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and managers to change plant processing facilities. Concentration of
production in a smaller number of plants has been stimulated by
opportunities to reduce costs through increasing output per plant.
Changes in the use of milk have made it necessary to adjust pro-
duction facilities to meet changing economic conditions. As a result
of these, and other changes, there is a need for information on the

Basic information for this study was obtained from 12 butter-
powder` and 12 cheese plants in Oregon, Idaho, and Washington.
Data for the butter-powder plants were for the calendar years 1948
and 1949. Information from the cheese plants was for a 5-year
period, 1948 to 1952. Costs for both the butter-powder and cheese
plants were adjusted to a "common year" basis by applying 1952
Prices to the physical units of the observed plants.

From data of observed plant operations and recommendations
of equipment companies and building contractors, efficient com-
binations of buildings, of equipment, supplies, labor, and manage-
ment are determined for 5 butter-roller process powder plants,
7 butter-spray process powder plants, and 9 cheese plants.- These
combinations of processing facilities are shown for roller plants
with an average daily volume ranging from 47,600 to 118,800 pounds
of milk, for spray plants with volumes from 47,600 to 253,800,
and for cheese plants with facilities to handle an average of from
15,600 to 243,700 pounds of milk per clay. The average daily volume
is 78.1 per cent of the maximum assumed volume.

Input-Output Relationships
in Specialized Butter-Powder

and Cheese Plants
GLEN T. NELSON

Operating economies of large dairy plants and changes in the
utilization of milk are two important factors that have caused owners

fundamental economic relationships involved in processing milk.
This study is one phase of the Western Regional Dairy Marketing
project that is organized to assemble needed information.

Sources of Data and Procedure

'These are butter-nonfat dry milk plants and will be referred to as butter-powderplants throughout this report. Butter and nonfat dry milk are considered joint products.2 Combining efficient plant functions is often referred' to as the synthetic model pro-cedure for analyzing cost relationships. Detailed methodology is presented in Universityof Idaho Research Bulletin No. 20, "An Economic Analysis of Butter-Nonfat Dry MilkPlants", by S. A. Walker, H. J. Preston, and G. T. Nelson.
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Hours of labor are computed for the time required to do each
job. Office workers and laboratory personnel are considered to be

on a 44-hour week. Plant workers are hired for an 8-hour shift.
Labor for the roller plants ranges from approximately 1.2 to 1.5
hours per 1,000 pounds of milk in comparison to the variation of .78
to 1.4 hours for the spray plants. Labor costs range from $1.93 to
$2.48 for roller plants and from $1.25 to $2.32 for the spray plants.'
In general, labor per 1,000 pounds of milk decreases as the size
of the plant increases. The one exception is the labor hours and costs
which are higher for the spray plant with an average daily volume

of 118.800 pounds of milk than the next smaller spray plant. This
results from combinations of equipment and labor.

.r.
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This study includes an analysis of operations from the time
whole milk (4 per cent milk fat) enters the plant until it is shipped
out as finished products. Costs of procuring milk, or costs of selling
and distributing finished products, are not included.

Costs of management, labor, capital, and supplies are com-
puted for the calendar year 1952 on the basis of 1,000 pounds of
milk received. The observed data indicate that land costs are a minor
part of the total costs. Therefore, it did not seem advisable to
estimate the cost of land. The results of this study are presented in

three parts : (1) physical requirements and costs in specialized butter-
powder plants, (2) physical requirements and costs in specialized
cheese plants, and (3) comparisons of butter-spray process powder
and cheese plant operations.

Specialized Butter-Powder Plants
Combinations of processing facilities are shown for 5 roller

and 7 spray-process powder plants. The roller plants are com-
parable in size to the 5 smallest spray plants. Costs for 1952 are
computed for management, labor, buildings, equipment, supplies,
and capital expenses which include charges for repairs, depreciation,
interest, insurance, and taxes.

Management
The salaries for management range from $5,300 in the smallest

plant to $16,700 in the largest plant. The cost of management per
1,000 pounds of milk decreases as the size of the plant increases.
These costs range from 18 cents in the largest plant to 31 cents in

the smallest plant.3

Labor

$ Appendix, Table 1
4 Appendix, Table 2
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Buildings
Buildings are designed to handle a specific volume of milk.

Building estimates are made for the various plants using com-
posite prices in the Pacific Northwest.' The area in square feet
for the roller plants ranges from 6,500 to 12,600.6 Cost per square
foot is $11.03 for the largest as compared to $12.69 for the smallest
roller plant. Total purchase prices for 1952 vary from $82,500 to
$139,000.

Space required for spray plants is larger than for roller plants
handling the same volume of milk. The area in square feet used in
the smallest spray plant is 8,300 compared to 26,200 for the largest
spray plant. Cost per square foot ranges from $9.90 to $10.96. Pur-
chase prices for spray plant buildings range from $91,000 to
$259,500.

Equipment
Observed combinations of equipment, manufacturer's recom-

mendations, and least cost combinations of machines and labor were
considered in the selection of the equipment.7 In addition to the
equipment listed in appendix Table 4, other major items are included
in the boiler and refrigeration systems. Sizes of boilers range from
one 100-hp. unit in the smallest roller plant to two 300-hp. and one
200-hp. units for the largest spray plant. The refrigeration system
has one 5 x 5 compressor in the smallest plant compared to two
9 x 9 compressors in the largest plant.

