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PREFACE

This report is one of a group dealing with Class III milk pricing in the

New York-New Jersey milkshed. Particular emphasis is given to factors affect-

ing the market for Class III products and to the decisions which handlers make

about the form in which they will dispose of Class III milk. The project under

which this group of publications has been developed was carried out by the

Marketing Economics Research Division, Agricultural Marketing Service. A sub-

stantial part of the cost was financed by a grant from the New York-New Jersey

Milk Market Administrator. This project is part of a broad program of market-

ing research aimed at expanding markets for farm products and improving the

efficiency of marketing.

This report describes the development of processing costs for 11 plants;
1 receiving, cooling, and shipping milk, and 10 manufacturing various dairy
products or combinations of 'products. The procedure used was the synthetic
method of cost analysis, utilizing the various inputs (in efficient combi-
nations) with current prices to arrive at typical costs for plants of specified
volumes. The report describes in detail the procedure by which costs were
estimated in three kinds of plants: (l) A receiving station, (2) a Cheddar
cheese plant, and (3) a plant producing cream and nonfat dry milk. The report
also gives a description and cost analysis of the modifications required to
process other combinations of products. Finally, unit costs are presented in
terms of processing 100 pounds of milk into the respective products or combi-
nations of products.

Previous reports in this group were:

Class III Milk in the New York Milkshed:

I Manufacturing Operations
II An Economic Description of the Manufactured Dairy Products Industry

Additional reports that we hope to include will relate to processing margins,
processors' decisions on utilization of this milk, and economic aspects of
pricing Class III milk.

The work on which the reports are based was done by a research team com-
posed of Donald B. Agnew, F. W. Cobb, Jr., C E. McAllister, and T. R. Owens,
under the general supervision of D. A. Clarke, Jr. (on leave from the University
of California). Additional assistance was obtained from Irving Dubov (on leave
from the University of Tennessee).

The cooperation of representatives of the dairy industry, as well as
members of the various regulatory agencies, is gratefully asknowledged. R. G.
Bressler, Professor of Agricultural Economics, University of California, and
consultant to the Marketing Economics Research Division, contributed sub-
stantially to the analysis of the problem with which the study deals, and to
the planning of the work. His article, "Pricing Raw Product in Complex Milk
Markets" (Agr. Econ. Res. 10(4):113, October 1958), embodies a part of this
contribution. Louis F. Herrmann, Head, Dairy Section, Marketing Economics
Research Division, contributed both to the inception and progress of the project
and to the development and preparation of substantial parts of the study.
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SUMMARY

The costs of processing Class III milk into selected products at typical

plants were estimated to range from kk.Q cents to 73-5 cents per 100 pounds in

the New York-New Jersey milkshed in 1958. These cost estimates were synthe-

sized from data on requirements for buildings, equipment, labor, and other

items of expense needed for processing milk into the products selected. They

included all cost elements from the receipt of the raw milk until the products

were ready for shipment, but omitted some selling, delivery, and administrative

expenses and profits. The study was made primarily to provide information for

evaluating the net margins available to manufacturers, but such information

should help dairy firms in making production decisions, and in evaluating

their production efficiency.

The basic estimates were made for three types of plants: A receiving

station, a Cheddar cheese plant, and a plant processing milk into cream and

nonfat dry milk. Estimates for the cream-nonfat dry milk plant were modified

to reflect costs of processing four other products in various combinations.

The combinations each consisted of one fat-using product- -butter, cream, or

ice cream mix- -and one skim-milk product- -nonfat dry milk, condensed skim milk,

or cottage cheese. These products constitute the principal uses made of Class

III milk in the New York-New Jersey milkshed.

The processing cost per hundredweight of milk received for the 11 products

or combinations of products is as follows:

Receiving station $0.l66
Cheddar cheese «735

Butter and nonfat dry milk . 626

Butter and condensed skim milk .WjG

Butter and cottage cheese . 571
Cream and nonfat dry milk . 599
Cream and condensed skim milk .448

Cream and cottage cheese . 5&4
Ice cream mix and nonfat dry milk .6o4

Ice cream mix and condensed skim milk ... .478
Ice cream mix and cottage cheese .605

This study used the budgetary or synthetic model procedure, widely used
recently in developing cost estimates for a variety of agricultural marketing
processes. The procedures for the present study, and the results, are pre-
sented in detail, so they may be more easily compared with data from various
sources, or adjusted for changes in prices over time. Some comparisons with
other studies are presented in the report. The measure of agreement was well
within the range of costs that probably exists among individual firms within
the milkshed.

Class III milk, under the terms of Federal and State milk marketing orders
for the New York-New Jersey milkshed, is milk used for manufactured dairy
products. It is in excess of current sales of fluid milk (Class i) and certain
sales of fluid cream and related products (Class II ). About 39 percent of the
total milk receipts in the New York-New Jersey pool was used for Class III
purposes in 1958.
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CLASS III MILK IN THE NEW YORK MILKSHED:

III. COSTS OF MANUFACTURING DAIRY PRODUCTS

by T. R. Ovens and D. A. Clarke, Jr. l/
Marketing Economics Research Division

Agricultural Marketing Service

INTRODUCTION

Purpose of the Study

The central aim of this report is to provide estimates of the costs of
processing the major types of manufactured dairy products which utilize Class
III milk. Such information will serve two purposes. In the first place, data
on such costs were required for an analysis of available net margins from the
production of alternative types of dairy products. 2/ Differences in net
margins "between alternative products influence the profit account of the firms
engaged in processing and so can be expected to affect the utilization of milk
for manufacturing purposes. Consequently, the relative profitability of al-

ternative combinations of products is a consideration in evaluating the effect
of Class III pricing procedures under the Government milk marketing orders.
The second purpose served by information on the relative levels of costs as-

sociated with alternative combinations is that, properly interpreted, it can
be helpful to the dairy firms both in making decisions regarding production,
and, by comparison with their own realized costs, in evaluating their pro-
ductive efficiency.

Minimum prices paid to farmers by distributors in the New York-New Jersey
milkshed for milk eligible for fluid consumption are controlled by the oper-
ation of Federal Milk Marketing Order No . 27, and concurrent New York and New
Jersey orders. These orders are identical, and like similar orders in effect
in other markets of the United States they specify the use of a "classified
price" plan.

Milk produced in this milkshed area and not sold to consumers as fluid
milk (Class i) nor included in certain sales of fluid cream and related
products (Class II ) is used in manufactured dairy products. This is designated
as Class III milk under the above orders. For this milk producers receive the

lowest price. About 39 percent of the total milk receipts pooled under the

New York-New Jersey Federal-State milk marketing order was used for Class III
purposes in 195&\

l/ D. A. Clarke, an associate professor of Agricultural Economics,

University of California, was employed by the Agricultural Marketing Service
while on leave from the University.

2/ This analysis of net margins will appear in the next publication of

this group of Class III studies. McAllister, C. E., and Clarke, D. A., Class

III Milk in the New York Milkshed: IV. Processing Margins for Manufactured
Dairy Products, U. S. Dept. Agr., Mktg. Res. Rpt. In preparation.
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The average price received by producers for pool milk was jj&.Mj- per

hundredweight compared to an average price of $5-71 per hundredweight paid by

handlers for Class I-A milk: in this same period. The Class III price was $3^05

per hundredweight (all these prices were for milk delivered to plants in the

201-210 mile zone).

Scope and Procedure

This study has been limited to determining costs for plants manufacturing

11 major products or combinations of products. This decision was based in part

on the importance of these selected products in the disposition of Class III

milk in this area, and in part on the limitations of time available for making

the analysis. Cheddar cheese was the only manufactured product made from whole

milk. The combinations of other products (utilizing cream and skim milk) in-

cluded: Cream and spray-process nonfat dry milk, cream and condensed skim

milk, cream and cottage cheese, butter and nonfat dry milk, butter and con-

densed skim milk, butter and cottage cheese, ice cream mix and nonfat dry milk,

ice cream mix and condensed skim milk, and ice cream mix and cottage cheese.

In addition, costs were computed for a plant receiving milk from producers and

shipping whole milk.

This study used the budgetary or synthetic model procedure as developed
and applied by Bressler (4), Conner, Spencer, and Pierce (10), Brewster (6),

and others. 3/ This technique has been widely used recently in developing unit
and total costs for a variety of dairy products ranging from fluid milk (9) to

butter (12), butter and nonfat dry milk (25), and evaporated milk (3)«

This technique, sometimes called the "building block technique, " is used
to develop model plants of specific capacity, equipment, and labor force, and
to determine their costs. The models are assumed to use the processing tech-
niques, managerial practices, market organization, and institutional ar-
rangements actually prevailing in the industry. Once such a plant has been
designed and organized as an efficient and workable operation, it is possible
to attach money prices to the various inputs and so to calculate total and unit
costs.

The synthetic procedure was selected over the accounting or statistical
approach because within the dairy industry differences in wage rates, prices
(of equipment, supplies, and other items), input rates, plant and labor ef-
ficiency, and managerial skills are such that little comparability exists in
costs among plants of the same general size and type. This greatly increases
the difficulty and expense of selecting an appropriate sample and collecting
data from which statistically reliable conclusions can be drawn. The synthetic
technique attempts to overcome this difficulty by applying the same input
standards and prices to all plants in the series to be studied.

A second reason for selecting the synthetic model technique was the fa-
cility with which this method lends itself to modification and adaptation.
This quality enables the investigator to develop costs for a wide variety of

3/ Underscored numbers in parentheses refer to items in the Literature
Cited, p. 56.
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products by modifying the basic model to conform to other sets of processing
requirements. In addition, the results can be applied to other areas or time
periods involving different prices by merely changing the prices used to deter-
mine the various costs.

Three basic types of dairy plants were synthesized for this study: The
receiving station, the cheese plant, and the cream-nonfat dry milk plant. The
latter was then subjected to several modifications to permit the manufacture of
the other combinations of products.

The primary objective of the cost analysis was to determine costs which
would be consistent with reasonably efficient operations in the New York-New
Jersey milkshed. These reasonably efficient levels were determined by the
specifications for equipment, labor, and other inputs developed in the plant
synthesis. It is recognized that this procedure will not reflect "average"
processing costs for the market—the type of figure that might be used directly
for price-setting purposes. Neither does it reflect costs for any particular
plant (except for the "hypothetical" plant so specified). However, the level
of costs so obtained should represent attainable levels under conditions of
efficient organization. Furthermore, costs for processing any one of the al-
ternative products and combinations determined by this method will tend to be
consistent with the costs of the others provided that the plant specifications
(building and labor requirements) and modifications, as well as the cost rates,
are themselves consistent.

Receiving Station

The function of the receiving station is to receive milk from producers,
weigh and test it to determine payments to producers, and cool and assemble
the milk for transshipment to another plant. The shipment may be to a city
milk plant for distribution as fluid milk or to a manufacturing plant. In the
latter case, the services provided by the receiving station are of major im-

portance to this study since manufacturing plants require large quantities of
raw milk to produce enough to justify the necessary investment.

The quantity of milk drawn from a particular area depends on such factors
as number of cows, production per cow, and competition for the supply. If
these factors remain fixed, a plant desiring to increase its supply must expand
the geographic area it serves. The costs of direct shipment from farm to plant
increase with expansion of the supply area until such shipments eventually be-
come uneconomical. A further limitation to increases in the size of milk
supply areas has been health regulations which specify that producers' uncooled
milk must be received at the plant before a specified hour, kj Manufacturing

kj Sanitary Code of the City of New York, Regulation kQ. "Temperature of

producers' milk and time of delivery. Milk for pasteurization shall be cooled
immediately after milking to a temperature of sixty degrees (60 ) fahrenheit
or lower . . . except that (a) morning's milk may be delivered without cooling
prior to 10:00 a.m. eastern standard time, or eastern daylight time, whichever

is in effect ..." At present this requirement has become less important than

it once was as a limitation to the size of milk supply areas, due to the inci-

dence of bulk assembly techniques and the increased cooling efficiency of farm

refrigeration systems

.
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plants have offset these diseconomies of direct hauls from distant farms by-

making use of "feeder plants" or receiving stations. In 1956-57* "there were
approximately 200 plants in the New York pool which shipped some part of their
supplies to a manufacturing plant. 5/

The physical description of the receiving station synthesized in this

study was drawn almost intact from a previously synthesized study on use of
labor and equipment in milk receiving plants (8). The plant developed in this
latter study, termed "Norma" by its authors, consists of the building, equipment,
and labor required for average peak receipts of approximately 92, 000 pounds per
day. The model receiving plant for the present study was modified from "Norma"
in minor respects to conform to conditions in the New York milkshed. One of
these modifications involved the application of the seasonal pattern of milk
receipts in the New York-New Jersey milkshed. Estimated average daily receipts
by months for the model receiving station are shown in table 1.

Table 1. --Receiving station: Estimated average daily receipts of raw milk,
by months, New York-New Jersey milkshed, 1958

Month : Average daily receipts

: Pounds

January ': 66, 869
February .... : 66, 318
March

: 79, 839
April : 82, 046
May

: 89, 956
June : 91, 980
July : jk, 14-12

August : 62, 638
September . .

.

: 58, ^07
October

: 59, 695
November ....

: 5^ 912
December

: 58, 959

Average
: 70, 522

Based on estimated average daily receipts and assuming 365-day operations,
the model receiving station would receive and ship 257, ko6 hundredweight of
milk per year. During the peak season, this plant would handle 1,312 cans per
day, while in the months of lower production receipts would drop to 764- cans

5/ Clarke, D. A., McAllister, C. E., and Agnew, D. B. Class III Milk in
the New York Milkshed: II. An Economic Description of the Manufactured Dairy
Products Industry. U. S. Dept. Agr., Mktg. Res. Rpt. In press.



per day. 6/ This is approximately twice the size of the average receiving
station in the New York-New Jersey pool (l6). Industry sources indicate, how-
ever, that it is an attainable and efficient size.

Cheddar Cheese Plant

Cheese plants do not normally operate for the full year in the New York-
New Jersey milkshed. In 1956, there were lk specialized cheese plants with
pool status in the State of New York, jj These plants' operated from as little
as 2 months during that year to a maximum of 10 months. Three plants manu-
factured cheese for 6 months and four plants were in production for 5 months.
Thus, half of the plants studied operated for either 5 or 6 months. All of
the plants operated during some part of the period from January through June.

