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Foreword

The combination of small production units into a single large
unit to gain the economics of large-scale production has been one of
the noteworthy trends in our economy in the past half century.
This bulletin reports a study made in this field. First, the operations
of a group of small cheese plants were studied. Then, following a
consolidation of six of these into one large plant, the operation of
this large consolidated plant was studied. An analysis was made
to determine the nature and extent of any economies resulting from
the consolidation.

A study of this nature is of interest to the cheese manufacturing
industry from the standpoint of assisting in future planning. It
will also be of interest to social scientists in that a somewhat unique
method of analysis has been used in this studydifferent in several
respects from the typical study into the economies of scale or size of
production units.

Mr. Ray Deaver, Treasurer and others of the office force of the Tillamook
County Creamery Association were very helpful in collecting information for
this study. Several staff members of the IJivision of Marketing and Transporta-
tion Research, Bureau of Agricultural Economics, gave assistance in developing
the methods used in analyzing the results of the study and in preparing the re-
port. Among these were V/illiam Bredo, William H. Wallace, and D. B.
DeLoach. This study was financed in part by funds provided by the Research
and Marketing Act of 1946.
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GORDON A. RowE1

THE HISTORY of cheese production in Tillamook County is
essentially the story of the Tillamook County Creamery Asso-
ciation. The manufacturing of cheese started in Tillamook County,
Oregon, in 1889. Production of cheese was a convenient and economi-
cal method of converting locally produced milk into a less perishable
form at a time when transportation was still relatively primitive. As
cheese could be stored for a reasonable period, shipment to distant
markets was made easier, and transportation costs were covered with-
out too serious a burden on producers. By 1902, approximately 40
cheese factories of varying sizes had been established in the county.
About half were farm-factory, family-type operations which manu-
factured cheese from milk produced on one to three farms. Several
factories in the county were owned and controlled by producers.

After a time, economic considerations forced several of the small
cheese plants to seek more satisfactory methods for processing and
marketing their products. These local plants founded the Tillamook
County Creamery Association in 1905 as a federation of local coop-
eratives (Figure 1). With the formation of the Association, an
inspector was employed to see that the cheese received from member
associations for marketing was uniform and of high quality to meet
the demands of consumers. The quality of cheese was maintained by
establishing a program to produce high-quality milk and regular
inspection of practices and methods used by cheese plants. By 1909,
ten local plants, stockholders in the Association, were marketing
their cheese cooperatively. Most of the family-type operations dis-
appeared in time or were combined with other plants to get greater
volume and further specialization of production.

The Association continued to grow and achieved a very favorable
position in its markets by advertising and producing a high-quality,
uniform product. By 1949 production of cheese in the Association
had increased to an annual volume of 10 million pounds. The number
of cheese factories, however, decreased through consolidations. All
these plants are now members of the Association, which markets all

Tills study is a contribution to tile \Vestern Regional Research Project WM-1. It was
conducted under the authority of the Research and Marketing Act of 1946. The author,
Gordon A. Rowe, was formerly Research Assistant, Oregon Agricultural Experiment Station,
employed on a cooperative basis with tile Bureau of Agricultural Economics, U. S. Depart-
ment of Agriculture.
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TILLAMOOK COUNTY CREAMERY
ASSOCIATION

ACCOUNTING and SALES

L PRODUCERS

Figure 1. Ownership chart of Tillamook County Creamery Association,
January 1, 1947.

the cheese and other pi-oducts produced by the member cooperatives
and performs the other marketing and supply services required by
the organizations.

The older plants were built between 1900 and 1920 and were
located to serve small, adjacent production areas. The supply area
was limited by available means of transportation, and cheese plant
equipment was of the type that could be obtained at that time. Since
1940, technological developments in processing, handling, transporta-
tion methods, refrigeration, machinery, and changes in utilization of
milk have been introduced rapidly. These changes have signiFcantly
affected the organization and operation of many marketing organiza-
tions, including the Tillamook County Creamery Association and its
members. Some of the plant physical facilities in the Association have
been in operation for 50 years, and the last local factory was built
in 1937.

Changes in the demand for styles and varieties of cheese and in
economical utilization of milk have been important to the Association.

LABORA- BUTTER TRAFFIC FEED MA RKET PACKAGE

TORY PLANT DEPT. PLANT MILK DEPT.
PLANT
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In recent years the industry has turned to packaging cheese in
small, consumer-sized, rindless packages. The Association is now
producing rindless cheddar and club cheese in addition to its stand-
ard style of triplets, loaf, baby-loaf, and gems, as shown in Figure 2.

Figure 2. Types of cheese produced by the Tillamook County Cream
cry Association.

Increased demand for the newer styles and varieties of cheese had
enabled the local plants of the Association to make greater returns to
producers. However, production of these new products has been
hampered by the lack of proper plant locations and facilities.

