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Repoit Summary

The deiry markeiing group of Cornell University’s Agﬁcultural' Economics
cpartment has on-going projects to detesmine the COSts of processing hard, or storablz,
dairy producis!. This report represents the first of a two part siudy o determine the cost of
processing butter and non—fat dry milk. The second part of the study will use econcmic
engineering models of butter/powvder processing to analyze COSts and related factors in
simulated but realistic plants. This report, on the first phase of the project, summarizes the
results of a survey of existing plants. Az objective of tizis phase is to provide information
for the selection of modaling paremetars and benchmarks of actual precescing costs for the
economic engineering study which follows.

Ten plants were s=!zcted and surveyed for unique combinations of:

—Owmership (cooperative and proprieiary)

—Location (major dairy areas across the country)

—-8izz (varying capacities to process raw preducts)

—Seasonality (stable and fluctuating processing patterns)

—Marketing Practices (retail butter packaging, CCC sales, bulk blends etc.)
The survey collected information on equipment capacitiss, product input and output, labor
hours by plant center, utility usage and major cost items over a twelve rmonth pericd frem
June 1987 through May 1988. Two of the plants were privately owned with the rerpaining
eight being cooperatively owned. The plants are located across the major dairy areas of the
country representing the Northeast, the Upper Midwest, the Southwest and the West.
They rangzd in sustainable processing capacities from approximately 90,006—360,000
pounds ¢f butter and/or powder in a 24 hour period. The seasonal aspect of production
varied from plants which produced no product for one or more months to those which

1 Three rezorts on cheese manufacturing are presently available from the Publications Office of the
Department of Agriculinral Economics, Comell University: Jens K. Mesa-Dishington, Richard D. Aplin,
and David M. Barbano, Ecopomic Performance. of 11 Cheddar Cheesg Manufacturing Plants in Norgheagt
and North Central Regions, Department of Ag Economics, Comell University, AE. Res. 87-2; Jens K.
Mesa-Dishington, Richard D. Aplin, and David M. Barbano, Cheddar Cheose Manufacturing Costs
Economies of Size and Effects of Different Current Technologies, Department of Ag Econormnics, Cornell
University, A.E. Res. 87-3; John C. Martin, David M. Barbano, and Richard D. Aplin, Diversification of
the Cheddar Cheese Industry Throuvgh Specialty Chesse Production: An Economic Assessment, Department
of Ag Economics, Cornell University, AL, Res. 83-9. :




operated near 100% capacity for the entire 12 month pericd. A wide spectrum of mai"keﬁng
practices is observed in the ten plants.

It is determined that the averaga costs of Processing in these ten plants are 13.68¢
per pound of butter produced and 13.29¢ per pound of nonfat dry milk powder produced.
An analysis of variance cn factors affecting these costs indicates that plant ownership had a
demonstrable effect on differences in cost with proprietary firms being lower cost
processers than cooperatives. Location is also an influential factor with the Northeast firms
being high cost processors. The upper Midwest is cbserved to bs low cost PToCessors;
everyone else is in between. Size appears to ke a factor in butter production although not in
powder production with Iow cost associated with large capacity processors and the higher
costs with the smaller processors, Seasonal variatica is shown to be highly influential in
determining the costs of production. When cach of the ten plants are projected as though
operating at 100% of capacity, the average annual costs of production are reduced to 5.71¢
per pound of butter and 7.89¢ per pound of nonfat dry milk powder.

Leng-run average cost curves for daily processing of butter, nonfat dry milk and
cwt of raw milk are estimated from ths data. One implication of these is that USDA’s
present make-allowance for butter/powder processing appears to provides adequate
compensation to modern medium to large scale proc ssors for the joint manufacture of
butter and powder from farm milk.
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Structure of the Butter/Powder Industry

Milk has been recognized as a high vaive focd product for more than 6,000 years.
VWith the domestication of the Auroch, and the subsequent breeding for specialization into
milk, meat and draft animals, man has relied on the cow for much of his progress through
recorded history. Becouse fluid mill: has always been highly péxishable, its transformation
into products with greater keeping quality has had a high priczity. The making of chesse
anel buttsr has been practiced for rany centuries and was a farm tesk until only recendy. In
the later half of the 18C0’s several changes in dairy processing took place. Centrifugal
separators changed the practice of letting milk stend for 24 howss to skim the cream off.
This, coupled with steam-powered churas and mechanical refrigeration, helped to move
dziry processing off the farm. Vacuum concentration of milk was a new technology at the
time of the Civil War, The war effort czeated a great demand for the sweetened condensed
milk which could be stored in tins without refrigeration for some time. Soon after, the
Just-Hatmaker procsss for roller drying of milk was intreduced and dairy products had
obtained a new status—high value food withont the extreme perishability.

Although dairy plants making cheese also provide a large measure of seasonal
balancing through the manufacture of a storable product, the flexibility is not as great as
plants producing butter and nonfat dry milk powder. Our modern dairy industry produces
fairly homogeneous of standardized products. These products have typically been
standardized around levels of butterfat and moisture content. Farm milk brought into dairy
plants is most often separated into heavy cream (40% butterfat) and skim milk (less than
0.5% butterfat) and then recombined to achieve the desired percentage of butterfat in a great
variety of products.? This practice leaves the dairy industry with imbalances between the
supply and demand of milk’s components {those being butterfat and the milk solids—not—fat
hereafter referred to as SNF). Plants that process heavy cream and skim milk into storable
products play a very imporiant rolz in balancing fluctuating and unequal supplies of these
two basic fractions of milk.

2 Cheese plants have generally been an exception to this practice until recently, Mozzarella and several
other part-skim varieties are typically made from standardized milk to produce Jower fat products of (o
achieve greater yields.
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In the past, buttcrfat was the component of greatest vaive in milic. Dairy farms that
were sitvated some distance from populetion centers would separate the milk, sell the cream
and either dump the skim milk portion or feed it to livestock, Alihough cwrent trends have
placed a lower value on butter in the dist, butter production has suffered only a slight
deciine since the 1930°s. This has not been tue of nonfat Cry milk (hereafter referred to as
NDM or powder). As seen in figure 1, the processing of the SNF component into
povrdered form rose dramaticelly from the 1930's to the 19€0°s and hag ceclined somewhat
since then.
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Figure 1. Annnal Production of Butter ard M M 1935—1988

During the first half of the century, thousands of crez eries existed as individually
owned, profit oriented businesses producing butter for sa' .1 the cities. For example, in
1937 more than 4,600 firms reported production of ¢ -amery butter,3 By 1972, the
number of firms had dwindled to 475, and in 1987 onl 178 reporied any production of
buiter.4 Plants producing nonfat dry milk for human consumption have also dwindled
from 180 in 1972 to 83 plants in 1987. These dramatic changes in plant numbers are
indicative of the underlying structural changes that have taken place in the dairy industry
during this period of time.

3 Alden C. Manchester, The Public Role in the Dairy Economy, Westview Press: Boulder, Colorado,

1983, p. 78.

4 USDA, Dairy Products. Annual Summary, various years.
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The dairy cooperatives that existed during the 1920’s and 30’s were largely
ccafined to price bargaining for their farmer/members. Throughout the 30°s and 60s, bulk
movement of milk added supply coordinatica to the role cooperatives were playing. With
this new function came the need to ensume a canrkes for members’ milk. The sclution was
found in ccoperative ownership of surplus disposal facilities—usually a butier/powder
plent. The result is that the bulk of butter and nonfat dry milk is no longer preduced in
pumerous proprietary firms, but rather in relatively few, cooperatively owned operations

{ses Figure 2).

=== Buticr

percent
=2 NDM

0 5 . + 5 —
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Fignre 2. Cooperztives’ Share of Total Ou‘cputS

The United States is one of the largest producers of storable dairy products in the
world. In 1987, for example, the US ranked third in the production of butter with 501,000
metiic tons behind France with 569,600 metric tons and U.S.S.R. with 1,742,000 metric
tons. Nonfat dry milk production placed the United States second with 480,000 metric
rons behind France’s production of 603,000 metric tons.S In that year, less than 7 percent
of our butter production was exported to other countries +hile 80 percent of the NDM was
shipped out of the the United States. Imports of butter and NDM into US commerce are

not significant.