Annual production in these plants ranged from k9, 000 pounds of cheese to
2,064,000 pounds. Four plants had an annual production in excess of 1,000,000
pounds and four other plants produced between 500, 000 and 1, 000, 000 pounds annu-
ally. The remaining plants made less than 500>000 pounds of cheese during 1956.

The total production for all plants studied indicated an annual output of

13,699*000 pounds of Cheddar cheese in that year. 8/ The production of other
cheese in these lk plants was insignificant. These pool plants in New York
accounted for approximately one-half of the Class III milk utilized for Cheddar
cheese in the pool (2^). The remaining Class III milk used for Cheddar cheese
was manufactured in nonpool plants or in pool plants located outside of New
York State.

It was assumed that all of the milk available for manufacturing cheese in
the model plant would be received directly from producers, and so the quanti-
ties received correspond to those handled at the previously described receiving
station. The period when cheese is produced is specified to be 6 months,
January through June. It is further assumed that this plant will receive milk
during the remaining 6 months of the year, but will transship it as whole milk
to other plants- -either for fluid use or for manufacture of products other than
cheese. In this capacity, the model cheese plant serves as a receiving station
from July through December.

A yield of 9«5 pounds of cheese per hundredweight of milk of average test
was assumed, and so peak daily cheese production (June) was estimated at ap-

proximately 8, 7^0 pounds . 9/ Average daily milk receipts for the model Cheddar

6/ The number of cans handled was estimated, using the assumption that,

on the average, each can contained 70 pounds of milk.

7/ From production data furnished by the New York State Department of

Agriculture and Markets.
8/ This includes both Cheddar and Colby cheese. Colby cheese is a modi-

fied form of Cheddar cheese containing not more than kO percent moisture and

less than 50 percent fat in the dry matter. For this study it was considered
as Cheddar cheese.

9/ The average yield reported by the New York State Department of Agri-

culture and Markets for 1956 was 9.15 pounds (17). Hence, the yield used in

this study leads to a slight understatement of costs per pound.
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cheese plant would amount to 79,636 pounds and average daily cheese production

to 7,562 pounds. Annual cheese production for the 6-month operating period

would amount to approximately 1,369,000 pounds. This annual production esti-

mate is above the average, "but well below the production of the largest cheese

manufacturing plants in the pool. Estimated daily average milk receipts and

cheese production are shown in table 2.

Table 2. --Cheddar cheese plant: Estimated average daily receipts of milk and

average daily cheese production, by months, New York-New Jersey milished,

1958

Month : Daily receipts of milk : Daily cheese production

: Pounds Pounds

January : 66, 869 6, 353
February : 66, 318 6, 300

March : 79, 839 7, 585
April : 82, QhG 7, 79^
May : 89, 956 8, 5^+6

June : 91,980 8,738

Average : 79,636 7,562

Cream-Nonfat Dry Milk Plant

The model cream-nonfat dry milk plant has been designed to produce only
these commodities. However, with minor changes it can be modified to produce
other commodities either by eliminating certain processing operations or by
adding or substituting other operations. For example, one modification would
be to add space and facilities for churning and to process the milk fat into
butter. This and similar changes are described in the section on "Plant
Modifications .

"

Available data indicate that typical cream-nonfat dry milk plants in the
New York-New Jersey milkshed process from 325, 000 to 350, 000 pounds of milk
per day during the peak season. Average receipts at the model cream-nonfat
dry milk plant during the peak month were specified at approximately 3*1-0, 000
pounds per day.

The model cream-nonfat dry milk plant receives milk both directly from
producers and by bulk shipments from other plants. The quantities of milk re-
ceived from producers (as well as the seasonal pattern) are the same as the
milk receipts at the receiving station and the cheese plant. The bulk receipts
were then computed to make the overall seasonality of total receipts at the
model plant conform with the seasonal pattern of Class HI utilization in the
entire milkshed. Average daily receipts, both direct receipts from producers
and bulk shipments from other plants, are shown in table 3.

- 6 -



Table 3.—Cream-nonfat dry milk plant: Estimated average daily receipts of
whole milk, by source, and products manufactured, by months, New York-
New Jersey milkshed, 1958

: Whole milk receipts Products manufactured

Month From From
: Cream

Nonfat

|
producers other plants dry milk

: Pounds Pounds Pounds Pounds

January ':

66, 869 132, 530 17, 981 15, 602
February : 66, 318 170, 107 20, 382 18, 58O
March : 79, 839 216, 059 26, 297 23,185
April : 82, ol*6 251, 6ol* 29, 299 26, 17^
May : 89, 956 22k, O96 28, 11*0 21*, 588
June : 91, 980 21*9, 270 30, 362 26, 736
July : 74, k±2 I8I4., 893 23, 273 20, 299
August : 62, 638 127, 830 17,19^ ll*, 902
September ........ : 58, ^07 6%, 510 13,187 11, 157
October : 59, 695 65, 632 11, 655 9,767
November : % 912 51,786 9,850 8,329
December : 58, 959 69, 9^3 11,61*3 10,081*

Another step in the synthesis of the model plant was to estimate the
quantities of the various products manufactured. Conversion of raw milk into

product was based on the average fat test of the milk received. Cream yields
were estimated by assuming the production of cream with 1*0 percent butterfat,
and production of nonfat dry milk was based on an assumed average yield of 8.6

pounds of powder per hundredweight of whole milk received.

LABOR REQUIREMENTS AND COSTS

Labor and management expense constitutes the largest single item of plant
costs for most dairy plant operations. The development of labor inputs and
cost rates which accurately represent labor's contribution to plant costs are

consequently an important part of the cost synthesis. Greater diversity proba-

bly exists among dairy plants with regard to use and efficiency of labor than
any other single cost item. Similarly, labor cost rates vary from one area to

another depending on local wage scales, local labor supplies, and other factors.

Wage rates for the model plants were taken entirely from a study of eight

milk manufacturing plants in the New York milkshed covering the period August

1956 through July 1957 (l6). 10/ This study was conducted with the cooperation

of the New York dairy industry, and with the assistance of a management engi-

neering firm.

10/ Much of the data used in the current study was provided by the findings

of the New York study. Errors or omissions resulting from the use to which

these data were put are, however, the sole responsibility of the authors.
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The "basic schedule indicated the following rates: Skilled labor, $1.5*4-

per hour; general labor, $l.*4-2 per hour; and starting labor, $1.26 per hour.

The basic wage rate for each category was subsequently adjusted to include a

6-day workweek (time and one-half for over kO hours) or 52 hours' pay for kQ
hours' work. The adjusted rate schedule is: Skilled labor, $1.67 per hour;

general labor, $1.5*4- per hour; and starting labor, $1.37 per hour.

Estimates of wage costs must also include the employer's share of Social

Security, as well as workmen's compensation, paid holidays, paid vacations,

and other nonwage payments. These "fringe benefits" were estimated to be 10
percent of the basic wage rate. This 10 percent figure has been used by other

investigators (9) and has been arbitrarily selected for the present study.

Another element entering into the determination of plant wage rates is the
shift differential- -extra wages for workers on evening and night shifts, ll/
Spencer and LaCasse indicate that the typical shift differential encountered in
New York milk manufacturing plants amounted to 5 cents per hour for the second
shift and 8 cents per hour for the third shift (17)- Generally, the second
shift refers to the period from 3:00 p.m. to 11:00 p.m. and the third shift
from 11:00 p.m. to 7:00 a.m. Due to the rather extreme variation in reporting
times in the model plants, application of these shift differentials required
some simplifying assumptions. These were: (l) Disallowing the second shift
differential for employees reporting before 2:00 p.m.; and (2) disallowing the
third shift differential for employees reporting before 10:00 p.m. Since the
bulk of the labor requirements fall within the first shift, cost increases due
to the shift differential are relatively small.

Labor input rates for the model plants were obtained from other studies

(3; 8, YJj 25) or from industry sources and adapted to the specific operating
requirements of the model plants. Work crews for each of the model plants were
then developed on the basis of the total estimated labor requirements. The
following paragraphs describe in detail some of the basic assumptions regarding
labor requirements for the receiving station, Cheddar cheese plant, and cream-
nonfat dry milk plant.

Receiving Station

The model receiving station requires three operating employees and a plant
manager. These requirements were based on estimates by Carter, Brundage, and
Bradfield for "Norma" and they are supported by data developed by other investi-
gators (13). It is assumed that the plant manager will be available to handle
any unforeseen difficulty arising during the receiving period. In addition,
the manager will replace the regular plant operators on their "off" days. Al-
though the plant operates on a 7-day week, each employee works only 6 days.

11/ The application of the shift differential was confined to the cream-
nonfat dry milk plant and its modifications since these were the only plants
operating more than a single shift.
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Cheddar Cheese Plant

Total labor requirements in cheese plants are related in part to the size
of vats, number of mechanical agitators used, efficient arrangement of plant
equipment, efficiency of individual laborers, and the number and style of
cheese packages processed. Size of vats, number of mechanical agitators, and
overall arrangement of equipment for the model cheese plant were developed on
the premise that specifications for these items represented conditions found
in "well-managed plants. It was also assumed that no retail packaging would be
conducted in the plant and that during the period covered by this study only
one shape of cheese would be produced. For this analysis single daisies were
arbitrarily selected from the alternative styles. 12/

The model Cheddar cheese plant had average daily receipts of 79, 636 pounds
of milk and average daily production of 7> 5^2 pounds of cheese (table 2).
Labor requirements were therefore developed from standards applied to these
daily averages.

A commonly accepted rule for estimating labor requirements in cheese
plants in this area is 1 man for every 5> 000 pounds of milk received. 13/
This figure was selected as representing average labor input for the model
plant. lk/ The average daily labor force for the model Cheddar cheese plant
computed on the basis of this assumption numbered 17 employees. This force
consisted of a manager, assistant manager, and 15 operating employees. 15/

Cream-Nonfat Dry Milk Plant

Labor requirements for the model cream-nonfat dry milk plant were de-
veloped from the New York report (l7)« Requirements were developed separately
for each function and were summed to arrive at the total labor force.

In this report, labor requirements were:

(a) Time required for processing the given quantity of product, taking
into account the capacity of the equipment;

(b

)

The labor standards for handling dairy products and operating dairy
plant equipment as developed in the New York study of eight plants manufactur-
ing dairy products (17).

12/ A daisy, also called picnic, is a style or shape of Cheddar cheese,

12- ill- inches in diameter, 3^-^i" inches in height, weighing about l8-2lj- pounds.

13/ Letter from Henry Leber, Dairymen's League Cooperative Association.
14/ A study of the Columbia Basin (22), presented a figure of 1 man for

every
-
6, 700 pounds of milk received. There is some reason to believe, however,

that the somewhat lower figure is more representative of actual labor produc-
tivity in cheese plants in the New York-New Jersey milkshed.

15/ The operation of the model Cheddar cheese plant as a receiving station
during the remainder of the year does permit the retention of "key" employees,
a manager, assistant manager, and two other skilled employees.
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Manufacturing plants operating in the New York-New Jersey milkshed face a

problem in hiring, maintaining, and allocating labor as receipts vary season-

ally. Certain minimum forces must be maintained, throughout the slack season,

even though the force may at times be underutilized. In the flush season, the

work force must be augmented to handle the large quantity of milk received for

manufacturing. The operating labor force for the model plant varies from a

maximum of 2k men in June to a minimum of 11 men in October, November, and

December. During most of the year the men work k& hours a week. Pay scales

are adjusted to include time and one-half for all work in excess of kO hours
per week. During May and June, the plant must operate 7 days a week instead
of 6 days to handle the increase in receipts during these peak production
months. If operations were continued on a 6-day basis, a diversion of approxi-
mately 25,000 pounds of skim milk daily would be required in June. In May the
situation is not as serious; the plant could handle all of the skim milk in 6

days a week by manufacturing large quantities of the roller-process product.
However, under normal price differentials for spray-process nonfat dry milk it

is economical for the plant to change to a 7- (3-ay processing week.

Within the plant, work is scheduled over a 2^-hour period, with a 3- shift
arrangement. Sufficient "overlapping" is permitted for efficient utilization
of labor. Thus, reporting times for the first shift may be staggered over
several hours so that one employee might report at 5:00 a.m. and another at

9:00 a.m. (fig. l). Figure 1 shows how this staggering effects work hours for
the 18 men required to handle the plant during the 6 months of "normal" volume.
The staggered reporting times provide for economies in the use of labor since
the sequence of processing operations is such that the full labor force of 18
men is not needed at all times of the day.

The adjustment of the plant workweek from 6 to 7 days requires considerable
changing of labor schedules, pay scales, or both. Management has two choices
to consider in making the most economic adjustment. In the first instance, all
employees may be moved from a 6-day to a J-dacy week with an appropriate ad-
justment in wage scale to include the increase in overtime. In the second case,
the labor force can be increased and rescheduled to provide a full force work-
ing 6 days a week in a plant operating 7 days.

If employees work 7 days, under existing overtime regulations each employee
would work 56 hours for Gk hours' pay. A crew of 20 men would earn the equiva-
lent of "straight time" wages for 1, 280 man-hours. If employees continue to
work only 6 days, the addition of k men to the labor force would provide suf-
ficient labor to move into a 7-day operation. A work force of 2k men would
require wages for 1,152 hours per week.

This example shows that the less expensive alternative is to add to the
labor force, if local labor supply permits. Where part-time labor is available
costs can be reduced by avoiding overtime payments to the regular labor force.

In October, November, and December, when 11 men are employed, they all
work on each working day. In May and June, when the total number of operating
personnel on the payroll is 2k men, average daily operational labor (maximum
crew in one 24-hour work period) is only 21. Because the 2k men work 6 days a
week, at least 3 men are off each day while the plant is operating 7 days a
week. Although this additional help adds to the total labor force, and total
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labor costs, it does not increase average daily labor costs above those in the

period of normal volume due to the effect of spreading the total labor costs

over 7 days rather than a 6-day week.

It was assumed that the 11-man labor force maintained during October,

November, and December vas the absolute minimum for the plant. This results
from the fact that certain employees could not be replaced without an expensive
training period. Such key employees received wage rates during October,

November, and December that often were higher than warranted by the work they
performed and the responsibilities they had during these slack months. For
this reason, the average wage per employee is greater during the slack months
than during the flush months. New employees added with the rise in milk re-

ceipts are paid at lower rates commensurate with their starting position.