Changes in population in the Oregon and Washington areas
have brought drastic changes in utilization of milk.1 Before World
\'Var II, milk for the fresh market was not shipped out of Tillamook
County. Since 1940, however, increases in population in the Portland
-

See Gordon A. Rowe, Changes in Milk Utilizatio,i Portland (Oregon) Mill<shed, 1940.
50. Oregon Agricultural Experiment Station Circular of Information 512, June 1952.
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Table 1. PRODUCTION STATISTICS OF THE TILLAMOOK COUNTY CDEAMERY
ASSOCIATION, 1941-1949

Some direct diversions by members occurred before 1948.
Includes cheese used in production of rindless and club cheese.
Production for October, November, and December.

metropolitan district have brought about an expansion of the milk-
shed of that market to include Tillamook County. As a result, the
Association has diverted some milk from manufacture of cheese to
the Portland fluid milk market in order to obtain the highest returns
for its patrons. Table 1 shows the utilization of milk received and
production statistics of the Association. Although by the end of
World War II the Association had increased and improved its ser-
vices, further adjustments to meet rising costs in processing and
marketing had become imperative. Two plans were possible in making
these adjustments. The first was to modernize individual plants
wherever possible, and to establish new facilities for the necessary
additional services being performed. The second was to build one
modern multiple-product plant to permit the Association to process
and manufacture its products in ways most acceptable to consumers.

The Association adopted the latter plan and built a new centrally
located plant to provide more efficient methods for handling milk for
the fresh milk market, for producing new styles and varieties of
cheese, for processing, storing, and handling of other new products
now marketed by the Association. Six local plants producing cheddar
cheese consolidated their operations and built a modern cheese plant
as a part of the new consolidated creamery establishment.

This program of the Association, including consolidation of the
six cheese plants, affords an unusual opportunity to study at first
hand the economic effects of consolidating many of the processing
and marketing operations into one modern, centrally located dairy
plant.

Inasmuch as other dairy areas in the United States have similar
problems facing them, the information derived from this study should

Milk
received for

manufac.
turing

Milk
received for
fluid use'

Cheddar
cheese

manufac-
lured'

Rindless
cheese

produced

Club
cheese

produced'

Butter
nianufac-

tured

1,000 1,000 1,000 1,000 1,000 1,000
pounds pounds pounds pounds peunds pounds

1941 94,600 10,959 176
1942 96,681 11,140 174
1943 89,071 9,734 217
1944 93,082 10,133 198
1945 94,721 10,346 130
1946 87,224 9,437 251
1947 94,310 10,508 140 212
1948 91,517 344 10,174 850 193
1949 84,294 18,003 9,380 1,040 18 202
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Figure 3. Location of facilities of the Association and local plants in
Tillarnook County.
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be of direct interest to dairymen and dairy marketing agencies
throughout the United States.

Figure 3 shows the location of the various plants of this Asso-
ciation and the relative location of the county in the State. The
structure of ownership and the faci]ities of the Tillamook County
Creamery Association are presented in Figure 4.

Figure 4. Facilities plan of the Association, January 1, 1948.

ManuFacfuring Cosfs of I 6 Specialized Cheese Planfs
A study to determine the costs of manufacturing cheese has

been conducted with the objectives of establishing the economic basis
for consolidation of cheese plants and other operations and of study-
ing economies of scale of operations.

Two methods were used to determine the relationship of unit
costs to volumes. One involved a study of costs as they have been
reported for the 16 plants over an 8-year period, 1941-48. The other
developed after certain adjustments were made in the physical plant,
cost rates, and variable costs for 5 of the 16 plants. The adjustments
were made to eliminate certain variations existing in costs among the
plants studied which were not necessarily related to differences in
size.
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Table 2. UNIT COST OF MANUFACTURING CHEESE. 1941-1948

In the first analysis, manufacturing costs were determined from
plant records. Weighted average costs for the 8-year period are
shown in Table 2, with corresponding average volumes for the same
period. Certain administrative costs, such as bookkeeping, and prac-
tically all marketing costs incurred after the cheese is made, are
absorbed by the central marketing association and prorated among the
members. They are not included in this study of costs.

Labor Costs
Labor costs include only the costs of the functions performed

in the manufacturing of cheese, from receiving milk to shipping the
final product. These costs were adjusted to compensate for irregulari-
ties in the weighted averages for the 8-year period resulting from
diverging trends in annual production at the individual plants, to-
gether with sharply rising wage rates. Annual total costs of labor
for each plant were divided by the ratio of annual unit labor cost for
one year over the average annual unit costs of labor of all plants for
the 8-year period. These adjusted annual total costs were then used in
lieu of actual costs for computing the 8-year average unit labor costs
for each plant.

Unit labor costs decrease with increases in average plant volume.
This decrease is as much as 24 per cent between Plants A and B and
Plant P as shown in Table 2. There is a difference of 0.54 cents per

Dana-
Average
annual Power

lions,
fees

Mis-
ccl. Total

cheese lights Depre. and lane- cost
production Sup- Plant and Insur- cia- expen- ous per