The total purchase costs of equipment including installation
charges vary from $143,000 to $229,900 for the roller plants, and
from $219,500 to $547,600 for the spray plants. These costs, when
added to investments in buildings and supply inventories, represent
an investment of nearly $242,300 for the smallest roller plant to
over $868,700 for the largest spray plant."

Annual capital expenses
Annual expenses for buildings, equipment, and supply inven-

tories include repairs, depreciation, insurance, taxes, and interest.
These expenses range from $1.33 to $1.87 per 1,000 pounds of
milk in the roller plants, and from $1.40 to $2.61 in the spray plants."

Repair expense includes labor, parts purchased, and depreciation
on shop equipment. Repair costs are higher for spray than for roller

3 Page, C. M. and Walker, S. A. "Building Designs for Dairy Processing Plants"
University of Idaho Bulletin No. 297, 1953.

6 Appendix, Table 3
7 Appendix, Table 4
8 Appendix, Table 5
'Appendix, Table 6



the plant increases.

Depreciation on buildings is based on an expected life of 40
years. On equipment, it is based on expected life for each item
of equipment. Depreciation expense in spray plants is considerably
higher than in roller plants handling equal volumes. This is (Inc

DTI
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plants. Repair charges increase as the size of the plant increases, but
at a decreasing rate per unit of volume handled. In other words,
the costs decline per 1,000 pounds of milk processed as the size of

primarily to differences in equipment and building investments.
Expenses for interest, taxes, and insurance are based on plant

investment as applied to the rates of these expenses in the observed
plants. The weighted average investment level for buildings and
equipment in the observed plants was 73 per cent of the purchase
cost, and the rates were 4.5 per cent for interest, 2.89 per cent for
taxes, and 1.205 per cent for insurance. The expenses were com-
puted by multiplying the plant investment (73 per cent of the build-
ing and equipment purchase cost plus the value of inventory supplies)
by the weighted average rates for interest, taxes, and insurance."

Supply costs
Supply costs per 1,000 pounds of milk range from $2.90 to

$3.11 in the roller plants and from $3.40 to $4.27 in the spray
plants." Supply costs with the exception of fuel oil are approxi-
mately the same in all roller plants. In spray plants factory supplies
as well as the amount and cost of fuel oil per 1,000 pounds of milk
vary with the size of the plant. Factory supplies are higher in spray
plants than in roller plants because of expensive acid and alkaline
cleansers used in circulation cleaning of the vacuum pan.

Water requirements could not be accurately determined from
the observed plants. It is assumed plants have their own wells. These
wells are provided for in .the equipment lists. Costs for water are
reflected in the capital and electricity costs.

Butter and nonfat dry milk supplies vary directly in proportion
to the volume. Butter supplies include the cost of salt, coloring,
parchment paper and bulk shipping supplies. No consumer packaging
supplies are included. The butter supply cost per 1,000 pounds of
milk received is approximately 19 cents, or a little less than four-
tenths of a cent per pound of butter. The cost of packaging spray-
process nonfat dry milk, per 1,000 pounds of milk received,
is 97 cents, or approximately one cent per pound of powder.

10 The rates when applied to the 1952 purchase costs for buildings and equipment
rather than plant investment are 3.285 per cent for interest, 2.11 per cent for taxes, and
.88 of a per cent for insurance.

11 Appendix, Table 7
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and spray plants. Supplies account for approximately 45 per cent
of the total cost in roller plants compared to nearly half the costs
in the spray plants. The percentage increases as the size of the plant
increases. For example, in the spray plants, supplies as a portion of
total costs varies from 45 per cent in the smallest plant to 54 per
cent in the largest plant. This is due to the fixed nature of supplies
relative to other costs.
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Total costs

Total manufacturing costs per 1,000 pounds of milk range fro
$6.42 to $7.77 for roller plants and $6.23 to $9.51 for spray plants
(Table A). Costs in roller plants are lower than spray plants of
the same size, but as the size of the operation increases, the differ-
ences in costs between the two processes decrease. It should be
emphasized that factors other than manufacturing costs are import-
ant in determining whether to make roller or spray powder. Spray
powder is used largely for human consumption and is priced higher
than roller powder which is often used in animal feeds.

Table A. TOTAL MANUFACTURING COSTS PER 1,000 POUNDS OF
MILK MANUFACTURED INTO BUTTER AND POWDER, 1952

Average daily Manage-
volume ment Supplies

Pounds
Roller plants

47,600 .................................. $.31 $2.48 $1.87 $3.11 $7.77
57,200 .30 2.21 1.60 3.04 7.15
71,400 .............................. .29 1.99 1.35 2 97 6.60
95,200 .28 1.96 1 36 2 93 6.53

118,800 .26 1.93 1.33 2 90 6.42

Spray plants
47,600 ....... ......................... .31 2.32 2.61 4.27 9.51
57,200 ................................ .30 2.18 2.23 4.06 8.77
71,400 .29 1.87 1.90 3.88 7.94
95 200 .28 1.66 1.86 3.72 7.52