The average daily plant force and the daily wage costs for the model
plants being studied are shown in table k.

Table 1+.- -Number of workers employed and average daily wages, by type of work
performed: Receiving station, Cheddar cheese plant, and cream-nonfat dry
milk plant, New York-New Jersey milkshed, 1958

Type of work
performed

Receiving station

Number
employed]

: Average
daily
wages

Cheddar cheese
plant

„ , : Average
Number .7°

employed' y
_ /

: wages 1/

Cream-nonfat dry
milk plant

>T , : Average
Number .7°

employed' y_/
: wages 2/

Workers Dollars Workers Dollars Workers Doll

17-86 2Supervision
Clerical and
miscellaneous

Skilled ,

Semiskilled
Unskilled

Total

ars

1

1
2

llf.72

27. 04

2

8

1*5.16

29.1+4

67.60
96.64

k

Ik

7
8

59-62 17 237. 84- 33

71.00

171.82
105A5
109.56

457.83

1/ Labor requirements and costs estimated from average volumes of milk
processed.

2/ Computed on the basis of the labor force for the month of August, when
daily average receipts approximate the daily average for the year. Costs
adjusted to agree with weighted average of all months.
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PLAOT INVESTMENT

Buildings

The buildings developed for the three plants synthesized in this study
were specifically designed to meet the needs of the product or products being
processed. For this reason these plants, while alike in some respects, differ
substantially in others. For example, all of the buildings have concrete block
exterior walls. Further, the receiving station and the cheese plant have
identical space requirements for receiving (including the weighing, testing,
and accounting involved in handling producer milk) and storing whole milk.
The cheese plant essentially "grafts" onto the receiving station the space
necessary to accommodate the cheese-making vats and to store the product.
Since these added buildings are little more than enclosed space, with few
costly walls, they substantially increase the total square footage of building
space, but reduce the cost per square foot compared with the receiving station.

On the other hand, the cream-nonfat dry milk plant requires more elaborate
construction than either of the other model plants. It has been designed of
steel frame construction with a minimum height varying from 15 feet in storage
areas to 30 feet in processing areas. These more stringent specifications
materially affect the cost of building space for this plant.

Estimating building costs for the model plants followed a three- step pro-
cedure. First, plant layout and space requirements were determined. Second,
specifications were drawn to meet these requirements. Finally, the cost of
constructing buildings to meet the specifications was estimated.

The size and layout of plant buildings is a function of the space required
for individual pieces of equipment and the space necessary to use and service
each equipment item properly. In general, the floor plans for the models were
adopted from other studies (8, 20, 25). Several modifications of the original
plans were necessary to conform to space requirements of the specific plant
models used here. Where modifications were required, an attempt was made to

maintain an efficient arrangement.

Receiving Station

Space requirements for the model receiving station were estimated at 2, 500
square feet. 16/ Specifications were developed for a one-story concrete block
building. Subsequently, an itemized estimate of building costs was derived by
modifying a contractor's estimate for a similarly constructed but more elabo-

rate building for processing fluid milk. 17/ Costs developed from this

estimate covered the year 1953> an(i were adjusted to 1958 cost levels by the

use of the Department of Commerce Composite Index of Construction Costs (23).

The Index utilized was based upon building costs for all types of construction

16/ "Norma" required 2, 70U square feet of floor space or a difference of

20^ square feet. This difference resulted mainly from the elimination of

space for a second steam generator.

17/ Owens, T. R. Specifications and Costs for Processing Operations in

Small Market Milk Plants. Unpub. thesis, Pa. State Univ. 195&.
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In all areas of the United States. The adjusted cost of construction for the

receiving station amounted to $29,21+2, or approximately $11. 60 per square foot.

The contractor's itemized estimate (1953 levels) is shown in table 26. 18/

It was estimated that a building with 2, 500 square feet of floor space

would require approximately 12,200 square feet of land, including 30 feet on

each side of the plant to allow for service and access. The cost of acquiring

and developing the site was estimated at $0-325 per square foot (19), or $1^,000

for the site. This cost was based upon the estimated value of a level lot

adjacent to, but not in, an urban area. The lot was assumed to have access to

a hard-surface road and possibly, but not necessarily, access to city sewage

and city water. The addition of the site value to the cost of plant con-

struction resulted in a total cost of $33,2^0 for land and buildings.

Cheddar Cheese Plant

A cheese plant processing 92, 000 pounds of milk and with a peak capacity

of approximately 8, 7^4-0 pounds of cheese per day requires 9, 360 square feet of

floor space. This estimate is "based on a one- shift operation with an allowance

of 30 days' in-plant storage of green cheese. Building costs for a one-story

concrete block building incorporating this area are shown in table 2J . These

costs were derived from a contractor's itemized estimate of building costs for

a fluid milk plant of similar construction. 19/ Total costs, adjusted to 1958
prices (23), amounted to $73,581 or $7.86 per square foot.

It was estimated that a building of 9, 360 square feet would require ap-

proximately 18,800 square feet of land. This estimate included 30 feet of

land on each side of the plant to allow for proper maintenance and servicing.

Total costs for land amounted to $6,110, computed from the estimated cost of

$0,325 per square foot.

Cream-Nonfat Dry Milk Plant

In developing building costs for the cream-nonfat dry milk plant, refer-

ence was made to the space requirements set forth in the Northwest butter-
nonfat dry milk study (25) and the companion study on building costs (20).

This material was modified in line with space required by the equipment speci-
fied for the model cream-nonfat dry milk plant. Space requirements for
equipment were drawn from the manufacturer's specifications with allowance for
clearance to provide for necessary servicing and maintenance. This space
ranged from 2 to 3 feet per side depending on the item. Additional space was
provided for working areas and for traffic between contiguous areas of product
processing.

It was estimated that 26,675 square feet of floor space would be required
to properly house and service the basic functional operations of the cream-
nonfat dry milk plant. Plant construction costs were subsequently developed
utilizing the itemized estimate of building costs developed by Page and Walker

18/ Tables 26 to 39 are in "the appendix.

19/ See footnote 17.
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(20). These costs were adjusted to I958 prices by use of the Department of
Commerce Composite Index of Construction Costs (23). Estimated building costs
for the plant amounted to $302,500 or approximately $11.36 per square foot.

It was estimated that the model plant would require approximately 6k, ^00
square feet of land. This would include 23,700 square feet for building area,

8,600 square feet for service and access, and 32,000 square feet for truck and
employee parking. Based on an acquisition and development cost of $0,325 per
square foot, site costs amounted to $20, 930.

Equipment

Equipment requirements for the model plants were adapted from other
studies (8, p. 55), developed from industry sources, or built up independently
on the basis of specifications supplied by equipment manufacturers. 20/ Enough
capacity was supplied for each kind of plant to process peak receipts of milk.
Efforts were directed toward specifying capacities for related pieces of
equipment that would permit the product to move smoothly from each operation
to the next. Specifications and requirements for steam boilers and refriger-
ation systems were developed separately to meet peak plant requirements for
each system. Requirements for sanitary lines were estimated on the basis of
the location of equipment in each plant. All prices for the major items of
equipment, including costs of installation, were obtained from dairy equipment
manufacturers in 1957- 58*

Receiving Station

All milk is assumed to be received from producers in 40-quart cans which,
on the average, contain 70 pounds of milk. The model plant must be equipped
to receive approximately 1,312 cans per day (92,000 pounds) during the flush
season, and an average of J0} 522 pounds or 1, 007 cans per day throughout the
year.

Other assumptions which affected equipment requirements were: (a) That
all milk would be received within a period of 3"? hours; and (b ) that the mean
temperature of incoming milk was 70 degrees. 21/ The temperature of the milk
when received affects, in particular, the requirements for cooling equipment.

A 12- can-per-minute, straight-line can washer was selected for the model
plant. For most months, this washer will handle all the cans received during
the allocated receiving time. In the peak months, receipts during the last
half hour of the receiving period would exceed the capacity of the washer since
most producers and haulers arrive at the plant during the latter half of the

period (8, p. 68). Enough conveyor space was provided to hold the cans that

exceed the receiving rate. Similarly, cooler capacity was based upon the total

20/ Also, Walker, Scott A., unpublished data.

2l/ The Sanitary Code for the City of New York, Regulation kQ, June ik,

19^9; states that morning's milk delivered before 10 a.m. need not be cooled.

The mean temperature of 70 is the assumed average of uncooled morning's milk,

and evening's milk cooled to 60 F. or less.
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quantities of milk received during the last half hour of the receiving period

during the flush months . A plate cooler with a capacity of 50, 000 pounds per

hour was selected. A minimum cooling of 5 degrees by tap water and maximum

cooling of 27 degrees by refrigerated sweet water was assumed. 22/

A two-compartment weigh tank with a capacity of 750 pounds per side was

specified for the model. In most months, this would permit the utilization of

one compartment per producer, and thus add to the smoothness of the receiving

operation.

Other important items, such as the automatic dump and pneumatic sampling

equipment, were specified to increase labor efficiency. Each major item was

provided with the necessary auxiliary equipment such as steam boilers and re-

frigeration compressors. An itemized estimate of equipment and costs is shown

in table 28.

Cheddar Cheese Plant

Equipment for the model Cheddar cheese plant was specified to handle daily
peak receipts of 92,000 pounds in a one- shift operation. The cheese-making
process was divided into four primary operations: (l) Receiving raw milk;

(2) Cheddaring; (3) cheese pressing and storage; and (k) whey separation and
disposal. Specifications for each of the major equipment items utilized in

these operations are described in the following paragraphs. Equipment re-

quirements and total investment in equipment for the model Cheddar cheese plant
are shown in table 29.

Equipment for the receiving function was drawn without modification from
the previously synthesized receiving station. Cooling equipment and raw milk
storage tanks were provided to allow the model cheese plant to function as a
pool plant by shipping whole milk in the 6-month period when no cheese is being
produced.

In preparing the milk for cheese manufacture, milk is pumped through a
plate heat exchanger and discharged at the setting temperature (82 F.) into the
cheese-making vats. Seven vats, five of 1 5, 000-pound capacity and two of
10, 000-pound capacity, were specified to meet peak receipt requirements in a
one- shift operation. The capacity of the heat exchanger was specified at

33> 000 pounds per hour. It was estimated that two curd mills were sufficient
to provide flexibility in the processing operation and to give some insurance
against breakdown.

Whey is drawn from the cheese vats into a whey surge tank from which it is
pumped to the separators . Two separators, each with a capacity of 11, 000
pounds per hour, were provided to separate the whey. Whey cream would be dis-
charged from the separators into a vat pasteurizer large enough to process
1 day's production of whey cream in one batch. The whey from the separators

22/ Regulation 48 of the New York City Sanitary Code states that "after
delivery to a receiving station . . . milk, cream, etc. . . shall be cooled to
and maintained at a temperature of fifty degrees (50°F.) or lower until ..."
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would be discharged into steel tanks, located outside the "building, where it
would he stored prior to disposal. The storage tanks would hold a k-d&y supply
of whey. Five 20-foot double-row presses were specified to permit a flexible
operation when processing most of the common styles of cheese. Enough cheese
hoops were provided to process 1 day's supply into each of several styles. Al-
though in many plants two styles of hoops are deemed sufficient, five styles
of cheese were specified for the model plant: Cheddars, twins, daisies, 20-
pound squares, and ^-0-pound squares.

Cream-Nonfat Dry Milk Plant

The manufacturing process was divided into a series of functional oper-
ations or processing centers. The sum of all such centers constitutes the
plant. The following paragraphs describe the major equipment items in the
individual processing centers:

Receiving . --Plant capacity for direct receipts from producers was limited
to 92, 000 pounds per day. This is the same amount specified for the receiving
station and the cheese plant. In addition to direct receipts, bulk shipments
from feeder plants amounted to approximately 2^9, 000 pounds per day in the
peak period- -the difference between direct receipts and the approximately
3^1,000 pounds specified as the peak attainable capacity of the plant.
Equipment required for this operation has been described in the section on the
receiving station.

Separation . - -Enough separators were provided to convert peak daily re-
ceipts from all sources into cream and skim milk. Specifications derived from
the Northwest butter-nonfat dry milk study ( 25, p. 32) and from industry
sources call for five 11, 000-pound-per-hour separators. Processing operations
would be scheduled so that only four separators are in operation at one time--
while the remaining separator is being cleaned. Thus, the total available
capacity of the separation center amounted to Ml-, 000 pounds per hour. Size of
auxiliary equipment selected, such as the preheater, was appropriate to the
capacity of the center. Separation of peak daily receipts into fat and skim
components would yield approximately 30, 300 pounds of kO percent cream, and

310, 900 pounds of skim milk. A high-temperature, short-time pasteurizer with
an effective capacity of approximately 5, 000 pounds of cream per hour was
specified to handle peak production of cream. Total investment in cream
separating and processing equipment is shown in tables 30 and 31-

Raw cream sales . --The major functions performed in this center are filling

cream cans, placing filled cans in the cold room, and receiving and washing re-

turned cans. Consequently, major equipment requirements consist of plant cans

and the essential cleaning and handling equipment (table 32).

The average depreciation rate for plant cans, computed on the basis of an

estimated rate of 2if0 trips per can, is about 5 years. 23/ It is partly a

function of the total number of cans in the inventory. The computed rate

varies to some extent between plants.

2^/ See footnote 17.
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In computing cream can requirements for the model plant, it was estimated

that \\ times the daily peak requirements would provide sufficient flexibility
to allow for lags in pickups and returns. This estimate was "based on infor-

mation gained from industry sources as to the type and size of firms which were
cream customers and the frequency of delivery. These sources indicated that
many cream customers required small lots of cream, that delivery and pickup
were infrequent, and that can returns often lagged over long periods. On this
basis, 5 times the peak daily requirements appeared to "be a reasonable estimate
of plant needs. On the other hand, can requirements for condensed skim milk
and ice cream mix were estimated as 3 times peak daily requirements. This
estimate was based on the fact that these products were delivered and picked
up more frequently and that problems of inventory control were not as acute

.

Normally, one of the expense items associated with the use of plant cans
is a charge for repair and retinning. In this study, no effort was made to
compute a retinning charge. However, an annual allowance of 5 percent of the
initial price is allocated for repair and maintenance.

Condensing . - -Manufacture of nonfat dry milk: from fluid skim milk by the
spray process is a two-step operation. First, the skim milk is concentrated
to 40-45 percent total solids; then the concentrated product is put into the
spray box for final processing into powder.