The federal government has played an important role as an exporting agent of these
commodities. Through the price support program, the Commodity Credit Corporation
stands willing to purchase surplus stores of butter, NDM and cheddar cheese. The CCC |

5 1.S. Farmer Coop. Servics, Report #7. Marketing Qperations of Dairy Cooperaives- 1977.
6 USDA, World Dairy Situation, November 1983.
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kas often moved a great deal of their NDM purchases out of sworage through eXpOrts
overseas. Averaging over the years 1984-1936, US expori of NDM was equivalent to
66% of preduction while CCC purchases of DM for those same years were the equivalent
of 60% of US production. Not all of the US export of NDIY is the result of Federal
activity as there always exists some commercial export and CCC purchases of NDM are not
always go large. During these same years, the faderal government purchasss of butter
averaged 22% of American producticn. CCC butter exporis axe typically not as large as
NDM shipments however, in some years, such ag 1981, Federal exports of butter have
been significent. The CCC has been an important market for surplus disposal of whole

milk components.

Commedity Credit Corseration prechases tend to be very scascnal reflecting the
pattemns of surplus disposal. Preduction of manufoctured products varies significantly over
the course of a year, especially for butter and nonfat dry milk. For example, the monthly
standard deviations of the indices of chezse, NDM and butter production for the U.S.
averaged C.0581, 0.1761 end 0.1609 respectively over the years 1983-86. This indicates
that, relative to cheese production, the manufacture of butter and NDM is much more
seascnally variable. The diffsrences between cheese and the other two preducts are largely
due to the fact that butter and NDM serve as the resicual claimant on milk components not
used in other products.

The major categery of milk usage is as fluid milk preducts, which account for 40%
of total U.S. production. Although the standard deviations of milk production and fluid
milk consumption are approximately equal (0.046% and 0.0409 respectively), the large
variations for butter and NDM are derived from the nearly counter cyclical patterns of
seasonality observed between farm production and fluid demand as shown in Figure 3. If
the cycles were exactly parallel, then storable products, manufactured from surplus milk,
could be preduced in a less seascnal fashion. As it is, the large swings in surplus milk
must be handled throngh annual cycles. The sitvation in Figure 3 actually understates the
complexity of the problem insofar as it only shows how much farm milk is available for
manufacturing. The supply of milk for butter/powder processing varies even more.
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Figure 4 shows the correlation batween milk production and the manufacture of
fluid milk and storable products. The negative correlaticn between riilk production and

finid consumption quantifies the counter—cyclical patterns observed in Figure 3.

Milk Fluid Mikk . Cheese NDM Butter
Produciion Consumption Production Production Production
Milk
Production 1.00
Fluid Mitk
Consumption .  -{(.11 1.00
Cheese
Production 0.90 -0.29 1.00
NDM
Production 0.81 024 0.94 1.00
Butter
Production 0.13 0.35 0.36 0.44 1.00

Figure 4. Correlation of Monthly Milk Production with Product Uses

7 Calculated from monthly averages for the years 1983-86. Taken from USDA’s Milk Pr tion
Disposition, ang Income and Dairy Products Annual Summary
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The high Ievel of positive correlation (0.90) batween milk production and cheese
manuiacture again illustrates the fundamental differences between cheese plants and
butier/powder operations as metheds of surplus disposal. Cheese plarnits make cheese
when there is over supply of raw milk relativs to fluid uses (see Figure 5), while
buttsr/powder plants process Butterfat and/for sclids—not—fat that are seascnally in surplus.
The negative correlations between finid milk consumption ard cheere and NIDM preduction
are intuitive—fhnid consumption competes with cheese and NDM for supplies of raw milk,
Less intuitive, but expecied, is the positive correlation between fluid prilkc consuraption and
the producticn of butter. Flunid milk precezsors do not use al! the butterfat they receive in
farm railk for beverage milk products; hence they supply the manufasturing mearket with
surplus cream. Surplus cream is used in many products such as ice crezm and table
crears, but a lerge aracunt goss to the manufacture of butter, These relationships are
illustrated graphically in Figure 3.

I _
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. |
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Figure 5. U.S. Average Seasonal Indices of Production®

Although current per capita consumption of butter and NDM is less than peak
consumption years, their production continues to represent a significant element of dairy
processing in the United States, Converting the pounds of butterfat and SNF processed in

8 Calculated from monthly averages for the years 1983-86. Taken from USDA’s Milk_Produgtion,

Disposition, and Income and Dairy Products Annyal Summary,
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butter/powder plants frem 1980-85 o raw milk equivalent basis, they represent from
13.5% to 20.3% cf ta= U.S. milic supply. Tigure 6 illustrates the utilization of raw milk by

major products manufactured.
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Figure 6. Utilization of Mik from 1961-1984°
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Objective of the Survey

A survey was prepared and administered for the purpose of assessing dominant
processing practices, technologies, input and output mixes, and costs of the major factors
of production in buttzr/powder plants!®, The overriding objective of this survey is to
provide a series of benchmarks by which the costs of processing for butter and nonfat dry
milk might be simulated using an economic engineering approach employed in the second
phase of a larger research effort. '

9 Calculated from USDA’s Milk Production, Disposition, and Income and Dairy_Products Annual
Symmary. The Butter/Powder value represents the highest milk equivalent nsage—either butter or NDM
and condensed skim milk. In all years, this value was the milk equivalent of butter.

10 The survey questions may be found in Appendix A, ‘
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Methodology of the Survey

Sutvey plants were scught which would ke typical cr representative of firms,
practices and conditions in the business. Tre chesacteristics that were identified and used
fer selection were:

—QOwnership (cooperative and Fropristary)

—Lccation (major dairy areas across the country)

—>Size (varying capacitiss to precess raw preducts)

—Szasonality (stabls and fluctuating processing patterns)

—Miarketing Practices (retail butter packaging, CCC sales, bullz blends eic.)

Ten plants that spanned these criteria were selected and surveyedil,

The survey requested information over a twelva month pericd from June 1987
through May 1988. Thess months were selected as being the most recent centiguous
months that covered a one year period and were little affected by major government
programs (Dairy Termination Program) or natural disasters (drought).

Format of Reported Analysis

The analysis of the survey is partitioned into the following four sections of this
report.  First, the overall characteristics of the plants surveyed are enumerated. The
following section compares the total capacities of major pieces of equipment in the plants.
Next is a section where comparisons of some of the efficiencies of production between the

11 See the section entitled “Characteristics of the Survey Plants”
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plants are made. And finally, the fourth section cOmMpares the costs of progucticn between
the plants. The 053 of production in this study are Cefined to lie between receiving and
shipping of the raw and finished products. By this it is meant that no purchase price of Taw
milk or cream has been consicered nor has any cost of transportation for the products

outside of the piants been included.

Many of the plants that weie visited indicated internal accounting problems in
dealing with the assignment of costs to varicus centers within a plant. The very title—
‘butter/powder’—that we assign to these plants connotes a joint process of production.
Even this two—product description of a plant’s functicn is a gross simplification of the
observed distribution of inputs and cutputs al most operadons. On the output side, it
would be desirable to be able to say that it costs some nurcber of cents per poungd to
produce butier or NDM. so that comparisons betweea plants &re ads on the same basis.
Eowever, it becomes problematic to assign, for example, 2 portion of the cost of steara 10
butter, condznsed milk and powder. Most all plants take in products Other than raw milk in
varying proporiions. As such, on the input side it is not appropriate to simply assign a
processing cost pet hundredweight of milk either.

To ameliorate some of these problems, in several portions of the survey enalysis
plant values are coaveried to a milk equivalent (ME) basis. These milk equivalents are
calculated on either a butterfat or a solids—not—fat basis. Surplus cream, as well as raw
milk, is often processed at the plants. Further, butter and NDM are not the cnly end-
products sold from plants. Significant volumes of condensed skim milk are sold in bulk, .
as are blends and mixes of skim milk and cream. The characteristics of plant inputs and
‘outputs is such that most ofien one conversion factor is appropriate and the other is not.
Calculating the butterfat equivalent of NDM is o less meaningless than the solids-not-fat
equivalent of butter. When milk eguivalent conversions arc used, the basis of the

conversion will be clearly specified.



