 Equipment cost 

o L----==t==========;;::::=::...:B~u~il~d~in~gr,.:c~o~st 
250 500 750 
Cwt. of milk daily 

Fig. 8. Daily component costs and volume of milk, plant no. I. 
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ber of employees in some cases was 
varied throughout the production pe
riod, and (2) overtime wage rates were 
applied in some instances. The discon
tinuities of the labor cost functions were 

Dollars 

180 

160 

140 

120 

100 

80 

60 

40 

reflected into the daily total cost func
tions. 

Straight lines were fitted to each of 
the discontinuous daily total cost func
tions for plant nos. 1, 3, and 4. Where 

Labor cost 

Fuel cost 

Electricity cost 

Packaging cost 

Repair and general supply cost 

Administration cost 

------------------ Equipment cost 

20 

------------------ Building cost 
0 ~----+--------+------+-----+---11---

500 750 1,000 1,200 1,250 

Cwt. of milk daily 

Fig. 9. Daily component costs and volume of milk, plant no. 2. 

Table 14. Relationship between daily milk volume and component cost model plant no. 2 

Daily Equip- Adminis- Repair and Pack- Total 
milk Building men! trative general aging Electric- Fuel Labor daily 
volume cost cost cost supply cost cost ity cost cost cost cost 

cwts. dollars 
500 4.24 30.67 42.97 17.07 7.99 6.16 8.44 29.20 146.74 
600 4.24 30.67 42.97 17.07 9.28 7.25 9.18 29.20 149.86 

700 4.24 30.67 42.97 17.07 10.91 8.30 9.86 29.20 153.22 

800 4.24 30.67 42.97 17.07 12.34 9.55 10.60 29.20 156.64 
900 4.24 30.67 42.97 17.07 13.81 10.43 11.36 29.20 159.75 

1,000 4.24 30.67 42.97 17.07 15.32 11.65 12.00 29.20 163.12 

l.100 4.24 30.67 42.97 17.07 16.95 12.86 12.64 29.20 166.22 
l.200 4.24 30.67 42.97 17.07 18.34 13.80 13.50 29.20 169.79 
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Dollars 

240 Labor cost 

220 

200 Fuel cost 

180 Electncily cost 

160 

Packaging cost 

140 

120 Repair and general suppiy cost 

100 Administration cost 

80 

60 

40 ----------------------- Equipment cost 

20 

----------------------- Building cost 

750 I.ODO 1.250 I.SOD 1,750 2.000 

Cwt. of milk daily 

Fig. 10. Daily component costs and volume of milk, plant no. 3. 

Table 15, Relationship between daily milk volume and component cost items model plant no. 3 

Daily Equip- Adminis- Repair and Pack- Total 
milk Building ment trative general aging Electric- Fuel Labor daily 
volume cost cost cost supply cost cost itycost cost cost cost 

cwts. dollars 
800 4.92 37.82 57.81 18.95 12.08 15.03 12.24 29.15 188.00 

900 4.92 37.82 57.81 18.95 13.78 16.60 12.88 29.24 192.00 

1,000 4.92 37.82 57.81 18.95 16.00 17.78 13.43 29.29 196.00 
1,100 4.92 37.82 57.81 18.95 16.60 19.12 14.03 30.75 200.00 

1,200 4.92 37.82 57.81 18.95 18.30 20.64 14.64 30.92 204.00 
1,300 4.92 37.82 57.81 18.95 19.67 22.28 15.30 31.25 208.00 
1,400 4.92 37.82 57.81 18.95 21.20 23.68 15.90 31.72 212.00 
1,500 4.92 37.82 57.81 18.95 22.56 24.96 16.40 32.58 216.00 
1,600 4.92 37.82 57.81 18.95 23.90 26.38 17.00 33.22 220.00 
1,700 4.92 37.82 57.81 18.95 25.40 27.80 17.60 33.70 224.00 
1,800 4.92 37.82 57.81 18.95 26.90 29.19 18.20 34.21 228.00 
1,900 4.92 37.82 57.81 18.95 28.34 30.60 18.80 34.76 232.00 
2.000 4.92 37.82 57.81 18.95 29.88 31.95 19.40 35.27 236.00 
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the errors introduced by straight-line 
functions are small enough to be con
sidered unimportant in decision mak
ing, straight lines simplify the process 
greatly. Most of the errors introduced 
by using straight-line cost functions 
were very small. The largest error in
troduced by a straight line amounted to 
only 1.2 percent of daily total costs and 
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the straight line was accepted as a satis
factory approximation of the true total 
cost function. Also, the plus and minus 
differences between actual costs and the 
straight-line cost function would tend 
somewhat to offset each other through
out the production year. 