Concentration of total solids requires a double-effect vacuum pan wherein
the milk is first heated in vacuum to 155 degrees, then cooled to 110 degrees
in higher vacuum. The solids content per unit of volume is increased by the
evaporation of water. A standard double-effect vacuum pan with a capacity of
13,600 pounds of skim milk per hour was selected for the model plant. Speci-
fications also call for two interstage raw milk heaters, one a vapor heater
using exhaust vapor from the second effect, and the other using steam from
the boiler. Sizes of hot wells and other auxiliary equipment corresponded to
the size of the vacuum pan. Items comprising the condensing center are listed
in table 33.

Spray processing . --Hourly production of 40 percent condensed skim milk
amounts to 2, 600 pounds . Accordingly, a spray box was selected which would
process the condensed milk output at approximately that rate. The capacity of
the spray box was specified at 1,200 pounds of powder per hour. Other major
equipment items such as the preheater and high-pressure pump were selected in
sizes suitable to the capacity of the spray box. Total investment in the
spray-drying center is shown in table 34.

Roller processing . --The estimated daily capacity of the condensing pan
and spray box, assuming 19.5 hours of operation per 24-hour shift, amounted
to 265,200 pounds of skim milk daily. During March, April, May, and June,
skim milk supplies exceed this capacity. Two sets of powder rolls with capaci-
ties of 185 pounds and 135 pounds of powder per hour were installed to handle
the excess skim. 24/ Total investment in roller drying equipment is shown in
table 35.

24/ The decision to install powder rolls rather than expand the capacity
of the spray drying facilities was based on observations of existing plants
in the New York milkshed.
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Cost Rates on Building and Equipment

Once the physical specifications for "buildings and equipment have been
established, the investment costs associated with these items can be calculated
for any desired time period. The appropriate cost elements include interest,
depreciation, repair, maintenance, taxes, and insurance. These costs are
normally considered as fixed, or independent of the volume of milk handled in
any given plant.

Interest

Interest is a charge for the use of capital invested. As such, it is a
cost of doing business and should be included in any analysis of plant costs.
The magnitude of the charge is determined by the return this capital would
bring in its best alternative use. This return may be represented by the going
rate of interest. For the model plants, a rate of 5 percent of the average in-
vestment was selected. This rate was assumed to represent expected returns
from similar economic activity involving approximately the same element of risk.
Since it was also assumed that investment would decrease to zero at the end of
the useful life of the asset, this rate was applied to one-half of the original
amount of the investment. Average daily interest charges for buildings amounted
to $2.29 for the receiving station, $9-25 for the Cheddar cheese plant, and
$25.1^- for the cream-nonfat dry milk plant. Interest charges on equipment were

$4.58, $17.62, and $40.18 per day for these same three model plants.

Depreciation

As the value of a fixed element decreases through use or obsolescence, the

investment is being consumed and the element is subject to replacement. The
rate of this consumption or depreciation provides the basis by which costs of
large fixed elements such as buildings and equipment are converted to daily
costs.

The building depreciation rate for the model plants was estimated at 3

percent per year. This assumes an estimated life span of 33-l/3 years, a

figure commonly used for buildings of the type specified for the model plants

(8, 22). No effort was made to separate depreciation due to obsolescence from
depreciation due to physical wear of the building.

Average daily depreciation on plant buildings amounted to $2.19 f°r the

receiving station, $10-35 for the Cheddar cheese plant, and $28.51 for the

cream-nonfat dry milk plant.

Since equipment items depreciate at varying rates depending on use, in-

itial quality, and other factors, no one rate of depreciation is equally
applicable to all items. Various sources were examined to find depreciation
rates which would represent the expected useful life of the equipment in the

model plants. Applicable rates for the major items are shown in the tables on

equipment requirements, tables 28 through 39. Where published rates were not

available, the physical life of the equipment was estimated from rates appli-

cable to similar pieces of equipment.
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Average daily depreciation on equipment was estimated at $11.56 for the

receiving station, $^9.6l for the Cheddar cheese plant, and $118. 35 for the

cream-nonfat dry milk plant.

Repairs and Maintenance

Meaningful data on repair and maintenance costs for existing plants

usually are not available. Expenditures vary according to intensity of use,

policies of individual firms toward maintenance, original quality of the

"building or equipment, and other factors. Figures of 1 percent of the initial

investment in building and 5 percent of the initial investment in equipment

were arbitrarily selected to represent annual repair and maintenance costs.

These rates have been used frequently by other investigators (8, 22). In the

absence of other evidence they were deemed appropriate to represent the actual

costs incurred. 25/

Costs per day for building repairs and maintenance averaged $0.80 for the

receiving station, $3.^1 for the Cheddar cheese plant, and $9Al for the cream-

nonfat dry milk plant. For repair and maintenance of equipment, costs per day

averaged $9-15 for the receiving station, $22. kO for the Cheddar cheese plant,

and $80.36 for the cream-nonfat dry milk plant.

Taxes

Property is subject to local taxes. These taxes are levied upon the ap-

praised value of the property as determined by the local assessor or other tax
authority and are computed on the basis of a specified tax rate per dollar
valuation. The appraised value may range from 10 to 100 percent of the actual
value. Since both rates and assessed valuations vary from one community to

another, the amount of taxes determined for the model plants_does not pertain
to any particular community. The tax rate selected was taken from a previous
study by Owens (19, p. 36), based on a mail survey of tax rates in small
Pennsylvania communities. This rate of 60 mills per dollar valuation was ap-

plied to an average percentage valuation of 30 percent of the sum of the in-

itial cost of equipment, plus the initial construction cost of the building,
including costs of acquiring and developing the site. 26/ Total daily tax
costs for the model plants amounted to $*+.93 for the receiving station, $19 • 3^
for the Cheddar cheese plant, and $^7-0^ for the cream-nonfat dry milk plant.

Property Damage Insurance Requirements

Risk of loss, whether from destruction of physical plant by natural or
other causes, changes in market conditions, or other changes is a cost to the
firm. Some of these risks (such as destruction of physical plant) are insura-
ble so that the price of insurance, or premium, is a measure of the cost of

25/ Also, Conner, M. C, unpublished data.
2o"/ This rate is comparable with that used by other investigators- -for

example, 30 mills per dollar of average investment (l^, p. 12).
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risk-bearing. The amount and kinds of insurance carried by a particular plant
largely depend upon the attitude of the individual firm toward risk. It is
probably true, however, that for the most part management is guided by recom-
mendations made by experts in the field of insurance. In the model plants
efforts were directed toward developing an insurance program which would in-
clude a minimum of recommended coverages.

Fire insurance . --Fire insurance on business and commercial properties is
customarily written under the coinsurance plan. Under this plan the insured
agrees to carry insurance in an amount equal to a stipulated percentage of the
actual value at risk. In return for this agreement the customary rate is sub-
stantially reduced as the stipulated percentage increases. The commonly
utilized 80 percent coinsurance clause was stipulated for the model plants.
In conjunction with fire insurance, the extended coverage endorsement was
specified for the model plants. This endorsement when attached to the fire
policy provides coverage against seven additional perils, the most important
of which is windstorm.

Fire insurance rates are of two types: Class and specific rates. Most
commercial policies are rated on a specific basis; that is, the individual
character of the property as related to its susceptibility to fire loss de-
termines the rate to be charged. The rate selected for the receiving station
and cheese plant was the 80 percent coinsurance rate for a dairy of average
construction having National Board Class 6 fire protection. 27/ This rate was
quoted at 39 cents per $100 insurance on buildings and ^6 cents per $100 in-

surance on contents. 28/ The rate selected for the cream-nonfat dry milk
plant was the 80 percent coinsurance rate for a manufacturing plant of the
same general size and construction as the model plants. This rate was quoted
at $0.76 per $100 insurance on buildings and $0.86 per $100 insurance on
contents.

Direct loss to the firm from the destruction of physical plant constitutes
only one source of loss as the result of fire or other peril covered by the
fire insurance policy. Many plant expenses, such as salaries, are continuous
and must be paid although business is interrupted. Management may find it

necessary to pay wages to retain the services of key personnel until operations
begin again. Similarly, it is necessary to make temporary arrangements to

handle receipts from producers to retain the plant's source of supply. Since
these risks result from a contingency which is subject to actuarial measurement,
they are insurable. Rates for use and occupancy or business interruption in-

surance are usually computed as a percentage of the basic building insurance
rate. For the model plants, rates for use and occupancy insurance and fire
insurance were specified at 77 percent of the 80 percent coinsurance building
rate.

27/ The National Board of Fire Underwriters assigns ratings to all areas

in the United States on the basis of the quality of local fire protection.
These ratings range from unprotected to excellent protection and are graded

through 10.

28/ Rates are quoted on an annual basis. The application of the "term
rule" provides for 5 years of insurance protection for k years' premium. Thus,

all rates are reduced by 20 percent assuming the purchase of 5-year policies
and cost budgeting over a 5-year period.
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Steam Boiler and Refrigeration Insurance . --Steam "boiler and refrigeration

installations are subject to specific hazards which are inherent in the nature

of the equipment. For this reason, all of the model plants were insured against

losses resulting from boiler or refrigeration explosions. Annual premiums were

developed on the basis of commercial rates for standard boiler insurance poli-

cies. Protection was provided against loss of the named equipment, bodily

injury to personnel, and damage to the part of the building containing the

equipment. Liability limits for this contingency were set at $100,000 per

accident.

Property Damage Insurance Costs

Average daily costs of property damage insurance on buildings (the sum of

fire insurance and use and occupancy insurance) for the model plants were $0.39
for the receiving station, $2.95 for the Cheddar cheese plant, and $8.10 for

the cream-nonfat dry milk' plant. Average daily costs on equipment (the sum of

fire insurance, use and occupancy insurance, and steam boiler insurance ) for

these same three plants amounted to $1.32, $6.98, and. $15.6^.

Liability Insurance Requirements and Costs

As a rule, manufacturers of products sold to the public carry some form of
insurance against legal liability resulting from negligence in the manufactur-
ing process. Although it is possible to insure against almost all types of
liability resulting from negligence, liability in the model plants was limited
to liability for bodily injury resulting from use of their products. The
liability limits against bodily injury were specified at $100, 000 per person
and $300,000 aggregate. Costs for liability insurance were based on commercial
rates quoted at $0,108 per $100 of annual gross income.

Liability insurance for the model plants was restricted to the Cheddar
cheese plant and the cream-nonfat dry milk plant and its modifications. The
receiving station was excepted since this plant processes only raw milk, which
must undergo further processing before reaching the ultimate consumer. Daily
costs of liability insurance amounted to $2.99 in the Cheddar cheese plant and
$9-0^ in the cream-nonfat dry milk plant.

UTILITIES

Electrical Requirements and Costs

Electricity is used for lighting, for power, and in some plants for heat-
ing. In the model plants, the use of electricity was restricted to power and
lighting

.

Lighting

The recommended lumination for the various plant operations varied from
10 footcandles 3 feet from the floor in storage areas to 50 footcandles 3 feet
from the floor in the plant laboratories. Assuming a source 12 feet from the
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floor and utilizing 150-watt bulbs (l8 candlepower per watt), these recommen-
dations were converted to watts per square foot by the formula:

I _ C

D2

where I is the desired illumination, C the candlepower at the source, and D the
distance from the source to the illuminated surface. Number of hours of oper-
ation were estimated for each of the individual operating centers. Estimated
operating times in the receiving station and the Cheddar cheese plant were com-
puted on the basis of average daily time through the annual operating period.
In the cream-nonfat dry milk plant, consideration was given to variations in
the length of the daily operating period resulting from month-to-month fluctu-
ations in volume

.

Power

Electric power is used to operate separators, can washers, pumps, refriger-
ation compressors, and many other pieces of dairy equipment. Estimates of power
consumption for the various plant operations were developed by a combination of
methods. In some instances, empirical data were available indicating power
consumption for various operations based on the amount of product processed
(17). Where such data were not available, power requirements were computed on
the basis of the number of horsepower utilized and the estimated operating time
for equipment. In developing power requirements by this method it was assumed
that 1 horsepower was equivalent to 1 kilowatt of electricity. 29/ On this
assumption, a pump utilizing 3 brake horsepower and operating 3 hours would
require 9 kilowatt-hours of electricity.

The refrigeration system was one of the largest power-consuming centers in
the model plants. The development of refrigeration loads and power requirements
for the model plants involved a large number of assumptions. In general, these
relate to the amount of heat to be removed from raw milk and the various manu-
factured products, the quantity of product held in the coldroom, and the
respective losses that occur.

Power requirements (in kilowatt-hour s ) for steam production and distri-
bution were computed by multiplying the estimated operating time of each boiler
by the number of kilowatts drawn. Operating times in turn were estimated by
dividing total steam requirements for each plant by the steam output of the
boiler (in pounds per hour) as indicated by the manufacturer's specifications.
Kilowatt requirements were estimated by taking the motor horsepower requirement
from the manufacturer's specifications and converting by the previously
mentioned formula.

Similarly, the power consumption for such pieces of equipment as the cool-

ing tower and the evaporative condensers were computed from the manufacturer's
specifications as to horsepower and the estimated operating times.

29/ One brake horsepower is theoretically equivalent to 0.7^6 kilowatt.

But, due to losses in motor and drive and frequent underutilization of motor
capacity, the theoretical conversion ratio is never attained. A ratio of

1 horsepower to 1 kilowatt is a near approximation consistent with operating

conditions commonly encountered.
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The average daily electrical requirements for the three model plants for

the various types of operations discussed are presented in table 5.

Table 5. --Estimated average daily consumption of electrical energy: Receiving

station, Cheddar cheese plant, and cream-nonfat dry milk plant, New York-

New Jersey milkshed, 1958

Function

Processing
Lighting
Steam
Refrigeration and cooling
Miscellaneous

Total

Receiving
station

Kw.-hr ,

Ik
29
6

212

29

290

Cheddar cheese
plant

Kw.-hr ,

ko
151
12

117
63

383

Cream-nonfat
dry milk plant

Kw.-hr .

1,973
5U2

131
1,517

109

U,272

Electrical Energy Costs

Charges for electrical power consist of two elements, the energy charge

and the demand charge. The energy charge is based on the amount of electricity
used and is expressed as a cost per kilowatt-hour. Ordinarily such cost rates
are scheduled in decreasing increments, the last units being less costly than
the initial unit. The second element, the demand charge, is a monthly charge
based on the maximum rate at which energy is required (or peak load).

