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"FOREWORD

Our present marketing svstem is the result of decades of sfow growth
and evolution under conditions iar different from those envisioned by
the classical econumist.  Lags, imperiections. and elements of monopoly
have been mnportant and have molded the development of the svstem
untif today it is characterized by duplication, unutilized capacity, and
an excessive number of processing and marketing plants.  The almost
unlimited number of grocery stores, drug stores, service stations and
sales agencies are examples of this wasteful situation in the general field
of marketing, while in agriculture the redundant and duplicating dairy
plants, grain elevators, produce markets, and many other types of
processing and handling plants are fanuliar.  As a result of these ineffi-
ciencies, the marketing services are provided at unnecessarily high costs.

This publication explains the use of a budgetary or synthetic approach
in the determiination of plant costs under efficient operating conditions,
The method may be used to develop approximate descriptions of the
economies of scale for plants of any type—information that is essential
in judging the existing systemy or in planning more efficient marketing
organizations. With the synthetic method the research worker may
determine the effects of revisions in the Jay-out and operation of actual
plants and may project the cost curves for individual piants and for the
industry. The concrete application in this bulletin hias heen limited to
a relatively simple tyvpe of dairy plant. Similar analyses may be used
to study bandling and processing plants of all types and for all com-
modities, and in many instances may be the only practical means of
describing the efficient level of costs for the operation in question. The
method should be a useful tool for students of marketing organization
and reorganization. especially when drastic changes in the system: are
imperative.  The war eiergency is already emphasizing the need for
studies of this type. and this need will prohably continue or even ncrease
in the reconstruction period that comes aiter the war.
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COUNTRY MILK PLANTS 7

IxTRODUCTION

As markets expand and reach farther afield for their milk supplies,
the costs of direct shipment from farm to warket increase until a point
is reached at which it is more economical to collect the milk at country
plants and to ship from these plants to market. This svstem transfers
certain operations, such as cooling, testing, and record keeping, tn the
country points and makes possible the more efficient transportation of
milk and other dairy products. Economies resulting [rom these chaiiges,
as well as possible miprovements in the physical condition of the prod-
ucts, are primarily responsible for the existence of country plants.

Country dairy plants in New England developed during the period
when fast transportation for long distances was possible nnlv by rail.
Plants were established to receive milk {rom producers and to prepare
it for shipment to market.  Slow and expensive transportation by wagon
or sled limited the territory from which any plant could draw its sup-
plies.  As a result. the peripheries of large metropolitan milksheds were
dotted with relatively small country milk plants,  In places farther
removed frony market. small processing plants were established for the
manufacture of butter and cheese.

With the advent of motortruck transportation and improved high-
ways. the physical and economic linitatons to plant size were reduced.
At the same tine the metropolitan markets were growing and their fluid
milksheds were being expanded into conntry previously devoted o the
manufacture of dairy products.  This has heen the general situation in
Maine, New Hampshire, and

the northern New Ingland States
Vermont.

The combinativn of these forces made pronounced shifts economically
desirable in the number. type, aund location of country dairy plants.
These shifts have heen impeded by the more-or-less natural reaction
against change on the part of hoth producers and plant operaturs and
by the long-time nature of nvestments. In addition. there has heen a
growing tendency for vertical and horizontal integration in the dairy
industry.  This. together with the elements of spatial monopaly involved.
lessened the effectiveness of conmpetitive forces and so prevented or
retarded the evolution towards the wost efficient organization.  Despite
miportant reductions in the number of plants and changes in plant types,
the adjustment appears to he far from complete.

The probiem of the maost cconomical organization of country plants
is really a combination of the problems involved in the collection and
trausportation of milk and in plant operation. In this broad sense the
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solutiom is beyond the scope of the study here reperted.  Although sev-
eral parts of this publication are devoted to illustrattons of the way in
which the severat elements should be combined in order to arrive at the
general solution, the major emphasis is on the operation of country plants
that receive and ship fluid milk, especially the determination of the costs
that would characterize efticient operation, and the relationship between
these efficient” costs and plant size,

The methods employed in these computativns are applicable not only
to country wilk plants but to all types of processing and manufacturing
plarts.  The results here reported apply only to mulk plants, of course,
and more specifically to plants operating in the northern New England
States.  Wherever possible the relationships have been developed in
terms of phvsical iputs, however, and then converted into costs by the
applreation of suitable cost rates or prices. The nature of the physical
relationslups indicates that the physical inputs are generally applicable
tee all country plants receiving whole milk and shipping it in tanks,
although they will undoubtedly be modified by future technological
developnients.

Lost rates, on the other hand, are subject to important geographical
variations and these will have to be considered in applying the results
of this study to any particular location in New England or in uther
areas. This may he accomplished with little difficulty through the substi-
tution of the appropriate rates fur those used in the present caleulations.
Cost rates are alzo subject to pronounced historical variations.  These
may e corrected for in the manner indicated above, but it is important
to realize that econoniy curves are essentiaily long-run in nature and
that their major usefulness as contemplated in this study is in connection
with the planning oI future market organizations. From this standpoint
the cost rates useed should reflect noral or long-ran conditions and not
the short-ran conditions assoviated with periods of depression or inflation.

Betore embarking on this consideration of the economies of scale
it the operation of country milk plants, brief descriptions of the present
organization and operation of the plants in northern New England and
the evoiution that has been taking piace during the last few vears are

needed.  These are presented i the pages immediately following.
TrENDS 1IN COUNTRY-FLANT OPERATIONS IN NEw FExoraxp (1))

Production of nulk in the three northern New Eugland States has
been fairly stable since 1925 but sales of milk and cream by producers
have increased 10 to 13 percent, primarity as a result of the decline in

t Tralic numbers in parentheses refer to literature cited, pp. &4 and 83,
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the marketing of farm butter. In the same period the number of country
dairy plants has dropped from more than 230 to less than 150, a decline
of nearly 45 percent. Dlant consolidations were most prenounced in
the early 1930's, and the number of plants reached a low point about
1935, Average plant volume nearly doubled during the period.

Approximate locations of country plants in operation in those states
on January 1, 1938, are given in figure 1. More than three-fourths of
the plants are located in Yermont, Changes in the numnber and size of
piants for this State, the only one for which continucus series are avai-
able, are given in table 1. These tabulations include scme plants that
are the “city” plants of small local dealers and so are not strictly repre-
sentative of the country-plant situation, but the nature of the changes
are indicative of the movements that have taken piace.

Trends in the number and size of country plants were accompanied
by, and to some extent were the result of. trends in the type of country-

MAINE
IS
%
PLANT TYPE
Sk
.
A \’) e SPipping
'
(./ » Separaiirg
. / \:_l : s Manufaituring and
NEW % - s rmisvelidnedus
HAMESE SE 7 S
1 T
U Y DEFMARTHMART OF aGAICULTURE WEE %039 BUREMY GF AZFIC, LTURAL ETONCHCE

Fre. I Approximate location aud type of 143 country dairy plants in northern
New England, Junuary, 1938,
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TarLe 1 —CHANGES IX THE NUMRER OF DAIKY PLANTS AND IN AVERAGE VOLUME
PER PLANT, VERMONT, 1D20-39

Year Plants? Volume pper plant®
Number Million pounds
10200 e 224 39
T 225 4.2
N 221 4.4
T 210 4.7
O R 4.7
Ly 204 438
1926 e 203 48
12 200 19
B e 197 18
0 143 +.7
1030 e 182 5.3
5 167 6.0
2 145 0.5
T3 140 7.1
Lo e 135 oY
T35 130 7.6
Leadn, 134 7.6
L3 135 7.4
TN 133 7.3
R 131 )
weies s geants that wre the ey elants of loeal istributors
P . reth e b0 T UL T EIRVIGe Nt o greann iream proadncers,
LI R Sl e s e the Nonmon! dae tequiring very small
el s e e - B T AN T v A5 nhents e eomparable to

S TR SR I SaeEIetia Ui i RS NTEE

Cempelod frons reports f the Vernome Depaortienr of Aericnlture.

plant operations. The Boaton and the New York markets were reaching
farther and farther into northern New Pogeland for fluid milk and cream,
therehy displachig the nanutacture of milk and butteriat procucts such
as cheese amd butter. Trends in the utilization of hutterfat at plants in
Vermont (table 21 are fairly representative of the shiits that were taking
place in the whole area. Tharmg a period of 13 or 20 vears, irom the
carhv 19267 1o the mitddle and tate 19307, milk and eream mereased
from about 27 and 3 pereent of toal plant shipments to approximately
3 amd 46 pereent respectively. 1o the same period the use of milk and
creain methe manuiacture of butter dropped from about 33 percent of
the toral to 5 percent, a decline of more than 80 percent. The combined
prodiwction ot whele-nutk cheese and condensed whele ik accounted
tor approsunately S pereent of total shipments from these plants i the
carly part of the period but only 1 peccent i more recent vears.

The mereasing volume of cream shipuients plus a pronetnced shift
from furm separation resalted inoa stewhly expanding quantity of skim
milk at comtey plints. s a consequence, the manufacture of skim-milk
praducts has heeo growing in importance. The production of easein in

plnts in Vermont tripled hetween 1924 and 1934, and then fell off
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TABLE 2—ANXNUAL VOLUME OF DAIRY PRODUCTS (3.7-PERCENT MILK EQUIVALEXNT)
BANDLED BY DAIRY PLANTE. VERMoONT, 1920-3Y

Year Milk Cream? Butter Cheese®  Condensed? Toral

Million Ibs.  Dillion s, Million lbs.  Million s, Millon Ibs,  Million ibs.

1920 ..., 239 243 302 38 44 866
1920 ... 243 295 344 30 37 949
1922 L. 200 326 307 19 16 938
1923 . 128 333 373 2 33 988
124 L 333 340 232 14 23 Y63
1925 L. 399 330 199 E 32 972
1926 ..o L. 398 393 145 13 34 985
1927 . 441 an2 139 g 15 Y76
1928 ... 440 357 120 il % 043
1929 ... ... . 476 323 93 i 12 vt}
W30 . 446 416 0 14 9 971
1931 ... 07 405 72 I 10 1%
1932 ... 313 419 38 4 2 Y1,
1033 ... 162 435 49 Y 3 38
103 ... 48 413 30 3 93z
1935 . 444 478 33 8 . 983
1036 439 489 54 13 4 1.014
1037 . 488 448 57 1 .. o7
1938 .. 470 441 53 7 2 973
1930 .o 454 483 13 9 2 9o

T inchwdes small quattities of fee-cream mix, .
2 Cheddar cheese, cream cheese, and other soft whole-milk cheese,
A hictudes buth comdetsed amd evaporated whale ek,

Compated from reparts o the Vermont Deparement o! Mireudture.