Tables 13, 14, 15, and 16 summarize 
the individual cost components into 

Packaging cost 

Repair and general supply cost 

Administration cost 

Equipment cost 

Building cost 

2,250 2,500 2,750 3,000 

Cwt. of milk daily 

Fig. 11. Daily component costs and volume of milk, plant no. 4. 
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Table 16. Relationship between daily milk volume and component cost items model plant no. 4 

Daily Equip- Adminis- Repair and 
milk Building men! !rative general 
volume cost cost cost supply cost 

cwts. 
1,400 6.35 45.24 71.96 20.62 
1,500 6.35 45.24 71.96 20.62 
1,600 6.35 45.24 71.96 20.62 
1,700 6.35 45.24 71.96 20.62 
1,800 6.35 45.24 71.96 20.62 
1,900 6.35 45.24 71.96 20.62 
2,000 6.35 45.24 71.96 20.62 
2,100 6.35 45.24 71.96 20.62 
2,200 6.35 45.24 71.96 20.62 
2,300 6.35 45.24 71.96 20.62 
2,400 6.35 45.24 71.96 20.62 
2,500 6.35 45.24 71.96 20.62 
2,600 6.35 45.24 71.96 20.62 
2,700 6.35 45.24 71.96 20.62 
2,800 6.35 45.24 71.96 20.62 
2,900 6.35 45.24 71.96 20.62 
3,000 6.35 45.24 71.96 20.62 

daily total costs for each of the model 
plants. These tables are based on the 
smoothed-cost functions. The compon
ent costs for each plant for can receiv
ing are illustrated in figures 8, 9, 10, 
and 11. 

Table 17 shows the daily cost for vari
ous volumes for each of the four model 
plants. Also shown in this table are the 
total costs on an annual basis. Annual 

Thouscrndsofdo!lors 

120 

100 

90 

VNoZ 
50 

Pack- Total 
aging Electric- Fuel Labor daily 
cost ity cost cost cost cost 

dollars 
21.73 19.11 14.50 45.55 245.06 
23.30 19.96 15.20 46.27 248.90 
24.80 20.70 16.18 46.89 252.74 
26.30 21.58 16.94 47.59 256.58 
27.80 22.36 17.42 48.67 260.42 
29.30 23.18 18.03 49.76 264.26 
30.35 23.95 18.96 50.67 268.10 
32.36 24.78 19.63 51.00 271.94 
33.85 25.59 20.40 51.77 275.78 
35.55 26.38 21.16 52.36 279.62 
36.90 27.20 21.93 53.26 283.46 
38.58 28.00 22.60 53.95 287.30 
39.85 28.80 23.38 54.59 291.14 
41.60 29.60 24.08 55.53 294.98 
43.00 30.40 24.80 56.45 298.82 
44.60 31.20 25.59 57.10 302.66 
45.96 32.00 26.30 58.03 306.50 

costs were derived by multiplying daily 
volumes and daily costs by 365 days. 

The annual total cost functions taken 
from table 17 are illustrated in figure 
12. The range of volumes that each 
function covers is from the lowest vol
ume of milk received during the year 
in each plant to the physical capacity 
of the plant. 

Plan!No.4 

IQ 30 60 
f,11!1:unsol po-indsof m:lk 

70 90 1'0 

Fig. 12. Annual total cost curves and volume of milk for four model whole milk creameries. 
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Table 17. Daily and annual total costs for four model plants 

Da.ily Daily total cost Annual Annual total cost 

milk Plant Plant Plant Plant milk Plant Plant Plant Plant 
volume no. I no.2 no.3 no.4 volume no. I no.2 no.3 no.4 

cwts. dollars thousand pounds dollars 
200 97.75 7,300 35,679 
300 100.75 10,950 36,774 
400 104.75 14,600 38,234 
500 108.75 146.74 18,250 39,694 51,925 
600 112.75 149.86 21,900 41,154 53,093 
700 153.22 25,550 54,232 
800 156.64 188.00 29,200 55,385 68,620 
900 159.75 192.00 32,850 56,539 70,080 