Throughout the report, bozplots are used to depict plant information, Boxplots
sumraarize data by showing the medinn and range of a set of data, and the data range
demarcatss a central corz as well as end peints. Figure 7 defines tie speciiic components

~of a boxplot and explains their interpracation,

140000 -
© Bozplots have tires components:
120000 - 3t '
. 100000 |7 * Btreme doia values are plotied individual , usually with a
- circle. If they are very extrerae, they are plottad with 2
80000 L - Sterburst,
60000 - i o The ontlined central box depicts the middle half of the data
between the 25th and the 7514 percentiles. The horizonta!
40000 o e line across th2 box merks the median value in the data 2
20000 - ! *  The “whiskers” extend from the top and bottom of the box
! - to depict the extent of the “main body” of the data,
G-~ —tem '
Figure 7. Explanation of Boxplots.

Regression analysis!3 is used in this repert as a means of statistically distributing
costs to the various products. In the main, estimates are statistically good when the data are
grouped fer all plants, and fairly gocd when data from individual plants are uged
separately. Thus, one can more accurately estimate the average periormance of a group of
plants than the performance of any one plant. There are a few instances where the lack of
data, the spread of the data, or the intractability of the data yield weak results for certain
variables and plants. Such instances are pointed out in the body of the 'report and weak
results are not used for purposes of comparison.

12 The median value in a string of numbers or data is that midpoint at which half of the observed values
are above and half below. This is usually not the same as the mean or average value, which is more
sensitive to extreme endpoints,

3 Regression analysis is a statistical technique that uses the pattern of real, observed relationships to
estimate how one or more factors (e.g. labor, utilities, etc.) affect the level or outcome of another variable
(c.z. cost).



Cheracteristics of the Survey Plants

-

Reletion to Matignal Miakets

During the twelve moatas ¢f the survey, the ten plants processed raw milk and
surplus cream into 228,867,995 peunds of butier, 204,922,453 pounds of NDM, and
232,408,362 pounds of condensed skim milk, This represents 20%, 15% and 25%
respectively of the U ited States predrction of those products4.

Size .

Plant managers were asked to estimaze their maximum susiainable capacity to
produce butter ard NDOM in a 24 kour period!s. The raiflc equivalents on a butterfat and
solids-not-fat basis are also caleulated for each of the twelve months on every plant. From
these, daily milk eguivalent processing averages over the year are determined. AsS
maagures of size, these indicators am° shown in Figare 8. The median 24 heur cepacities
produce butter and NDM are 176,500 and 151,500 respectively and the ratios of largest to
smallest plants are 4.0 and 4.65 respectively.

24 Hour Capacity to Produce Average Daily ME Production

400000 — 4000000 T

—‘ -]
300000 T. BM e

: — o
- .
200000 . 2000000 -+
100000 L L 1000000 -+
Pounds

Pounds l_ —_
Produect ™ = 0- Ave Daily Ave Daily

Butter NDM ME-B'fat ME-Solids

Figure 8. Size of the Plants

14 (3 S. production numbers taken from USDA’s D cts Ann mmary.

15 This question was posed to reflect an ongoing, sustained operation, not 2 24 hour burst of continuous
churning and drying. CIP time was 0 be factored into the answer. Further, if churn or dryer size were not
the limiting factor, but rather some other plant center, then the obstruction ‘should be reflected in the
answer. There may be different limiting bottlenecks for different plants. See question 19 of the survey.
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Gwnershin sud Location
Cf the ten plants surveyed, cvnership is dividad into two privately owned plants
with the remaining eight being ccoperatively owned. The plants zre located across the
| major dairy areas of the couniry representing the MNortheast, the Upper Midwest, the
Southwest and the West. The majority of plants were located in the Nertheast and Upper
Midwest.

Seasonalijg;

We &id not survey plants for mter—week fluctrasions in Butter/powder processing.
However, the challenges poged by seasonality in some plants is a question of interest.
Twe statistical measures of seasonal vasiation are calculated, as shown in Figure 9. On the
left side, the standard deviztion of monthly milk equivalent processing on a butterfat and
solids-noi-fat bases are calewlatad for exch of the twelve months, Althovgh it is difficult to
place a sensible interpretation cn the actual valuzs ¢f standard deviation, the rangs in values
weuld descriptively span from “non—seasonal” to “very scasonal”, indiceting plants that
Operaie near capacity all year round to plants that processed no product for at least one
month. Without exception, plants in the Nart 1east have the most seasonaliy variable
output. Another measure of ssaserality shown in Figure © uses the ratio of the highest
preduction month to the lowest production morth on a milk equivalent basis for each plant.
Again by this measure, Northeast Plants have the most seasonal output in the country.

Standard Deviation of Ratio of High Monthly to
25,000,000 - Monthly Productica o Low Monthly Production
i
[+
20,000,000 L. °
— 6 1
15,000,000 |
10,000,000 A, — _ ‘T
5000000 i - .1 g
0o.L ,
MEB'fat ME Solids 04+ MEB’fai ME Solids
Basis Basis Basis Basis

Figure 9. Seasonality of the Plants
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Average Plant Usage

HI
Plant Utilizaticn -
The plants vary wicsly in their 80 -
use of potential plant capecity, as
defined in Figure §. Over the yearn, 60 + —
mere than one plant averages using less
j& AZS5 U3ING 53 w0 L L—_

than 10% of their available capacity t©

precess a given dairy product. Figure - 1

10 displays the spread in plant vsags. Percent

On the whole, plants greatly o4 Solids-not-Fat
.1z . .y Procesting

anderutilize their ability to churn butter. Butterfat

. . Processin,
It is not clear whether @this over 8

capacitization is intentional, @rauch Fignre 10, % Use of Plant Cepacity |

larger churns are rot much mom cxpensive, Gchurn sizs is geared to a dafly peak load not
reflacted in our monthly data, cr @there re s0me other rational reasons.

Ierketing Practices

The final plant cheracteristic taat ig explicitly probed in the survey is the mix of
preducts that are being manufactured in what is considered tobe a “putier/powder” plant.
All plants churn sweet cream and fill 68 pound commercial boxes. The survey attempted to
determine the prevalence of other practices. Tt was found that several plants also churn
some whey crezm, and many package the butter in various retail packages. Figure 11
shows the number of plants having various packaging options. Itis determined that on
average, 33% of the butter chumed is packaged as 1 pound solids and 33% is packaged as
1/, pound prints. These values differ from annual national averages as reported in a survey
of butter packaging conducted by USDA’s Agricultural Statistics Board.16 In USDA’s
study, it is determined that 55% of butter was packaged in 68 pound bulk containers, 20%

in 1 pound solids and 20% as 1/, pound prints during 1988.

Both skim milk and buttermilk are commonly sold as a condensed product. Less
commonly, whole milk and whey products are condensed and sold in tanker loads.
Another outlet for both fat and solids—not—fat are custom blends and mixes. Figure 11 also
demonstrates the prevalence of this practice. All of the condensed products, with the
exception of blends and mixes, are further processed and sold as a dry product in 50 pound
bags.

16 USDA, Dairy Products. Annual Summary, April 1988 throngh March 1989.

13-



Marlzsting Practices

10
g
3
7
Number of g 3
Plants
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2 - J Yy ;\ - Y
HENSNE ’wE\:\ j‘xéﬂ
1/4 1b. 1 1b, Prints Indivicual Blends &
Prints Servings  Mixes

Figurs 11, Alemative Marketing of Plant Produsts

Equipment Czpacities

Although plants do market cream and skim milk through sales of condense and
blends, their primary outlet for processed butterfat and solids-not—fat is as butter and NDM
powder. The major pieces of equipment used in the manufacture of these products are the
churn, evaporator and dryer. Figure 12 depicts the spread in plant capacities of thess three
centers in the ten survey plants. It is a common practice in the surveyed plants to have
multiple units of any equipment type, two or thres churns for example; it is the sum of
equipment capacities that is listed herel”,

There are no real differences between any of the plants in the chum technology
employed—all are modern continuous churns. There are some differences in the
evaporators. Singly or in combination, TVR (thermal vapor recompression) and MVR
(mechanical vapor recorupression) units are being used. The number of effects varied from
one to eight and turbo fans are in place in some evaporators. Spray dryers are exclusively

17 Capacitics for the plants were taken from question 3 of the survey.
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in use. However, there are tail and short form dryers, box dryers, and filter mat dryers
with one or raore stages. The most common type of dryer employed in the plants is a two—

stage, tall form dryer.