118 800 26 1.81 1.74 3.61 7.42
158 700 24 1.51 1.73 3.51 6.99
253,800 .18 1.25 1.40 3 40 6.23

Supply cost is the most important cost item for both the roller

Capital costs are about 21 per cent of total costs in the roller
plants and 25 per cent in the spray plants. Costs for labor account
for approximately 30 per cent of the roller plant costs compared to
22 per cent for the spray plants. Labor costs are higher than capital
costs for roller plants but the reverse is true for spray plants. This



observed plant data. technical information from equipment ccnn-
panies, and building cost estimates from building contractors. The 9
plants range in size from an average daily volume of 15,600 to
243,700 pounds if milk. Average daily volume is 78.1 per cent
of the maximum assumed volume. Costs for 1952 are presented for

operation increases, but the decrease is proportionally less in the
larger plants. This is due primarily to efficiencies in the office, re-
ceiving the milk, packaging cheese, handling cheese in storage, and
in loading operations rather than in cheese making functions. In
the observed plants, cheese making requires approximately the same
amount of labor per 1,000 pounds of milk processed regardless of
the size of the operation in plants handling over 40,000 pounds of

STATION TECHNICAL BULLETIN 32

is due primarily to high costs of spray powder equipment and ad-
ditional building space. The unit cost of management in both roller
and spray plants is 3 to 4 per cent of the total costs.

Specialized Cheese Plants
Processing facilities for 9 cheese plants are determined from

management, labor, buildings, equipment, supplies, and capital ex-
penses such as repairs, depreciation, interest, insurance, and taxes.
It is assumed that all milk is processed into single daisies cheese."
Management

Costs for management range from 19 cents per 1,000 pounds of
milk in the largest plant to 42 cents in the smallest plant.13 These
costs are approximately the same as the butter-powder plants of
comparable volume.

Labor
Labor hours as well as costs are computed for each of the nine

plants.14 Hours range from 1.2 in the largest plant to 2.1 in the
smallest plant per 1,000 pounds of milk processed. The costs vary
from $1.96 to $3.42. The unit costs decrease as the size of the

milk per day. Labor requirements for the cheese making function
are slightly higher for plants processing less than 40,000 pounds of
milk per day.
Buildings

Building areas and costs are based on building contractors'
estimates and observed plant data. It is assumed space is available
in the plant to store the cheese for 30 days. Areas range from 4,680
to 39,460 square feet.1' Costs per square foot vary from $10.11

12A 24 to 25 pound wheel type package formerly called triplets
"Appendix, Table 8
1a Appendix, Table 9
1G Appendix, Table 10



presses. The boiler ranges in size from a 30-hp. unit in the smallest
plant to two 200-hp. units in the largest plant. The refrigeration
system has a 4 x 4 compressor in the smallest plant compared to
a 7. x 7:4 compressor in the largest plant. Can -washers vary in size.
There is one of 8-cans-per-minute capacity and they range from
this on up to two of 14-cans-per-minute potential. Four of the
plants require 1 separator, three need 2, one requires 3, and the
largest plant needs 4 machines to separate the milk fat from the

butter powder plants of comparable size primarily because of the
high cost of powder drying equipment. More building space is re-
quired to process milk into cheese than into butter and powder,
with costs per square foot slightly higher in the cheese plant. Build-
ing costs are higher than equipment costs for the cheese plants.

computed by multiplying the rates used in the observed plants by
the plant investment. These rates are 4.48 per cent for interest,
1.293 per cent for insurance, and 3.027 per cent for taxes.'s

Annual capital expenses range from $1.00 per 1,000 pounds
of milk in the largest plant to $2.80 in the smallest plant."' Since

INPUT-OUTPUT DATA-BUTTER-POWDER AND CHEESE PLANTS 9

for the largest plant to $13.81 for the smallest plant. The total 1952
purchase price ranges from approximately $65,000 to nearly
$400,000.

Equipment

Combinations of equipment and labor have been considered
in the selection of equipment for plants of different sizes. These
combinations are based on observed plant data and recommendations
of equipment companies. The major items of equipment are the
boiler, compressor, can washer, separator, cheese vats, and cheese

whey. Cheese vats are set up in combinations of two with 1 double
press for each 2 vats. The cost of equipment ranges from $59,000
in the smallest plant to $266,300 in the largest plant.16

Total costs of buildings, equipment, and supply inventories
range from $132,500 to $706,300.17 These costs are less than for

Annual capital expenses
Annual expenses for buildings, equipment, and supply inven-

tories include repairs, depreciation, interest, insurance, and taxes.
Repair expense includes charges for labor, parts purchased, and
depreciation on shop equipment. Depreciation is the sum of an
annual expense based on expected life of buildings and each item
of equipment. Expenses for interest, insurance, and taxes are

's Appendix, Table 11
"Appendix, Table 12
"The rates when applied to 1952 purchase costs of buildings and equipment rather

than plant investment are 3.27 per cent for interest, 2.2 per cent for taxes, and .94 of
a per cent for insurance.