1,000 163.12 196.00 36,500 57,692 71,540 
1,100 166.22 200.00 40,150 58,845 73,000 

c,., 1,200 169.79 204.00 43,800 59,999 74,460 
-:i 1,300 208.00 47,450 75,920 

1,400 212.00 245.06 51,100 77,380 89,155 
1,500 216.00 248.90 54,750 78,840 90,885 
1,600 220.00 252.74 58,400 80,300 92,250 
1,700 224.00 256.58 62,050 81,760 93,652 
1,800 228.00 260.42 65,700 83,220 95,053 
1,900 232.00 264.26 69,350 84,680 96,455 
2,000 236.00 268.10 73,000 86,140 97,857 
2,100 271.94 76,600 99,258 
2,200 275.78 80,300 100,660 
2,300 279.62 83,950 102,061 
2,400 283.46 87,600 103,463 
2,500 287.30 91,250 104,865 
2,600 291.14 94,900 106,266 
2,700 294.98 98,550 107,668 
2,800 298.82 102,200 109,069 
2,900 302.66 105,850 110,471 
3,000 306.50 109,500 111,873 



Long-run Average Costs 
The four model whole milk cream

eries described in the preceding analysis 
represent near ideal plants in each case. 
However, the four plants cover a wide 
range of volumes, extending from 20,000 
to 300,000 pounds of milk daily, and 
there are many more than four possible 
plant sizes within this range of volumes. 
With only small variations of the four 
model plants it would be possible to 
develop a large number of different size 
plants. This is true especially in the 
case of butterplants where the limiting 
factors on capacity of any given size 

plant are mainly storage. Storage ca
pacities of whole milk, skim milk, but
termilk, and of the ice machine are 
sized to the volume of the plant. By 
increasing the sizes of storage capacities 
in each of the four model plants by 
various amounts, numerous variations 
in plant capacities would be possible. 

The four model plants analyzed, 
therefore, only represent segments of 
the true long-run average cost curve or 
economies of scale curve. It would be 
almost impossible to provide a detailed 
cost analysis for every conceivable vari
ation in plant capacity. A knowledge of 
the four points on the planning curve 

Table 18. Annual total unit cost per hundred pounds of milk for four model plants 

Annual 
volume 
of milk 

thousand 
pounds 

7,300 
10,950 
14,600 
18,250 

21,900 
25,550 
29,200 
32,850 
36,500 

40,150 
43,800 
47,450 
51,100 
54,750 

58,400 
62,050 
65,700 
69,350 
73,000 

76,600 
80,300 
83,950 
87,600 
91,250 

94,900 
98,500 

102,200 
105,850 
109,500 

Daily 
volume 
of milk 

cwts. 
200 
300 
400 
500 

600 
700 
800 
900 

1,000 

1,100 
1.200 
1,300 
1,400 
1,500 

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

2,100 
2,200 
2,300 
2,400 
2,500 

2,600 
2,700 
2,800 
2,900 
3,000 

Total unit cost per hundred pounds of milk 

Plant no. I 

48.8 
33.5 
26.1 
21.7 

18.7 

38 

Plant no. 2 

28.5 

24.2 
21.2 
19.0 
17.2 
15.8 

14.7 
13.7 

cents 

Plant no. 3 

23.5 
21.3 
19.6 

18.1 
17.0 
16.0 
15.1 
14.4 

13.7 
13.1 
12.6 
12.2 
11.8 

Plant no. 4 

17.4 
16.6 

15.7 
15.0 
14.4 
13.9 
13.4 

12.9 
12.5 
12.1 
11.8 
11.4 

11.1 
10.9 
10.7 
10.5 
10.3 



should, however, be quite useful in 
planning plant changes. 

The annual short-run unit costs for 
the four model plants are presented in 
table 18. Figure 13 illustrates the four 
short-run average cost curves derived 
from these data. It will be observed 
that plant no. 1 with a normal operating 
range of 20,000 to 60,000 pounds of milk 
a day would realize processing costs 
ranging from a high of 48.8 cents a hun
dred pounds when operating at 20,000 
pounds of milk a day to a low of 18.7 
cents per hundred at capacity. Plant no. 
3 is designed for a maximum capacity 
of 200,000 pounds of milk per day. At 
that volume it achieves a cost of 11.8 
cents a hundred which is below the 13.4 
cents cost realized in plant no. 4 when 
operating at that volume. When plant 
no. 4 is operating at capacity (300,000 
pounds a day) its total unit processing 
costs reach a low of 10.3 cents a hun
dred pounds of milk. 