Plant 1941-48 Labor plies repair Water ance lion Taxes ses costs pound

Pounds Cents Cents Cents Cents Cents Cents Cents Cents Cents Cents
A 178,297 2.25 1.51 .18 .05 .09 .24 .23 .. .10 4.67
B 194,170 2.25 1.31 .30 .07 .08 .17 .18 .03 .09 4.48
C 248,409 2.11 1.49 .27 .08 .11 .14 .13 .03 .08 4.44
D 263,175 1.86 1.27 .22 .06 .08 .20 .12 .03 .07 3.91
E 375,016 2.03 1.30 .31 .15 .07 .19 .14 .02 .06 4.27
F 437,527 2.13 1.31 .26 .09 .07 .11 .14 .03 .07 4.21
G 468465 2.11 1.24 .19 .11 .08 .11 .13 .04 .06 4.07
H 585,506 1.06 1.17 .15 .11 .06 .17 .12 .03 .05 3.82
I 586,889 2.02 1.09 .18 .12 .06 .09 .10 .05 .06 3.77
J 703,473 2.05 1.10 .24 .13 .06 .11 .1.1 .04 .06 3.90
K 777,323 1.84 1.22 .24 .09 .06 .13 .11 .02 .05 3.76
L 784,462 2.01 1.15 .26 .10 .06 .10 .14 .04 .05 3.91
M $61,371 1.94 1.22 .21 .10 .05 .11. .13 .04 .06 3.86
N 949212 1.81 1.07 .16 .11 .06 .20 .11 .02 .05 3.50
0 1,031,760 1.78 1.05 .08 .11 .04 .13 .10 .02 .05 3.36
P 1,169,443 1.71 1.12 .10 .10 .04 .15 .14 .03 .06 3.34

All
plants 10,015,988 1.92 1.17 .20 .10 .06 .14 .12 .03 .06 3.80

EcoNollIcs OF C11E6:sE MANUFACTURING 9
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pound of cheese manufactured between the unit costs of labor for
the sma]lest and the largest ptants, and 0.21 cents between the average
unit costs of labor in the average of all plants and for the largest
plant, P.

There are some variations from the normal tendency for unit
labor costs to decrease with increases in volume for the plants in
Table 2. Plant D, for example, shows relatively lower unit costs than
Plant C. These deviations are largely due to differences in the effi-
ciency of labor in the various plants. Although methods of manufac-
turing cheese are the same in all plants, some plants make more
efficient use of labor. A factor affecting efficiency in the use of labor
is the practices and requirements of the head cheesemaker regarding
plant operations which are not related to volume. A further discussion
of the utilization of labor is given in a later section.

Supplies
Supplies as defined by the accounting methods of the Association

include those necessary in the manufacture of cheese, such as rennet,
salt, color, bandages, washing powders, and others. Costs of fuel are
also included in "supplies" in Table 2.

Inclusion of fuel costs, which normally decrease per unit of
product with increases in size of plant, probably accounts for a large
part of the tendency of these unit costs to decline, as shown in
Table 2. Deviations from the tendency of the unit costs of supplies
to decrease with increases in size is more apparent than for unit
labor costs. This is because of the greater variation in the use of
certain supplies by the plants.

Plant Repairs
Plant repairs. are the third most important cost item in the

manufacture of cheese as shown in Table 2. Unit costs of repairs
tend to decrease with increases in size of these plants. The variations
in charges for plant repairs are largely accounted for by differences
in standards of maintenance of buildings and equipment, and in the
methods by which repairs are made. Some plants made only the
minimum repairs necessary to their equipment and buildings, and
attempted only to meet the minimum standards required by health
authorities and for general appearance. Plant 0 showed the lowest
unit costs, but it maintained its facilities at or below a minimum level
of efficiency and appearance.

In some plants the eheesemakers made the repairs wh,le ii others these repairs were
inde by oth,er emphoYees or by repair companies.
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Power

Power costs include water and electricity. Many cheese plants
owned their own water systems and incurred no direct expenditure
for costs of water. A major proportion or all of the costs of power
were for electricity.

The scale of operations is not directly reflected in production
costs, as might be expected (see Table 2), but this may be caused
by different uses of power in the plants. In most of the small plants,
no refrigeration is used in the curing rooms, while in most of the
larger plants, these rooms are refrigerated mechanically.

The cost of water varies among the various plants. For example,
Plants N, 0, and H pay fixed annual water charges of $24000,
$360.00, and $50.00, respectively; Plant P has metered water with
annual costs of approximately $540.00; Plant A owns its own water
system, an investment of $1,526.92 with annual estimated costs of
$60.00. Water costs per pound of cheese produced vary among them
from .03 cents for Plant 0 to .0l cent for Plant H.

Insurance
These costs include the costs of insurance on buildings, equip-

ment, stocks of cheese and public liability. Insurance charges are
based on a percentage of the new replacement costs1 of the buildings
and equipment. The new replacement value of equipment and build-
ings in 1947 decreased from 14 cents per pound for Plant A to 6
cents per pound of cheese for Plant P. This would be reflected direct-
ly in decreasing insurance charges. Some of the local plants own
houses for the use of their cheesemakers. This accounts for some of
the variations in insurance costs. The Association maintains a
blanket policy for all the local plants, and therefore the rates are the
same for all plants in the group.

Depredafion
Depreciation is charged on buildings and equipment. Unit costs

of depreciation decline with increases in plant size. The deviations
are due principally to the age of existing buildings (not on new
replacement value), the rate at which equipment has been replaced,
and the volume of cheese manufactured. Plant N, for example,was
constructed relatively recently. Plant H has a comparatively larger

New replacement value of buildings and equipment is tlte estimated replacement cost of
tile physical assets of locsl plants as of January 1, 194?.
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investment in buildings per unit of product than other plants of
similar size.

Taxes

Unit costs of taxes decrease in the same way as insurance and
depreciation with increasing size of these plants, as these costs are
in part directly related to capital investment. In the plant accounts
for taxes, costs of unemployment insurance, workmen's compensa-
tion, and medical insurance are also included. These costs have the
same effect as wage costs.