19 Appendix, Table 13
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charges for interest, insurance, and taxes are the same for all
plants, the expenses vary in direct proportion to plant investment.
Total depreciation and repair charges increase as the size of the plant
increases, but at a decreasing rate per unit of volume handled.
This accounts for lower costs per 1,000 pounds of milk processed in
the larger plants than in the smaller* plants.
Supply costs

Supply costs per 1,000 pounds of milk range from $1.53 to
$1.87 depending on the size of the operation.20 Direct cheese supplies
are the most important supply cost item. These supplies vary in
proportion to the output. Factory supplies composed primarily of
cleaning materials and costs of fuel oil show the greatest fluctuations
with an increase in the size of the operation.

As was the case with the observed butter-powder plants, water
requirements could not be accurately determined in the observed
cheese plants. Many plants owned their own wells, making it possible
to determine the equipment and supply costs for water. Therefore,
water cost is included in the capital and electricity costs.
Total costs

Total manufacturing costs per 1,000 pounds of milk range from
$4.68 in the largest plant to $8.51 in the smallest plant (Table B).
Labor is the most important cost item in each plant and accounts for
more than 40 per cent of the total cost. With exception of the two
smallest plants, supplies are next in importance. Capital costs show
wide variations. Such costs for the smallest plant are nearly three
times as much per 1,000 pounds of milk processed as the same costs
for the largest plant. The unit cost of management decreases as the
volume increases.

Table B. TOTAL MANUFACTURING COSTS PER 1,000 POUNDS OF
MILK MANUFACTURED INTO CHEESE, 1952

Average daily Manage-
volume ment Labor Capital Supplies Total

Pounds
15,600 ... ............. .................. $ .42 $3.42 $2.80 $1.87 $8.51

31,200 .............. ....... .35 2.93 1.79 1.78 6 85

46,900 .31 2.90 1.47 1.74 6 42

56,200 .30 2.75 1.34 170 6.09

75,000 .29 2.60 1.24 1.68 5.81

93,700 .28 2.48 1.19 1.65 5 60

112,500 .27 2.40 1.14 1.60 5.41

150,000 .25 2.25 1.15 1.57 5.22

243,700 .19 1.96 100 153 4.68

20 Appendix, Table 14
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Comparisons of Specialized Butter-Spray Process
Powder and Cheese Plant Operations

Costs of manufacturing milk into butter spray process powder
are higher than when milk is made into cheese (Figure 1). This
difference varies with the size of the plant. At an average daily
volume of approximately 50,000 pounds, the cost of manufacturing
1,000 pounds of milk into butter and powder is about $3.00 more
than when milk is made into cheese. This difference is a little over
$1.50 in plants with volumes near 250,000 pounds of milk. The
decrease in manufacturing costs associated with an increase in the
size of the plant is greater in butter-powder than cheese plants.
Manufacturing costs decrease 34 per cent from the smallest to the
largest butter-powder plants compared to 27 per cent in cheese plants
of comparable volumes. This tends to encourage the manufacturing
of butter and powder in larger plants.

Data in Figure 1 show only comparative manufacturing costs.
These costs must be related to the values of the finished products
if this information is to be used by management as a guide in making
adjustments to changing economic conditions. This can be done by
applying different prices of finished products, at the plant, to the
yields of the products, and then deducting manufacturing costs.

Dollars
10

Butter- spray processed
powder

Cheese

60 100 140 180 220 260
Average daily volume in one thousand pounds of milk

Figure 1. Manufacturing costs per 1,000 pounds of milk made into butter and powder
compared with cheese, 1952.
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with butter at 65, powder at 16, and cheese at 38 cents per pound,
or with butter at 50, powder at 16, and cheese between 31 and 32
cents per pound. In general, with butter at 65 and powder at 16
cents per pound, cheese prices above 38 cents favors the manufacture
of cheese, but, below 38 cents, the butter-powder plant has the
advantage. It should be emphasized that the size of the plant has
an influence on these price relationships and the resulting values.
Net values of finished products are highest for larger plants because
of opportunities to reduce manufacturing costs by increasing the
size of the plant. The influence of plant size is shown in Figure 2.

The net values of milk manufactured in butter-powder and cheese

Table C. NET VALUES OF FINISHED PRODUCTS PER 1,000 POUNDS
OF MILK AT SELECTED PRICES AND VOLUMES*

Net values per 1,000 pounds of milk

rice per
pound at

plant

With
average

daily
volume

of
73,000
pounds

With
average

daily
volume

of
95,000
pounds

With
average

daily
volume

of
115,000
pounds

With
average

daily
volume

of
155,000
pounds

With
average

daily
volume

of
250,000
pounds

Cheese
32¢t $30 39 $31.00 $31.21 $31.59 $3213

___________________ .

380t ................... 37 28 37.89 38.10 3848 39 02

43¢t 43.03 43.64 43.85 44.23 44.77

Butter and
Powder

Butter 65¢ 1 $ 36 12 6937 38 21 1 38.64 3940
Powder 16¢ . .

Butter 50¢
Powder 160 } 1-- 28.86 3043 30.85 30.95 1 31.38 32.14

4 56 pounds.
f Plus a value for skimmed whey and whey cream of $3 21 to $4.30 depending upon

the price of cheese.
$ Plus a value for buttermilk powder of 92 cents to $1 13 depending upon price of

nonfat dry milk powder.