Cent11perc""1. 
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I 

The estimated economies of scale 
curve or long-run average cost curve 
is shown in figure 13 (see the solid line 
LL drawn through the cost-capacity 
points of the four short-run total unit 
cost curves). The line LL is shown as a 
smooth curve, which implies that an 
infinite number of plant sizes are pos
sible and the costs for every possible 
plant are known. However, this is not 
the case. The smooth LL curve was 
drawn as an approximation of the long
run average cost curve from a knowl
edge of the four cost-capacity points of 
the four model plants. 

The total unit cost functions for each 
plant described in figure 13 would turn 
up abruptly when the respective plants 
reach their top physical capacities. 
Storage capacities of whole milk, skim 
milk, buttermilk, and the ice machine 
are the limiting factors to plant ca
pacities. Therefore, increases in volumes 
beyond top capacities would result in 

\, ,,/PlootNo.2 Short-run plant cost curves 
for ind,cated model plants 
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\, \ 
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..................... :~----
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Fig. 13. Estimated long-run cost curve and annual short-run total unit cost curves for four 
model whole milk creameries. 
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product spoilage because of inadequate 
cooling capacities. Also products may 
have to be transferred to other plants 
or dumped because of inadequate stor
age. These factors would cause the in
dividual plant total unit cost curves to 
turn abruptly upward. 

The largest economies of scale are 
achieved between plant no. 1 and plant 
no. 2. This is true because most of the 
equipment except for storage facilities 
remains unchanged between plants nos. 
1 and 2, and with a larger volume of 
milk substantial per unit savings may 
be effected in plant no. 2. Plant no. 3 
represents a completely changed organ
ization. It has a larger can washer, 
larger churn, larger pumps, and butter 
boats are used for butter dumping. The 
volume is sufficiently large in plant 
no. 3 to achieve economies over plant 
no. 2 even though equipment costs are 
considerably higher in plant no. 3. In 
plant no. 4 still larger units of equip
ment were used. The can washer, the 
churn, the boiler, some pumps, and 
storage equipment were larger. One fac-

tor that resulted in smaller economies 
between plant nos. 3 and 4 than existed 
among the preceding plants was the 
fact that the much larger can washer 
required two men to operate at the 
higher volumes. Also when a second 
man had to be added to the receiving 
labor force in plant no. 4, an additional 
relief man was required to provide suf
ficient relief labor for four men working. 

A daily volume of 300,000 pounds 
approaches the limits of a single can
receiving line. Beyond this volume two 
receiving lines would be necessary. 
With direct farm to plant milk receipts 
at much larger volumes truck traffic 
and scheduling would also present a 
problem. 

It appears logical that much larger 
volumes than 300,000 pounds of milk 
per day can be received direct from the 
farm to plant with bulk-receiving 
equipment. With bulk-receiving equip
ment one man could service two bulk 
rece1vmg lines simultaneously and 
thereby reduce per unit receiving costs 
considerably at larger volumes. 

Summary and Conclusions 

This study was designed to provide 
cost information which would be useful 
in operating and reorganizing plants in 
the creamery industry along more effi
cient lines. It provides at least a partial 
answer to the question how large an 
efficient whole milk creamery should 
be. In more specific terms, the study 
was designed to develop the economies 
of scale, or long-run cost, curve for 
whole milk creameries. 

The synthetic method of cost analysis, 
or building block approach to costs, was 
used rather than the more conventional 
accounting cost analysis. In the analysis 
short-run average cost functions were 
developed for four model whole milk 
creameries ranging from small to large 
in annual volume of milk processed. 
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Most of the physical input-output 
data and cost data were obtained from 
four sample plants in the state. The 
sample creameries were similar in size 
and other characteristics to the hypo
thetical or model creameries which 
were developed in the analysis. Several 
other sample plants in the state pro
vided supplementary input-output data 
on various new creamery techniques. 
Changes were made in equipment and 
operating procedures in several places 
to idealize the model plant operations 
as compared with the four sample 
plants. The plants included in the 
analysis are all whole milk creameries 
which manufactured only butter and 
transferred the skim milk to central 
drying plants. 