The demand quantity was estimated at 22 kilowatts for the receiving station
and k2 kilowatts for the Cheddar cheese plant, on the basis of the estimated
number of kilowatts drawn during a peak 30-niii1ute period. The large number of
power-consuming units and the variations and overlapping in operating times
made it difficult to estimate the demand quantity by the same method in the
cream-nonfat dry milk plant. Therefore, the weighted average demand charge as
determined by the study of 8 manufacturing plants in the New York milkshed was
selected for this plant (17). This figure ($480 per month) was subsequently
converted to kilowatts demand by reference to the power cost schedule for the
city of Ithaca, N. Y. 30/ Tbe conversion indicated a demand quantity of 291
kilowatts which, in light of the information available on horsepower re-
quirements and operating times, appeared to be a reasonable estimate of the
demand quantity.

Once the energy requirements and demand quantities have been determined,
costs are easily computed by applying an appropriate rate schedule. Again

30/ This was considered to be reasonably typical of schedules that prevail
in upstate New York.
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using the Ithaca schedule, electricity costs were determined for the receiving
station, Cheddar cheese plant, and cream-nonfat dry milk plant (table 6).

Table 6. --Estimated average daily costs of electrical power: Receiving station,
Cheddar cheese plant, and cream-nonfat dry milk plant, New York-New Jersey
milkshed, 1958

Plant Energy charge : Demand charge : Total cost

Dollars

I4-.58

5.69
5^.51

Dollars

0.99
2.06

17.92

Dollars

5-57
7-75

72.^3Cream-nonfat dry milk plant

Water Requirements and Costs

Milk plants use large quantities of water for cleaning, heating, and cool-
ing. Consequently, a dependable source of water is a prerequisite in selecting
a plant location. For the model plants it was assumed that an adequate supply
of water was available from the local community water facility.

Water costs were based on the rate schedule for the city of Williamsport,
Pa. This schedule was selected on the basis of a mail survey which indicated
that the schedule was fairly typical for communities in the Northeast. 31/
The average rate developed from this schedule varied around 12 cents per 1, 000
gallons depending upon the quarterly consumption of water.

Water requirements for the various elements of the model plants were de-
veloped independently, using a variety of standards as appeared appropriate in

the specific instance. For example, water consumption for can washing was
based on an estimated use of 2 gallons per can washed. Water for personal use

was estimated at 25 gallons per man per day. Water requirements for plant
cleanup were developed on the basis of the time required to clean a particular

piece of equipment. It was assumed that during the cleaning operation water
would be running approximately half the time, at an average flow of 3 gallons

per minute. On the basis of these assumptions the following formula was used
to determine cleaning requirements:

= 3T
2

C -

where C represents consumption in gallons, and T the cleaning time in minutes.

Conforming to industry practice, cleaning- in-place methods were utilized
for the sanitary lines, evaporative condenser system, and high temperature

31/ Unpublished data, Department of Agricultural Economics, Pennsylvania

State University, University Park, Pa., 1955-
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short time pasteurization system. Estimates were made of the required amount

of water and cleaning solution to surge these systems. The estimates, "based

in part on the recommendations of cleaning solution manufacturers, varied ac-

cording to the capacity of the equipment being cleaned.

Water is used for cooling purposes in two different ways. It is used

directly as a cooling medium in heat exchangers and for compressor cooling for

the coldroom and product cooling systems. The amount of water used for cooling

depends on the surface area of the cooling equipment and the rate at which the

product is cooled. In most instances where water was used for direct cooling

in the model plants, the consumption rate was estimated to require a 3-to-l

ratio of water to product. One exception to this rule was the heat exchanger

used in the manufacture of ice cream mix. In this case, the manufacturer's

specifications called for a 5-to-l ratio of water to product.
.

Water requirements for compressor cooling in the receiving station and

Cheddar cheese plant were estimated on the basis of 1 gallon per minute per

horsepower. This is a commonly accepted standard for this operation (19).

In the cream-nonfat dry milk plant, specifications called for the use of
evaporative condensers for compressor cooling to reduce total water requirements
Water consumption rates for these condensers were taken from the manufacturer's
specifications

.

Large quantities of water are used in conjunction with the evaporating pan
to condense and thus eliminate vapor from the milk. Water requirements for
this purpose were reduced by specifying the installation of a cooling tower.
Under this system, heat picked up by the water in the condensing operation is

dissipated in the cooling tower so that the same water may be used over again.
This greatly reduces water requirements for the condensing operation. It is
noted, however, that savings in water costs may be offset by the costs of the
tower and of the electric power required to operate the system.

Daily water requirements and costs for the three model plants are shown in
table 7- These requirements are based on average daily volumes processed.

Table 7*—Estimated average daily water requirements and costs: Receiving
station, Cheddar cheese plant, and cream-nonfat dry milk plant, New York-
New Jersey milkshed, 1958

Plant
Average daily
requirements

Cost per 1, 000
gallons

Daily cost

Receiving station
Cheddar cheese plant
Cream-nonfat dry milk plant

Gallons

3k,8k6

Mj-,991

Dollars

0.13i<-02
.16023

.12873

Dollars

k.67
I.85

5.79
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Plant Waste and Sewage Costs

Disposal of dairy waste is an important problem for dairy manufacturing
plants. Costs vary widely, depending in part on whether community sewage-
disposal systems are available or the plant must provide its own disposal
system. In view of the lack of current and readily available data on operating
requirements and costs, the estimation of sewage costs based on alternative
systems was considered beyond the scope of the study even though such infor-
mation may have been desirable for purposes of comparison. Since some
community sewage facilities will accept both treated and untreated dairy waste,
costs for the model plants were based upon rates reported by Kolmer and others

( 15, p. 12). The rate chosen was $0.06 per 100 cubic feet of water discharged
into the local sewage system.

The amount of waste discharged into the system was estimated separately
for each plant. In computing daily plant waste, the following sources of waste
water were considered: Personal use, cleanup water, condensate, whey, butter-
milk, butter wash water, and miscellaneous. In addition, an increment of 25
percent of the total waste water was included to account for solids content
and to provide a factor for error. The average daily waste for the cream-
nonfat dry milk plant amounted to 3> 050 cubic feet, with a consequent daily
average cost of $1.83 for waste disposal.

Waste disposal costs were not included in the plant cost computations for
the receiving station and the Cheddar cheese plant. For the receiving station
it was assumed that the quantity of waste was relatively small and thus could
be disposed of through a small trickling filter or local sewage facility at no
measurable cost to the plant. In the Cheddar cheese plant, it was assumed that
whey would be disposed of at no cost or profit to the plant. Cheese plant
wastes, other than whey, then, would be disposed of by the same methods as at

the receiving station.

Steam Requirements and Costs

Steam is the most widely used source of heat for general use in dairy
plants. It is economical and is easily transmitted from the boiler to the

place of use. In the model plants, steam was used for can washing, water heat-

ing, product processing, and for plant heating. Standards for steam consumption
were derived from other studies or taken from technical sources.

Steam uses for can washing were based upon direct steam consumption of 2

pounds per can (ll, p. 287). In the model plants, total steam consumption for

this use was based on the average daily number of cans received. 32/ Steam

for water heating was estimated on the basis of 1 pound of steam for each 10

pounds of water (22). Hot water requirements, in this instance, were limited

to water required
-
for plant and equipment cleaning and for washing producers'

cans. Steam requirements for plant heating were estimated at the rate of

1 pound of steam for each 3 square feet of floor space. 33/ The standard for

32/ The number of cans received was estimated on the assumption that, on

the average, each can contains 70 pounds of milk.

33/ See footnote 17.
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plant heating assumed a well-constructed masonry "building located in the

Northeast. 3^/

Steam consumption rates for product processing were adapted from other

studies. For example, steam requirements for cheese cooking- -which were esti-

mated at 2.75 pounds per hundredweight of milk- -were drawn from the Columbia

Basin studies (22). Similarly, requirements for condensing and spray drying,

estimated at 50 pounds per hundredweight of skim milk processed and 55O pounds

per hundredweight of powder, were taken from the study of 8 manufacturing
plants in the New York milkshed (17 ).

Total steam consumption by each function for each of the model plants is

shown in table 8.

Table 8. --Average daily s,team requirements: Receiving station, Cheddar cheese
plant, and cream-nonfat dry milk plant, New York-New Jersey milkshed, 1958

Center
Receiving
station

Cheddar cheese
plant

Cream-nonfat
dry milk plant

Pounds Pounds Pounds

Processing : 2, Oil-

plant heating : 834
Water heating : 2, 122
Miscellaneous : ^97

Total : 5, kSj

8, C47

2,920
2,564
1,353

1^,884

218, 113
9,000
5,028

3,507

235, 648

Fuel Consumption and Costs

Fuel consumption was estimated on the basis of average daily steam re-
quirements. The standard used—112 pounds of steam per gallon of fuel—is
commonly accepted for estimating fuel requirements (19). Fuel costs were based
on the use of No . 6 fuel oil, at the estimated price of $0,096 per gallon.
Average daily requirements and costs for steam and fuel in the model plants
are shown in table 9.

34/ Plant heating requirements vary with differences in annual mean temper-
ature between the interior and exterior of the plant and in the quality of
insulation. Thus, the standard used requires some specific assumptions regard-
ing plant location and building construction.
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Table 9«—Average daily steam and fuel requirements, and cost of fuel:
Receiving station, Cheddar cheese plant, and cream-nonfat dry milk
plant, New York-New Jersey milkshed, 1958

Plant Daily cost
of fuel oil

Receiving station
Cheddar cheese plant
Cream-nonfat dry milk plant

Pounds

5,467
14,8814-

235, 648

Gallons

48.4
132.9

2,104.1

Dollars

4.64
12.63
201

. 99

MISCELLANEOUS PLANT REQUIREMENTS AND COSTS

Some plant expense items, usually small, constitute a "miscellaneous"
group. These include such items as cleaning supplies, laboratory and office
supplies, uniforms, and laundry.

For the model plants, cleaning supply costs were developed from standards
and from prices furnished by the cleaning supply industry. Daily cleaning
supply expense amounted to $1-50 in the receiving station, $3»79 in the Cheddar
cheese plant, and $12.03 in the cream-nonfat dry milk plant. This was equiva-
lent to 0.21 cent per hundredweight received in the receiving station, 0.48
cent per hundredweight received in the Cheddar cheese plant, and 0.51 cent per
hundredweight received in the cream-nonfat dry milk plant.

Lacking reliable empirical data on consumption rates, it was not con-
sidered feasible to estimate costs of laboratory and office supplies directly.
Walker and others developed a figure of 7*0 cents per 1,000 pounds received
for office supplies from records of 12 Northwest butter-nonfat dry milk plants
studied, during 1948-49 (2j?). This same study indicated a range of 1.0 to I5.O
cents per 1, 000 pounds received with no pronounced decline in costs associated
with increases in the size of plant.

In view of the range exhibited by the Walker study, it is clear that
office supply expense is subject to rather extreme variation. For this study
the cost rate for office supplies in the model plants was arbitrarily selected
to be 7-7 cents per 1, 000 pounds received. On the basis of this estimate,

daily office supply expenses amounted to $5-60 for the Cheddar cheese plant
and $18.08 for the cream-nonfat dry milk plant. Office supply expense was not
computed separately for the receiving station since it was assumed that major
administrative requirements for this plant would he handled by a central office.

It was further assumed that minor office supply expenses incurred by the re-

ceiving station would be included in the allowance for miscellaneous costs.

Boles, in a study of plant costs for evaporated milk plants, indicates
that laboratory supply costs vary according to:
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1. Number of producers

2. Policy with respect to accumulating samples

3. Method of receiving (can or bulk)

k. Variety and frequency of control tests (3).

In the same study, he reports laboratory supply costs of 0.9, 1.6, and

1.9 cents per 1,000 pounds received for 3 large fluid milk plants in California.

Boles notes that these plants received almost all of their supplies in bulk
from large producers and cautions that these costs are probably lower than for

plants receiving in cans from small producers.

Other investigators have reported laboratory supply expense per 1, 000

pounds received ranging from 2.3 cents in a plant receiving 15, 400 pounds of
milk to k.f cents in a plant receiving 11^,000 pounds of milk per day (l, pp.

^-3> ^7)« On the basis of this information, Boles used a figure of ^.0 cents
per 1, 000 pounds received to estimate laboratory expense for evaporated milk
plants. In the absence of other data, this estimate of ^.0 cents per 1,000
pounds received was utilized in the model plants. Laboratory supply expense
amounted to $3*20 per day in the Cheddar cheese plant and $9*0^ in the cream-
nonfat dry milk plant. Laboratory supply expenses were not computed separately
for the receiving station but were assumed to be included in the allowance for
miscellaneous expense.

Most plants furnish uniforms and laundry service for operating personnel.
For the model plants, it was assumed that the cost of uniforms and laundry
service, plus incidental plant laundry, would approximate $0.65 per man per
day (19). Charges for uniform and laundry expense amounted to $1-97 per day
in the receiving station, and $9*75 P©r day in both the Cheddar cheese and the
cream-nonfat dry milk plant.

PLANT MODIFICATIONS

Requirements and Costs of Input Factors

Previous sections have described the way in which processing costs have
been developed for three specialized plants—receiving station, cheese plant,
and the more complex cream-nonfat dry milk plant. The third plant- -though
originally designed to produce only those specific commodities—can be easily
modified to manufacture alternative products. For example, it can be converted
to a butter-nonfat dry milk plant by installing a churn and the necessary
packaging equipment. Obviously, such modifications will affect the total
costs, both fixed and variable. The following sections specify the modifi-
cations required to adapt this complex plant for alternative products and to
determine appropriate processing costs.

Plant Buildings

Construction costs in the basic cream-nonfat dry milk plant were based
upon the number of square feet of floor space required for plant operations
for these specific products. These costs were discussed on page 13. Utilizing
the same cost per square foot, construction costs were also estimated for model
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plants designed to produce cream and condensed skim milk, butter and condensed
skim milk, butter and nonfat dry milk, ice cream mix and condensed skim milk,
ice cream mix and nonfat dry milk, and ice cream mix and cottage cheese. The
number of square feet of floor space required and total building costs for
these plants are shewn in table 10.