The resulting figures show a relative advantage in manufacturing
butter and powder compared to processing cheese at various finished-
product prices (Table C). For example, values are approximately
the same for milk manufactured in butter-powder and cheese plants,

plants at the lower volumes are approximately the same with butter
at 65, powder at 16 and cheese at 37 cents per pound. Values are
about the same with cheese at 38 cents per pound in the middle-sized
plants and between 38 and 39 cents per pound in the larger plants.

STATION TECHNICAL BULLETIN 32

Net values are computed from yields per 1,000 pounds of milk, times selected prices
of finished products, minus costs of manufacturing. Yields: butter 48.4, nonfat dry milk
82.8, buttermilk powder 5.4, cheese 105, skimmed whey 880 and 40 per cent whey cream
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— Cheese 37 cents
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Dollars Butter 65 cents
39

38 Cheese 38cents

37

36

35

34
0 20 60 100 140 180 220 260
Average daily volume in one thousand pounds of milk

Figure 2. Net values of finished products per 1,000 pounds of milk manufactured into
butter and powder compared with cheese at selected prices and volumes.

Practical Application of the Study
Data in the appendix tables show combinations of building space,

equipment, supplies, management, and labor for different-sized
plants. These plants are flexible and can be easily adapted to dif-
ferent production areas, changes in technology, and new price levels.
The processing facilities can be compared with those of existing
plants. For example, an organization that is manufacturing an
average daily volume of about 70,000 pounds of milk into butter
and roller-process powder would be considered reasonably efficient
if it uses about 16 gallons of fuel oil, 15 kilowatt hours of electricity,
and 1.2 hours of labor per 1,000 pounds of milk received. A good
combination of a building and equipment to handle 70,000 pounds
of milk per day includes 6,500 square feet of floor space, a 125-hp.
boiler, a 72 x 72 compressor, an 8-cans-per-minute can washer, two
11,000-pounds-per-hour separators, three 400-gallon cream pasteur-
izers, a 1,500-pound churn, and a dryer capable of processing 400
pounds of powder per hour.

In addition to the physical requirements, manufacturing costs
in 1952 for other roller plants, for spray-powder plants, and for
cheese plants of different sizes are shown in the appendix tables.
Owners and managers of dairy plants merely refer to the size of
the plant that most nearly approximates the volume of their or-
ganization in order to compare actual operations with the efficiency
standards determined in this report.
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It is possible to estimate costs under different conditions than
have been used in this study. The combinations of processing fa-
cilities in physical units provide information to adjust costs to any
local area or different price level. For example, assumed prices and
an index of costs can be applied to the physical units for a cheese
plant having facilities to handle an average daily volume of 75,000
pounds of milk (Table D). The assumed decrease in the price level
lowers the cost of manufacturing 1,000 pounds of milk into cheese
from $5.88 to $5.51.

Table D. PHYSICAL REQUIREMENTS AND COSTS PER 1,000 POUNDS
OF MILK IN A CHEESE PLANT, 1952, AND ASSUMED PRICE LEVEL

Element

Management ......... ---
Labor ........................

Capital ..................... .
Supplies --------------------

Office ------------- --..----

Factory ................
Fuel ........... .....
Electricity .............
Product ..................

TOTAL -----------------------

1952 Assumed price level

Quantity Quantity
used Price Cost used Price Cost

$ 29 $ .28
2.60 1.614 hrs. 2.50
1.31 1.23

.07 .06

.06 .05
3.8 gal. .1015 .39 3.8 gal. .34

7.49 KW hrs. .0184 .14 7.49 KW hrs. .13
1.02 .92
5.88 5 51

There are factors other than manufacturing costs that should be
considered in changing the operations in a plant. Most of the ob-
served plants can lower unit costs through consolidation without
enlarging. Comparisons of some of the observed plants indicate that
(1) capacity of operation and (2) diversions of milk to other plants
are factors, other than size, that influence costs. Operations at less
than capacity and diverting milk increase unit costs. It should be
emphasized that there may be a cost to consolidation. Many times
equipment utilized in smaller plants and buildings are difficult to
dispose of when plants consolidate. It is possible, too, that additional
costs of procuring milk in some areas, to increase the volume, may
be larger than the reduction in costs made possible by increasing the
size of the plant operation. There may also be non-economic factors
that prevent adjustments to changing conditions. Among these might
be a small community wanting to keep its small plant rather than
consolidate with another small organization in a neighboring com-
munity; or the hesitancy on the part of management to achieve the
efficiencies of a larger plant.
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Summary and Conclusions
The information presented in this report shows some of the

fundamental economic relationships of plant operations. This in-
formation can be used by management as a guide in considering the
consolidation of small plants, in planning to build a new plant,
or in measuring the efficiency of existing plants. The results are
divided into three parts : (1) physical requirements and costs in
specialized butter-powder plants, (2) physical requirements and
costs in specialized cheese plants, and (3) comparisons of manu-
facturing costs and finished product values in butter-spray process
powder and cheese plants.

Supply cost is the most important cost item for both roller and
spray plants. Supplies account for approximately 45 per cent of the
manufacturing costs in roller plants compared to nearly half the
costs in spray plants. Labor is higher than capital costs for roller
plants, but the reverse is true for the spray plants. This is due
primarily to higher costs of spray powder drying equipment and
additional building space required in spray plants.