The analysis showed that unit proces
sing costs within each given plant (i.e. 
short-run average costs) declined as 
output rose from the season's lowest 
receipts to the physical capacity of the 
plant. For instance, in the smallest 
plant, plant no. 1, costs declined from 
48.8 cents a hundred pounds of milk 
when the plant processed 20,000 pounds 
of milk a day to 18.7 cents a hundred 
at top capacity operations of 60,000 
pounds a day. Similarly, in plant no. 4, 
as the volume of milk processed in
creased from 140,000 pounds a day to 
300,000 pounds at capacity the total 
costs per hundred declined from 17.4 
cents to 10.3 cents. The savings in cost 
associated with increased volume with
in each of the model plants were far 
larger than the economies associated 
with increasing the size of the plant 
to the next larger plant. 

Economies of scale were found 
throughout the range of plant volumes 
included in the study. Unit cost de
clined as the size of plant was in
creased. For instance, when operating 
at physical capacity plant no. 1 had 
a volume of 60,000 pounds a day and 
its lowest unit cost of 18.7 cents per 
hundred pounds of milk. Similarly, at 
capacity plant no. 2 processed 120,000 
pounds of milk at a cost of 13.7 cents, 
plant no. 3 processed 200,000 pounds at 
11.8 cents, and plant no. 4 some 300,000 
pounds at 10.3 cents a hundred pounds. 
A curve drawn through these four low
est cost-capacity points is the estimated 
economies of scale curve, or long-run 
average cost curve, for whole milk 
creameries operating under the condi
tions assumed in this study. 

The economies gained by increased 
size of plant declined throughout the 
range of plant sizes included in the 
study. The largest cost saving was 
achieved between plants nos. 1 and 2-
a saving of 5 cents a hundred pounds of 
milk. The smallest cost saving occurred 
between plants nos. 3 and 4 where the 
saving was only 1.5 cents a hundred at 
capacity. 
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The economies associated with in
creased size of plant occur principally 
for two reasons. (1) Increases in equip
ment capacities result in reduced per 
unit equipment costs. For example, the 
annual equipment cost for plant no. 4 
was $16,516 compared with an annual 
equipment cost of $9,234 in plant no. 1. 
Plant no. 4 had a capacity five times 
larger than plant no. 1, but at an annual 
equipment cost of less than twice the 
cost incurred in plant no. 1. (2) Sec
ondly, the use of larger sizes of equip
ment makes it possible to use labor more 
intensively. For example, churning time 
does not vary with churn capacity. 
Thus, nearly twice as much butter was 
churned at one time in the larger churn 
used in plant no. 4 as was churned in 
either plant no. 1 or no. 2. 

The results of this study clearly indi
cate the need for a large volume of milk 
in whole milk creameries if processing 
costs are to be reduced. In many in
stances combining the milk volume of 
a number of small or high cost plants 
into a larger size organization by pur
chase or consolidation could result in 
the cost savings described in this study. 
The economies of scale curve, or long
run average cost curve, developed in 
this study should provide the basis for 
understanding the long run trend in the 
creamery industry toward the concen
tration of processing operations into 
fewer but larger plants. This study also 
indicates that it is highly important to 
make full use of any given size of plant. 
Under-utilization of capacity in any size 
of plant is costly. 

The findings in this study provide 
only part of the answer as to the opti
mum or most efficient size of a whole 
milk creamery. This study provides 
data only on the plant processing costs. 
This information needs to be supple
mented by information on farm to plant 
whole milk transportation costs and 
creamery to drying plant skim milk 
transportation costs. Milk assembly and 
transportation costs may increase rapid
ly enough with increasing volume to 



offset some of the savings in processing 
costs. A study currently under way in 
the Department of Agricultural Eco
nomics will provide some answers to 
the milk transportation cost problem. 

In summary, this study provides an 
indication to dairy leaders and others 
of the potential savings which may be 

effected by making certain adjustments 
in the creamery industry. It points out 
the possibilities for reduced costs in the 
fuller utilization of plant capacities. In 
addition, it indicates possibilities of 
savings which may be effected by the 
reorganization or consolidation of 
creamery plants into larger size units. 

Appendix A 

Table 19. Total equipment costs, depreciation rates, and annual costs in model plant no. 1 

RECEIVING STAGE EQUIPMENT 

Power conveyor-incoming 
Gravity conveyor-outgoing 
Can washer 
1,000-pound capacity weigh tank 
1,000-pound capacity scale 
1,300-pound capacity dump tank . 
Vacuum sampler 
Pneumatic controls 
Scale print attachment 
Surge tank 
15.000-pound capacity separator 
Centrifugal pump 
Plate-preheat and cool to match 
Skim milk storage tank ................................... . 