20000 o

Povnds 15000 J

5000 -

per hour i
of butter of skim
orNDIM jp000 L E , feed 200000 L

‘Plant Capacities Per Hour

400060 o

. 3p0000 L o
Pounds

per hour

100000 .

0 —

Churn Dryer Evzporator

Figure 12. Plant Capacitiz

s to Churn, Evaporate and Povider

In general, plants have a 63
pound commercial bag-in-box filler
capable of handling the total churn
output. It is not true however, that the
largest volume of butter is packaged in
these commercial containers. On
average, more pounds of butter are
printed as one pound solids or s
pound sticks than in the 68 pound box.
Although there are many different kinds
of individual, restaurant-type packages
represented in the plants surveyed, the
most common is a continental wrap. Of

Butter Printer Capacity
10000 L —
8060 .- _ —_—
Pounds
of butter 6000
per hour
4000 2. i
2000 4
L.
0 & i Solids 1/41b. Prints

Figure 13. Butter Printer Capacities

the plants printing butter in continentals, 6% of their output is typically put up in these
packages. Figure 13 demonstrates the capacities of the plants to print 1/, pound and one

pound packages.
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Figure 14 shows that planis vary greatly in their cepacity to unioad and store raw
products. By way of explanatior, it must be noted that transfers of raw milk are an
important activity in some plants. Also, plants with a large porcentage of cream receipts
relative to raw milk need nict have as extensive unlcad and raw product stcrage facilities.

Capacitics to Unload and Store Raw Products

1C00000 o 2000020 . 2 120000 ——
go0CCo - e
1500060 .. 160C00 L
600C00 .
1600350 o- 80000 L
400000 . S
530000 4. 60000 .
Pounds Gallons E . Gallons :
perhour o L 0 - 40000 L -
Unload Bulk Milk Raw Mik Cream

Figure 14, Coepacities to Handle Raw Products

Like the variability between the plants in their ability to handle raw inputs, there is a
large spread in the capacity to store finished products as shown in Figure 15.

Refrigerated and Dry Warehouse Capacities

2500000 .. —— 10000000 .
2000600 L 8000000 L
1500000 L 6000000 L
1000000 L 4000000 £
500000 L 2000000 L

Pounds Pounds i
0 J- 0 J-

‘Butter
Freezer

Burter
Cocler

Bagged
Powder

Figure 15. Warehouse Capacities
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Most of the disproporiion between plants is in the dry preduct warehouse. Some
crganizations have cavernous siorage which is being ussd to take a speculative position in
the market, others having large storage warchouses hold the space largely unused or
partially filled with processing supplies 2nd other products.

It is clear that the suzvey VWatar Supply & Waste Treatment
respondents are acutsly aware oite
problems of waste aispesal at the 10
plaats. Most of the planis that are gl
performing some level of waste 7 :
treatmaent have only begun to do so Number 2 No
recently. Virtually olf of the other of Piants 4 & Yes
plants indicate thet consideration g
will need to bz given to installation 1
of a waste treatment facility in the o Owa Own
near future. The facilities in place Weer  Waste
vary from pre-treatment Centers Supp’y Tﬁzﬁm
where waste is cooled and/eT | mionre 16, Freguency of Waste Treatment

buffered before discharge in the city
sewer to complete neutralization facilitdes with stream discharge. Figure 16 shows the
number of plants having internal water supplies and extensive waste treatment facilities!s,

Inter—Plant Efficiencies of Production

Two of the largest categories of expenses in a butter/powder plant are labor and
utility costs. They affect the bottom line through both per unit costs (dollars per hour, kwh
or therm) and number of units used. Averaging over the ten plants surveyed, labor

18 See questions 4 and 5 in the survey.

-17-




coststdaccount for 36% of the tctal costs of producicn?? whils udlity costs average 17%.
These twe categories are examined for comparizons of productvity between the plants in
order to determine how many hours of labor are used to preduce a pound of butter or
HDM. '

Regression analysis is employed to predict the hevws of labor used in the plant
based on the pounds of products produced. Two typss of regressions are usaed and
reporied here. The fisst type of regressicn is one that is ren for each plant where, for

zemple, it might be assumed that labor hours for plant #1 are a functica of plant #1°s
production of butter, powder, condensed skim milk, etz. These were run for each of the
ten plants and the results are displayed in Figere 17. The second typs of regression is one
that is run on the data aggregated over all plants. This type of regression also has butter,
poweer, ard condersed skim rmilk as independent varicbles but further includes binary
variables for each of the ten plants in the survey {the standard intercept term i3 suppressed).
This provides an “average” valus over ail the plants for the variable heuss required to
produce a pcund of butter or powder as well as the unique number of fixed hours of labor
for each plant. These results can be seen in Figure 18.

Fixed & Variable Labor Hours
600 - 00020 o
500 - T T
0.0015 ..
400 4.
00010 4.
300 -
. 00005 L
200 £ Hours
Hours per ——
per Day Pornd
100 L _— 00000 XL
Fixed Variable Variable
Labor Butter Powder

Figure 17. Individual Plant Allocations of Labor Hours
to Fixed, Butter and Powder

191 abor costs include both wages paid and the value of the benefits package,
20 Note that total costs does not include the cost of raw material, i.e. milk and cream. Total costs refer to
all other costs involved in the manufactare of bl;tter and NDM.

18-




Figwe 17’s regressicns on eacil plant seperately, also have labor hours allocated to
a fized component. The fixed component would be the typical number of laber hours
enployed at the plent daily, regarcless of the products preduced. The variable hours are of
course thoss direcily atiributeble to the production of a pound cf butter or powder. If the
dzta from & plant is adequaie, end if an accuraie porirayal of labor usage in a plant is
described by a fixed value and variable velues for pounds of butter and powder preduced,
then a given plant should be able to predict the daily hours of labor used by knowing a
fixed value and the pounds of butier and powdst produced?l. It should be noted that these
allocations of hours must not be compared directly with chum cr dryer cperalor hours, they
are the allczated hours for all perscnnel, including those werking es office and support
staff, needed to operats the plant.

The regressicn rosulis for  1R? = 09.6% 67 degrees of freedom
the aggrege:e deta found in Figure
18 are quite gocd?2. Thus, the |Varigble Cozfficient trntio

propertion of variable to fixed
laber hours used by the plants can
be stated with soms confidence. {Powder 0.000362 kefib 2.01
Total aggregated labor houss,

Buiter 0.000568 Lo/1b 2.83

Fized hours—({varies from 171 to 546 hours per day

over the ten plants, for the twelve and averages 307 hours per day)

months of the survey equal
1,409,243, The sum of the
variable hours for these same
plants arc calculated to be
204,179. This implies that on average only 14.5% of labor is variable with the remaining
85.5% being fined. '

Figure 18, Aggregate Allocations of Labor
Hours to Fixed, Butter and Powder

The amount of fixed labor in the survey plants differs by a magnitude of more than
five (based on Figure 17). Variable hours for the production of butter and powder span an
even greater range. There is a negative correlation (-44%) between fixed and variable
hours, illuminating a typical radeoff?3. One might surmise that there would be a high

21 For example, suppose daily fixed hours are 250 and per pound hours for butter and powder are 0.0010
and 0.0005 respectively. Further, daily productior of butter and NDM is 175,000 and 150,000 respectively.
Then predicted labor hours would be 250 + (0.0010 x 175,000) + (0.6005 x 150,000) = 500 hours per day.
22 A measure of the “goodness of fit” in a regression is the R2 value. A value of 100% would be a perfect
fit. Le., you would be able to exactly predict the hours of labor used by knowing the values to apply to the
coefficient estimates.