Variations in unit costs of taxes are partly due to variations in
tax rates levied on the various plants. Plant P, for example, has
city taxes included in its costs which other plants do not have. Plant
C must pay a water port tax. Tax levies for the various school
districts also vary from district to district in which the various plants
are located.

Directors Fees and Expenses
These costs are self-explanatory. Plant A had charges of only

$40.00 for the 8-year period. The board members took care of their
own expenses. The scope of the activity of the board of directors
appears to have been independent of the size of the plant, and con-
sequently there is no apparent relationship between volume and unit
costs for these items.

v1isceIIaneous

These costs are principally dues and other costs of participating
in the various industry organizations and of charity or support of
other community projects.

Total Unt Costs
Total unit costs of manufacturing cheese tend to decrease with

increases in size of plant, as shown in the analysis of the reported
costs for this group of cheese plants. This decrease is as much as
28 per cent between Plants A and P. These cost data tend to support
the analytical results of others on economies in the scale of operation
of dairy plants.'

'Bressler, R. G., Economies of Scale in the Operation of Country Milk Plants, New
England Research Council on Marketing and Food Supplies and U. S. Department of Agri-
culture and Columbia Basim, Joi,,t Invesligations, Agricultural Processing Industries, Problem
.24. Bureau of Reclamation. U. S. Department of the Interior.



EcoNoMics OF CHEESE MANUFACTURINc 13

Certain estimated economies from consolidation or development
of large plants may be indicated from this first analysis of costs.
The average annual volume per plant in the Association during this
period was 626,000 pounds of cheese. This was considerably higher
than the average for all cheddar cheese plants in the United States,'
which averaged 484,000 pounds in 1948.

Savings possible to this Association, assuming that the average
unit costs of labor were equal to that for the low plant cost, would be
0.21 cents per pound of cheese, or $21,000 annually for the Associa-
tion's annual production.

Assuming the influence of economies in the scale of operation
to show a greater difference in unit costs between the average-sized
plant in the United States and plants equal to the size of Plant P,
indications are that the total reduction in labor costs and in other
costs of manufacturing by increasing the size of cheddar cheese
plants in the United States equal to Plant P could be of great eco-
nomic significance.2

Adjusted Costs of v1anufacturing Cheese

The objectives of determining adjusted costs of manufacturing
cheese are twofold. The first is to eliminate sonic of the variability
not related to size of plant which was shown in the preceding section.
The second is to establish an economies-of-scale curve that may be
used as a rough guide to indicate possible efficiencies between plants
and within the industry.

From the foregoing discussion of the relationship between
volume and unit costs, it has been shown that economies do exist, but
that there are certain variations from the general tendency. These
may be due to many factors, such as varying efficiency in the use of
labor and supplies, and variations in rates paid by local plants for
similar services or items.

In order to determine the scale of operation, certain adjustments
in the input of facilities, equipment, taxes, and other items are neces-
sary to eliminate the variations in unit costs not related to size.'
These adjustments are made for Plants A, E, H, 0, and P. The
- 'l-'rorluclion of Manufactured Dairy Products, 1948, Bureau of Agricultural Economics,
U. 5. Department of Agriculture.

'certa,n economies and disecoriomies of scale avoulcl occur arid may or may not offset
each other if average plant size were increased.

3For a discussion of these procedures see, 'Research Determination of Economies of
Scale," R. G. Bressler, Jr. Journal of Farm Economics, Vol XXVII, No, 3, (August 1948)
pt. 526-539.
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assumption used in making adjustments for these plants are as
follows

The output of the plant is established at 50 per cent of its
maximum capacity based on a single-shift operation.' Yield is
assumed to be 11 pounds of cheese per hundredweight of milk
received.

The amount of floor space in actual use in the various pro-
cessing rooms has been adjusted to conform to average standards
for plants of given capacities.2

Storage space for cheese is allowed for a holding period of
30 days in the plants.

Costs of building construction per square foot of floor space
have been adjusted to uniform construction standards, with allow-
ances for differences in size of plants.

Equipment in use in the plants is adjusted to make it com-
mensurate with requirements of plants of varying sizes.

Variable costs are placed on a comparable basis by using
uniform cost rates, such as one schedule of electricity rates for all
the plants.

Rates for depreciation, taxes, etc. are assumed to be the same
for all plants.

Comparable adjusted costs were developed for the five plants
whose annual volumes range in size from 200,750 pounds for Plant A
to 1,405,250 pounds of cheese for Plant P. Only variations in costs
among plants relating to size are shown.

Adjusted Fixed Costs
Fixed costs of cheese manufacturing plants, as used herein,

include depreciation, insurance, interest on investment, repairs and
maintenance for building, machinery, equipment, and costs of land.
Table 3 shows the reported and adjusted investment in buildings,
machinery, and equipment for cheese plants of various sizes in the
sample.

The items include all the major prices of equipment required
for the manufacture of cheese with the exception of that required
for pasteurization. The costs of the buildings are based on costs
varying from $3.20 to $4.20 per square foot, and the floor space
required has been adjusted from the basis of present requirements in

Plants operated at appro<iinateIy 50 per cent of capacity, largely because of seasonal
variation in milk receipts.