OTHER EQUIPMENT 

HTST pasteurizer 
Churn, 600-gallon capacity 
Bu'.termilk tank 
Ice machine 
Compressor 
Sweet water circulating pump . 
Piping 
Milk pumps 
Butter cooler refrigerator 
Boiler 43 BHP rating 
Cream storage tank-800 gallon 
Separator parts sink . 
Pipe wash sink 
Add 10 percent for other items 
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Total 
cost 

dollars 

1,692 
407 

4,240 
1,222 
1,367 

595 
500 
300 
714 

2,300 
6,100 

500 
3,950 
6,145 

30,032 

8,255 
10,520 

3,475 
3,355 
2,200 

265 
3,500 
1,132 
1,000 
5,345 
3,330 

360 
432 
460 

43,629 

73,661 

Annual 
depreciation 

rate 

percent 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
6 

10 

6 
6 

10 
10 
10 
10 
10 
10 
10 
6 

10 
10 
10 
10 

Cost 
per year 

dollars 

169 
41 

424 
122 
136 
60 
50 
30 
71 

230 
610 

50 
658 
615 

3,266 

1,375 
1,753 

348 
335 
220 

26 
350 
113 
100 
890 
333 

36 
43 
46 

5,968 

9,234 



Table 20. Total equipment costs, depreciation rates, and annual costs in model plant no. 2 

RECEIVING STAGE EQUIPMENT 

Power conveyor-incoming 
Gravity conveyor-outgoing 
Can washer 
1,000-pound capacity weigh tank 
1,000-pound capacity scale 
1,300-pound capacity dump tank 
Vacuum sampler 
Pneumatic controls 
Scale print attachment 
Surge tank 
Two-15,000-pound capacity separators 
Centrifugal pump-5 hp. 
Plate-preheat and cool to match . 
Skim milk storage tank 

OTHER EQUIPMENT 

HTST pasteurizer 
Churn, GOO-gallon capacity 
Buttermilk tank . 
Ice machine 
Compressor 
Sweet water circulating pumps 
Piping 
Milk pumps .. 
Butter cooler refrigerator 
Boiler-SO BHP rating 
Cream storage tanks 2-800-gallon 
Separator parts sink 
Pipe wash sink 
Add 10 percent for other items 
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Total 
cost 

dollars 

2,400 
500 

5,600 
1,222 
1,367 

595 
500 
300 
714 

2,860 
12,200 

500 
6,250 
6,145 

41,153 

9,033 
10,520 

3,860 
3,355 
4,050 

295 
3,800 
1,032 
1,150 
5,625 
6,600 

360 
432 
529 

50,641 

91,794 

Annual 
depreciation 

rate 

percent 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
6 

10 

6 
6 

10 
10 
10 
10 
10 
10 
10 

6 
10 
10 
10 
10 

Cost 
per year 

dollars 

240 
50 

560 
122 
137 
60 
50 
30 
71 

286 
1,220 

50 
1,041 

615 

4,532 

1,505 
1,753 

386 
336 
405 

29 
380 
103 
115 
858 
660 

36 
43 
53 

6,662 

11,197 



Table 21. Total equipment costs. depreciation rates. and annual costs in model plant no. 3 

Annual 
Total depreciation Cost 
cost rate per year 

dollars percent dollars 
RECEIVING STAGE EQUIPMENT 

Power conveyor-incoming 3,000 10 300 
Power conveyor-outgoing 2,500 IO 250 
Can washer 6,600 IO 660 
1.000-pound capacity weigh tank 1,222 IO 122 
1,000-pound capacity scale . 1,367 10 137 
1.300-pound capacity dump tank . 595 10 60 
Vacuum sampler 500 IO 50 
Pneumatic controls 300 IO 30 
Scale print attachment 7,714 IO 71 
Surge tank 3,080 IO 308 
Two-15,000-pound capacity separators 12,200 IO 1.220 
Centrifugal pump 5 h.p. 500 10 50 
Plate-preheat and cool to match . 6,250 6 1,042 
Skim milk storage tank 6,845 IO 685 

45,673 4,985 
OTHER EQUIPMENT 

HTST pasteurizer 9,033 6 1,505 
Churn, 700-gallon capacity . 14,000 6 2,333 
Buttermilk tank 4,930 IO 493 
Ice machine 8,IO0 IO 810 
Compressor NH., 8,000 IO 800 
Sweet water circulating pump . 295 IO 30 
Piping 3,800 10 380 
Milk pumps 1.160 IO ll6 
Butter cooler refrigerator . 1.150 IO ll5 
Boiler 61 BHP rating .... 6,280 6 1.047 
Butter dump boats 3,500 10 350 
Cream storage tank 2-1.000-gallon . 6,950 10 695 
Separator parts sink 360 10 36 
Pipe wash sink 432 IO 43 
Add 10 percent for other items 671 IO 67 