Total manufacturing costs per 1,000 pounds of milk for 1952
range from $6.42 to $7.77 for butter-roller powder, $6.23 to $9.51
for butter-spray powder, and $4.68 to $8.51 for cheese plants.
Part of the cost variations between plants manufacturing different
products is due to the size of the plant. With a given combination of
products, however, plants above average in size have the lowest unit
costs. These costs decrease as the size of the operation increases.
It would appear that butter-powder and cheese plants in the Pacific
Northwest can be classified as decreasing cost industries.

Lower supply and capital costs account for lower unit costs
of manufacturing milk into cheese than when milk is made into
butter, and either roller or spray process powder, in plants of
comparable size. Differences in costs are lowest in larger plants
because costs in butter-powder plants decrease at a more rapid rate
as the size of the plant increases.

Manufacturing costs for butter-powder and cheese plants,
deducted from the value of the finished products, give net values.
These values show the relative advantage of manufacturing butter
and powder compared to cheese at various finished product prices.
At the lower volumes, the net values are approximately the same
with butter at 65, powder at 16, and cheese at 37 cents per pound.
The values are about the same in middle-sized plants with cheese
at 38 cents per pound and in larger plants with cheese between 38
and 39 cents per pound.
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Appendix Tables

Table 1. MANAGEMENT COSTS FOR BUTTER-POWDER PLANTS, 1952

Management cost

Annual salary
Per 1,000 pounds

of milk

Roller plants
47,600 $ 5,300
57,200 6,200
71,400 7,600
95,200 9,600

118,800 11,300

Spray plants
47,600 5,300 .31
57,200 6,200 .30
71,400 7,600 29
95,200 9,600 28

118,800 11,300 .26
158,700 13,700 24
253,800 16,700 18

Table 2. LABOR REQUIREMENTS AND COSTS PER 1,000 POUNDS OF
MILK MANUFACTURED INTO BUTTER AND POWDER, 1952

Amount of
labor

Hours

Labor cost per
1,000 pounds

of milk*

Roller plants
47,600 1.538 $2.48
57,200 1.373 221
71,400 1 236 1 99
95,200 1.217 1.96

118,800 1201 1 93

Spray plants
47,600 1.440 2 32
57,200 ------------ ........................................... 1.354 218
71,400 ........................................................ 1.161 1.87
95,200 ............... ------------------------------- ------- 1.033 1.66

118,800 ....................................................... 1.123 1.81
158,700 ................................................... .... .935 1.51
253,800 ------------------------------------------------------ .778 1.25

*Wage rate per hour $1.61. Includes expenses for social security and workers com-
pensation insurance.

Average daily
volume

Pounds

Average daily
volume

Pounds

16



71,400 ----------- --- ----------------------- ---........................
95,200 .................... ..... .. .. ...........................

i19xnn

- ............... -.......................... ------------
................................................. ....... .. ........
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Table 3. BUILDING AREA AND COSTS FOR BUTTER-POWDER PLANTS,
1952

Cost per
Average daily Building square Total

volume area foot cost*

Pounds Square
feet

Roller plants
47,600 ---. 6,500 $12.69 $ 82,500
57,200 ----- 6,500 12.69 82,500

6,500 12.69 82,500
10,000 11.90 119,000

...................................................... 12,600 11.03 139,000

Spray plants
47,600 8,300 10.96 91,000
57,200 ------------------------ ----------------- -...... ....................... 8,300 10.96 91,000
71,400 8,300 10.96 91,000
95 200 11,600 10.68 124,000

118 800 14,400 10.38 149,500
158,700 ........................................................................ 19,200 10.05 193,000
253,800 26,200 9.90 259,500

. Totals have been rounded to the nearest $500.



Per hour
capacity

Per hour
rate of

dry mill:
of evapoo-

rator
manufac-

luring

57,200 ........................................---------------

71,400 ........................................
95,200 .............. -.__..._--------------

118, 800 ........................................
Spray plants

47,600 ----- -..................................
57,200 ------------------ .....................
71,400 --------------- .......................
95 200 --------------..

-
...................

118,800 ........................................
158.700 ........................ ----
253.8W -------- -------------- ---------------- -

Table 4 COMBINATIONS OF LQUIPMENT AND TOTAL EQUIPMENT COST FOR BUTTER-POWDER PLANTS, 1952

Average Can washer Sepa- Cream pasteurizer Churn

ota
equip-
ment
urchasedaily ratort p

volume Number Size* number Number Size Number Size cost§

Pounds Gallons Pounds Pounds Pounds

Roller plants
47,600 __________________ 1 8 2 3 300 1 1,000 -------- 400 $143,000

1 8 2 3 300 1 1,200 -------- 400 146,400
1 8 2 3 400 1 1,500 ------ 400 155,500
1 10 3 3 500 1 2,000 700 191,000
1 12 4 4 500, 2 1,500 -------- 960 229,900

1 8 2 3 300 1 1,000 9,800 800 219,500

1 8 2 3 300 1 1,200 9,800 800 225,500
1 8 2 3 400 1 1,500 13,500 800 241,000
1 10 3 3 500 1 2,000 13,500 1,200 298,100
1 12 4 4 500 2 1,500 16,700 1,200 335,000
2 12 5 5 500 2 2,000 20,000 1,600 438,600
2 14 6 $ ...... 3 2,000 30,000 2,000 547,600

T l

. Cans per minute.
t 11,000 pounds of milk per hour capacity
t Short time pasteurization at a rate of 8,800 pounds per hour.
§ Costs include installation charges. Rounded to nearest 100 dollars



57,200 ......................
71,400 .......................... -......