TARLE 3.—~UTILIZATION OF sKIM MILE FY DaATRY PLANT2, VEraoxt, 1924-39

Manufactured ke

Eatiimated

Year Returned!  Shipped? Caszin Pow:ler  Condensal® Cheese? yoral
Miltan Millicn AMillion ALtiou Mihon Mition
s, Ths. Ihs. Tivs, JLIER box,
1924 L. .. 11 6 .. 23 13 178
1025 . ... .. i3 28 .. 3u 12 140
1626 ... ... 9 3 58 .. 4 1> 173
M2 12 v 71 .. 4 v 1rn
1928 L. .. .. .. .. .. .. 1y
029 ..., 6 23 0 1 72 1 180
1930 L. 7 RES P22 7 03 1 184
1931 ..., 12 19 113 .. 4z 2 241
W32 . 12 H bt} n KA 3 134
1933 ... L. 7 18 115 i+ a1 3 27
1034 ... L. 11 20 138 16 R 13 244
1935 ... 03 43 135 =7 63 ) 114
W36 ..o - 44 4 uy 1349 77 RV 427
1037 0 iR u7 104 432 7 i
lY3R . ... .. 22 L7 42 93 il Ju 3}
1939 .o 43 163 48 (thy %] 14 R

Y Retarred 1o prodacers,
shivmments 1o marker and to ather country plants. amd so s in part a duplicata
manuiactared where recerved 1tam other plants

TCondensed and evawirated skim k.

Honage cheesy and o skimemidk cheeses

* Estimate ! votatal Buidenadk seeeots and the wse of welkob
condensel and evap Uowiede milk, and whede-nals ¢ 3
rotal forhese fasr wrerss and notnl mile receints w taKen
separated at country puatits, and skin milx was esiitated us ¥opo

*Not availahlz

Compiled from retvots of tie Ve a1 Depariment o Aericn’ia -
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with the rapid increase in the manufacture of skim-milk powder. Con-
densed skim milk has accounted for 15 to 20 percent of the total skim
during the period. These movements are given in detail in table 3.

Changes in the utilization of milk at country plants were, of course,
associated with changes in the type of plant eperativns and with marked
shilts in the relative muportance of certain types of plants, The number
of plants shipping milk and cream increased during the 1920's and then
declined with the consoldation of plants and the consequent expansion
m average volumes, The number of plants engaged in the manufacture
of butter. cheese, and comdensed whale milk decreased rapidly, especially
Letween 1920 and 1930, Oun the other hand, there was sonle expansion
in the number of plats wanufacturing skim-milk producets, although
mest of the imereased production appears to have resuited from ncreased
volute per plant.

hifts i plant type cun be preseuted immore accurately through a com-
parisen uf detailed cruss-section descriptions for tweo periods.  Such

deseriptiuns are presented in table 4 {or plants in Verwont during 1923

T AuLe 4 ——iMSTRIBUTION OF COUNTRY DAIRY PLANTS DY SIZE AND 1 YPE, VERMONT. 1925 axn 103W

Size v plant- millien pounds of milk equivalent per year?

Averag

Type A ! ; 23 and size
of plangt Year 11538 lo-1589 J6-20 50 280X 9 0 aver Plant? plant?

Number XNwmber Namber Nouber Nuniber Number Numher Number Number Milliot
plants  plaasts plants plants plants plants plants plants  alants pound

Ak Lo w2 12 12

4 ., .. .. .. .. 28 4.5

137 ] [ 12 4 K] 1 .. . 38 8.7

Cream . .... 1623 13 2 3 - .. .. .. 20 37
1937 4 1 2 1 1 1 .. .. 10 8.2

Abilk and Ju2a Y 14 8 2 2 .. .. .. 33 7.1
cream L, .. 1937 b v 9 1 2 1 2 3 34 14.3
Butter ... 1025 3 71 2
1937 K] 1 1 .. . 3 X1

L-hL‘t‘_\'L‘ ..... AR (A - .. .. .. .. .. ‘e 4] 1.0
137 3 .. .. . . . .. 3 1.0

Diversifed® . 1923 13 13 9 3 4 2 2 .. 46 8.6
193y 4 1 K 2 [ .. 1 2" 14 133

Total ... 925 53 4236 22 os3
([ N (R 733 6 104 108

T Tased or reyerte b oshipments o nuik, cveam. butter, whole-mitk cherse, and catndensed or evapornted
whole nntk. Skuemistk eperations have not been considered. Any of the proaducts epumerated that accounted
[ Y fthe teral ml e quvalens was considered in classiiying the plants,

2 he 4opeice valetit of the provducrs s!nppm}, As shipments are made between plants, the
ANt sires a8 ed ave larcer than the receipts from prowdncers he abaygt 20 percent. '

S 1pwes neit oo ts o that arve primarily the ety plarss of Joval dealers. Alsa canitted are 13 plants
i 1923 and 7 on 13T which conhd not be classified e basis of available informartion, h
b a1 & mulleen pounvds annunally, and averaged 338 million pounds.

ants man saring one o7 more poeduets and shipping milk. cream. or hath,

& YFlhese plants ranged up v 03 mrthon posods, and averaged 434 miliion pounds,
T Averie annual receipts of 310 million pounds.

Pasic data obtamned from the Verment Department of Agnculture. The 1927 data were summarized and
classitied by Schoendell
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and 1937° The plants have been classified according to the reported
shipments of milk, cream, butter, whole-milk cheese, and condensed
whaole milk. Utilization of skim milk has not been considered. As the
shipment data include shipments to and from other plants, the indicated
plaut volumes are higher than the receipts from producers. ‘The table
shows that the number of plants shipping milk and cream has remained
fairly constant, although there has been a decrease in the number of
specialized crean-shipping plants and a corresponding mcrease in the
nunber of milk-shipping stations, Average shipments for these plants
doubled during the 12-vear period. The number of specialized Dbutter
and whole-nilk cheese plants dropped 85 percent, while the mumber of
plants that combined manufacturing operations with milk and cream
shipments declined 70 percent. In short, the elinnnation of whole-milk
and butterfat manufacturing plants was almost complete. and the milk
tornierly handled by these plants was diverted to wnilk- aud cream-
shipping plants.

TABLE 5 —IJISTRIBUTION OF COUNTRY DAIRY PLANTS IX NORTUERN NEwW ENuLaxp

LY TYPE AND BY VOLUME OF ANNUAL RECEIPTS FROM PRODUCERS

Type of plant®

Annual receipts —_— Adl
i omitlhon poundst Shipping Separating Manufscturing Unclassified plants?
Nunther Number Number Nuinher Number
DO-FO f 2 15 .. 23
2039 12 3 4 3 24
4039 oo 8] 3 3 4
6O-F9 0 H & 2 22
BO-09 oo 10 2 7 1 20
00139 .o oL 10 3 1 1n
4478 o 4 .. 3 7
WL210 L 1 4 5
230299 L 1 1 3 s
00499 oo .. . 1 . 1
SO0-69.9 L.l e . . . 1 1
Tatal plants® . ....... .. 57 24 40 7 138
Average receiptst L., L. 7.3 7.6 8.7 136 83

:Fqur percent milk e_r!-,ﬁ\-alem of milk and cream received fram producers, .

Shipping staticns ship more than 95 percens nf ther seceipts without further processing:
separating piants separate at least © peccent ol the milk equivalent received but perform nn
othet processing operatinms: manufacturing plants process at least & percent of their receipis
inta whole-milk, batteriat. or skim-milk products: and unclassified planis are thase for which
incomplete dala_ or snusual operatinns prevent classficatvim

IDhes not include plants that opened or clesed durmg the sear.

Basic Jdata obtaned jrom the Verment and New Hampshire Departments of Agricultare
apll trom G. F. Daw of the Maine Agricuitural Experniment Statton. New Hampshire and
Vermaont data are jor 1937 while Mame dara are ior 1939

A more detailed description of plant type is given in table 5 for the
recent period, This classification has heen based on skim-milk as well
as whole-milk operations and divides the plants into three main groups:

2 The 1925 data were sumrmarized and analvzed hy W, A, Schoeafeld, but fnor the mnst par

were not included in his teport, “Some Economic Aspects of the Marketing of Milk and
Cream in New England,” U, 8. D. A. Circular No. 16 (1927).
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(1) plants that receive milk and cream and ship 1o other plants or to
market without further processing of any kind: (2) plants that separate
part or all of the milk received and ship milk, cream, and skim milk : and
(3) plants that manufacture a significant part of their receipts into
whole-milk, butterfat, or skim-milk produocts.

Of the 138 plants that operated throughout the entire vear 57 were
classified as shipping stations. 23 as separating plants, 44 as manufac-
turing plants, and 7 could not he classified as to tvpe because of inconi-
plete mnformation.  The shipping stations iucluded 46 plants with average
annual receipts of B4 million pownds of milk that received and shipped
anly milk, and 11 plauts with average annuval receipts of 3.8 millicn
pounds of milk equivalent that received and shipped cream or both milk
and creant. The 25 separating plavts converted an average of approxi-
mately GO percent of their receipts into cream. while 8 of them separated
95 percent or more. Annmal receipts of these plants ranged from less
than 4 miflion toy more than 22 milin pounds of milk equivalent, and
averaged 7.0 wilhon pounds, The 49 manutucturing plants included
16 plants that manvfactured whole-milk or hutterfat products, 26 that
manufactured skim-milk products. and 7 that made hoth tvpes of
produocts.