See page 15.
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Table 3. ADJUSTED PRODUCTION, ASSETS, AND UNIT FIXED COSTS OF MANU-
FACTURING CHEESE

Plants

NRV is the new replacement value including installation costs of building, machinery, and
equipment.

these plants. Curing-room space is calculated to allow for a 30-day
period in the plant for drying and curing on the basis of 66 pounds
of cheese per square foot of floor space.

All fixed annual charges on buildings and equipment are 12 per
cent of the investment in buildings and 2O per cent of the investment
in equipment. These annual charges comprise the following items:

Item A F H 0 P

Average volume, pounds
of cheese, 1941-48 178,298 378,014 585,506 1,013,760 1569,443

Adjusted volume, pounds
of cheese 200,750 401,500 602,250 1,003,750 I,405,2a0

Number of cheese vats
(tO,000 pound's) 1 2 3 7

Floor space, square feet 3,010 5,424 5,796 9,878 13,04S
Adjusted, floor space,

square feet 2,525 3,S59 5,083 8,192 10,080
Construction costs, dollars

per square foot $3.80 $2.04 $3.27 $3.67 83.50
Adjusted construction dollars,

per square foot 84.20 $3.80 .83.50 $3.10 93.20
NRV of el.ieese factory

building1, dollars $11,450.95 $15,596.00 $18,558.17 $36,242.80 $45,679.45
Adjusted NRV of cheese

factory building, dollars $10,605.00 $14,776.20 $17,790.50 $27,033.60 $32,2s6.00
NRV of machinery and

equipment, dollars $12,866.54 $20,761.14 $26,898.11 $29,863.23 $55,463.50
Adjusted NRV of machinery

and equipment, dollars $11,045.82 $15,034.08 $21,452.68 $32,542.10 $44,594.13
Land area, acres 1 1 1.5 2.5 1

Adjusted lattd area, acres 0.11 0.15 0.23 0.38 0.46
Taxable value per acre $2,210.00 $2,670.00 $3,640.00 $6,080.00 $8,440.00
Adjusted taxable value

per acre $3,000.00 $3,000.00 $3,000.00 $3,000.00 $1,000.00
Annual cost, in dollars:

Building 9$ t2% $1,374.11 $1,771.36 $2,134.86 $3,244.03 $3,670.72
Machinery and equip-

ment 9$ 20% $2,249.16 $3,042.62 $4,250.52 $6,508.42 $8,515.83
Land $ 16.37 $ 25.45 $ 33.26 $ 53.59 $ 65.95

Total annual cost $3,639.64 $4,841.45 $6,458.64 $9,806.04 $12,852.50
Fixed manufacturing cost,

cents per pound i.si 1.21 1.07 0.98 0.91

Buildings
Per cent

Equipment
Per cent

Depreciation 3.0 10
Insurance 1.5 1.5
Taxes 2.25 2.25
Interest on investment 3.25 3.00
Maintenance and repairs 1.5 3.25

Total 12.00 20.00
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Depreciation is based on an estimated life of 33 years for build-
ings and 10 years for equipment. Fire insurance costs are at the rate
of $4184 per thousand for two years. This is equal to 1.46 per
cent of the insurable value per year. Tax levies used for these
plants are 30.1 mills for county and state taxes, and 17.4 mills for
school-district taxes. Assessed values for taxation purposes are 50
per cent of actual values, and are approximately equal to 2.25 per
cent of the new replacement value. Interesf on investment for build-
ings is equal to compound interest at 5 per cent on the unpaid por-
tion for 33 years, or a weighted average of approximately 3.25 per
cent. For equipment, interest on investment is for the 10-year
period, and is estimated at a weighted average of approximately 3.0
per cent. Maintenance and repairs have been established at 1.5 and
3.25 per cent for buildings and equipment, respectively. The latter
rates reflect reported costs in these plants and depreciation studies
of the Bureau of Internal Revenue.

Adjusted Unit Variable Costs
Adjusted unit variable costs are shown in Table 4 for the five

plants, A, E, H, 0, and P. These costs represent an adjustment of
the reported costs of these or other plants in the group.

Table 4. ADJUSTED LNIT VARIABLE COSTS PER POUND OF MANUFACTURING
CHEESE, POSTWAR PERIOD

Cost Item

Plants

Consumption is equal to 4.5, 4.38, 4.28, 3.62, and 3.54 kilosvatt-liours per 100 pounds
of cheese, for plants A, E, H, El, and P respectivelY.

Consumption is equal to 10,100, 7,500, 5,750, 4,250, and 4,000 BTU's per pound
of cheese, for plants A. E, H, H, and P, respectively.

Costs of supplies were determined from reported costs for
plants of given size by excluding costs of fuel. Costs of fuel were
developed from the reported use of fuel in BTU's for the 1944-48
period for which data were available. Costs of electricity were de-
rived from the reported use of electricity, in kilowatthours, for the
1946-48 period for which data also were available for the different
plants in the Association. Electricity requirements include lights and

Labor 2.89 2.11 2.34 2.17 2.11
Electricity' 0.10 0.07 0.08 0.04 0.01
Fuel' 0.41 014 0.26 0.19 0.19
Supplies 1.00 0.99 0.88 0.97 0.97

Total 4.44 3.91 3.64 1.37 3.31

A E H C) P

Cents Cents Cents Cents Cents



power for the various items of machinery used in the cheese plants.
Costs of labor were developed from an analysis of labor records for
the 1941-48 period.