158, 700 ..................................----------------------------------

Pounds
Roller plants

47,600 ...........
57,200 ............................-...
71,400 ............................. .....
9-5,200 ........ ..........................

118,800 ..................................

Repairs
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Table S. PURCHASE COSTS FOR BUILDINGS, EQUIPMENT AND IN-
VENTORIES FOR BUTTER-POWDER PLANTS, 1952, IN THOUSANDS OF

DOLLARS

Average
daily

volume uilding*
quip-

mentt

Total
building

and
equip-
ment

Supply
inven-
tories$

Total
purchase

cost

Pounds
Roller plants

47,600 ................................. $ 825 $143.0 $225.5 $16.8 $242.3
57,200 ................................. 82.5 146.4 228.9 16.8 245.7
71,400 --------------- ------ ---------- 82.5 155.5 238.0 16.8 254.8
95,200 -------------- ------------------ 119.0 191.0 310.0 22.4 332.4

118,800 ---------------------------------- 139.0 229.9 368.9 28.0 396.9

Spray plants
47,600 .........................--------- 91.0 219.5 310.5 22.4 332.9

91.0 225.5 316.5 22.4 338.9
91.0 241.0 332.0 22.4 354.4

95,200 124.0 298.1 422.1 33.6 455.7
118,800 149.5 335 0 484.5 44.8 529.3

193.0 438.6 631.6 50.4 682.0
253,800 259.5 547.6 8071 61.6 868.7

Cost of land not included
Includes installation charges

I Factory and packaging supplies are purchased economically in large quantities. These
inventories are based on inventory values of the observed plants.

Table 6. ANNUAL CAPITAL EXPENSES FOR BUTTER-POWDER PLANTS

Total expense

Average
daily

volume
Depreci-

ation

Interest,
taxes,
and

insurance mount

Per 1,000
pounds
of milk

$ 6,246 $10,711 $15,591 $ 32,548 $1.87
6,501 11,079 15,807 33,387 1 60
7,092 11,781 16,373 35,246 1.35

10,664 15,345 21,376 47,385 1.36
13,686 18,556 25,553 57,795 1.33

Spray plants
47,600 ---------- 10,433 13,569 21,411 45,413 2.61
57,200 --------- 10,761 14,084 21;779 '46,624 2 23
71,400 ................. 11,671 15,040 22,760 49,471 1.90
95,200 ................... 16,251 18,868 29,368 64,487 1.86 '

118,800 ------------------- 19,428 21,754 34,251 75,433 1.74
158,700 .................. 27,032 29,180 43,963 100,175 1.73
253,800 .................. 36,481 37,288 55,936 129,705 1 40
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Table 7. AMOUNTS AND COSTS OF SUPPLIES PER 1,000 POUNDS OF
MILK MANUFACTURED INTO BUTTER AND POWDER, 1952

Total
supply

Office
and

Nonfat
dry

cost

per

1,000
Average

ild
factory

l
Fuel oil Electricity Butter

sup-
milk
sup-

pounds
ofa y ysupp

ttC lies lies milkvolume cost os p p

Pounds Gallons KWH
Roller plants

47,600 ------ -- $ .18 175 $1.78 149 $ .27 $ .19 $ 69 $3.11

57,200 ------ -- .18 16.8 1.71 148 .27 .19 69 3.04

71,400 ------ -- .18 162 1.64 14.7 .27 .19 .69 2.97

95,200 ------ -- .18 15.8 1.60 146 .27 19 .69 2.93

118,800 .----- -- .18 15.6 1.58 14.4 .26 .19 .69 2 90

Spray plants
47,600 -------- .71 20.1 2 04 193 .36 97 4.27

57,200 -------- 60 19.21.95 192 .35 .97 4.06

71,400 -------- .50 18.4 1.87 192 .35 .97 3.88

95,200 -------- 41 17 7 1.80 192 .35 .97 3 72

118,800 -------- .34 173 1.76 19.2 .35 97 3.61

158,700 ------- .27 17.01.73 19.1 .35 .97 3 51

253,800 -------- .18 16.8 1.71 190 .35 97 3.40

10.15 cents per gallon of oil
f 1.84 cents per kilowatt-hour of electricity

Table 8. MANAGEMENT COSTS FOR CHEESE PLANTS, 1952

Management cost

Average daily
volume

Pounds

Annual salary
Per 1,000

pounds of milk

15,600 $ 2,400* $.42
31,200 4,000* .35

46,900 5,300 .31

56,200 6,200 .30
75,000 7,900 .29

93,700 9,600 28
112,500 11,000 .27
150,000 13,600 .25
243,700 16,700 .19

* Manager worked part-time in the plant
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Table 9. LABOR REQUIREMENTS AND COSTS PER 1,000 POUNDS OF
MILK MANUFACTURED INTO CHEESE, 1952

Average daily
volume

Pounds

Amount
of labor

Hours

Labor cost
per 1,000 pounds

of milk*

15,600 2 123 $3.42

31,200 1.819 2 93
46,900 1.799 2.90
56,200 1.707 2.75
75,000 1614 2.60
93,700 1.539 2 48

112,500 1.493 2.40
150,000 -------------------------------------------------------- 1.399 2 25
243,700 1.218 1.96

* Average wage rate per hour $1.61. Includes expenses for social security and workers
compensation insurance.