23 Common dogma is that firms make choices between the allocation of variable and fixed requirements for
production. A plant that operated seasonally might choose to have fewer full-time employees (lower fixed
hours) and more part-time help (higher variable hours).
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correlation between seasonally cperated plants and plants with a high proportion of variable
hours ielative to fixed, however that could 1ot be substantiated with this data.

The seme tyze of anzlyses ave run for the tajor utilitiss in the plants. Some
quantities of No. & fusl oil or LP gas are being used at most plants. However, their
centributen to the generation of steam is of 1inor impcrtance in all plants surveyed. Cnly
Idlowait hours (kwh) of eleciricity and therms of nature] §as are reporied in Figurs 1€,

PerFeund Usage of Electricity and Gas

030 .. 010 .
+ ooe L -
020 : ,
005 L
015 .. s E
! f_g_ 004 !
010 . —_E J
kvh ‘_ ~Le Thems
ar 0.05 J. ‘ per 0.02 - L-_l
Pound ' ——— Pourd I
0.0) 4 co0 L
Butter Powder Butter Powder
Electricity Gas

Figure 12. Allccation of Electricity and Gas ic Buiter and Powder |

The statistical results of the regressions on individual plants were not reliable when
estimates of both fixed and variable utility usages were calculated?4, Therefore, it is
assumed that the amount of electricity and gas vsed at a plant would be negligible if no
products were being produced. The regression analyses are then constreined to assign only
variable quantities of kilowatt hours and therms. No allocation to a fixed amount is made.
Figure 19 displays the spread between the plants for electric and gas usags per pound of
butter or powder with other plant products having been tak=n into account. Once again,
these allocations of kwh and therms include all pumps and motors, HTST etc. involved in
the manufacture of the products.

24 R2 values for these regressions were as low as 10% for several plants. This is likely to be a result of
little variability from month to month in utility usage and at most 9 degress of freedom for each regression,
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When the date ca all plants are combined, good estimaies of variable and fixed
values are obtained. As with the aggregated Iebor rogressions, the variable values obtained
are “average” valucs over all the plants with unigue plant values for fied utdity usage.
These resulis are exhibited in Figare Z0. Thers is a higher proportion of variable to fixed
utility usage than with labor hours. Vezalls kilowast hours accouat for 33.1% of total
hours and varizhle therrns explain 46.3% of total tsage.

Elecuicity Gas
R? = 97.9% 99 degress of reedom | | K2 = 67.7% 99 dogrocs of freedom
Vzriahls Cneffciant tratin | [ Veoiahle | Coefenient t—ratio
Butter 0.051746 kwhyib 427 | Butizr 0.005040 therms/b 2.88
Powder 0053467 kwivlb 232 4 | Powder 0.026576 therms/ib 530
Fixed lowh — (averages 16,945 kwh por day) Fixzd therms—(averags 2,708 therms per day)

Figure 20. Aggregals Allgeetions of Blectrical and Gas Usage
to Fixed, Butter 2nd Fowder
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Inter—Plant Costs of Production

Per unit rates for labor wagss and benefits, electricity end natural gas vary widely
between the plants. Figure 21 illucrates the differences between the varicus plants in
reiuneraticn of emyployess, Plants also differ greatly in their struzture of wage rates and
employez profiles. Of the ten survey plants, fires operate with union labor while the other
seven do not. In general, union plants show very small diffsrences in pay scele between
employees working in differsnt plant centers and betwer 1 lavels of senicrity. On the other
hand, ron—union plants had a much largei' spread in pay scale. No generalizaticns could be
made regarding correlatinns of vnion/non-union labor with employee profiles or with
wage/beneiit levels end employee profiles. It can however bs s=id thas some plants have an
average seniority of less than three years while for others it is greater than fifteen years. It
would appear as though geographical region of the country has an influence on wage and

cnefit rates although proximity to wrban canters doss not.

Labor Costs

14 - 14609 T R
— 12000 <
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Dollars
6 -L 0 4
Average Wage Average Value of
per Hour Benefits/Worker/ Year

Figure 21. Average Wage and Benefits Paid

Utility rates, shown in Figure 22, display large d*fferences between plants. Neither
the electric rates nor the rates for natural gas have strc.ig correlation with regions of the
country. One explanation for the spread in natural gas rates comes from plants that have
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negotiated with niiiity companies for interruptible service rais. These planis have propane
tanles as a backup systeny; however they report ihat service has typically been interrupted
for only a few days per year, The rates for the interruptible service are about half of the

non-inszrrupiible commercial rates.

Udlity Raies
C070 06 .
oos L | "
| 05 .
0080 &
0035 & G4 o
0050 .
03 4. -
0045 L Dollars
Dﬁﬁf per Therm i
Y A 02 4
Electricity Materal Ges -

Figure 22. Average Electrical and Gas Rates

Pegression analysss is again used as a ceatistical meens of allocating total costs in
each plent, Here, the attempt is to be able to predict the total costs of processing in a plant
if the pounds of butier and powdar o be produced are known?3, In the regression, costs
are distributed between fixed costs and the varizble costs agscciated with production of
buttar, powder, cendensed skim milk, etc. Tn general, thees individual plant regressions
have better statistical results than the individual regressions on labor hours. This provides
soms confidence for inter—plant comparicons. Poor results are not reported or used in the
analysis in an attempt to reduce biasing the remaining results. Figure 23 shows these
results, reporting only the fixed cosis 2nd the variable costs for butter and powder

production.

25 Iy the verneculer of statisticiens, totzl cests or2 the dependant varizhle and the independent veriables are
pOLNCS of buttar, powder, condensed sales €IS Trom the results, suppese daily fixed costs are $8,000 and
per pound costs for butter exd powcer ere $0.03 and £0.0325 recpectively. Furtier, daily preduction of
Lrtter and NDM is 175,000 and 150,000 pounds respectively. Then predicted costs would.be $8,000 +
(50.03 x 175,030) + (30.0325 x 150,000) = $18,123 per day.
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Total Fixed and Variable Costs
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Figure 23. Allocation of Total Costs to Fixed, Butter and Powder

Total costs for preceszing are calerlated from plant data and d5 not includz the cost
of raw product?S. The “non—cash” cost of depreciaticn is included in the total cost to
reflect investment levels in plant faciliies. The rotionala for this is that investment patierns
would show vp in fired costs for the pianis with the balancing cost center of repairs and
maintenance teing revealed in variable costs. Thus it is hypothesized that higher fixed
costs in facilites would be offset by lower variable ¢osts end vice versa, Alihough high
fixed costs ara indezd highly coirelated with depreciation (69%), variable casts are not
necessarily even negatively correlatad with fixed cogts,

Once again, the data fiom all [F2 = 99,79, 7 degrees of freedom|
plents aze comibined 15 provide o 4
stréng basis for determining |Waseie Cosffiriant t—ratin!
L, g et e 13 o1
average .auuable Costs ct/ez" ali L.uc Butier 0.029129 $/1b 3.94
plants. Figure 24 exhibits the
results from this reqression. As |Powder 0.023918 $/1b 3.60

with labor bourz, plants keve a very
small proportion of totzl costs that
are variable. The avernse ratio of
the group was 19.4% variablz to
80.6% fixed.

Fixed costs—({varics from $3,197 to $37,074 per
cay and averages $11,003 per day)

Figure 24, Agzregate Allccations of
Total Costs to Fixed, Putter and Powder

26 Total costs were determined from survey answers:16, 17, and 22 throush 32,




The results from these regressions are used to generate the total processing costs
per pound of butter and powder and for a theoretical hundredweight of raw milk in the ten
plants?’. To generaie a COSt of processing per cwt of milk, a theoretical yield of 4.34
pounds of buiter, 8.69 pounds of NDM and 0.44 pounds of buttermilx powder for every
cwit of raw milk is assumed. These values are displayed in Figure 25.

030 Total Costs per Pound 22 Total Costs per cwt
025 L -~ 20 + I
020 i 15 -
0.15 Jg. 1-6 -
010 L - 14 T ]
12 --
0. .
Dollars o3 - ﬁuca;srt I
Pt Lb. \ 10 =- il
000 4 butter powder ) milk

At repor:éd levels of plant utilization.