Adjusted Total Unit Costs
Adjusted total unit costs for manufacturing cheese in the five

plants, A, E, H, 0, and P, were 6.25, 5.16, 4.71, 4.35, and 4.34 cents
per pound, respectively. The economies of plant scale are presented
in Figure 5 in the form of the long-run planning curve. This curve is

A .0299
E .0293

Marginal cost
curves

Y

A

ECONOMICS OF CHEESF MANUFACTURING 17

E

0.02549

Total unit
cost curves

P

Long run
pIonnng(
curve

4--

H-

L -

H .0248 P .02413
2 3 4 5 6 7 8 910 20 30 40 50 60 7080

Volume in hundreds of pounds

Figure 5. Average marginal total unit cost curves and long run plan-
ning curve.

determined as the tangent to the cost-volume curves for each of these
five plants. The long-run planning curve shows the lowest Costs of
producing a pound of cheese, assuming a choice is available in the
size of plant. This is the situation that prevails when a firm is making
plans for plant construction or modification and wishes to build the
most economical capacity in line with the expected market.

The marginal unit cost curves for these plants, shown in the
lower part of Figure 5, represent the additional cost associated with
the production of an additional given volume of cheese. The result
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is that marginal unit costs for each of these plants are horizontal
straight lines, meaning that the additional cost of producing an addi-
tional unit volume remained unchanged for the normal operating
range of the plant. It should be noted that the average unit costs of
production decline with an increase in output such as may be asso-
ciated with a seasonal increase in milk receipts. As receipts decline
from the flush to the short period of the year, the converse is true.

From the long-run planning curve it may be concluded that
there are economies in the scale of operation in cheese plants. The
minimum point on the long-run planning curve of manufacturing
costs appears to lie beyond the range of volumes for the plants
included in this study. It should not be inferred that the optimum
sized plant that is desirable should be larger than Plant P, as other
diseconomies and possibly some economies must be taken into con-
sideration. With respect to diseconomies, of most significance are
cOsts of assembling which normally increase directly with increases
in plant volume, and which may result in an optimum sized plant at a
volume less than that of Plant P.

It should be noted that the marginal costs of manufacturing
cheese are low in relation to average total unit costs. This is the result
of very high fixed costs and very low variable costs of operation.
Marginal unit costs are not only low but differ little between plants
of various sizes ranging between 2 to 3 cents per pound of cheese.

Labor Costs
A study of input-output relationships of this factor of produc-

tion not only provides the basis for establishing the labor costs of
the hypothetical plants; it may also be of value to management. An
analysis was made of labor inputs derived from payroll records for
the period 1941-48.

The following series of figures show the relationship between
labor inputs and cheese production. Variations in volume for indi-
vidual plants are caused by seasonal fluctuations. These figures show
that indivisibility of labor is apparent in the smaller plants. The
addition of a second employee in Plant B at 500 pounds of cheese per
day produces a definite effect on labor requirements, resulting in a
discontinuous cost curve for this plant. In larger plants, the propor-
tional significance of an additional employee is not so important.
This may be explained partially by the flexibility of output of work-
ers. Each worker has a normal capacity to produce 500 or more
pounds of cheese per day, depending on the size of the plant. In
small plants such as Plant B, output of the one worker cannot be
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expanded sufficiently to produce a continuous relationship. In large
plants such as Plant N, the sum of the output of each worker may
be expanded sufficiently before an additional worker can maintain a
continuous relationship with increases in volume. Apparently this is
important in lowering the costs for larger plants when there is a
definite seasonal pattern of milk production.

10 15 20 25 30 35 40 45 50

Volume in hundreds of pounds per day

Figure 6. Seasonal labor utilization pattern for Plant 0.

The character of seasonal labor utilization is shown in Figure 6
for Plant 0. It is observed that the plants are slow in adding labor,
when production and receipts are increasing seasonally and also slow
in taking off labor as production declines. The result is a lower labor
cost function when daily production increases frorn January to May.
This more efficient function is presented in Figure 7.

Total costs of labor per day for cheese manufacturing are pre-
sented in Figure 8. It is noted that the total cost curves for each
plant are straight lines. The slope is not steep and in general seems
to decline with the size of the plant. This indicates that the marginal
unit costs are low and decline with an increase in plant size, as can
be seen in Figure 9. A study of the average unit cost curves of this
figure shows that substantial decreases in the cost of labor occur
between the short and the flush season of production as the volume of
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Figure 7. Average total unit costs, fixed costs, labor costs, and other
variable costs of manufacturing per pound of cheese, hypothetical

Plant 0.

receipts at the plant increases. The seasonal range in cost is approxi-
mately 2 cents irrespective of the size of plant.

In developing the average labor cost curves, the existing wage
scales for plants were used. The wage scales were varied in order to
take into consideration increasing output in larger plants. If a single
wage scale had been used for all sizes of plants, the differences in
labor costs between small and large plants would be found to be due,
partially, to imperfections in the wage agreement. These wage scales
take into consideration the number of man-days worked per day in
the plant. Each wage scale is based on a range in plant output. Thus,
each of the plants for which cost curves are presented in Figure 8
had a different wage scale. As the size of plant increases, therefore,
the increase in the level of the wage scale reduces the effects of in-
creasing productivity associated with the large plants.
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Consolidation
Consolidation of dairy manufacturing plants may have several

purposes. One may be to increase the size of the plant, thereby low-
ering unit costs of manufacturing. The economies effected by increas-
ing the size of the dairy plant have been shown above. Another
purpose of consolidation is to enable the marketing organization or
organizations to utilize new methods of processing and handling milk,
dairy products, new types of machinery, and building construction.
These facilities may provide for additional functions, and in some
instances may add flexibility.