I addition to the receipts of milk and cream from producers, some
of these plants recetved relatively large shipments from other plants,
[t is estimated that nearly 20 percent uf the total receipts of milk equiva-
lent fram producers was shipped to other plants in 1937, The quantity
received by shipping stations from other plauts was relatively small,
Lut for manufacturing plants the receipts front ather conntry plants

Toaniy G—INTERPLANT SHIPMENTS OF MILK. CREAM. AND sKIM MILK, (0UNTRY
PALRY PLANTS . NORTHERNY NeEw Exorasy, 19371

Valueme of 5 roduct slupped pey sear

[Yistance shipped

1 nles- Mtk Cream” Skim otk Tatad
Mifhen Million Alllion Million
bis. LIS [LIEN {hs,
L 2N 4 17 43
N 33 18 an
JOC YU [ : 12 14
IO . 13 2 39
IS L 2 1 11 13
Total o 34 24 87 172
Average distances nomidleso oo 14 S 23 2
Thaad cndr oo those tetorts nor o which Jestinateon of shipments were given,

2 Ar-lne distances hivtag Avinal read distane
b 0 Ao

A ETHE TR S

w. wi|| Le somewhat longer.

peteent o seAm. 1ot as H-pervent milk equivalent,

Basic data obtamed from the Vernuae and New Hamypshire Departments of Agriculture
and faar G B Les of the Mame drvion'taral Faperiment Station
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averaged more than 40 percent of the direct receipts from producers,
Im addition to the milk and cream shipments, a considerable volume of
skim mitk was diverted from separating plants to plants engaged in the
manufacture of skim-milk products.  FThe reports of these interplant
mevements are not complete, but table 6 gives some 1dea of their magni-
tude and of the distances involved in the transfers. The average milk
shipments were transperted about 14 miles; for the more concentrated
creant the average length of haul was 28 noles.  Surprisingly, the bulky
and low-valued skim nulk was moved an average of 23 miles, or nearly
as far as cream.  All three products were transferred for distances up
to 30 miles.

Sove PPropucTion CHARACTERISTICS

several characteristics of producers’ deliveries ta plants have an
effect on plant operations.  The most important ot these is the seasonal
variation in receipts (table 7). Using the ratio of daily average receipts
in June relative to January and December as an index of the variation fur
any given year. it is seen that the variation in total production decreased
front 1925 to 1930 and then increased, For the State the average lngh-low
rativ in the period 1932-37 was about 1.4, with geograplucal variations

TABLE 7—SEAR0NAL VARIAIION 1N PLANT RECEIPTS AND RECEIPTZ OF WHCLE MilK
As A PERCENTAGE OF ALL RECEIPTY, VERMONT, 1924-39

Whele
Reasonal yatust meik as
_ —— percetitape of
Year Whole milk Cream Al receipts? all recdpts®

Percent

R Y 1.8 21 20 W
12 Ju 21 20 il
V020 1o 22 2.0 ha
W2y L . 1 2 20 i
[ AN [ 21 10 72
L 1.8 21 18 Ny
JR| 1.3 20 in Ri
[u3] 1.6 3.0 1.6 i
[u32 1.3 2.2 1.7 s
LU3ds o 1.3 2.3 1.7 K2
iy 1.7 14 1.7 RY
1635 18 21 Y9 a3
[463n [ 22 1.4 u3
1937 1.5 2.4 1.5 0l
R R 20 22 20 63
WY 1.8 22 1.8 43

1 Ratin of «daih 1\{*.4gc recelpts in fum to Jasls average reccipts in Taruary and Decembier
of the samie year. the 2oeonth low I Yeing vl @y appeoximate correstion o TTEET

? Four-pereent muk equivalint o % Al Cream received irom producers. Data for
previons vedars inlieate thar thes rato was 206 1957 el 24 0 19

®Whale-milk recewpts expressed as a percentage of toral wilk equivalent receivel from
"T"hnl{_‘l rs.

Computed from reports of the Vermont Department of Agriculture.
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of from less than 1.5 in the southeastern to more than 2.5 in the north-
western parts.

A more exact description of seasonal variation may be had from index
nuymbers of daily average receipts, by months. Such index numbers,
found in table 8 for whoele milk and for the milk equivalent of milk and
cream received at country plants, indicate that production was low in
the winter, expanded rapidly during the spring to a maximum in June,
then contracted during July and August, and declined more slowly
during the fall until the low level was reached in November.,

TasLe 8 —INDEX NUMBERS OF THE SBEASONAL VARIATION 1IN RECEIPTS FOR ALL
VERMONT PLANTS, ANNUAL 1937, aAveErage 1932-37°

Receipts of whole Receipts of milk
milk equivalent
Month 1937 1932-37 average? 1937 1932-37 average!

January ... .o 87 82 86 82
February ... 90 44 29 83
March oo oo oo 102 95 100 95
April Lo e 117 107 117 109
May o 128 125 128 126
Juee oL 141 1318 143 141
July oo 117 116 118 H7z
August ..o oo 97 100 9% 100
Septeraber .......... . aie., 93 08 93 9%
October ... i 86 94 86 93
November ....................... 70 81 71 79
December ............cccoenia... 72 80 72 79

AVELage ... e, 190 100 100 10¢

! Rased on daily average receipts of whole milk and 4-percent equivalent of mitk and cream
at plants in Vermont. . i
1 Index numbers for the average of the 6-year period 1932-37, with correction for trend.

Computed from reports of the Vermont Department of Agriculture.

In terms of the index numbers, production averaged about 80 percent
of the aunual level from November to February, reached a peak of
approximately 140 in June, fell to 100 in August and to 94 in October,
and finally returned to the winter level of around 80 in November,

The second characteristic that has an effect on the tvpe of plant
operation is the proportion of deliveries that are received in the form of
whole milk. Farm separating has been an influential factor in the past
and appreciable quantities of cream are stiil detivered to country plants
in certain places, but table 7 indicates that this operation is rapidly
disappearing. In 1924, less than 60 percent of the milk equivalent
received from producers was in the form of whole milk. By 1935 this
had increased to more than 90 percent. In 8 of the 14 counties of
Vermont. more than 95 percent of total receipts was in the form of whole
milk in 1937. Receipts of cream were most important in the east-central
part of the State, where from 20 to 30 percent of the total receipts
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was in that form. But even there a marked and fairly rapid shift to
whole milk has been evident.

AVERAGE CosT-VOLUME RELATIONSHIPS

Costs of country dairy plants have been scrutinized in many research
studies. Usually these studies have ascertained annual volumes and
average costs per liundredweight for a number of country plants. On
the basis of these observations, average costs have been computed for
the whole sample and usually for particular volume groups within the
sample. From this break-down it has been possible to describe the
average relationship between unit costs and plant volumes. Relation-
ships of this type have heen presented by a number of investigators
(2,3,4,5,6,7). Some of these results are plotted in figure 2, where
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Fia. 2. Average cost-volume relationships as reported by various investigators.

group averages have been converted into smoothed curves, The curves
apply only to milk receiving and shipping plants. the type of plant con-
sidered in detail in this publication, and are not applicable to the maore
complex plant types.

Although each study disclosed a pronounced tendency for unit costs
to decrease as average plant volumes increased. the results are far from
homogeneous in other respects. In figure 2, the indicated average costs
for any particular volume cover a range of nearly 10 cents per hundred-
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weight of milk in the higher volume ranges, and even larger spreads
are found for volumes of less than 20,000 pounds daily. Furthermore,
individual observations scatter widely around the averages (fig. 3). The
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F16. 3. Volume and average costs ior individual Anid-milk plants as reported by
two investigators of plant operations in 1925,

plotted observations in this diagram represent cost and volume data for
individual plants as presented in two of the previously wmentioned
studies (2, 3).

Tt may be nuted that the studies made 1 the 1923-26 period generally
found casts at a ngher level than did the stndies made in the 1933-38
perid. This suggests that part of the discrepancies hetween the findings
of the several studies resulted from changes in the prices of such elements
as fuel and labor.  Although such changes have undoubtedly influenced
plant costs, it seems probable that technological changes in plant opera-
tion have been more nportant, as consolidation took place. There can
he little doubt that this adjustment resulted in more efficient use of the
remaming plants,

In addition, notable changes were occurring tu the methods of
haudling and transporting milk. In the early period practically all the
milk was transported in cans, whereas in the later period most of the
milk supply was shipped to market in tank cars and tank trucks (8, 9).
This had a pronounced effect on the amount of labor required to handle
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milk in country plants, and so could be expected to result in lowered
plant-operating costs. The shiit takes on added significance when it is
realized that labor constitutes one of the largest elements in the total cost
of operating country milk plants.

A further explanation for the spread between the results obtained
in the cited studies, perhaps the chief one, is suggested by the wide
scatter in the individual observations shown in figure 3. It is possible
that the sampling procedure used in some of the studies did not result
in representative selections, and that the differences in the shape and
level of the curves are the results oi this procedure.

Fxcess CAPACITY IN MILK-Prant (OPERATIONS

For any plant the cost elements involved in daily operation may be
divided into two general categories: those that are fixed or constant
regardless of the volhwne handled, and those that vary with changes in
plant volume, Fixed costs are primarily those associated with land.
huildings, and eguipment, although there may be a cousiderable degree
of fixity or of discontinuity in such elements as labor and supplies. Fixed
costs per hundredweight decrease in a hyperbolic eurve as plant volume
mcreases, of course, since the total fixed cost is allocated among an
increasing number of units. Variable costs per hundredweight are
usually thought of as increasing at an increasing rate with volume
increases and the resulting intensification on the fixed factors, although
they may be fairly constant per unit for considerable ranges in volume.

When fixed and variable costs are combined, average total costs for
any plant will ordinarily be found to decrease with volume increases in
the low volume range as a result of the reductions in unit fixed costs
and finally to increase as the increases in variable costs more than offset
the decreases in fixed costs.

With this picture of the average costs for any given plant, it 1s
clearly seen that a wide range in costs may be obtained from a given
plant by varving the voluwne handled. In a similar fashion a wide range
in the costs of handling a given volume of milk will resuit from differ-
ences in the capacities of the plants handling that velume. If capacity
is well adjusted to the volume, the costs will he relatively low, hut 1f
the plant capacity exceeds the volume by a considerable amount, the
allocation of fixed costs will result in relatively high average costs per
hundredweight. The presence, then, of varving amounts of excess plant
capacity can he expected to result in relatively wide variations in average
costs for a group of plants.
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It has been mentioned that the forces at work in the country phases
of milk marketing are far different from those that would characterize
a system of perfect competition. The imperfections and monopolistic
conditions that are present wili prevent the appearance of the most
efficient system and can be expected to result in such irefficiencies as
excess capacity. The results of a survey made in New England during
the summer of 1939 to ascertain the relation between seasonal peak
volumes aud plant capacities substantiate this conclusion. Capacity was
defined as the maximum volume that could be handled by the existing
plant and equipment during the normal receiving period, and was esti-
mated by each plant manager. Disregarding several plants where there
were vbvious maladjustments in particular items of equipment that could
be corrected at fairly low expense, 17 fluid-milk plants were found to
have peak loads ranging irom less than 40 percent to more than 90 per-
cent of capacity. The average for the group was 65 percent, so these
plants could have handled more than 50 percent of additional volume,
These results are sununarized in table 9.