Figure 25. Manufacturing Cosis of Butter, Powder and cwt of Milk

A faw of the plants curveyed had offered their in—house caiculated values for
processing costs per Cwi. The veluzs detercined in this report are consistently kigher than
the plants’ determinations. Tt is believed that this is because the celculations used here
agsume that a plant incurs the bighest expense end processes ali of the milk equivalent into
the ead products of butter and sovder. In reality, ell plants bad signiiicant vclumes cf
sranefers o bullc shipments cf st-im milk, cream, cendensed ckim milk, and blends which
imply lower producticn COSts for plents in total.

Tt is intzresting to note that there is 2n 80% corielzsion betwesn plant ownership and
the costs of procuctdon. Privately cwned plants were consistently lower cost preducers of
butter than thair cooperatively owned counterperic. One possible exnlanation for this
observetion is that cooperatves typically have meds the investment in facilities (0 guarantzs
o -narket for member milk, whereas the preprietary fivms 21e operating under a different sc

of priorities.

27 The caleuiations that were used 10 genmRls these valuzs may be found in Appendix B.
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As shown in Figure 10, utilization | 014 T?tal Costs per Pound
of actual plant capacity is quite low for r
butter processing and less than capacity for 012 &
most plants’ powdering capability, The o0 L
same fixed and variable costs per pound
that are calculated for individual plants are 008 + T .
projected on the opsrations as though they 005 A
were operating at 100% of capacity?28,
These results can be seen in Figure 26. 3;1;‘?0'04 T I -
Under this scenario, the average costs of 062 L buiter  powder
producticn over all plants is reduced from at 100% of capacity
13.68¢ to 5.71¢ per pound of butter and ) - .
from ¢13.29¢ top 7.§9¢ per pound of Figure 26. Manufact*arm.g Costs

at 130% Plant Capacity

powder. This up-scaling of plant ==
utilization also alters the ranking of high to 13w cost procucers of both products, If these
plants had tcen able to process milk uniformly over the year (non—seasonally) and had
been built such that their cutput during the twelve monihs of the survey was 100% of their
cepacity (o cver capackization), there would be a $18,249,934 savirgs projected over all
the plants in butter production alene. The savings in processing costs for powdar would be
$11,071,960. Cuvicusly these assumptons ate extremne, but they provide a m2asure of the
costs resuiting from seasonal flows ¢ milk and crenc to thesz plants and under—udlization

of existing capacity.

It 2ppeers as though plant ownersii; and utilizzticn ere important deserminants of
average cost of preduction. To detzmine more rigorcusly if this is the cace and 1o explore
oiker possible elemenis of veriation, an anealysis of variance (ANGVA) was rvn on the
processing costs of both hutter and powcer in the plants. In the introducsion of this report,
it was noted that sslection cf tha survey plants was made ca the basis of ownership,
Iocedon, size and ssasonality, and it is thecs factors tha: zre tested for influence on -
processing costs. Gwrership is only a facter for Flants preducing butter i this study and
is excluled o5 a category in the ANOVA on powder. Location was divided into three
regicns: the Northeast, the upper Midwest and everywhere elss. The size of the plants

238 The caloplztions that were used 1 ganerzte these values may be found in Appendix B.
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were also given three factor levels: small, medium and large based on their 24 hour capacity
to produce (sec Figure 8). These levels were representative of 0—10G,000 pounds,
100,001—200,000 pounds, and greater than 200,000 pounds respectively for butter and
powder. Seasonality as a factor is proxied by plant usage and is given a level for every ten
percentage points of plant capacity used.

| Source df Sum of Squares  Meean Sqrare F-ratio Prch
Ownership i 0.087933 - 0.087933 12.8 0.0006
Region 2 0.340872 0.170436 24.8 0.0030
Size 2 0.320650 0.160325 233 0.0500
Seasonality 7 1.55855 0.222650 32.3 0.0000
Exror 80 0.550854 0.006886
Total 92 2.38058
Figure 27. Analysis of Variance for Cost of Butter Processing

Figure 27 demonsirates that Cost of processing buiter is highly influenced in this
survey sample by each of the facters of sclecticn. The “Prob” or probability column is the
key to interpretation of the results. Technically spealding, if the Fratio is largs enongh we
cen reject the null hypothesis that the variation between tha categories is the came 2s the
variation within the categories. The probabiliiy column indicates the lkelihced of ths
categorics being pon-impostant. For exarle, results here indicate that we raight expect 6
stants out of a sample of 10,000 where ownership doss not contribute 10 2 measurabie
variation in the cost of processing. Thus, the plant ownership category bad a demonstrable
effect on differences in cost with proprietary firms being lower cost processors than
cooperatives. Lozation is also an influential factor with the Northeast firms being high cost
processers, the vpper Midwest chserved to be low cost processors, and everycns else in
between. Size appsars to be a factor with low coct associatzd with large capacity
processors and the higher costs with the smalier processors. Ssasonal variation, by its
definition, implies differentiel ucage of plant capacity throughout the year. The proxy of
plant usage as a measure of seasonality provides a clear pastition for veriation in precessing

cOsts.

27~



Source af Sum of Squams Mcean Sguare F-ratio Prob
Region 2 0.099595 0.049798 6.91 0.0021
Size 2 0.005798  0.062899 0.402 0.6708
Usage 9 1.76728 0.196365 27.2 0.0000
Error 54 0.389165 0.007207

Total 67 3.53526

Figure 28. Analysis of Variance for Cost of Powder Processing

Figure 28, shows the ANOVA results for powder processing to be similar to those

of butter. The one exception is the size categery. Results here suggest that with this data,
ere is a 67% probability of being incorrect in assuming that the size of a processor has
any affect on the processing costs of powder. To soms extent, large capacity processors
who face highly seasonal variation provide the mixed results. Evaporators and dryers used
to powder milk eve smategically diferent to operate than are the churns for butter. Churns
can protitably be operatsd for an eight hovr run, but evaporators and Cryers weuld not be
started untii a 16-24 hoor run can Be agsrred. During a seasonally slack period, product at
these plants must be held until a run of that length can be made. This requires more silos
for holding the raw product and more cos: for refrigeration. Labor at thase plants is found
1o be highly fixed and is an 2¢ditional coat incurred during periods of slight gcitvity, This

may accotnt for the inconclusive effeots Sf cize on powdar processing costs.

It can Le seen from Figures 25 and 26 that average cost of processing a pound of
product is a function of both fixed and varisble costs. For any given plant, ploiting the
average ccst for every achievabie level of production will yield a short—run average cost
curve unique to that plant’s fixed and variable costs at 2 particular point in time, Over the
leng run, a plant could cheose different equipmert capacites, or fined factors, and operate
on different short—run average cost curves. Taking all of thess short-mn average cost
curves together, the minimum achievable costs ¢f eroducticn can be found for any level of
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output. The collection of these points forms a curve known as the long-run average cost

curve.
10 L Equation is: In($/Lb) = 6.5 14 - 0.826*In(Pounds Butter)
R*= 96.5%
$
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o Fienure 29. Long-Run tverage Cost of Processing Butter

Bach of the plants in the seTvey provides data for a shori-—iun averaze cost curve.
Taken togeder, they provide dzta which enables the estimation of long~run average cost
curves for butter and IDM procsssing. The “envelops” or winimum Cost of production
over different levels of owiput is surprisingly reguiar énp 7he combined firm data, Figere 29
chows the long-rua average cost curve for butier precsssing which is estimated for the ton
plants in the sprvey. The points that were chosen fer the cetimation are shown as small
circles and the curve that is fitted by regression analysis is 1ascribed by the cquation and
line through the poinis above®. Figure 30 provides a gimiler ectimation for the long—run

zverage cost cf processing WDNML

29 The use of the egration for Jslzrmining average rocessing cost per pound is relerd in Appendix B.
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Lo Equation is: In($/Lb) = 7.523 - 0.860*In(Pounds Powder)
R*=99.3%
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Figure 30, Long-Run Averape Cost of Processing Powde