68,661 8,820 

114,334 13,805 
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Table 22. Total equipment costs, depreciation rates, and annual costs in model plant no. 4 

Annual 
Total depreciation Cost 
cost rate per year 

dollars percent dollars 
RECEIVING STAGE EQUIPMENT 

Power conveyor-incoming 3,500 10 350 
Power conveyor-outgoing 3,500 10 350 
Can washer 7,265 10 727 
1,000-pound capacity weigh tank 1.222 10 122 
1,000-pound capacity scale . 1,367 10 137 
1,000-pound capacity dump tank . 595 10 60 
Vacuum sampler 500 10 50 
Pneumatic controls 300 10 30 
Scale print attachment 714 10 71 
Surge tank 4,880 10 488 
Three-15,000-pound capacity separators 18,300 10 1,8:30 
Centrifugal pump 7 ½ h.p .. 560 10 56 
Plate-preheat and cool to match 7,950 6 1,325 
Skim milk storage tank 10,900 10 1,090 

61,553 6,686 

OTHER EQUIPMENT 

HTST pasteurizer 9,995 6 1,666 
Churn, 1, 100-gallon capacity 15,000 6 2,500 
Buttermilk tank 4,880 10 488 
Ice machine 12,150 10 1,215 
Compressor 8,500 10 850 
Sweet water circulating pump 320 10 32 
Piping 4,300 10 430 
Milk pumps. 1,264 10 126 
Butter cooler refrigerator . 1,300 10 130 
Boiler 71 BHP rating 6,565 6 1,094 
Butter dump boat-2 3,700 10 370 
Cream storage tank-1.500-gallon 7,720 10 772 
Separator parts sink . 360 10 36 
Pipe wash sink 432 10 43 
Add 10 percent for other items 778 10 78 

77,264 9,830 

138,817 16,516 

45 



Table 23. Methods of calculating building costs and unit costs of construction 

Processing area 

(Block walls faced with bricks and interior tile finish. 
Concrete slab floor with flush ceiling and top insulation. 
Tile floor over concrete slab.) 

70¢ per cubic foot of area 

add 22¢ per cubic foot for drains, heating systems, water pipes, and electrical wiring 
6¢ per cubic foot for architect fee 

Total 98¢ per cubic foot of processing space 

Cooler room 

(4-inch cork with plaster walls and ceiling) 
$1.45 per square foot of space 

1.24 per square foot of floor space 

Service area 

(Block walls faced with brick, no interior finish. Includes architect and electrical wiring. 
Unheated, no water or drains. Includes warehouse and boiler room.) 

34 ½ ¢ per cubic foot area 

Dock area 
$ .80 square foot for filled docks 

1.00 per square foot for reinforced docks 

Calculations 

Notes 

Compute processing area cost as a unit using center to center measure for horizontal 
area and include one-half of footings in vertical dimension. 

Calculate service area as an addition to the processing area and proportional to the 
number of surfaces needed. For example, a boiler room boarded on two sides by 
processing rooms, only four out of six surfaces are needed, two walls, floor, and 
ceiling. The other two walls are furnished by the processing area. Use 4/6 of the 
cubage factor as the construction cost but add 15 percent. If only one wall is furnished, 
use 5/6 of cubage factor but add IO percent. 

Footings 5 feet deep. 

Boiler room floor 3 feet below grade. 

Warehouse floor raised 42 inches over grade. 
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Table 24. Building costs. model plant no. I 