TABLE 9.—SEASONAL PEAK VOLUME RELATIVE TO PLANT CAPACITY FOR 17 FLUID-MILK
PLANTS IN NEw ENGLanp, 1939

Peak volume as
percentage of

capacity Plants
Percent Number
1 1 1
A0-30 e e 1
L S P 3
L 11 7
L P 2
B0-B0 L e e e e, 2
T 1
Number of plants. .. ... . i 17
Average perCCIAZE ... ... e 63

1 Equivalent to 54 percent excess capacity.

In establishing this description of excess plant capacity, only the
seasonal peak volumes were considered. Seasonal fluctuations in produc-
tion will result In similar fuctnations in plant volumes, and so will make
inevitable some average excess capacity. By limiting the consideration
to peak volumes, however, it has been possible to indicate the excess
capacity in addition to the normal or unavoidable excess. This measure
represents the amount by which peak volumes could be expanded and,
if the seasonal variation were unchanged, the possible percentage increase
in average volumes for the entire vear.
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Tue ConcerT oF ECONOMIES OF SCALE

The primary purpose of this bulletin is to disclose the effects of the
scale of operation on unit costs for country mitk plants. The previously
cited publications have pointed out that average costs tend to decrease
with increases in plant volumes, but their resuits have differed widely
with respect both to the general level of costs and to the nature of the
cost-volume relationship. Furthermore, the studies reported were de-
signed to disclose existing conditions and so have been affected by factors
that have no place in a true description of the economies of scale. Chief
among these factors are maladjustments within individual plants, and
the most impertant of these is excess plant capacity.

Feonomies of scale represent the decreases in unit operating costs
that accompany increases in the scale of operation, under the most
efficient operating conditions. This is iltustrated graphically in figure 4.
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Fia. 4. Relationship between cost curves for individual plants and the curve repre-
senting the economies of scale. The broken curves such as cc’ represent average
cost curves for individual plants of several capacities. The solid curve EE’
represents the economies of scale and is an envelope curve drawn tangent to the
plant curves when plant capacitics form a continuous series. Note that the
minitnum: cost as indicated by the economy curve is lower than the least-cost
ponts on the plant curves when the economy curve is negatively inclined. This
means that, with competitive conditions but a small market, the most economical
plant will be one that is operating at less than its least-cost volume. If the
market is large, however, the competitive adjustment will involve plants operat-
Ing at their least-cost volumes and at the lowest point on the economy curve.



22 ECONOMIES OF SCALE

Average costs ior individual plants of several capacities (represented
by the broken curves) are definitely affected by plant volume, first
decreasing with the spreading of fixed costs and then increasing with the
diminishing returns that result [rom intensification on the fixed factors.

Now, an increase in plant scale may be thought of as a shift from a
small capacity plant to one of larger capacity. If average costs at the
most cfficient volumes are lower for large than for small plants, it is
apparent that there are economies of scale. Fventually these economies
may be dissipated or may be more than offset Ly dis-econonies. This is
the situation shown i figurc 4. In some lines of endeavor there may be
little if any tendency for unit costs to decrease as the scale of operation
mcreases; such cases are termed constant-cost industries.  In others,
economies of scale, if present at all, are quickly exhausted and unit costs
increase through most of the range in scale; these are known as increas-
ing cost industries (I¢).

Tt may be noted that the economy curve has heen drawn tangent to
the mdividual-plant cost curves in the diagram. This will be the case
if it is possible to have fairly continvous variations in scale. If plant
capacitics [orm a discrete series, the economy curve will consist of seg-
ments of the plant curves and will have a scalloped appearance,  If plant
volumes are subject 1o unavoidable Auctuations, such as those arising
from the scasonal varation 1 milk production, the economy curve will
he drawn secant to or intersecting the plant-cost curves. In all cases,
however, the cconomy curve will represent the costs under the most
efficient organizations for all volumes. DBecause it shows the costs that
may he achicved with optimum organization and not the costs that may
characterize an actual bnt inefficient system, the curve has sometimes
Leen called a planning”™ curve, The inllowing pages attempt to derive
and describe with some exactness this planning or economy curve for

conntry milk plauts.

Merions Usen iy rue IDereryyarios or KcoNoaies oF ScaLe

In the light of this discussion, it is apparent that a description of the
economites of scale could logically be derived from a sample of plants
of widely varyving capacities and with volunes well adjusted to capacities
within the limits imposed by the seasonal varnation in production. Two
factors preclude the use of this simple and direct attack: (1) the dearth
of plants for which detailed information may be obtained which have
widely varving capacities and at the same time no abnormal excess
capacity, and (2} the difficulties involved in establishing a satisfactory

measure of capacity.
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This second point requires some elaboration. Volume in a given
plant may be expanded until some limiting factor or bottleneck is reached.
If the bottleneck is with respect to some variable factor such as labor,
additional men may be hired and plant volume may be expanded further.
If the bottleneck involves some itemn of equipment, however, the factor
15 relatively fixed. If new equipment is installed or additions are made
to the plant, the plant and hence the plant capacity are heing altered.
As a great number of plants have been established for some time, adjust-
ments in such items have taken place and it is not uncommon to find that
a piece of equipment like a can washer or milk cooler is a imiting factor
in a plant that in other respects would he able to handle much farger
quantities of milk. The crux of the matter is that, in order to represent
economies of scale, the plants included in the sample must not only have
volume adjusted to capacity, but capacity should represent the real
capacity of the plant and not that of a single item of equipment. In
short, these plants should be designed in all respects to handle the
volumes they receive,

The obvious, and perhaps only, solution to these ditficulties is to
make detailed case studies of a limited nuinber of plants covering wide
ranges in both volumes and capacities. On the basis of these studies,
the costs that could be obtained if all internal maladjustments were
eliminated may be estimated through analyses of the budget type. Finally,
the average cost curves [or individnal plants may be synthesized and
extended up to the plant capacities. The economies of large-scale opera-
tion could then be described in the way that has been indicated in
hgure 4.

This approach was used in making the analyses for the study here
reported.  Fight fluid-milk plants, selected to represent a wide range
in volumes and capacities, were studied in detail, The vohunes and
capacities for these sample plants are indicated in table 10. Al of the

TapLe 10.—OPERATING VOLUMES AND ESTIMATED CAPACITIES FOR SAMPLE MILK
PLANTS LOCATED IN NEW FIAMPeHIRE AND VERMONT, 1937 axp 1938

Plant
[tem Unit A B C D E F G H
Daily cwt.
Average volume ...  of milk 3 %6 102 97 91 175 231 236
Low volume .. ..., do. 23 6l ] 7 40 130 180 180
}:Ilg_h volume ...... do. 45 Mo 210 170 230 320 420 330
Estimated capacity*. do. w1300 2200 260 3200 400 A0 640
Floor space ........ lsq . 15 19 17 10 36 19 W 029

1 The maximum daily volume that could reasopably be handled with the existing plant and
equipment. as estimated by the plant manager. .
Nearly half of this space is use¢ for living quarters, etc., and so is not an essential part
of the milk plant,
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plants were fluid-milk receiving and shipping stations, and all shipped in
tanks by motortruck or by rail. Detailed information as to volumes and
mputs of the several variahle cost elements were obtained by months or
by 15-day periods, during 1937 and 1938, These data were used to
ascertain the relations betwcen volume and costs for the variable ele-
ments. The buildings, equipment, and plant lay-out were revised to
eluminate maladjnstments and normal imvestments and fixed costs were
estitmated. In the final analysis, these relationships were used to synthe-
size the cost curves for six reorganized plants with capacities ranging
from 6,000 to 65,000 pounds of milk daily and the economy curve was
constructed from these individual-plant cost curves.

Errecrs oF CHANGES 1¥ VoLUuME on VariasLe CosTs

Few if any of the cost elements involved in country-plant operation
are perfectly variable. Plant labor is essentiallv a variable cost, for
example, but the necessity or comumon practice of adding labor in one-
half or one-man intervals results in fairly wide ranges in the volume of
a given plant throughout which the labor force is constant and labor costs
are fixed. Tn spite of the fact that there are such clements of fixity,
several items of cost do vary with volume and therefore may be classified
as primarily variable in nature. These items were grouped under four
headings : electricity, fuel, supplies, and labar. Each of these groups
was studied and the resulting cost-volume relationships are next de-
scribed. In addition to the refationships within individual plants, the
interplant relationships or the effects of changes in plant capacity have
been noted,

Cosis of Electricity

Electricity plays an important part in the operation of modern milk
plants. It is the source of power for pumps, convevors, and compressors,
and, less important from the cost standpoint, it is the source of light,
The amount of electricity used for power within a plant may logically
he expected to be dependent chiefly on the volume of milk handled. But
the use of electricity for lighting will be unaffected by variations in plant
volume. In addition to the effect of volume on the use of electrical
power, weather conditions will exert an influence in those plants in which
the milk is cooled by mechanical refrigeration, for the milk is usually
delivered at higher temperature during warm weather.,

Data on the kilowatt hours of electricity used for power were avail-
able by months for each of the eight sample plants. These were con-
verted to a daily basis and related to daily average volumes, At the
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same time, the effect of season of the year was included through the use
of the average monthly temperatures for New Hampshire and Vermont
during 1937 and 1938. In essence, this procedure consisted of fitting
10 the data an equation of the type: KWH = (a +bT)V; where KWH
represents the daily average use of electricity for power in terms of kilo-
watt-hours, T the average monthly temperature, and V' the daily average
volume. The constant “a’’ will represent, then, the basic kilowatt-hours
per hundredweight of milk, and “h"” will represent the modifications to
“a” that accompany each degree change in temperature,

The results of this analysis are given for the various plants in table 11.
As temperatures averaged 45° F. in the New Hampshire and Vermont

Tasce 11 ~—EFFECTS OF DAILY PLANT VOLUME AND AVERAGE TEMPERATURE ON THE USE
OF ELECTRICITY FOR POWER 1N EIGHT COUNTRY MILK PLANTS, 1937-38

Plant
Item Al B C oL E F G H

Daily average volume—
CWIS, cuvvnrvnnnas 34 76 102 a7 91 173 231 236
Standard deviation,. 4 10 42 13 38 43 39 36
Daily average KWH
of power ........ 49 18 435 62 50 65 104 9
Standard deviation.. 12 16 18 20 25 23 23 30
KWH of power per
awt® L., 014 047 045 006 0.55 0.35 046 042
Standard deviation®.. 0.007 0017 0618 0003 04025 006 0009 0017
KWH of power per
degree F' ..., ... .... 0008 0004 .... 0005 0005 0002 0005

! These plants did not use electrical power for mechanical refrigeration.
¥ Based on the net regression hetween volume and kilowatt-hours of electrical power, with
adjustments to hold temperature constant at 45° F,

! From the part correlation between volume and KWH. With a regression of the type
EWil = (a 4 bT)V, the standard error of the regression coefficient will be represented by
ola + LT} = (0,)" / 2X4, where o, is the standard deviation of the residuals from the regres.
sion line with proper corrections for parameters, and X represents the independent variable
volume. As the ohservations have been adjusted to represent a copstant temperature (T) of
45 degrees, the regression coefficient reduces to a single parameter.