These cest functions stnmarizs all economically relevant information regarding the
technology of these firmgs. The Precessers in this study ranged from about 2,200 to about
80,630 peunds of buttar marufeetured per day. At thece levels of output, the long—run
average cost fonction indicateg a precessing cost spread of $1.27 to $0.06 perpound. The
slopz of the averags cost curve is indicative of the fact that the zdced cest of processing
addidicnal pomnds of buiter declines ranidly from 2,060 rounds per day to, say, 25,000
' pounds per day. For example, the average cost of each pound of buiter processed at the
rate of 2,000 pounds per cay is $1.27; however the marginal cost of processing one mcre
peund is onuly 22¢. The mergingl cost of prozessing at the 86,500 pound level is an even
smaller 1¢ per pound. More than 0% of the CCst econcmies are achisved when proeducticn
is at the 25,000 pound par day level. In the case of nonfat diy milk, production ranged
from about 5,000 to 150,00 pounds of powder per day. These output levels are
cheracterized by everage costs ranging from $1.23 10 $0.07 and marginal costs dropping
from 172 to0 ig respectively, Mcere than 90% of the cost cconomies are obtained when

NDM production reaches 50,000 pcunds per day.

i

This puncuates what is instinctively vnderstosd by manuvfactures—the cost of

producing additicral product at & plant typically is far less ©an the retum (selling price) of




the preduct. Stated another way, this simply means that net retumns increase substantially
as output increases in a plant. Obviously there is a limit to this defined by, at least, the
physical capacity of a plant. In pracice, these linaits are seldom reached in butter/powder

plants.

Comparison of Estimated Costs To
CCC Make-Allowance

Under the Dairy Prics Support Program, the USDA supports farm milk prices by
offering to purchase butter, NDM and cheddzr cheese at wholesale prices consistent with
farm price goals as reflected in the support price for (manufacturing grade) milk.
Calculating these wholesale prices requires USDA to estimate how much they must pay
manufacturers for these storable dairy sroducts in order that they can recover their
manufacturing costs and be able to pay a price to fermers that i3 near the support geal.
TSDA uses 2 simple formuia that involves product yield factors end a so-called make—
allowance to calculate their purchage prices, i.2. the prices they will pay for supportsd
products. In the case of butter and NDM, USDA assumes thegs &© jointly produced and
have a combined mancfecturing cost of $1.22 per cwt of ferm milk. In other words, the
make—ailowanse for buitar/zowdss is $1.22. They further agsume that this one hundred
pounds of milk will yield 4.43 pounds of butter and 8.13 pounds of NDM.

TUSDA last revised ite make—eilowancss o Cotober 1, 1979, From time O tire, it
has been suggesied that the seake—allowence should be increased o reflect higher
maefactaring costs since that date. The Freduser Price Index for frms processing dairy
products has moved from 24.9 to 101.5 Som 1979 to 167, the year of the svrvey. Ithe
make-aliowance hiad been adjvsted by -nig meacre of price inflation, it should have been
$1.46 per cwi in 1987,

Fow doss the present $1.22 make—ollowence cempare 10 the coots cstimated here?

This comoarison canrot be mace without making saveral 2ssumptions inacmuch 2§ average
csts shown ebove ars for butter and NDM separately, The USDA nreduct yield facters
may not be what a plant or a s¢t of plants really attain, For exemyple, the heoretical yield
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from one hundred pounds of milk testing 3.7% butterfat and 8.71% solids-not—fat would
be 4.24 pounds of butter and 8.69 pounds of NDM30. Moreover, these theoretical values
ars somewhat higher than would actuaily be expected as plants in this survey typically
experienced a 1-2% loss (shrinkage) of butterfat and less than 0.5% loss of SNF during
processing. Nevertheless, if we assume thai a butter/powder plant receives only raw milk
and produces butter and NDM in the proportioné implied by USDA’s yield factors, we can
estimate long-run average costs for processing a cwt of milk into butter and NDM. Figure
31 displays a long-run average cost curve using these assumptions,

$ Equation is: In($/cwt) = 8.112 - 0.849*In(cwt)
/
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Figure 31. Long-Rim Average Cost of Processing Raw Milk
o 2 2
Into Buter and Powder
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SDA’s malke-allowance of $1.22 par cwt is consistent with the manufacture of
11,173 cwt of milk i116 butter and ITDM daily. At this Izvel of production, average costs
are well toward the flat perifon of the curve and mast of the cost cconomies have been
achieved. If USDA’s vield facters are aliered (o refiect the theoredical yields above, then
their $1.22 per cwt corresnonds to 11,229 cwt of daily proeessing. Had the make—
allowance kept pace with infiasicn as measured by the Froducer Price Index, the $1.46 per
cwt would have supported a deily processing level of 5,043 cwt. This dozs not take into
account the distinet possibility that higher cost facili¥iss go out of business over time and

30 The 3.7% tutterfat and 8.71% ENF are the weighted average component fevels for the Upper Midwest
in 1985 according to USDA stoff paper 8601 entitled “Upper Iidwest Mearketing Arca—Analysis of

Cempenent Levels in Individual Ierd MoIk 2t the Farn Level, 1504 znd 1525~
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that the ongoing adoption of modern or new processing technologies can reduce inflation
adjusted (real) processing costs.

The ten plants surveyed in this study processed a median milk equivalent of about
11,000 cwt per day. Looking at USDA’s data on national production and numbers of
plants, suggests a different picture. The 1987 data imply that the average plant producing
butter or nonfat dry milk handled 4,000 to 5000 cwt of milk per day (assuming 365 days
per year). At that level of throughput even the inflation adjusted make allowance is
inadequate for the average plant. Given the way the national data are collected, it is quite
possible that there are relatively large numbers of plants (many of which may be multi-
purpose) which repert small amounts of butter and/or NDM preduction, bringing the
national plant average down. Further study of the distribution of production by plant size
is neaded before one could make definitive statements about the adequacy of the make—
allowance. The authors opine that USDA’s current make—allowance is appropriate for the
contemporary processing environment of mprésentative, moder plants.



Appendix A

1)

2)

3

The Survey Questions

Do you own, or are you associated with a small seasonal balancing plant which
operates only during a peak season? yes/no.

Did the plant have any significant interruptions in the operation or changes in
equipment and capacity of the plant during the June ’87-May 88 year? yes/no.
If yes, explain...

List the equipment used ar d the capacities:

a)  Receiving /Shipping Bays for bulk trucks:
How many :
Total unload capacity in Ibs/hr,
Clean~in-place? yes/no.

b) Raw milk:
Number of storage tanks
Silo storage capacity (total gal.)
Separator capacity
Pagt=urizer capacity.
Cther (e.g. Vacrezior, Clarifier)

¢)  Cream: {resh tank capacity

d)  Cream: aging tank capacity

e)  Skim Mill:: storage capacity

) Condensed Milk: storage capacity

g) Butiermille: storage capezity _

h)  Othertanks;

i) Buter
Chums: Type____ Capaciiy
Butter Cilo: storage capacity_
Bulk Pacldng: manual/automsatic
Butter Printers: Package size_ Capacity,

j)  Evaporators: Type Capacity__
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k)  Laboratory Equipment:

Infrared milk tester yes/no
Microwave oven yes/no
analytical balance yes/no
milko tester yes/no
electronic somatic cell counter  yes/no
bactericlogy testing yes/no
other.

) Dryers: describe capacities, type, number of stages, heating system, powder
collection, bagging etc.

m) Describe the packaging rnd handling of other products such as skim milk,
cream, condensed milk etc. sold from the plant.

n) What are the warehouse capmms. Be specific about refrigerated, frozen and
. dry product.

4) Does the plant have its own water supply? yes/no.

5) Does the plant have its own waste handling unit? yes/no.
Tf Yes, then dascribe the type of waste and system.

6) Does the plant have a waste heat reclaim system? ycc/no.
7) Describe the most recent planned investment made at the plant and the reason {cr it:
8) Describe the most recent major investment considered but not yet mads at the plant:

Gy What steps have boen talien at the plant during the past three years o recuce the
production costs?