Table 10. --Estimated space requirements, construction costs, and average daily
building costs, alternative dairy-product plant modifications, New York-
New Jersey milkshed, 1958

Estimated construction : Average

Area
cost : daily

Plant
: Cost per : Total cost :building

square : (1958) : costs
foot : 1/ : 2/

Square feet Dollars

11.36

Dollars

298, 000

Dollars

Butter-nonfat dry milk 26, 263 88.06
Butter- condensed skim milk . .

.

20,867 11.36 237, 000 70.14
Butter-cottage cheese 21, 788 7.86 171, 500 51.68
Cream-nonfat dry milk 26, 675 11.36 302, 500 89.27
Cream- condensed skim milk .... 19, 703 11.36 224, 000 64.82
Cream-cottage cheese 22,220 7-86 174, 500 52.66
Ice cream mix-nonfat dry milk 27, 795 II.36 316, 000 92.85
Ice cream mix-condensed skim milk : 19, 363 11.36 220, 000 65.13
Ice cream mix-cottage cheese : 22, 990 11.36 260, 500 74.50

l/ Rounded to nearest $500.
2/ Depreciation, repair, maintenance, insurance, taxes, and interest.

A different cost per square foot was used in synthesizing costs for the
cream-cottage cheese plant and the butter-cottage cheese plant. Inspection of
the building requirements for these operations indicated they are more like
the building requirements for the Cheddar cheese operation than those for the
cream-nonfat dry milk plant « Cheese plants need large open areas to hold vats
and other widely dispersed equipment. They do not require, however, the high
ceilings that are needed for the operation of condensing pans or spray boxes.
For this reason, it was assumed that a concrete block building of the same
general type as the Cheddar cheese plant would meet building requirements for
these plants.

The ice cream mix-cottage cheese plant combined certain features of both
the basic cream-nonfat dry milk operation and the Cheddar cheese operation.
The condensing pan requires a high ceiling (at least 28 feet) and therefore an

area with a high cost per square foot- while the cheese vats require a large
floor area with a lower cost per square foot, approximating that for the

Cheddar cheese plant. It is probable, therefore, that the cost per square foot

for this building would lie somewhere between the costs for the cream-nonfat
dry milk plant and the costs for the Cheddar cheese plant. In the absence of

any data which would permit the interpolation of costs for this plant, the

larger figure of $11.36 per square foot was used for computing building costs.
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Plant Equipment

In the initial synthesis of the cream-nonfat dry milk operation, the

various functions were departmentalized so that they could be revised in whole

or in part by the addition or subtraction of other pieces of equipment. Thus,

the synthesis of the cream-condensed skim milk operation from cream and nonfat

dry milk involves elimination of the spray box and accessory equipment, ad-

ditions for cooling and storing condensed skim milk, and changes in refriger-

ation and steam boiler equipment to meet changing requirements for these items.

Similarly, the processing of fat into butter requires the addition of a butter-
processing center and auxiliary equipment, and the elimination of certain kinds

of cream-processing equipment as well as space.

Table 11 summarizes the estimated equipment investment and the average
daily cost of owning the equipment in each of the complex plants.

Table 11. --Estimated equipment investment and average daily equipment costs:

Alternative dairy-product plant modifications, New York-New Jersey milkshed,

1958

Estimated : Average daily
Plant equipment : equipment

investment l/ : cost 2/

Dollars Dollars

Butter-nonfat dry milk 506, 103 271.11-8

Butter-condensed skim milk k6k, 397 285.13
Butter-cottage cheese k26, 219 22^.07
Cream-nonfat dry milk

: 516, 718 283M
Cream-condensed skim milk W 576 288.k6
Cream-cottage cheese J+35,^ 235.^1
Ice cream mix-nonfat dry milk .... 503, 500 311.63
Ice cream mix-condensed skim milk ^71, 3^3 320.38
Ice cream mix-cottage cheese 5^5,678 309.^4

l/ 1958 prices installed.

2/ Depreciation, repair, maintenance, insurance, taxes, and interest.

Labor

'Labor requirements for the various plant modifications were developed from
data taken from the study of 8 manufacturing plants in the New York milkshed
(17) and from industry sources. In general, the same procedure was followed
in the modifications as in basic cream-nonfat dry milk plants. That is, the
manufacturing process was broken down into functional operations and labor re-
quirements were determined for each function. Total labor force was the sum
of these requirements. Comparative labor costs for each plant modification
are shown in table 12.

32 -



Table 12.—Estimated average daily labor costs: Alternative dairy-product
plant modifications, New York-New Jersey milkshed, 1958

Plant Average daily labor cost

:

Butter-nonfat dry milk :

Butter-condensed skim milk :

Butter-cottage cheese :

Cream-nonfat dry milk :

Cream-condensed skim milk :

Cream-cottage cheese :

Ice cream mix-nonfat dry milk :

Ice cream mix- condensed skim milk :

Ice cream mix-cottage cheese :

Dollars

504-75
494.45
461.51
457.83
451.35
446.79
534.18
504.71
503.51

Utilities

Total utility requirements and costs for each of the major plant modifi-
cations were developed in the same manner as those for the cream-nonfat dry
milk plants. That is, the requirement for each plant was developed separately
according to the quantity of the factor consumed by each plant operation. The
sum of these individual requirements constituted the quantity of the factor or
utility required by the plant. Prices were subsequently applied to these
quantities and average daily utility costs obtained for each plant. These
costs are summarized in table 13.

Table 13.—Estimated average daily utility expense, alternative dairy-product
plant modifications, New York-New Jersey milkshed, 195®

Plant Average daily utility costs 1/

Butter-nonfat dry milk :

Butter-condensed skim milk :

Butter-cottage cheese :

Cream-nonfat dry milk :

Cream-condensed skim milk :

Cream-cottage cheese :

Ice cream mix-nonfat dry milk :

Ice cream mix-condensed skim milk :

Ice cream mix-cottage cheese :

Dollars

280.80
176.55
87.72

282.03
188.33
88.03

251.38
174.09
II.5.97

l/ Includes costs of fuel, water, electric energy, and sewage disposal,
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COSTS OF PACKAGING MATERIALS

Package requirements in the model plants were of two types: (l) Plant-

owned cans and (2) single-trip items such as parchment liners, "boxes, and "bags. I

It was assumed that fluid products such as cream, condensed skim milk, and ice

cream mix are packaged in returnable plant-owned cans. As mentioned earlier,

can requirements for these fluid products were capitalized as an equipment item i

and are included in the list of equipment costs.

Consumable items used in marketing fluid products in plant cans were seals, 1

wire, and parchment. Requirements for these items were estimated on the basis
of the average number of cans shipped per day. This estimate was increased by
2 percent to provide for waste incurred in use.

Package requirements and costs for butter and spray-process nonfat dry
milk were based on the work of other investigators. Walker and others used a

figure of 1.05 cents per pound to represent package costs of spray-process
nonfat dry milk (25, p. ^3)« Kolmer and others estimated the cost of packaging
the same product at I.36 cents per pound (15, pp. 6-7). This latter figure re-

flected the costs of packaging in 220-pound hard-board "barrels with liners of
kraft paper and polyethylene. Juers and Koller indicated a range of .90 to

1.27 cents per pound in costs of packaging nonfat dry milk (lJ+, p. 17 )• These
investigators indicated that the range in costs reflected varying proportions
of total output packed in 220-pound hard-board barrels and 100-pound kraft
paper bags with polyethylene liners. For the model plants, the figure of 1.05
cents per pound was selected to represent the costs of packaging nonfat dry
milk. This appeared to be a reasonable estimate for packaging costs incurred
by plants packaging powder in both bags and barrels

.

Butter processed in the model plants was assumed to be packaged in 64-
pound cardboard containers with parchment liners. The cost of this type of
container has been estimated by one investigator at .3 cent per pound of butter
(25). This figure included some other minor cost items such as salt and butter
color. In a study of 12 Iowa butter plants, Frazer and others indicated butter
packaging costs ranging from .25 to .38 cent per pound with a mean of .32 cent
and a median of .30 cent per pound (12, pp. 8l0-8ll). On the basis of the
evidence presented by these investigators, the .3 cent per pound figure was
selected for butter packaging costs in the model plants.

Packaging costs for cheese were computed on the basis of data developed
in this study. It was assumed that only one style of cheese (single daisy)
would be produced and that each package would consist of 1 cheese bandage, 2
circles, k ounces of wax, and 1 box. Estimated total requirements were in-
creased by 2 percent to allow for normal loss and damage to packaging supplies.
Prices were obtained from manufacturers of each individual package item and
total package costs were computed on the basis of the average daily number of
cheeses produced. These costs amounted to approximately 2.23 cents per pound
of cheese produced, or 21 cents per 100 pounds of milk received.

It was assumed that cottage cheese would be marketed in 5 0-pound nonre-
turnable tins with parchment lid liners. Prices for tins and liners were
obtained from industry sources and costs were computed on the basis of average
daily volume produced. Again a 2 percent allowance was added for loss and
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damage. Costs for this item amounted to approximately 60 cents per 50-pound
tin, or lc2 cents per pound of cottage cheese produced.

Package costs for selected manufactured products are summarized in
table Ik.

Table ik. --Estimated package costs for selected manufactured dairy products,
New York-New Jersey milkshed, 1958

Product : Package cost per pound

: Cents

Butter : 0.30
Nonfat dry milk : 1 . 05
Cheddar cheese : 2.23
Cottage cheese : 1.20

UNIT PROCESSING COSTS

The major objective of this study was to arrive at a series of unit
processing costs. These costs were designed to represent annual average unit
costs of reasonably efficient operations under conditions- -such as seasonal
variations in receipts, and prevailing wages and other input cost structures-
typical of manufacturing plants in the New York-New Jersey milkshed. In line
with this objective, previous sections have described the development of factor
inputs and prices for a series of model dairy manufacturing plants processing
specified volumes of milk. In this section, the previously determined cost
elements for the various types of plants are summarized and converted into

annual average processing costs per hundredweight of milk received. These are

shown in tables 15 through 25.

Unit Costs by Products or Combinations of Products

In the model plants the problems inherent in allocating costs between spe-

cific products are avoided by computing unit costs in terms of "joint product"

costs. In other words, the processing costs for the cream-nonfat dry milk
plant, for example, are shown in terms of the combined cost, per 100 pounds of

milk received, of processing whole milk into the joint cream and nonfat dry
milk products. Each combination of fat- and skim- containing products is by
technical necessity produced in fixed proportions so that each combination is

best treated as a single product (7, pp. 75-76 )•
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Table 15-- -Receiving station: Major expense items, estimated average costs
per day and per hundredweight of raw milk received, New York-New Jersey
milkshed, 1958

Expense item
Cost of item

per day
Cost of item per cwt

of raw milk

Dollars Dollars

Labor

Building:
Depreciation
Repair and maintenance .

Taxes
Insurance
Interest

Equipment

:

Depreciation
Repair and maintenance .

Insurance
Taxes
Interest

Utilities:
Electricity
Water
Fuel

,

Supplies and miscellaneous

Total

59.62

2.19
.80

1.64

• 39
2.29

7-31

11.56
9.15
1.32
3.29
4.58

29.90

5.57
k.67
5.83

16.07

3.97

0.085

.010

042

023

006

H6.87 .166
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Table l6 Cheddar cheese plant: Major expense items, estimated average cost
per day, per hundredweight of raw milk received, and per pound of cheese
produced, New York-New Jersey milkshed, 1958 l/

Expense item
Cost of item
per day

Cost of item
per cwt.

of raw milk

Cost of item
per pound
of cheese

: Dollars Dollars Dollars

Labor : 207.08 0.260 0.027

Building: :

Depreciation : 10.35
Repair and maintenance ..: 3*^1
Taxes : 6.66
Insurance : 2.95
Interest : 9.23

: 32.62 .oia .004
Equipment : :

Depreciation : 49«6l
Repair and maintenance ..: 22. 40
Taxes : 12.68
Insurance : 6 . 98
Interest : 17.62

: 109.29 .137 .014

Liability insurance : 2.99 .004 4/

Utilities: :

Electricity : 7.75
Water : I.85
Fuel : 11.88

: 21.48 .027 .003
Miscellaneous: :

Cleaning supplies : 3«79
Office supplies : 5.6O
Laboratory supplies : 3 '20
Uniforms and laundry ....: 9 .75
Other supplies 2/ : 20.29

: 42.63 .054
-
7oc£

Packaging supplies 3/ : 169.20 .212 .022

Total : 585.29 .735 .076

1/ Assumes plant produces cheese for 6 months and operates as shipping
station for 6 months.

2/ Rennet, starter, salt, and coloring.

3/ Single daisies, bandage, circles, wax, box, and nails.

y Less than .001.
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Table 17. --Cream-nonfat dry milk plant: Major expense items, estimated
weighted average costs per day and per hundredweight of raw milk
received, New York-New Jersey milkshed, 1958

Expense item
Cost of item

per day
Cost of item per cwt

of raw milk

Labor

Building:
Depreciation
Repair and maintenance
Insurance ,

Taxes ,

Interest ,

Equipment

:

Depreciation ,

Repair and maintenance
Insurance
Taxes
Interest

Liability insurance

Utilities:
Electricity
Water
Fuel
Sewage

Miscellaneous

:

Cleaning supplies
Office supplies
Laboratory supplies . .

.

Uniforms and laundry .

.

Packaging supplies

Total

Dollars

457-83

28.51
9.1*1

8.10
18.11
25.14

89.27

II8.35
80.36
15.64
28.93
4o. 18

283.46

IO.29

72.42

5.79
201

. 99
1.83

282.03

12.03
18.08
9.04

9-75

48.90

241.30

Dollars

0.194

038

.120

,oo4

.120

,021

,102

1, 413 . 08 •599
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Table 18.- -Butter-nonfat dry milk plant: Major expense items, estimated
weighted average costs per day and per hundredweight of raw milk
received, New York-New Jersey milkshed, 1958 l/

Expense item
Cost of item ' Cost of item per cwt.

per day
[ of raw milk

Dollars Dollars

504-75 0.214
88.06 .037

271. 48 .115

9.50 .004
280.80 .119
51.87 .022

272.06 .115

Labor
Building
Equipment (including cans) ....

Liability insurance
Utilities
Miscellaneous
Packaging supplies, except cans

Total 1,478.52 .626

l/ Weighted by average monthly volumes received.