*Based on the net regression between average temperature as reported by the United
States Weather Bureau and K'WH of electricity per hundredweight of milk. The temperature
factor is applicable anly to the plants that use electrical power for mechanica! reirigeration.

area, the average kilowatt-hours per hundredweight have been given
for that temperature. For the six plants with mechanical refrigeration,
changes in volume explain about 50 percent of the variance in the elec-
trical current used. The use of electrical current per day in these plants
increased with volume at an average rate of about 0.4 kilowatt-houss per
hundredweight. Temperature explains from 10 to 20 percent of the
variance in consumption of power for these plants. .As temperature
increased the use of power increased, the kilowatt-hours per hundred-
weight changing by 0.002 to 0.008 per degree change in temperature.
For the two plants without mechanical refrigeration, the power per
hundredweight was about 0.1 kilowatt-hour.
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As both temperature and volume vary seasonally, there is a marked
degree of nterrelationship between these two variables. As a result,
it must be recognized that changing the regression between one of these
variables and daily kilowatt-hours will change in the opposite direction
the regression between the other variable and kilowatt-hours. In other
words, it is difficult to determine exactly the influence and importance
of either variable, (In fact, this problem is impossible of exact statistical
solution.} This also means that any comparison between plants can be
accepted only as an approximate measure.

Refrigeration needs of a plant can be satisfied in several ways. The
refrigeration load 1s wsually concentrated within a few hours, the receiv-
ing pertod. Relrigeration compressors can be installed that are large
enough to handie the peak load directly, or smaller compressors can be
used in conjunction with brine or water tanks. The smaller compressors
wounld operate over a longer period of time and would “store” refrigera-
tion by cooling the brine or water contained in the tank. Furthermore,
the amount of refrigeration developed by a given sized compressor is
not a fixed quantity, but may vary over a wide range, depending en the
back pressure.

The rated capacities for various sizes of compressors are given in
table 12, together with the theoretical brake horsepower. As a brake
horsepower 1s the equivalent of 0.740 kilowatts, it is possible to estimate
the current requirements by muitiplying the kilowatts by the hours of
operation. In actual practice, the kilowatt requirements are somewhat
TABLFE 12, —THBORETICAL RATING OF VARIQUS SIZED REFRIGERATION COMPRESSORS IN

TERM S OF TONS OF REFRIGERATION, BRAKE HORSEPOWER, AND KILOWATTS
OF ELECTRICAL CURRENT

Estimated Estimated
power required electric
Refrigeration Power per ton current per
Size of compressor! capacity? required capacity? cwt. of milk*
Tirake Kilowatt-
Tons horsepower Kilowatts hours
I x 3" single 1.05 1.73 1.65 041
3 x3” double 210 348 1.66 042
47 x 4" do. 4.7% 711 1.51 0.38
5" x 37 do. 8.4 13.40 1.50 0.28
6" x {3 do. 15.60 21.80 1.40 0.35
6“ Y x 6L do. 2010 28.30 1.4] .35
FiaTx 71" do. 31.20 4270 1.37 0.34
5" x 8" do. 38.70 52.30 1.35 0.34
Q" x 9" do. 47.50 62.70 1.32 0.33
16" x 10~ do. 67.20 86.90 [.29 .32

L Size and number of eylinders.

3 Ratings of the American Society of Refrigeration Engineers under standard test conditions
of "D Xs suction pressure and 155 pounds conrensing pressure,

n tlte basis of one Lrake borsepower equal to obe kilowatt rather than the theoretical
0146 kilowatts. This 1= te allow for such losses as motor inefficiencies.

40n the basis of 400 pounds of milk per hour equal to a2 ton of refrigeration.
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above 0.746, owing to such factors as mator efficiency, and it is a conuhion
procedure to call one brake horsepower the equivalent of one kilowatt.
On this basis the estimated kilowatts per ton of refrigeration have been
calealated, and appear in column four of table 12, The average kilowatts
per tun are approximately 1,45, with a range from less than 1.3 kilowatts
for large to more than 1.6 for small compressors (11).

A ton of refrigeration is a rate of cooling and 1s defined as the extrac-
tion of heat at the rate of 12,000 British thermal units per hour, [f
milk is received at an average temperature of 70° . and cooled to
490°, a ton of refrigeration niay be represented by the cooling of 400
pounds of milk per hour. On this basis the theoretical kilowatt-hours
of electricity per hundredweight of milk have been calculated and are
given in the last colunm of table 12, This estimate covers refrigeration
only, but the total kilowatt-hours per hundredweight may be approxi-
mated by adding 0.1 kilowatt-hours to the refrigeration requirements,
since this was the average power requirement for the two plants without
mechanical refrigeration.

Use of electricity for lighting is primarily affected by the hours of
plant operation in relation to the hours of daylight. The results of
relating time of sunrise to the daily kilowatt-hours of electricity for
lighting are shown in table 13. On the average, a change of 1 hour in
the timne of sunrise was associated with a change of about 0.6 kilowatt-
hours in the daily use of electricity, except when the sun rose before
5:00 am. During the summer, when this was true, the amount of
electricity used was fairly constant. .As most plants open hetween 5:00
and 6:00 a.m,, they would be operating wholly in daylight during these
months.

Variation between plants in the use of electricity for lighting may
be due to several factors such as size of plant, plant Jay-out, and operat-
ing schedule. The first of these is of prime importance to a study of

TaBLE 13~—RELATIONSHIP BETWEEN DAILY CONSUMPTION F ELECTRICITY FOR
LIGHTING AND TIME OF SUNRISE, SEVEN MILK PLANTS

Plant
Average
Itew A B C D E F H all plants
KWH per day......... 0.3 1.0 04 1.6 21 0.9 18 1.3
Floor space 100 sq, ft.... 15 19 17 10 36 19 29 21
KWH per hour change
in sunrise® ... ... ... 01 0.5 0.2 0.7 10 04 08 06

Coefficient ‘of correlation® 712 469 738 812 833 059 857 971
Standard  error of cor-
relation ..........,... 061 174 097 9% 076 146 068 018

:Data oot available for Plant G.
lDocs not apply when sun rises before 5:00 a.m,
All coefficients and standard errors corrected lor parameters.
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. . . - -
the effects of capacity on plant costs. Measuring plant size in terms of
approximate floor area, the average daily kilowatt-hour increases about
0.6 with every increase of 1,000 square fcet of floor area®

TabLe 14.—DISTRIBUTION OF MILK PLANTS BY DOLLAR COST PER MONTH oF 1,500
KILOWATT-IIQURS OF POWER, NORTHERX NEw EnNcrawp, 1939

Cost of 1,500 KWH

per month . Plants

Dollars l Number
JUO0- 300 e i e 1
40.00-40. 9 e e 44
-00. 00 e e e 30
U000 Y i e e e, 9
J000-79.09 e e .
BO.00-80 00 e e e e 1
B - 85

The power and lighting relationships discussed are presented in
phivsical terms, VWhen expressed as costs, the relationships are subject
to a disrupting influence in the form of geographical differences in the
charges made for electricity. Table 14 shows the variations reported in
power costs for 85 towns in Maine, New Hampshire, and Vermont,
where country dairy plants are located (12). This distribution refers
to the January, 1939, charges for 1,500 kilowatt-hours of current per
month, and may be considered as fairly representative of plants recetving
from 10.000 to 15,000 pounds of milk daily and cooling it with mechani-
cal refrigeration.  The range in monthly bills is from $37.50 to $84.70,
and the average is $31.45. These correspond to costs per kilowatt-hour
ot $0.0230, $0.0563, and $0.0343 respectively.

Geographical variations in charges for electricity for lighting are
also pronounced. For monthly consumption of 40 kilowatt-hours, which
represents approximately the average found for the seven plants pre-
viously discussed, the monthly light bills for 104 dairy-plant locations
in New England ranged from $2.20 to $3.80, and averaged $2.89. In
terms of rates per kilowatt-hour, these correspond to $0.035, $0.093, and
80.072 respectively.

In addition to the geographical variation in rates, it is customary for
the rates per kilowatt-hour in any community to decrease as the amount
used increases. The average relationships between monthly bills and
monthly consumption of electricity for power and for lighting are indi-
cated in table 15. Power rates drop from an average of $0.056 per

? This regression results in a corrected coefficient of correlation of 0.577 with a standard
ercor of 0.0} when applied to the averages far the seven plants for which data are available.

In Plam D, however, the lay-out and Iighiinﬁ arrangements are very poor. For the six
plants with reasonably efficient arrangements, the regression results in a corrected coefficient

of P& with a standard error of 0.176.
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TABLE 15— AVERAGE CHARGES FOR ELECTRICITY AT SELECTER LEVELS OF CONSUMPTION,
NORTHERN NEw Excraxnp, 1939

Electricity jor powert Electricity for lighting?
Average charge Average charge
KWH per EWH per
month Per month Per EWH month Per month Per KWH
Dollars Dollars Dollars Doliars

150 840 0.056 15 1.23 0.082

375 16.19 043 25 1.99 080

750 2825 038 40 2.89 072
1.500 5145 034 100 4.91 049
6,000 149.31 025 250 8.10 032

* Baved oa data for 104 plant Tocaons.
kilowatt-hour for 130 kilowatt-hours per month to $0.025 for 6,000
kilowatt-hours per month. Average lighting rates per kilowatt-hour
decline from $0.082 to $0.032 with increases m mwnthly consumption
from 15 to 250 kilowatt-hours.