The consolidated plant of the Association incorporates many of
the changes that have become necessary and desirable to adopt in the
processing and handling of cheese and other dairy products. The new
plant has replaced Plants D, H, J, NT, 0, and P. The new consolidated
manufacturing plant includes a cheese plant; a butter plant; a market
milk plant that also produces cottage cheese and ice cream; a whey
plant; and facilities for the packaging of rindless and club cheese.
The new plant also provides the Association with its own storage
facilities, eliminating the need for storing cheese in commercial facili-
ties at terminal markets. In addition, there are facilities for icing
refrigerated cars which was previously done in Portland, Oregon,
the nearest icing station. The new plant is located between a railroad
and a principal highway, giving it improved transportation facilities.

Cheese Plant
Many changes have been incorporated in the cheese plant which

physically or economically were not possible in the older plants.
Capacity of the cheese plant is approximately 26,000 pounds of cheese
per day, based upon a single-shift operation. Flexibility has been
provided for, however, in order to facilitate a two-shift operation by
adding the necessary items of equipment.

The consolidated plant provides for considerable changes in
methods of receiving milk compared to the methods employed in the
16 old plants. These are illustrated in Figures 10, 11, 12, and 13.
Manual operations have been eliminated to a large extent in the new
plant and more than one truck may be unloaded at one time. Grading
is conducted at a considerable disadvantage in the local plants, as no
space or position is provided for conducting several tests required in
an adequate grading program. Under the old system, producers
washed their own cans. With the use of can washers in the new plant,
it is possible that the quality of milk received will be improved be-
cause of more efficient washing of cans with a can washer.



Figure 10. Milk receiving platform at local branch creamery.

I

Figure 11. Milk receiving room at a local plant.
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Figure 12. Milk receiving lines at the consolidated creamery.

Figure 13. Milk receiving room at the consolidated plant.
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Storage Operations
Storage facilities are provided in the new plant for the storage

of more than three million pounds of cheese for aging. The greatest
innovation in these facilities is in the method by which the cheese is
stored for aging. Stalls have been constructed in rooms which hold
pallets loaded with approximately 2,000 pounds of cheese. These
pallets may be tiered three high as shown in Figure 14. In this
method of storage, it is possible to store approximately 850 pounds
of cheese per square foot of floor space, while in the older method of
storing cheese on shelves about 65 pounds of cheese could be stored
per square foot of floor space.

This method of storage permits the use of a lift truck in han-
dling cheese, not only in storage operations, but for use in icing

Figure 14. Storage of pallets by the new method in consolidated plant.
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Figure 15. Loading cheese on freight cars at the consolidated plant.

railroad cars and transporting the cheese to the car door as shown
in Figure 15. Cheese may be moved into storage and among the
various points in the plant, by the use of pallets.

Pallets are also used in the handling of supplies in the new plant,
such as salt, paraffin, and packaging materials normally purchased in
carload lots.

Package Cheese Operafons
Previously the packaging operation, which is relatively new in

the dairy industry, was carried on in Plant 0. Cheese had to be
transported from local plants to storage facilities in one location,
then to the packaging operation at Plant 0, and then returned to
storage. Under the consolidated plan of organization, practically all
the operations in the production and packaging of small, consumer-
sized units of cheese are carried out in one plant. Also, new machin-
ery and equipment provide for more efficient performance of the
function. The room is conveniently located with reference to the cold-
storage and hot rooms.
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Other Operations
As noted previously, the fluid milk, butter, laboratory, and whey-

condensing operations have been incorporated in the new plant
(Figure 16). Certain benefits from consolidation of the enterprises,

CONSOLIDATED PLANT
Figure 16. Proposed plan of consolidation of all the facilities of the

Association in the consolidated plant.

in addition to required changes, are being achieved. Surplus milk
from the fluid milk operation may be easily diverted to manufacture
of cheese for example. All operations benefit from a larger and more
efficient power operation.

Evaluation of Consolidation
An analysis of operations for 1950 was made to measure the

economic effects of consolidation. It must be recognized that certain
beneficial results, such as those on quality, are not measurable. The
results of these operations, with certain limitations, may be com-
pared with those of the hypothetical and unconsolidated plants.
Table 5 shows the balance sheet and statistical information of opera-
tions for 1950 as reported by the Association.'

Total, average, and marginal cost curves are presented for the
consolidated plant in Figure 17. Based on preliminary data on opera-
tions during part of 1950, average labor costs for the consolidated
plant behaved similarly to the other plants continuing tu decline with
every increase in the use of plant capacity. These data show that

Adjustments were made in labor inputs to exclude certain personnel who were perform-
ing advertising and sales functions rather than a production functionl
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Figure 17. Total, average, and marginal labor costs for consolidated
plant, 1950.

Cost
per pound
of cheese
produced

Charge made by service (lepartment for steam received from this department.