Table 19.- -Butter-condensed skim milk plant: Major expense items, estimated
weighted average cost per day and per hundredweight of raw milk received,

New York-New Jersey milkshed, 1958 l/

Expense item
Cost of item

|

Cost of item per cwt.

per day of raw milk

Dollars Dollars

494.45 0.210
70.14 .030

285.13 .121

9-99 .004

176.55 .075

47.36 .020

38.24 .016

Labor
Building
Equipment (including cans) ....

Liability insurance
Utilities
Miscellaneous
Packaging supplies, except cans

Total 1,121.86 .476

l/ Weighted by average monthly volumes received.
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Table 20. --Butter-cottage cheese plant: Major expense items, estimated

weighted average costs per day and per hundredweight of raw milk

received, New York-New Jersey milkshed, 1958 l/

Expense item
Cost of item

per day

Labor
Building
Equipment
Liability insurance
Utilities
Miscellaneous
Packaging supplies .

Total

Dollars

461.51
51.68

224. 07
12.10
87.72
63.72

445-64

Cost of item per cwt,

of raw milk

Dollars

O.I96
.022

.095

.005

.037

.027

.189

1,346.44 • 571

l/ Weighted by average monthly volumes received.

Table 21. --Cream-condensed skim milk plant: Major expense items, estimated
weighted average costs per day and per hundredweight of raw milk received,
New York-New Jersey milkshed, 1958 l/

Expense item
Cost of item ' Cost of item per cwt.

per day of raw milk

Dollars Dollars

451.35
64.82

288.46

0.192
,028

.122

10.79
188.33
44.40
4.51

.005

.080

.019

.002

Labor
Building
Equipment (including cans) .

Liability insurance
Utilities
Miscellaneous
Packaging costs, except cans

Total 1,052.66 .448

1/ Weighted by average monthly volumes received,
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Table 22.—Cream-cottage cheese plant: Major expense items, estimated
weighted average costs per day and per hundredweight of raw milk
received, New York-New Jersey milkshed, 1958 l/

Expense item
Cost of item Cost of item per cwt.

per day of raw milk

Dollars Dollars

446.79 0.190
52.66 .022

235.1kL .100
12.71 .005

88.03 .037
61.72 .026

4-32.37 .184

Labor
Building
Equipment (including cans) ....

Liability insurance
Utilities
Miscellaneous
Packaging supplies, except cans

Total 1,329.69 .564

l/ Weighted by average monthly volumes received.

Table 23. --Ice cream mix-nonfat dry milk plant: Major expense items,

estimated weighted average costs per day and per hundredweight of
raw milk received, New York-New Jersey milkshed, 1958 l/

Expense item
Cost of item ' Cost of item per cvrt.

per day of raw milk

Dollars Dollars

534.18 0.227

92.85 .039

311.63 .132

15.33 .006

251.38 .107

48.28 .020

172.57 .073

Labor
Building
Equipment (including cans) ....

Liability insurance
Utilities
Miscellaneous
Packaging supplies, except cans

Total 1,426.22 .604

1/ Weighted by average monthly volumes received.
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Table 24. --Ice cream mix-condensed skim milk plant: Major expense items,

estimated weighted average costs per day and per hundredweight of raw

milk received, New York-New Jersey milkshed, 1958 1/

Expense item

Labor
Building
Equipment (including cans) 2/

Liability insurance
Utilities
Miscellaneous

Total

Cost of item
per day

Dollars

504.71
65.13
320.38
15.68

17^.09
44.67

Cost of item per cwt.

of raw milk

Dollars

0.214
.028

.136

.007

.074

.019

1,124.66 ,478

l/ Weighted by average monthly volumes received.

2/ Plant uses no packaging materials except cans

Table 25. --Ice cream mix-cottage cheese plant: Major expense items, estimated
weighted average costs per day and per hundredweight of raw milk received,

New York-New Jersey milkshed, 1958 l/

Expense item
Cost of item

\

Cost of item per c*•rt.

per day of raw milk

Dollars Dollars

503.51
74.50
309.44
14.61

0.214
.032

.131

.006

115.97
69.O6
338.69

.049

.029

.144

Labor
Building
Equipment (including cans) ....

Liability insurance
Utilities
Miscellaneous
Packaging supplies, except cans

Total 1,425.78 .605

1/ Weighted by average monthly volumes received,
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Comparisons with Other Studies

One advantage of statistical studies utilizing accounting data (as opposed
to the method of synthesis used in this study) is that they do provide the in-

!
vestigator with an opportunity for testing the reliability of component parts
and, hence, give some idea of the reliability of the final results (2). One
of the deficiencies of the synthetic approach to cost analysis is that once
results are obtained there is no statistical method of testing their relia-
bility. This deficiency does not, however, invalidate synthesized cost studies
since it is often possible to check results with other sources. Such compari-
sons serve to test the reasonability of the data so synthesized and to give
some assurance that important cost components have not been inadvertently
omitted. Several comparisons of this sort are made in the following paragraphs.

Kosikowski indicates that in a study of 15 New York cheese factories con-
ducted in 1953; average processing costs amounted to 6.75 cents per pound. 35/
On the assumption that changes in the wholesale price index (19^7-^9 = 100

)

—

reflect changes in processing costs, the processing cost (adjusted to I958
cost rates) for Cheddar cheese as computed by Kosikowski would amount to 7.26
cents per pound. This is .kQ cent per pound less than costs of 7«T^+ cents per
pound developed for the model cheese plant (table l6).

Rowe indicates plant costs of ^.3^ cents per pound for a plant processing
an average of 1, 569* hh3 pounds of Cheddar cheese annually, and ^.35 cents per
pound for a plant processing an average of 1,013,7^0 pounds annually (21, p. 17)
This study was conducted in Oregon and covered accounting data for 19^1-^8.
Again, assuming that movements in the index of wholesale prices (19^7-^9 = 100

)

reflect the increase in processing costs, 1958 costs for the Oregon plants
would amount to 5*9^ an L̂ 5«9& cents per pound. This difference appears to be
considerable; however, it might be explained in part by variations in building
requirements and costs, regional differences in labor costs, and the fact that
the Oregon cheese plants were not qualified to ship milk for bottling.

The Milk Dealers Association of Metropolitan New York reported, for seven
cream-nonfat dry milk plants in 1950, a net processing cost of 73*3 cents per
hundredweight of milk processed (2^). When this figure is adjusted to be
comparable with the model plant data (eliminating feeder plant costs, hauling
charges, and plant loss), the resulting cost amounts to approximately ^-8.

3

cents per hundredweight processed. 36/ A further adjustment for price changes
using the wholesale price index (l9W-^9 = 100 ) yields a processing cost of

55*9 cents per hundredweight for the reporting plants. On the other hand, the
processing cost of 59-9 cents per hundredweight for the model plant contains
certain expense items which were not included as a net cost of manufacturing
by the reporting plants. These items, namely package costs and investment
costs (interest on investment), amount to approximately 13 cents per hundred-
weight in the model plant. The model plant costs adjusted for comparability
amount to ^6.9 cents per hundredweight, or 9 cents per hundredweight less than

35/ Kosikowski, Frank. Testimony for Class III hearing, N. Y. Federal
Milk Market Order. 195^- (unpub., mimeo.).

36/ For a treatment of feeder plant costs, hauling costs, and plant loss
as components of plant costs, see footnote 17.
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processing costs encountered by the reporting plants. Since the average

volumes processed in the reporting plants are roughly comparable to those of

the model plant (62.9 million pounds annually versus 72 million), reasons for

this cost difference must be sought in variation in cost rates or physical

input rates. For example, depreciation costs for the model plant exceeded

those of the reporting plants by approximately 2 cents per hundredweight;

labor rates averaged $1.27 per hour in the reporting plants, against a weighted
average cost of $1.77 P«r hour for processing labor in the model plant. 37/
Although these variations may be wholly or partially compensated for by the

price adjustment, differences in labor efficiency or plant organization would
still result in variations in processing costs between the model plant and the

reporting plants.

Processing costs for the model butter-nonfat dry milk plants may be com-

pared with costs developed in the Northwest butter-nonfat dry milk study (25).
These costs ranged from 7^- cents to kQ cents per hundredweight received. Costs
for a butter-nonfat dry milk plant comparable in size to the model plant (2, 568
hundredweight per day versus 2,356 hundredweight for the model plant) amounted
to k-8 cents per hundredweight received. For the model plant, these costs
amounted to 63 cents per hundredweight received (table 19) • Costs for a

smaller plant in the Northwest study (l, 606 hundredweight per day) amounted to

54 cents per hundredweight. Costs in the Northwest study were based on I9U6
prices. Thus, following the previous assumption that changes in the index of
wholesale prices (19^7-^9 = 100 ) reflect changes in processing costs over the
time period considered, the new costs (adjusted to the 195^ level) became 67.6
cents per 100 pounds received for the larger plant and 76 cents per 100 pounds
received for the smaller. The adjusted processing costs in the larger Northwest
plant are 4.6 cents per hundredweight higher than comparable costs developed
in the model plant. For the smaller Northwest plant, this difference is 13
cents per hundredweight received.

The purpose of these comparisons is to test the reasonableness of cost
data for the model plants. The costs for the model plants agreed with results
of other studies (after appropriate adjustments, and with one exception) within
5 to 9 cents per 100 pounds of milk processed. Considering that compensations
for differences in building requirements and costs, wage rates, labor ef-
ficiency, and prices were not entirely possible, the measure of agreement is
well within the range of costs that probably exists among individual firms
within the milkshed.

37/ The average rate includes fringe benefits and shift differentials
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APPENDIX

Table 26. --Receiving station: Contractors' itemized estimate of building
costs, New York-New Jersey milkshed, 1953

Item
Number of

units

Cost

Excavation for footer : 85
Concrete footer : 19
Exterior walls, 8" block : 1, 6^-0

Interior walls, 6" block : 1, 628
Concrete floor, 5" reinforced mesh .

:

2, 750
Quarry tile floors : 1, 000
Asphalt tile : 520
Built-up roof : 25
Roof, 2" concrete plank : 2, 500
Coping :

2l+0

Ceiling, J" fiberboard : 520
Plaster work : 222
Lath, fiberboard, strapped to joists: 2,000
Insulation, 2" glass fiber : 2, 500
Millwork :

Painting :

Subtotal :

Electricity :

Heating :

Plumbing :

Allowance for error and contingency :

plus contractors ' fees :

Total :

Dollars Dollars

cu. yds. 3-00 255
cu. yds. ^0.00 760
blocks .80 1,1+71

blocks .60 977
sq. ft. 1.00 2,750
sq. ft. 2.00 2,000
sq. ft. .50 260
squares 38.00 950
sq. ft. .90 2,250
lin. ft. •75 180
sq. ft. •35 182
sq. yds. 3.00 666
sq. ft. • 30 600
sq. ft. .15 375
-- 1,110
-- 750

15, 536

1,779
1,500
1,800

M79

25, k9k
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Table 27.—Cheddar cheese plant: Contractors' itemized estimate of building
costs, New York-New Jersey milkshed, 1953

Item
Number of

units

Exterior walls, 8" "block : 6, 133
Interior walls, 6" block : 1, 853
Excavation for footers : 193
Concrete footers : 43
Concrete floor, mesh reinforced . . . .

:

9, 6l0
Quarry tile '.

: 1, 000
Asphalt tile floors : 876
Steel joists : 15
Roofing : 94
Planks, 2" concrete : 9, 360
Insulation, 2" glass fiber : 9,360

J" fiberboard : 876
Plaster : 943
Lath strapped to joists : 7, 884
Coping : 464
Insulation, coldroom, 4"

: 2, 200
Asbestos board, coldroom : 1, 600
Refrigerator doors : 2

Subtotal :

Electricity :

Heating :

Plumbing :

Allowance for error and contingency :

plus contractors • fees :

Total :

Dollars Dollars

"blocks 0.80 4,904
blocks . .60 1,112
cu. yds. 3-00 579
cu. yds. 40.00 1,720
sq. ft. 1.00 9,610
sq. ft. 2.00 2,000
sq. ft. .50 438
tons 400.00 6,000
squares 38.00 3,572
sq. ft. .90 8,424
sq. ft. •15 1, 4o4
sq. ft. •35 307
sq. yds. 3.00 2,829
sq. ft. • 30 2,365
lin. ft. •75 348
sq. ft. •25 550
sq. ft. .40 640
doors 250.00 500

47, 302

3,603
4,256
2,760

6,230

64,151
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Table 28. --Receiving station: Equipment requirements, installed cost, esti-
mated life, and annual depreciation, New York-New Jersey milkshed, 1958

Item and description '
Installed

cost

_, . . , , : Annual
Estimated

, . _ : depreci-
life ,. _ /

: ation 1/

: Dollars
Can conveyors, complete, with drives, units, :

and turns : 6, 85O
Weighing tank, 750 lb ., 2 compartments : k, 365
Receiving vat, 2, 000 lb., stainless steel : 1, 560
Scale, 1,000 1b., stainless steel : 1,187
Sample cabinet, capacity 2^0 8-oz. bottles : 1, (A-5

Vacuum sampler, 2-compartment : 535
Can washer, 12 cans per minute : 7> 150
Plate cooler, 50,000 1b. per hr., 80 plate : 7, ^4-20

Milk pump, 60,000 lb. per hr., centrifugal, 5 hp: 483
Milk pump, §• hp., centrifugal : 239
Wash sink, 2-compartment, and pipe sink and rack: 5^5
Ice builder, 15,000 lb. ice storage capacity ...: 3> 877
Compressor, 20 hp., mounted on ice builder : 3> 1&2
Storage tanks (2), on scales, 6,000 gal., with :

agitator : 18, 430
Steam generator, 56 b .hp.-E : 6, 676
Water and fuel feed systems, and hot water :

system, complete : 682
Oil storage tank, 5, 000 gal., steel : 700
Sanitary lines and fittings, stainless steel ...: 721
Laboratory equipment : 200
Office equipment : 1, 000

Total : 66, 827

Years Dollars

15 457
12 361+

20 78
15 79
15 70
15 36
lit 511
15 495
Ik 35
ik 17
15 37
15 258
15 211

20 922
20 334

15 45
15 47
10 72
10 50
10 100

4,218

1/ It is assumed that none of the equipment items listed have any salvage
value at the end of their estimated life.
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Table 29. --Cheddar cheese plant: Equipment requirements, installed cost, esti-
mated life, and annual depreciation, New York-New Jersey milkshed, 1958

Item and description
Installed

cost

_ , . , -Annual
Estimated n

life --^Vrecx-
: ation 1/

Dollars

Conveyors, complete, with drive units and turns . . .