On the basis of these average charges and the previously developed
physical relationships, the cost relationships for the several independent
factors may be developed. As this study was primarily interested in
the effects of plant capacity on costs, only these relationships have heen
considered. The resulting cost curves are given in figures 5 and 6.
Power costs per hundredweight of milk drop from nearly $0.02 for

2.0

05

POWER COSTS ¢ CENTS PER HUNDREDWEIGHT)

[\] 1 L A 1 L 1 i L
0 10 20 30 40 50 60 70
OALLY PLANT CAPACITY ( POUNDS, THOUSAND)

%1 DEPMRIWENT OF acBLCYLTYNE BEe IPIIT WUREAY OF aGRICULTURRL [CONORICE

Frg. 5. Effect of plant capacity on c?st§“(()f electrical power per hundredweight
of milk.
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plants with capacities of less than 10,000 pounds per day to approxi-
mately $0.01 for plants with daily capacities of over 60,000 pounds.
Daily costs for lighting increase with floor area at a decreasing rate,
ranging from about $0.05 for a plant with 1,000 square feet of area to
$0.12 for a plant of 3,000 square feet. As plant volume and capacity
increase much more rapidly than floor area, as will be pointed out later, it
is apparcent that large plants are more efficient with respect to costs for
lighting than are small plants,

Costs of Fuel

Coal is used in country milk plants to provide steam and hot water
for the operation of can washers, for general cleaning, and to heat the
plant. As the number of cans to be washed will depend primarily on

20 ’—4‘-———77 -[ ‘
i l
=15 b———— t L
3 i f
[ ' .
)
a —
@ 1
b l
z
o !
) In
i b
2
z I
o
w - —
)
z
=
s 5
e
| .
o | ! 1 1 . L it
0 1 2 3 4 5 &
PLANT S1ZE { THOUSAND SQUARE FEET OF FLOOR SPACE )
V.S DEPANTHENT OF AGRICULTYRE MES. 39823 BUREAU OF AGRICULTURAL ECONOMIZS

Fic. 6. LEffect vf size of plant on the costs of daily lighting.

the plant voluine, it is reasonable to expect that the daily consumption
of coal will be partly a function of volume. Differences in the type and
efficiency of can washers will make for imperfections in this relationship,
as will differences in the type, size, and efficiency of boilers and the
abilities of the firemen. Heating requirements, on the other hand, will
be related to the physical size and insulating qualities of the building
and will vary inversely with outside temperatures,
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As in the case of electricity, the independent variables volume and
temperature are inter-related, and therefore present some difficulties in
analysis. Moreover, available data on consumption of coal per month
are based on receipts during the month, with corrections for changes in
inventories. As inventory changes are only rough approximations, the
basic data are less accurate than the data obtained from electrical meters,
and show wide variations from month to month as a result of inventory
errors. Belore using these data it was necessary to smooth out the
random fluctuations through the use of moving averages.

When the independent variables were related to coal consumption
1t was found that an increase oi 100 pounds in plant volume resulted in
an average increase in daily consumption of about 3 pounds, while each
degree increase in outside temperatures lowered daily consumption by
about 7 pounds. The nature of these relationships varied greatly from
plant to plant (table 16). Some of this variation is undoubtedly a result

Tasie 16—EFFECTS OF DAILY PLANT VOLUME AND AVERAGE TEMPERATURE ON THE
USE OF COAL AT EIGHT COUNTRY MILK PLANTS, 1937-38

Plant
Item Unit Al B C D E F G H
Hundred-

Daily average volume ....... weight 34 76 102 97 91 175 251 236
Standard deviation ........ 4 10 42 15 38 48 39 30
Daily average amount of coal. Pound 300 390 380 290 560 820 1370 850
Standard deviation ........ 138 57 121 57 1% 310 109 192
Amount of coal per ewt?.. ... Pound 50 &0 16 36 15 30 13 38
Standard error® ... ... ... 0.58 0.13 019 0.08 012 0.17 0.07 0.09

Amount of coal per degree ' Pound 5.0 1.0 38 26 9.0 160 50 160

Estimated amount of coal per
day at 45° and zero volume Pound 230 230 300 220 490 770 1,320 620

! This plant burned cord wood, To make the results comparable with other plants, the wood
kias been converted to a *“‘cval equivalent” based on prices of the two fuels, which averaged §1
ver cord of wood and $7.30 per ton of coal.

* Based on the nmet regression between volume and the daily use of coal, with adjustments
to hold temperature constant at 45° I

From the part correlation between volume and pounds of coal. See table 11, footnote 3.

*Based on the net regression hetween average temperature as reported by the United
States Weather Bureay and the daily use of coal, holding plant volume constant.
of the previously mentioned factors, but part of it is related to changes
in plant capacity, When pounds of coal per hundredweight of milk are
correlated with plant capacities, as in figure 7, large plants are found to
he more efficient than small plants. This regression explains more than
40 percent of the variance between plants.*

From the standpoint of volume changes within a given plant, a large
proportion of the consumption of coal is constant or fixed. This is
indicated by the size of the estimates of pounds of coal per day at zero

¢1 (corrected) = 0.645 = 0.228.
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volume and average temperatures, given in the last line of table 16.
When these estimates are related to plant size as measured by the floor
area, an increase of 1,000 square feet in area is found to result in an
average increase in daily coal consumption of approximately 250 pounds.
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Fia. 7.—The effect of plant capacity on the quantity of coal used per hundredweight
of mil

More than 70 percent of the variance between plants may be attrlbuted
to thus factor®
To convert these physical relationships into costs, it is necessary to

have representative prices for coal delivered to country plants. Most of
the coal used in the plants in New England is mined in West Virginia
or in the southwestern part of Pennsylvania. The type of coal commonly
used was priced at about $2.15 per ton at the mine in 1939° The mine
price plus carload freight rates results in delivered prices at “on-rail”
plants ranging from less than $6 10 more than $8 and averaging about
$6.90 per ton (table 17). Prices are low in western Vermont and high
in ceuntral Maine, while equal price zones run in irregular fashions
diagonally across New England from the southeast to the northwest.

These prices do not include unloading costs. No attempt has been
made to investigate thoroughly these costs but data were obtained from

31 (corrected) == 0.846 + 0.116.

9 The discussion of coal prices is based primarily on dala obtained from the E. S. Adsit
Coal Company of Burlington, Vi,
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TABLE 17.—DISTRIBGTION OF DELIVERED-COAL PRICES PER TON EXCLUSIVE OF GXNLOAD-
1NG C0o5TS FOR 88 nAIRY-PLANT Locartions, NEw ExgLanp, 1939

Price per ton

(Mine price plus freight) Plant locations
Dollars Number

B B0-5.00 L e e e i 5
0.00-6.40 L. e i e 22
0.50-6.99 .. e e 19
007 A0 e e eaa e 29
7.30-7 00 e e e 9
B00-B.40 | e e e e 4

Total number of plants. ..o i i et 88

AVBEAZE PriCE .. ottt e e $6.90

Compiled irom records oi E. S. Adsit Coal Co.

sevenn “on-rail’” and eight “off-rail” plants relative to these items. For
the on-rail plants, unloading costs ranged from $0.18 to $0.26, and
averaged $0.22 per ton. For the off-rail plants, the combined costs
of handling and trucking ranged {rom $0.34 to $2.00 and averaged $0.90
per ton. About two-thirds of the variance in these costs are related to
the length of haul, the charge being approximately equal to $0.50 plus
$0.07 ior each mile off rail.”

Returning to the physical relationships and using a price of $7.50
as representative of the coal costs including delivery and unloading
charges, the variable cost of fuel per hundredweight of milk declines
from about $0.020 for plants with capacities of less than 10,000 pounds
per day to $0.008 for plants with capacities of 40,000 pounds and over.
In this calculation possible economies of large scale huying are disre-
garded, for most fluid plants receive in carload lots and are affiliated
with large organizations. Fuel costs that are fixed for an individuai
plant but vary between plants change in direct proportion to the area
of the building. increasing $0.94 for every 1,000 square feet increase in
flour area,

Costs of Supplies Other Than Fucl

Creamery supplies constitute a relatively minor cost in country-plant
operation. They include such items as washing powders and compounds,
boiler-water treatment compound, ammonia, machine oil, paper towels,
sponges and brushes, and laboratory supplies such as acid, preservative
tablets. pipettes, and thermometers. Some of these items vary approxi-
mately with plant volume, some are relatively fixed for a given plant
but vary with changes in plant capacity, and some are subject to both
types of vartation.

Tr (corrected) = 0.802 + 0.146,
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Data were obtained for the eight fluid-milk plants refative to the
physical quantities of these items of creamery supplies. These were
converted into supply costs on the basis of the cost rates that were in
effect at the end of 1938, Because of the discontinuity of most of the
elements, no attempt was made to relate daily costs to such factors as
plant volume on a monthly basis. Instead, the several items were
grouped roughly into variable and fixed costs for each plant and the
daily average of each type of cost was calculated for each plant.* The
results of these computations are given in table 18 together with the
daily average volwmes and estimated capacities of the plants. Variable

TABLE 18.-—AVERAGE PATLY VOLUME. PLANT CAPACIIY AND DAILY COST OF SUPPLIES,
EIGHT FLUTD-MILK PLANTS, NORTHERN New Excraxp, 1937 axp 1938

Daily average cost of supplics

Average Plant

IMant valume capicity Fixed Variahle Total

Cwt. Cwt. Dollars Dallars Dallars
A e e 34 H0 .04 13 17
B 76 t3u 16 23 39
o 102 220 21 15 36
DL 97 260 27 20 47
o N 320 .38 16 54
o 175 4040 H7 52 119
G e 231 500 78 A7 1.26
H. o 236 640 1.0% a3 1.62

supply costs tend to inerease $0.025 for every 1.000-pound increase in
daily plant volume. The relationship explains more than 70 percent
of the indicated variance.” - Fixed supply costs per day increase in direct
proportion with plant capacity, each 1.000-pound increase in daily
capacity being associated with a $0.016 increase in daily fixed costs.
This refationship makes it possible to explain more than 90 percent of
the variance in costs."