Table 10. BUILDING AREA AND COSTS FOR CHEESE PLANTS, 1952

Average dail}
volume

Pounds

Building
area

Square
feet

Cost per
square
foot

Total
cost*

4,680 $13.81 $ 64,500
7,130 12.65 90,000
9,710 12.04 117,000

10,660 11.68 124,500
13,280 11.31 150,000
16,575 10.90 180,500
19,025 10.70 203,500
25,990 10.35 269,000
39,460 10.11 399,000

* Totals have been rounded to the nearest 500 dollars.
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Table 11. COMBINATIONS OF EQUIPMENT AND TOTAL EQUIPMENT
COSTS FOR CHEESE PLANTS, 1952

Average Can washer
Total
equip-

tdaily
volume Number I

Pounds

Size* Number I Size

Pounds

men
cost

15,600 .................. 8 2 10,000 $ 59,000
31,200 .................. 8 4 10,000 69,900
46,900 ................. 8 6 10,000 81,300
56,200 .................. 8 6 13,000§ 89,500
75,000 .................. 10 2 8 13,000 111,700
93,700 .................. 10 2 10 13,000 129,300

112,500 .................. 12 2 12 13,000 147,100
150,000 __________________ 10 3 16 13,000 200,800
243,700 __________________ 14 4 26 13,000 266,300

* Cans per minute
f 11,000 pounds per hour
$ One double press for 2 cheese vats when 24 lb. single daisies are made. Additional

press space is needed when cheese is put into a 2-pound loaf or a 5-pound loaf.
§ To avoid spillage, the observed plants processed 12,000 pounds of milk in the 13,000

pound vats. 20,000 pound vats were used in one of the observed plants, but the plant
manager and the workers did not consider the larger vats practical or economical.

Table 12. PURCHASE COSTS FOR BUILDINGS, EQUIPMENT AND
SUPPLY INVENTORIES FOR CHEESE PLANTS, 1952, IN THOUSANDS OF

DOLLARS

Average daily
volume

Pounds

uilding
Equip-
ment i

Building
and

equip-
ment

Supply
inven-
tory$

Total
purchase

cost

15,600 $ 64.5 $ 59.0 $123.5 $ 9 $132.5
31,200 90.0 69.9 159.9 12 171.9
46,900 117.0 81.3 198.3 14 212.3
56,200 ______________________________________ 124.5 89.5 214.0 16 2300
75,000 150.0 111.7 2617 18 279.7
93,700 180.5 129.3 309.8 22 331.8

112,500 ...._.. 203.5 147.1 350.6 29 379.6
150,000. ........................ 269.0 2008 469.8 33 502.8
243,700 399.0 266.3 665.3 41 706.3

Cost of land not included.
Includes installation charges.

$ Factory and packaging supplies are purchased economically in large quantities. These
inventory values are based on inventories in the observed plants
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Table 13. ANNUAL CAPITAL EXPENSES FOR CHEESE PLANTS

Total expenses

Average
daily

volume Rep

Pounds

irs
Depreci-

ation

Interest,
taxes

and in-
surance A ount

Per
1,000

pounds
of milk

,600 ...................................... $ 2,691 $ 4,810 $ 8,429 $15,930 $2.80
,200 3, 387 6,065 10,924 20,376 1.79
,900 4,253 7,442 13,509 25,204 1.47
,200 4,786 8,110 14,630 27,526 1.34
,000 6,160 9,989 17,801 33,950 1.24
,700 7,685 11,796 21,112 40,593 1.19
500 9 155 13 413 24 127 46 695 114,

,000
,

12, 898
,

18,086
,

31,995
,

62,979 1.15
,700 18, 820 25,526 44,983 89,329 1.00

15
31
46
56
75
93

112
150
243

Table 14. AMOUNTS AND COSTS OF SUPPLIES PER 1,000 POUNDS
OF MILK MANUFACTURED INTO CHEESE, 1952

Total

Office
Average and Fuel oil

daily factor
Electricity Cheese

supply
cost per

1,000
dy

volume supplies Amount l Cost*
sup-

Amount l Cost t plies$
poun s
of milk

8.05 1 $.15 1 $1.02 $1.87
7.77 1.78

.13 4.4 .45 7.65 1.74

.13 4.0 .41 7.60 1.70

.13 3.8 .39 7.49 1.68

.13 3.5 .36 7.37 .14 1.02 1.65

.13 3.2 .32 7.28 .13 1.02 1.60

.12 3.0 .30 7.22 1.57
715 1.53

10.15 cents per gallon of oil
1.84 cents per kilowatt-hour of electricity

+ Color, salt, bandages, press cloth, rennet
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