Do/lois ,
, I Cents

40-

120 -

2

Fixed assets
Land
Land Improvement
Buildings
Machinery & Equipment

P 6,320.64
14,000.00

605,344.26
200,1 20.05

$ 0.32
12.19

6.01

Total investment

Operatnj Costs
Labor
Supplies
Steam
Plant Repairs
Light, Power, and Water
Plant Insurance
Taxes
Detreciation
Directors' Fees and Expenses
Other

$915,785.05 $18.04

$ 0. 0 2 2 1
.0080
.0020'
.00 26
.0024
.0006
.00 10
.0062
.0002
.000 3

Total otterating costs 0. 0 4 76

60- Jan
-o

-J

40 -

20 -

Total labor
May Cost

Apr.
6

Mar.

4.-

3u



EcoNoarlcs OF CHE1sF: MANUFACTURING 29

average unit labor costs in the consolidated plant varied with cheese
output in a manner almost identical with that for Plant P, the most
efficient of the older concerns. Marginal unit labor costs were con-
stant throughout the entire range of operations, amounting to 1.28
cents per pound of cheese or the equivalent of about one man-day
per thousand pounds of cheese. In other words a plant manager
would be in a position to add one cheesemaker with each expected
increase of 1,000 pounds output of cheese or to take off one cheese-
maker for every decrease in output of 1,000 pounds.

During this early period of operation, the consolidated plant
barely exceeded the maximum output of Plant P and operated con-
siderably below maximum capacity. It is anticipated that increases in
labor productivity will be experienced in the next few years. In
addition, it should be noted that the consolidated plant was con-
structed as a multi-product operation to manufacture a number of by-
products in addition to cheese. It would seem that building flexibility
into the consolidated plant could result in higher unit fixed costs and
possibly some increase in unit variable costs.

Supply costs were relatively low in comparison to other plants.
Steam costs are charged to the service department supplying steam
for the cheese plant. Noticeable increases in unit costs were for light,
power, water, and depreciation. The first increase, to a large extent,
is in air conditioning of the processing rooms. Depreciation charges
increased because of a larger fixed investment per pound of cheese
due to additional equipment, and a more costly type of building con-
struction. These increases in cost would be expected to increase
unit costs. There is substantial evidence that the total unit costs of
cheese were reduced and further decreases are anticipated with
increasing volume.

These economies due to increases in scale must be compared
with the effects of transportation costs attributable to consolidation.
The transportation costs before consolidation included assembly of
milk from farm to plant; assembly of supplies from a central ware-
house to the plant; and transportation of cheese, whey, and cream
to a central point for storage, further processing or distribution.
Under the consolidated plant, all transportation is eliminated except
for milk. As the processing of cheese, whey and butter is carried
on at the same place as storage and distribution facilities, milk must
be transported further for Plants D, H, J, N, 0, and P. It has been
estimated on the basis of the average plant receipts of 1941-48
additional annual milk assembly costs of $8,865.00 would be incurred
but an annual estimated saving of $23,372.00 would be effected by
the elimination of the hauling of cheese, whe, cream, and supplies.
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This is equivalent to approximately 3 cents per hundredweight of
milk received for the six plants. It has been the normal practice to
assume that assembly costs would increase with consolidation which
is logical when the milk assembly costs alone are considered. How-
ever, when considering costs of assembling cheese, by-products, and
distribution of supplies, which are associated with a form of organ-
ization, it is possible that transportation costs will decrease upon
consolidation of plants as indicated by this Association.'

Summary

Two methods were used to determine the relationship of unit
costs to volume. One involved a study of costs as they were reported
for the 16 plants over an 8 year period 1941-48. The other developed,
after certain adjustments were made, cost rates and variable costs for
five of the 16 plants. The adjustments were made to eliminate certain
variations existing in cost among the plants studied which were not
necessarily related to differences in size.

An analysis of the 16 plants showed that unit labor costs decreas-
ed as much as 24 per cent with increases in average plant volume.
Inclusion of fuel costs which normally decrease per unit of product
with an increase in the size of the plant, probably accounted for the
large part of the tendency of supply costs to decline as the volume of
the plant increased. Unit costs for repairs tended to decrease with
the size of the plant. The variations in charges for plant repairs were
largely accounted for by differences in standards of maintenance of
buildings and equipment. There appeared to be diseconomies in scale
of operation in power costs which include water and electricity. This
may be due primarily to different uses of power in the plants. Unit
costs of taxes, insurance and depreciation decreased with increasing
size of the plant. Total unit costs tended to decrease with increases in
the size of the plant.

Adjusted total unit costs for manufacturing cheese in the five
plants varied from 4.34 to 6.25 cents per pound. It may be concluded
that there are economies of scale in the operation of cheese plants,
but the minimum point on the long run planning curve of manufac-
turing costs appeared to lie beyond the range of volumes for the
plants included in the study.

The estimates of the increased cost were based on budgeted costs for a normal ttllk
assembly system with trucks hauling an average of 80 per cent of capacity. The savings
effected were calculated from the actual rates being charged by the Traffic Department of the
Association. It may be possible that some of these savings are due to increases in efficiency
of transportation. Further studies of the effect of nuntber and sise of plant on transportation
Costs are under way in the \Vest.
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An analysis of the consolidated plant showed that average labor
Costs declined with every increase in plant capacity. Supply costs
were relatively low in comparison to other plants. Noticeable increas-
es in unit costs were for light, water and depreciation. There is sub-
stantial evidence that the total unit costs were lower in the consoli-
dated plant.