Costs of Labor

Pay rolls of country plants are one of the largest costs of plant
operation.  Labor costs are variable costs from the theoretical stand-
peint, hut in actual application the indivisibility of labor results in a
constderable cdegree ol fixity, There are wide ranges in volume in
tdividual plants where the labor force will be constant or fixed, and
the velumes at which labor is hired or laid off are not clearly defined,

S The division of supply costs into fixed and variable classifications has heen made on
logical, and somewhat arhitrary, grounds rather than on the hasis of empirical relationships.
Some supplics are ohviouzly fixed i character i that they tend to remain constant ior a
given plant regardless of the valume handled. Others increase as plant volume increases,
anst so are varialile in character. In ¢nany cases the distinction is not clearly defined, however,
and so the items huve been classihed as poimarily fixed or variable, while in a few instances
the costs were arhitrarily divided equally between the two groups.

*r (corrected) = 0.844 =+ 0.118,
1y (corrected) = 093 = 0.034.
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As a result, there may be wide ranges in the volumes of actual plants
where one- and two-man or two- and three-man operations overlap.
Finally, the relationship between plant capacity and labor requirements
is complicated by the substitution of machinery for labor.

The number of men employed i the eight sample plants and the
voelume ranges handled by each number are summarized in table 19.

TaABLE 19—V ARIATIONS IN PLAKT VOLUME AXND LABOR STAFF, EIGHT FLUID-MILK
rLANTS, 1937 axp 1938

Range in daily volume in plants employing®

Plant 1 man 1% men 2 men 3 men
Cwt. Cwt. Cwt. Cwi.
A 2545 ... -4 L
B o o110 ..., s e
C o 60— 90 70-110 20-220 ...l
Do 70-144 80170 ...,
E 40- 80 60-170 25 ...,
F o . 130-320 ...
G e 180420
H o L s 180-330

* Does not include extra labor on plant and equipment repairs.

This table does not include extra labor hired to make plant repairs, for
that item is included later as a part of fixed costs. A striking fact dis-
closed by this table is the overlapping of the amount of labor used to
handle various votumes. In plant C, for example. one man handled
from &0 to 90 hundredweights of milk daily and with the addition of a
hali-time assistant the range was from 70 to 110 hundredweights, while
two full-time men handled from 80 to 220 hundredweights daily. Part
of this duplication is presumably the result of the disturbed conditions
that existed in the milkshed during 1937. The managers of country
milk plants customarily perform a certain amount of field work, espe-
cally in connection with the control of quality in milk. With the “milk
war’ in progress at that time it was often difficult to obtain and keep
producers on their lists, so an abnormal amount of field work on pro-
ducer relationships may have been necessary to maintain plant volumes.
As this represents an unusual condition, such labar can hardly be con-
sidered as a part of normal plant operation.

In an effort to resolve these difficulties, estimates were obtained from
the managers of 13 fluid-milk plants as to the labor staff that would be
required to handle various volumes in their plants. The peak loads that
could be handled by various numbers of men are indicated in table 20.
[t :should be emphasized that these figures do not represent ahsolute
physical capacities, but rather the daily volumes that the labor staff could
reasonably be expected to handle. In several instances the plant manager
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TaBLe 20—ESTIMATED DAILY CAPACITY WITH VARIOUS LABOR STAFFS, 13 FLUID-MILK
PLANTS, NORTHERN NEw ENcLAND, 19397

Volume of mitk that can be handled by

Plant 1 man 2 men 3 men
Cwz. Cwt. Cwt.
Vo e e 60
e BPI e 13% . vee
. e 190 AN
b e o 260 -
S - 329 -
6., e e e . 200 P .-
A ... 220 340
B . 500
N . 250 . e
W e 250 . .
) e C 430 600
3 250 C. -
13 P . 470 640

1 Estimated by plant managers for existing plants; they estimated the faily volume that
PeR YoTame hat would seconrny adion of anoriar wessrag MAASES e inerease in
AU plants iy Rave. ortnecks. that beorrs Ermsg Tatrar e e xpansior impostiie
in the group thar have obvious and serious blocks to volume expansion.
mdicated that volumes handled in some previous period had been too
mwch for the existing staff, and estimated a “reasonable” volume as some-
what lower,

These estimates are of little use by themselves, for the gquantity of
milk that a given labor force can handle will vary with the amount of
capital in the form of plant and equipment that is combined with the
labor.  Equipment 15 considered in some detail later, so the present
discussion velves only a simple treatment of the guestion. As an
mndex of the amount of equipment in the above plants, the size or capacity
of the can-washing cquipment has been selected. When maxinmumn plant
volumes are plotted against this index, as in figure & the net effects of
Iabor and of equipment on plant capacity may be seen."

The curves in the above diagram indicate the increasing volume
that can be handled by a given labor force as the amount of equipment
{represented by the capacity of the can washer) combined with the
labor is increased. Moving from curve to curve at a constant size of
can washer, on the other hand, indicates the increasing volume that can
be put through a given plant as the amount of labor is increased, This
last is of primary importance here, and it should be noted that the volume
increases made possible by additional labor are less than proportionate
to the physical labor increases. This means that the average physical
actualiy o the matuve of a toriace showing the Jeint cect oF labor and Saupment o oD e
plant volume. These cucves, ar the surface, account far zbout 85 percent of tha variance

between the cstimates given in table 2. This is equivalent to a corrected coefficient of
carrelation of D.925.
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inputs per unit of output are increasing as the plant and equipment is
subjected to more intensive use or, conversely, that the operation is
subject to diminishing physical returns. This may be clarified by con-
sidering the labor and volume adjustments for a plant of a given size.
Figure 9, A shows the inputs of labor per unit of output for a plant
laving a seven-can-per-minute washer and the other items of equipment
that would normally accompany such a can washer. In accordance with
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V1. 8. The effects of labor and equipment on the maximum daily volumes that can
he handled by ﬂu:d-tmlig plants. The size oi the can-washmg equipment has
been used as a rough indication of the amount of equipment in the various plants.

the relationship developed in figure &, this diagram indicates that one
man could operate such a plant and could handie daily volumes up to
about 26,000 pounds. Up to that range the inputs of lahor per unit of
?lltput or volume decrease as output increases. since the total labor
nput is constant and is spread over a larger and larger volume. At
.36.000 pounds it is necessary to add a helper and correspondingly to
lncrease the input per unit of output sharply. \Vith these two men the
plaut volume can be expanded to 43,000 pounds and inputs per unit of
flutput correspondingly reduced. If volume is to be further expanded,
1t will be necessary to add a third man, and with this labor force the
Pfﬁak volume can be pushed to 60,000 pounds. Further expansion is
virtually impossible because of the limitations of plant and equipment,
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and the addition of more labor will merely increase the inputs of labor
per output of milk without increasing the maximum volume.

It will be observed that, while inputs per unit of cutput decrease
witliin the one-, two-, and three-man ranges, the overall result is that
inputs per unit of output increase gradually until the plant capacity is
reached, and then very sharply if further expansion is attempted. This
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Fre. 9. Inputs of labor per vutput of milk for a fluid-milk plant with peak capacity
af 60,000 pounds daily: {a) in physical terms, and (b) in economic terms. This
corresponds to plants with can-washer capacities of seven cans per minute
(tig. 8). Labor has been added in one-man intervals, which accounts for the
discontinuity of the curves. If labor were completely divisable, the curves would
approximate the dotted lines.
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would be more clear if labor could be added in very small increments,
in which event the curve would approximate the dotted line in figure 9, A.

The economic counterpart of this physical input-output relationship
is given by the cost curve in figure 9, B. To arrive at this curve it is
necessary to combine the physical inputs with appropriate cost rates or
wages. Although the two relationships are very similar, they differ in
one important respect. The physical curve indicates that expansion in
plant volumme can be obtained only hy increasing applications of lahor
per unit of volume, The economic average cost curve. however, indicates
that labor costs per unit of volume are nearly constant up to the point
of plant capacity. This is, of course, a reflection of the difterence in
the wage rates applicable to the plant manager and to his assistants. In
the illustration given, the daily cost for the manager is $4.43, while for
the assistants it is only $3.29,

TABLE 21.—VWAGE RATES FOR PLANT MANAGER AND FULL-TIME ASSISTANT, EIGHT
FLUID-MILK PLANTS, 1637-39

Lahor cost per man per week?

Peak Manager Full-time assistant
volume
Plany per day 19471938 1939 1937 - 1938 1939
Cwt., Dollars Dollars Dollars Dollars
A 45 26 20 23 ..
B o 110 26-33 33 21 21
G 210 25-3 31 20 20
Do 170 28 28 24 23
250 28-33 33 M-26 26
Fo . 320 33 35 23-25 23
L2 420 30 30 23 23
L 330 31 31 22 22
Average® ..o L e 26-35 31 20-20 23

rate b citect e T L e BT e Mamers o Thesaens
vacation with pay.

* Average for 1939 figures: range for 1937.38 figures.

These wage rates were determined on the basis of actual costs in the
eight sample plants already mentioned. The rates are influenced hy
many iactors such as the imdividual's experience and length of service,
his alternative opportunities for emplovment, and by the size and profit-
ability of the plant in which he is hired. As a result of these influences,
actual rates are subject to wide variation, The rates that were in effect
in the eight plants on January 1. 1939, are given in table 21, together
with the range in the rates that existed during 1937 and 1938. These
have been rounded to the nearest dollar and include insurance and tax
payments under the Social Security Act as well as the allocated cost of

an annual vacation of 2 weeks with pay for each employee. The actual
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weekly pay checks received by employees averaged about 10 percent less
than these cost rates.

The rates indicate that there 1s no consistent tendency for the wages
of assistants to be related to plant volume. The managerial cost per week
shows a slight tendency to increase as plant size increases, but the rela-
tionship is not of great statistical significance. Furthermore, the indi-

TABLE 22— AVERAGE LABOR COST PER HUNDREDWEIGHT OF MILK FOR SIX HYPO-
THETICAL PLANTS OF WIDFLY VARYING VOLUME'

Taily Seasun average laber
average Months operated with cost
volume
Plant of milk 1 man 2 men 3 men Per day Per cwt.
Cwt. Number Number Number Dailars Dollars
U 42 12 . .- 4.43 0.105
N Ll 12 .. .. 443 049
W 200 4 L] .. 6.62 033
N o 300 .. 9 3 8.53 028
Y 400 7 3 408 023
Z 480 6 4] 9.36 2020

! Amounts of Jabor were otained from relanionships shown in figure 7 and normal seasonal
;’g?}\fia?rizla:;zqi\elgzi?:létg?;efs:.a;};t;sa:‘\:-ere converted into cost on the basis of a weekly wage
cated increase in managerial wages is not large enough to make an
appreciable difference 1o the total labor cost per hundredweight of milk."
In the following calculations the average weekly rates of $23 for assist-
ants and $31 for managers were used.