10} What were the pounds of Butter, NDM, Buitermitk Powder proc duced during each
of the 12 months?

11} The average number of hours in a norme! fuli-tinee employzs work wesk
is bGL:v/pe-soeree" Ginciude houss of overdme I i is a regular pracice).

12) Does ihe plant hire part-time labor? yes/no
Tf Ves, the avercge number of hours in a normal part—ime exaployee work weell

13) Describe the availability of pore-time employee lakor and a tyoical wage paid.
v A e

14) Reportthe ave'age number of days per year that a full-time plant employse receives.

Vacatizn ellowan dzys
Faid holiday al_mvance Cays
Sick pay gllowan days
Bersonal deys days
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15)

16)
17}

18}

19}

20)

22)

23)

24)

Does the plant pay any of the following benefits for a typical plant employee?
Life insurance yes/no

Medical expenses yes/no

Dental expenses yes/no

Pension (beyond Soc. Sec.) yes/no
Other____

What is the annual value of the benefits package for a typical plant employee?

What were the payroll dollars and payroll hours in the various production centers
for the twelve months of the survey. Indicate whether or not the labor is unionized.
—Receiving Room

—Warehouse & Shipping

—Pasteurization/Separator Room

—{ondensery Room

—Drying Room

—DBagging Room

—Churning Room

—>ackage & Printing Room

—_aboratory

—Refrigeration, Maintenance and Boiler Room

—Plant Management/Supervision

—Clerical Stal¥ & Suppert Personal

—Other

A “plant operating day” is one on which bugter and/or powder is manufactvred at

e plant. A “plant receiving day” is ope on which the plant receives slim, cream or
whole milk., Reportthe frequency of thess “days” and the hours per day gpent
(include clean~vp dine) for the twelve manths of the survey.

Witat would you estimate is your maximum capacity in a 24 hour pericd to produce
butter__  NDM . '

What was your biggect procection day ir the June "87-May 88 year?
How meny povads of buttar , end DM wers rrecessed?

V/batpercentags of the buter predustion is typically processed directly in the
following forms:

—08 Ib commercis

—1/4 B rrints

—1 1o prinis

—ccniinensals

—other

VWhat were the cosis of Paclaging Containars, Leb Supplies and Cleanin g Materials
at the plani during the twelve raonths covarsd in the survey?

Whet was spent at the plant for Rent and Lanse payments, and how much was taken
as depreciation during the twelve months coverad in the suzvey?

What were the cocts of Repairs and Maitenance and Low. much was paid for

outsids letoratory tectng {do not inchids testing of indivicuel producers) during the
twelve months covered in the survey?
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25)
26)
27)
28)
29)
30)

31

32)
33)

What was the consumption and cost of electricity for each of the twelve months?
What was the consumption and cost of water/sewer for each of the twelve months?
What was the consumption and cost of fuel oil for each of the twelve mbnths‘?
What was the consumption and cost of gas for each of the twelve months?

What was the consurnpticn and cost of other fuel for each of the twelve months?

Approximately what is the total cost per year for required government ceriificates or
license fees at the plant?

Approximately what is the total cost per year for required state and local taxes at the
plant?

Approximately what is the total cost per year for all insurances at the plant?

_Describe the type of coverages under question 32 above.
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Appendix B

Calculations of Costs Per Pound and cwt

—Assumptions: :
—cwt of raw milk yields 4.35 pounds of butter, 8.69 pounds of NDM and 0.44 pounds of
buttermilk powder. _
—it costs the same to produce a pound of buttermilk powder from buttermilk as it does 1o produce a
pound of NDM from skim milk. Therefore cwt of raw milk yields 4.35 pounds of butter and
9.13 pounds of powder (8.69+0.44).

~—Definitions:
AB = annual pounds of butter (production during the June *87-May 88 year)
AP = annual pounds of powder (productica during the June *87-May *88 year) where powder refers
to NDM and buttermilk powder.
VB = variable costs of producing a pound of butter,
VP = variable costs of producing a pound of powder.
FC = annual fixed costs (daily fixed cost multiplied by 365).
BR = the proportion of milk couivalent processed as butter31,
PR = the proportion of milk equivalent processed as powder (equal to 1-BR).
CWT = the number of cwt raw mifle processed at a plant during the twelve months of the survey32,
BU = the average percent usaze of butter processing capacity (see Figure 4)

(AB x VB)+(FC x BR)
$/1b of Butter = A5

$/Ib of Powder — AL X VP;ZE(FC x PR)

$/owt of Milk = (C% + (VB x4.35) + (VP2 .12)

A VB} +{(FC x BR)

$/ib of Buiter at 130% Capacity® = ~EY =
C55)

31 This value is uged to determine how mech of the fixed cast chonld be chezged to butter. It is calculated
by first datemining the M3 for o pleni on a briesfai basis (VED) aad the ME on a solids~not-fat basis
(MEs). BR is then equal to MED civided by (ME-+MEs).

32 This was 2 jucgement call for any particnler sient, It was besed ¢a the average milk equivalent
processed at the plant duriag the twelve months of the stedy. The result Coes oot appear to be overly
senciive to an incorrest judgement within the baunds of 105D and I[Es,

33 The &b of powder at 100% capacity cen be celeuiazed by making s epprorriate substitutions,
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Calculations of Long—Run Average Cost Curves

The long—run average cost curve conceptualized in most economic text books is a
U-shaped curve with a distinct minimum point. The declining segment of the curve
represents increasing returns to scale which is said to be caused by more efficient
combinations of factors and the technolegical efficiencies of larger pieces of equipment.
Theorists are less explicit about the cause of the rising segment of the average cost curve,
often ascribing its cause to the increasing difficulty of managing larger operations thus
surpassing the point of peak efficiency. In this study, we are only privy to information on
performance at less than stated capacity. It is doubtful whether one would ever see the U~
shaped curve when considering processing costs alone.

If transportation costs were considered to be part of the cost of processing, then it
would be reasonable to cbserve a minimum cost and quite possibly an increasing segment.
Larger capacity processors would need to reach farther into the countryside to assemble
raw milk and at some point, a minimum cost would be reached. In this survey, short-run
average cost curves and the long—sun average cost curve derived from them are strictly
declining as in the itlustration below.
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The long-run average cost curves that were estimated for butter and powder are:

In($/Lb Butter) = 6.514 - 0.826*In(Pounds Butter)
In($/Lb Powder) = 7.528 ~ 1.860*In(Pounds Powder)
In($/ewt) = 8.112 -~ 0.849*lx (cwt)

where In stands for the natural logarithm of the value in parenthesis. To evaluate the
expected cost per pound of cne of the products, the In() must be factored out of the
equation by taking the natural exponential function of both sides of the equation34, The
transformed equations for long—run average processing costs then become:

$/Lb Buiter = ¢ (6.514 - 0.826*In(Pounds Butter))

$/Lb Powder = ¢ (7.528 - €.866*in(Pounds Powder))

$/ewt = ¢ (8112 ~ 0.849*Incwt))

The long-run marginal costs of processing butter, NDM and cwt of raw milk can
be determined by taking the mathematical derivative of the total cost function. The total
cost function is simply the average cost multiplied by the pounds processed. The marginal
cost equations calculated from the three equations above are:

MC/Lb Buiter = 0.174%¢ (6-514 ~ 0.326*In(Pounds Butter))
MC/Lb Powder = 0.140%¢ (7.528 - 0.860*In(Pounds Powder))

MClewt = 0.151%¢ (8.11Z ~ 0.349%n{cwt))

For example if we want=d to determrine what the average processing cost per pound
of butter would be when we processed 40,000 pounds per day we would proceed as
follows: '

In(4€G,068) = 10.59;

6.862 x 10.59 = 2.13;

6.514 ~ 213 = -2.,62;

e &2:62) - 40728
Therefore, the average processing cost per pound when precessing 40,000 pounds of
buiter would be £0.0728 or 7.28¢ per pound and the total cost of proceessing 40,000
pounds per day would te 40,000%3.0728 = $2,912 per day. Sirilar calculations can be
performed for powder processing or cwt of raw milk.

34 The two functicns, In and €%, 2re found on most calenlators.
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