Cost per Total 
Total cubic cost per 
space foot Cost area 

cubic feet dollars 
Processing area 

39 X 65 X 16.25 36,150 $ .98 $35,427 
Office 

15x8xll.25 1.135 .98 1.323 $36,948 
Cooler area square feet 
Walls 

2 (24 X 16.25) 780 1.45 1.131 
2 (18 X 16.25) 585 1.45 848 

Ceiling 
18 X 24 432 1.45 626 

Floor 
18 X 24 432 1.24 536 3,141 

Service area cubic feet 
Warehouse 

18 X 14 X 16.25 4,095 .345 1.413 
Shop and boiler room 

18 X 8 X 16.25 2,340 .345 807 2,220 
Well and other expenses= (8 percent of total) 3,385 

Total cost $45,694 

Annual cost 3 percent of total $ 1,370 

Table 25. Building costs, model plant no. 2 

Cost per Total 
Total cubic cost per 
space foot Cost area 

cubic feet dollars 
Processing area 

61 X 42 X 16.25 41,239 $ .98 $40,414 $40.414 
Office 

14xl0xll.25 1,575 .98 1,543 1,543 

Cooler area square feet 
Walls 

2 (19 X 16.25) 618 1.45 896 
2 (27 X 16.25) 877 1.45 1.272 

Floor 
19 X 27 513 1.24 636 

Ceiling 
19 X 27 513 1.45 744 3,548 

Service area cubic feet 
Warehouse 

15 X 17 X 16.25 4,131 ,345 1,425 

Shop and boiler room 
11 X 15 X 16.25 2,645 ,345 913 2,338 

Weli and other expenses . 3,827 

Total cost $51,670 

Annual cost 3 percent of total $ 1.550 
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Table 26. Building costs, model plant no. 3 
- ------ -·-· -- - -- - -----

Cost per Total 
To'.al cubic cost per 
space foot Cost area 

--~-----------
cubic feet dollars 

Processing area 
68 X 40 X 16.25 44,200 $ .98 $43,316 

Office 
13 X 13 X JJ.25 1,890 .98 1,852 $45,168 

Cooler area square feet 
Walls 

2 (20 X 16.25) 650 1.45 942 
2 (40 X 16.25) 1,300 1.45 1,885 

Floor 
20 X 40 800 1.24 992 

Ceiling 
20 X 40 800 1.45 1,160 4,980 

Service area cubic feet 
Warehouse 

J8 X 36 X 16.25 10,849 .345 3,743 

Shop and boiler room 
J8 X 10 X 16.25 2,925 .345 1,009 4,752 

Well and other expenses 4,392 

Total cost $59,292 

Annual cost 3 percent of total $ 1,779 
--------

Table 27. Building costs, model plant no. 4 

Cost per Total 
Total cubic cost per 
space foot Gest area 

cubic feet dollars 
Processing area 

66 X 56 X 16.25 60,060 $ .98 $58,859 
Office 

14 X 14 X 11.25 2,205 .98 2,161 $61,020 
Cooler area square feet 
Walls 

2 (40 X 16.25) 1,300 1.45 1,885 
2 (24 X 16.25) 780 1.45 1,131 

Floor 
24 X 40 960 1.24 1,190 

Ceiling 
24 X 40 960 1.45 1,392 5,598 

Service area cubic feet 
Warehouse 

18.5 X 36 X 16.25 10,869 .345 3,750 
Shop and boiler room 

20 X 10 X 16.25 3,250 .345 1,121 4,871 
Well and other expenses 5,719 

Total cost $77,208 

Annual cost 3 percent of total $ 2,316 
··-----· 
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a.m. Operator-manager 
6:40 

7:00 

7:30 

8:00 

8:30 

9:00 

Office 

9:30 

10:00 

Appendix B 
TWO CHURNINGS 

Buttermaker 

Tend boiler 

Set-up and sanitize 
Fill churn 
Start churn 

Make boxes 

Clean-up 

Make boxes 

Tend churn 
Add salt 

Make boxes 

Set-up 
receiving room 

Idle-tend churn 

Break 

Tend churn 

Pack butter 

Fill churn 

Butter in cooler 

Helper 

Set-up 
receiving room 

Kohman test 

Receiving 

Fig. 14. Work organization of plant no. 2 at 120,000 pounds of milk daily (continued on page 50). 
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Churn records 
Clean-up 

Break Start churn Break 
Make boxes 

Office 

Clean-up 2:00 Receiving Break 

10:30 Lunch 

Idle 

Tend churn 
Clean-up Clean-up 

receiving room receiving room 

Tend churn 

ldle~Add salt 
2:30 

11:00 

Make boxes Receiving 
General plant 
cleanup and setup 

Office 

Idle 
3:00 

11:30 
Kohman test 

Tend churn Babcock test 

12:00 Pack butter 
Pack butter 3:30 General plant 

cleanup and setup 

Butter in cooler 
Ch urn records 
Clean-up 

p.m. 

12:30 Receiving Clean churn Lunch 4:00 

1:00 Lunch 4:30 

Other duties 

Receiving Tend boiler 

1:30 5:00 

(Continued on page 51.) 
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