:

6, 850
Weighing can, 750 lh •, stainless steel : k, 365
Drop tank, 2, 000 lb : 1, 560
Scale, 1, 000 lb : 1,187
Sample cooler, 2k0 8-oz . bottles : 1, 0^5
Pump, 50, 000 lb . per hr . speed :

i+83

Can washer, 12 cans per minute, return line : 7> 150
Wash tank, 11 ft. H.S.S. with rotor brush : 6kk
Cooler, plate, 50, 000 lb . per hr : 7, 420
Storage tanks: :

2 tanks, k, 000 gal : lk, ^90
1 tank, 3, 000 gal : 6, 3^0

Preheater, with 2-hp. circulating pump and air :

control, 33, 000 lb . per hr : 2, $kk
Cheese vats: :

5 vats, 15, 000 lb . each : 18, 705
2 vats, 10, 000 lb . each : k, 776

Cheese presses (5 ), double row, 20 ft : 7, 1+75

Curd mills (2), 12 in. 3-knife with portable stand : 1, kQ>0

Whey separators (2), 11,000 lb. per hr. each : 12, kOk
Whey tanks (k), 5, 000 gal., steel : 2, 800
Whey pasteurizer, 100-gal. vat type stainless steel: 1,095
Whey pump, 3 hp. positive, capacity 22,000 lb. :

per hr
: 2, C4l

Cold storage compressor, 10 hp : 2, 500
Air compressor, 3/k hp

: 355
Steam generator, 92 boiler hp : 9 025
Ice builder, 15, 000 lb

: 3^ 877
Compressor, 15 hp., mounted on ice builder : 2,875
Wax machine, steam heating element, -^-hp. motor ...: 590
Sanitary lines and fittings, stainless steel : 3, 435
Miscellaneous: Cheese hoops, starter processor, :

curd knives, cans, shovels, gate valves, cheese :

trucks, tables, etc
: 35 0,14.5

Subtotal, plant equipment :

163, k^6

Laboratory equipment:
:

Glassware
Miscellaneous

Office equipment: Furniture, typewriter, adding :

machine, fan, water cooler
: 1 375

250
500

Subtotal, laboratory and office ' 2 125

Total: Plant, laboratory, and office equipment .

:

165,581

Years Dollars

15
12
20

15
15
lk
lk

15
15

20
20

10

20
20
Ik
Ik

15
15
20

16

15
Ik
20

15
15
20
10

5

10

10

457
36k

78

79
69
35

511
k3

^95

725
317

254

935
239
53k
106
827
187

55

128
167
25

1+50

252
192
30

3kk

3,306

11,201+

50
50

138

238

11, kk2

1/ It is assumed that none of the equipment items listed have any salvage value
at the end of their estimated life. _ ho



Table 30. --Cream-nonfat dry milk plant, separation center: Equipment re-

quirements, installed cost, estimated life, and annual depreciation,
New York-New Jersey milkshed, 195^

Item and description Installed
cost

: Annual
Estimated .

, . „ rdepreci-
life * . /

: ation 1/

Positive milk pump, ¥+,000 lb. per hr., 7-J hp., :

Dollars

variable speed : 2, 875
Plate heat changer, kh, 000 lb. per hr., complete :

with hot water circulating unit and air controls : 2, 320
Separators (5), 11,000 lb. per hr., white enamel :

finish with magnetic starter : 31, 010
Spare separator motors (2) : 756
Spare bowl : 3, 100

120

95
6kk

550
^95

Pipe rack :

Wheeled parts branch :

Wash tank with jj-hp. motor and brush :

Chain hoist and truck, stainless steel table :

Separator parts washer and rinser with -jj-hp. motor :

Sanitary lines : 1, 205

Years Dollars

10

10

10
Ik
10
15
15
15
20

15
10

288

232

3,101
5^

310
8

6

^3
28

33
121

Total : 1+3, 170 ^,221+

1/ It is assumed that none of the equipment items listed have any salvage
value at the end of their estimated life.

Table 31* --Cream-nonfat dry milk plant, cream pasteurizing center: Equipment
requirements, installed cost, estimated life, and annual depreciation,
New York-New Jersey milkshed, 195^

Item and description
Installed

cost
Estimated

life

: Annual
: depreci-
:ation l/

/ T"V~i "1 "1 Pi t* cj

H.T.S.T. 2/ system, complete with holding tube, :

regeneration positive pump, surge tank, controls, :

air compressor, 6, 000 lb . per hr : 16, 2^1
C.I.P 3/ system, 2-hp. pump on dolly, complete ....: 575
Cream storage tanks: :

(3)1, 000 gal. each : 13, 335
(1) 1,500 gal : 5,065

Sanitary lines : 893

Years Dollars

15
ik

20
20
10

1,083
hi

666

253
89

Total : 36, 109 2,132

l/ It is assumed that none of the equipment items listed have any salvage

value at the end of their estimated life.

2/ High temperature short time.

3/ Cleaning- in-place.
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Table 32 Cream-nonfat dry milk plant, raw cream sales center: Equipment

requirements, installed cost, estimated life, and annual depreciation,

New York-New Jersey milkshed, 1958

Item and description
* Installed]

cost
Estimated*

life

Dollars Years

Annual
depreci-
ation 1/

Dollars

Cream cans (2,165) : 21, 65O 6.3 3,^37
Platform scale, 125 lb . capacity : 860 15 . 57

Can-filling valve, stainless steel, with shield : 2k6 lk.0 17
Conveyor, gravity, from city can room to cooler : 600 15.O kO
Can washer, 2/ rotary, k cans per minute : 3, 310 12.0 275
Can truck : 86 5 . 17
Sanitary lines : 648 10. 65

Total : 27,400 -— 3, 908

l/ It is assumed that none of the equipment items listed have any salvage
value at the end of their estimated life.

2/ For washing "city cans" used for cream and condensed milk shipped under
New York City regulations.

Table 33 •- -Cream-nonfat dry milk plant, condensed milk processing center:
Equipment requirements, installed cost, estimated life, and annual
depreciation, New York-New Jersey milkshed, 1958

Item and description
Installed

cost

_ . . , , : Annual
Estimated

: depreci-
llte , . , /

: ation 1/

: Dollars Years Dollars
Skim-milk storage tanks: :

3 tanks, 5, 000 gal., insulated, 96' x l6l* ...: 25,500 20 1,275
1 tank, 6, 000 gal ., insulated : 9, 215 20 k6l

Skim-milk pump with 1-hp., 3-phase motor : 403 ik 29
Vacuum pan, double effect, capacity 13, 600 lb. :

per hr : 43, 000 20 2, 150
Hot wells (2 ) : k, 000 20 200
Vapor and steam preheater :

ij-, lj-31 15 295
Level controls : 2, 200 15 1^7
Condensed-milk storage tank, 1, 000 gal : k, 445 20 222
Sanitary lines : 1,451 10 1*4-5

Total : 94, 645 4, 92k

1/ It is assumed that none of the equipment items listed have any salvage
value at the end of their estimated life.
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Table 3^.—Cream-nonfat dry milk plant, dry milk spray-processing center:
Equipment requirements, installed cost, estimated life, and annual
depreciation, New York-New Jersey milkshed, 1958

x+~™ „„^ a~~~-~4-t^.i~~ 'Installed'Estimated' ,Item and description : ; : depreci-
cost life

, f , /

!
I

: : ation 1/

[ Dollars Years Dpi 1 ars

Wash rack :
1I4-5 10 15

Drier (spray) including high-pressure pump, :

1, 200 lb . per hr : 51, 000 15 3, I4.OO

Tube heater, 3, 000 lb . per hr : 3, 490 15 233
Powder cooler : k, 180 20 209
Y-bagger : 350 15 23
Moisture test equipment : 155 10 15
Platform scales (2 ) : 1, 870 15 125
Barrel carts (2 ) : 4l 12 3
Pallet lift : 6, 103 12 509
Pallets (if00) : k, 068 10 kOJ
Sack sewers (2 ) : 1, 625 15 108
Warehouse trucks (2 ) : 250 5 50
Sanitary lines : 293 10 29

Total : 73, 570 — 5,126

1/ It is assumed that none of the equipment items listed have any salvage
value at the end of their estimated life.

Table 35 •--Cream-nonfat dry milk plant, dry milk roller-processing center:

Equipment requirements, installed cost, estimated life, and annual
depreciation, New York-New Jersey milkshed, 1958

Item and description
Installed

cost

_ , . . ,: Annual
Estimated ,

life
: dePreci "

: ation l/

Skim pumps:

3A hp ,

1 hp ,

Tube heater ,

Wash tank ,

Pulverizer and elevator (2)
Powder rolls (2 ) ,

Barrel shaker ,

Sanitary lines

Dollars Years Dollars

321 Ik 2k

^03 Ik 29

3,500 15 233
1^5 10 15

1,200 15 80

3^, 000 15 2,266
200 10 20
1+10 10 in

Total :
i+0, 179 2,708

l/ It is assumed that none of the equipment items listed have any salvage

value at the end of their estimated life.
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Table 36.—Cream-nonfat dry milk plant, utilities center: Equipment re-

quirements, installed cost, estimated life and annual depreciation,

New York-New Jersey milkshed, 1958

Item and description
'
Installed

cost

_ , . , ,

:

Annual
Estimated „

.,.„ : depreci-
life j.j -, /

: ation 1/

: Dollars Years Dollars
Steam :

Boilers (2), 250 hp., with condensation pump, :

"boiler controls, and oil feed : 32, 300 20 1, 6l6
Oil storage tank, 99, 000 gal : 13, 630 20 682

Total : k-5, 930 2,298

Refrigeration :

Compressor, coldroom, 10 hp : 3> 000
Compressor, sweet water, 20 hp : 5, 500
Sweet water system, 15, 750 lb . ice huilder : 5, 255
Cooling tower, 750 tons : 32, 000
Evaporative condenser, 30 tons : 2, 200

20 150
20 275
20 263
10 3,200
10 220

Total : kj, 955 4,108

1/ It is assumed that none of the equipment items listed have any salvage
value at the end of their estimated life.
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Table 37. --Dairy-product processing plants, general service equipment center:
Equipment requirements, installed cost, estimated life, and annual depreci-
ation, New York-New Jersey milkshed, 1958 l/

Annual
Estimated

n ._ : depreci-
ation 2/

: Dollars
Shop: :

Portable electric drill . : 96
Bench vise : 8l
Acetylene torch : 228
Electric welder : 6ll
Anvil : kl
Air compressor : 366
Tube and die set : 305
Pipe threader : 91
Paint sprayer : lk-3

Pipe reamer : kk
Small electric grinder : 91
Large electric grinder : 1^3
Wheelbarrow : kk
Small tools : 1, 730
Drill press : 305
Reseating tools : 152
Wood table saw : 152
Metal table saw : 1, 180
Chain hoist : 71

Years

10
15

9
11
20

15
12
12
8

5

10
12
12

5

15
8

2

5

12

Dollars

10

5

25
56
2

2k

25
8

17

9

9
12
k

3k6
20

19
76

236
6

Spare equipment: :

Positive milk pump : 1, 73O
Regular milk pumps (3 ) : 1, 83O
Positive milk pump head : 66l
Motors (4), 3 hp : 6ll
Motors (2), 5 hp : 366
Motor, 10 hp : 2^

10
10
10
15
15
15

173
183
66
kl
2k
16

Personal convenience:
Lockers (ko)
Benches (6)
Chairs and sofas (2)
Medicine chests (2) ,

1,320
61
30k
82

15
12
10
10

88

5

51
8

Total : 13, 283 1,36k

1/ Walker, S. A. (25).

2/ It is assumed that none of the equipment items listed have any salvage
value at the end of their estimated life.
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Table 38 .--Dairy-product processing plants, office equipment center:
Equipment requirements, installed cost, estimated life, and annual
depreciation, New York-New Jersey milkshed, 1958 l/

Item
Instal 1 ed "Estimated'

Annual

cost life
depreci-
ation 2/

Dollars Years Dollars

^883 25 195
4,883 15 325
3,662 10 366
2,339 15 156

1*27 10 43
1,180 12 98
1,525 30 51

357 10 36
1,057 15 70
1,018 12 85

916 30 31
966 15 6k
20 10 2

305 12 25
275 20 14
509 15 34

1,323 20 66

255 10 26
611 10 61

305 25 12

559 12 hi

Office:
Billing machine
Calculators (k )

Adding machines (6 )

Desks and tables (10) ....

Chairs (ik)
Typewriters (k)
Safe
Time clock
Filing cabinets (8)
Lighting and miscellaneous
Storage cabinets (15

)

Cash register ,

Postal scale ,

Check protector
Record binders (9)
Stencil machine
Addressing machine ........
Water cooler ,

Intercommunication system ,

Posting trays (2 ) ,

Check writer

Total
: 27,375

1/ Walker, S. A. (25).

1,807

2/ It is assumed that none of the equipment items listed have any salvage
value at the end of their estimated life.
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Table 39 •--Dairy-product processing plants, laboratory equipment center:
Equipment requirements, installed cost, estimated life and annual
depreciation, New York-New Jersey milkshed, 1958 l/

Item
Installed

cost
Estimated'

life

Annual
~

depreci-
ation 2/

: Dollars Years Dollars
Laboratory: :

Centrifuges (2), capacity 36 bottles each : 529 10 53
Methylene blue set : 6ll 10 6l
Electric water heater : 305 15 20
Acidity tester : 255 10 26
Sediment guns (k ) : 325 5 65
Torsion balance scales (2 ) : 346 20 17
Hotplate : 50 10 5

Salt titration set : kO 15 3
Acid dispenser : kO 12 3
Trays and hot water bath : 3, 052 12 254
Glassware : 2, khl 3 8l4
Majonnier tester : h, 273 ^0 107
Bottle washer : 173 10 17
Sterilizer : ^57 15 31
Incubator : 489 15 33
Miscellaneous : 1, 832 5 366

Total : 15, 218 1,875

1/ Walker, S. A. (2j>).

2/ It is assumed that none of the equipment items listed have any salvage
value at the end of their estimated life.
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