Using these rates and the physical relationships given i figure 8,
labor costs per hundredweight have heen computed for six hypothetical
plants of widely varying capacity. These results show (table 22} that
labor is much more efficiently used in large than in small plants, the
season average labor costs per hundredweight increasing from less than
$0.02 for the plant with daily average volume of 43,000 pounds to more
than $0.10 for the plant with average volume of only 4,200 pounds daily.

SecoNpary Pr.axt Costs

Several relatively unimportant costs are nearly constant regardless
of volume Auctuations but they probably {all outside of the usual cate-
gories of fixed costs.  In this bulletin, these other costs have been called
secondary costs, and include such items as costs of telephone and tele-
graph. postage, and office supplies. There may be some slight tendency
for these to change as individual plant volumes change, but the important
variation seems to be between plants rather than within plants.

* See pages 68 to 70 for a tnore specific discussion of the difference in labor costs when
managerial rates vary with plant capacity, effect of other wage rates than the averages here

;sled. and effect of employing helpers for the peak load period of each day instead of Juli-time
elpers.
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The daily average cost of these items was computed for each of the
eight sample plants and are summmarized in table 23. The daily average
secondary costs for a plant may be approximated by the use of a linear
regression equation where “a"” or the zero capacity intercept is equal to

TabLE 23.—LAILY SECONDARY COST FOR EIGHT FLUID-MILK PLANTS, 1937 axp 1938

Daily Secondary cost
Plant capacity per day
Cwt. Dollars
2 60 (.22
B e s 130 36
i e 220 45
D) e e 260 34
et 320 42
< 00 49
(3 e e e 300 70
- 644 79

$0.16 and where *‘b” or the slope of the regression line is equal to $0.01
per thousand-pound increase in daily plant capacity. This regression
describes accurately the secondary costs, accounting for approximately
90 percent of the variance in costs.™

I5vESTMERTS IN LAND, BUiLDINGS, aND EQUIPMENT

Data on the value of fixed investments are basic to the determination
of the fixed costs of plant operation. Such data may be obtained from
the books of the companies that own and operate country milk plants.
These valuations will ordinarily deviate from replacement costs, how-
ever, as it is common practice in both accounting procedure and economic
theory to depreciate investments as they are used and to value these
fived investments on the basis of their productivity." [n the following
raragraphs the book values of these items are summarized. In those
instances in which there are considerable deviations from replacement
values, an attemipt was made to develop such values, By so doing, it
will he possible to achieve comparability between plants and at the same
tinie to eliminate maladjustments within plants that have no place in a
discussion of the economies of scale.

Inrestment in Land

The investment in land and permanent improvements for 18 country
dairy plants in New England during 1937-38 ranged irom $100 to $2,500.

s {correctedy = 0.935 = 0.05L

M Xate that i valuation on the basis of productivity were followed completely, the cost for
every plant would equal the established allowances. Mavestments in plants with high real costs
wauld be depreciated until indicated costs were equal to returns, while plants with low real

costs would appreciate investments or capitalize profits so that the indicated costs would also
¢qual retums.
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The average land value was $750. The distribution of values is given
in table 24,

TasLE 24 —[DISTRIBUTION OF LAND VALUES For 18 COUNTRY PLANTS, 1937 anp 1938

Class Frequency

land values of plants

Dotlars Number
L 5
QO0-70 e e e e e 5
BO0-1.009 3
200-1, 509 e e e 2
LO00-1, 000 e e 1
2000-2. 309 e 1
2 A0-2 0 e e e e s 1
Total number ... ... e 18
Average value .. e $750

The variations m land investiment may be attributed to three main
sources: (1) the size of the plant and as a result the needed amount of
land: (2) the location with respect to railroads, towns, and villages, for
this will largely determine the cost per unit of land; and (3) the amount
of nprovements on land that have been included 1n the recorded value.
From the standpoint of the study here reported, the first of these is of
prime importance. To obtain the refationship between plant size and
investment in land, the values gtven in table 24 have been correlated to
average daily volumes, This procedure resulted in a regression equa-
tione with the estimated value of land equal to $300 plus $53 per thousand
pounds of milk handled. This 1s m terins of average volumes, however,
and when converted to a plant-capacity basts becomes $300 plus $25 per
thousand pounds of daily capacity.”™ This regression explains slightly
nwre than 50 percent of the vartance in land values.” The remaining
variance is presumably related to the other factors already mentioned.

It 15 not possible here to analyze the effects of location on land value.
Certainly the value of the land will be conditioned by these factors, and
for any given plaut they will determine to a considerable extent the land
ivestment.  Plants located m villages or cities will have higher land
costs than those located in the opeu country, and in a similar fashion
plants located on important highways and on railroads will probably
have to pay more for land than those located in more isolated territory.
The cost of making more or less permanent improvements will also vary

3 The normal seasonal variation in plant reccipts was discussed in pages [5 to 17, Peak
Terthe. SR Ve verage plank capacits was Tound e s 154 perent e aend ag. 5
Corume” Thit Was Been e Lo convat the avast volame. regrassion im0 1 temresate

describing land values in relation to plant capacities.
1* The coefficient of correlation, corrected, is 0.720 with a standard error of 0.120.
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from location to location. An example of this is the cost involved in
providing the plant with an adequate water supply. In some localities
it is possible to satisfy the needs by one or two shallow wells dug at low
cost, whereas in others it is necessary to drill wells that may cost thou-
sands of dollars, The relationship between size of plant and land invest-
ment that has been given is a generalized or average solution, and as
such it may not represent the situation for any specific plant.

Investinent in Butldings

The recorded or book values of country-plant buildings are usually
determined on the basis of three considerations: (1) the construction
or replacement cost, involving the physical size and shape of the building
as well as the type of canstruction; (2) the age of the building together
with some appropriate depreciation rate; and (3) the prohtability of
the plant operation, involving the plant volume and its effect on costs
and returns. When it is realized that plants operate with a varying
amount of excess capacity with respect to both equipment and buildings,
and that any sample of actua) plants will cover a wide range in age and
profitability, it is not surprising to find that book values are not closely
refated to physical size of plant or to volume,

Data as to the area, volume, approximate capacity, and recorded value
have been collected for 10 fluid-milk plaunts (table 25). Area and
volume explain about half of the variance in these values. The partial
regression equation between value and area, holding plant volume con-
stant. is: T = $1,000 4 $3A ; where "I" represents the recorded or hook
value of buildings and “A” the physical size of the plant in terms of
square feet of floor space. This relationship eliminates about 47 percent
of the variance in values.”” The partial regressi(}i.l equation hetween

TasLe 25.—S1zE, VOLUME, CAPACITY, AND RECORDED INVESTMENT 1N BUILDINGS ¥OR
1} cOUNTRY MILK PLaNTs, NEW Excrano, 1939

Daily Recorded

Case average Daily investment

number Floor space volume capacity in buildings
Sq. ft. Cwt, Cwt. Dollars
) 1,500 33 o} 3.500
e e 1,400 270 425 4,300
I o 1.700 100 220 5.000
4o 1,900 75 130 6.004
I e 1,700 480 650 7,208
b e 2,940 235 &40 4,500
T e 2400 510 830 10,000
. 1.900 175 HH) 10,200
b 3.600 Eal) 320 10,200
W0 2.800 270 10 [4.400

Wr (corrected) — (,688. This is a partial coefficient.
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value and volume, holding size constant, is: I == —$2,000 - $8V ; where
“1" again represents the book value and “V”’ represents the daily average
plant volume in hundredweights of milk. This factor is less important,
explaining only 16 percent of the variance™

No attempt has bheen made to include the age of the buildings as a
factor, because of the difficulties involved in plant repairs, replacements,
and additions. There can be little doubt, however, that this factor or
combination of factors is of cousiderable consequence, As an example
of its effect, it may be pointed out that the low value of plant 1 is partly
a reflection of the fact that this plant is 30 years old, whereas the high
vatue of plant 10 may in part be explained by the fact that it has been
in operation only 1 year.

In order to apply the relationship between plant size and evaluation
to the problem of economies of scale, it is necessary to develop the rela-
tionship between size in terms of floor space and capacity in terms of
hindredweights of milk. To this end, estimates of plant capacity are
included in table 25, These are similar to the estimates by plant man-
agers given previously. They represent the maximum daily volume
that can be handled by the existing plant and equipment during normal
hours of operation, Almost invariably the limiting factor has been
some item of equipment, and so these estimates are poor indications of
the capacity of the building as compared with the equipment capacity,
It many instances there are large amounts of unused and unneeded floor
space, s a result, plant capacity explains only 14 percent of the variance
i floor space.” IFurthermore, the regression equation indicates that
size changes 1 square foot for each hundredweight change in capacity,
and approaches 1600 square feet as capacity approaches zero. This
seenmis su completel® unrealistic that further analysis is necessary.

To insure comparability of fixed costs between plants, some students
of the problem have substituted replacement costs for the recorded or
book values (3). As this study was not only interested in elintinating
differences associated with the age of buildings and equipment but also
in elininating the various maladjustiments that give rise to excess
capacity, this procedure was adopted and carried one step further. Six
hypothetival plauts were designed. based primarily on the details incor-
porated in some of the more modern plants in New England.®, Each
of these plauts was organized to handle a certain daily maximum valume,
The retation between plant floor area and daily capacity for these plants

My {corrected) = 0.393. This is a partial coeflicient.

;:-r\.eﬁcc:prg;:it]ﬁﬂ i_;rﬂﬁsc?:r%lgfgiequipmem lists, and details of ¢ost estimations, The author

is indebted to C. W. Dingman, of the Springfield Bank for Cooperatives, for suggestions relative
to design and for basic estimates as to construction costs,
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indicates that floor space increases at a slightly increasing rate as plant
capacity is increased, and that size approaches 600 square feet as capacity
approaches zero. As a result of these two elements, the daily average
pounds of milk per square foot of floor space increases rapidly as capacity
is increased in the lower ranges, but the increase is less pronounced in
the higher ranges. It is significant that, although most of the plants
included in the sample are larger than the redesigned plants, there are a
few for which the volume-area ratios compare favorably with those
obtained in the redesigned plants. These are obviously plants in which
the buildings and equipment are in good relation to each other and to
the existing plant volume.

Estimates of construction costs were prepared for both frame and
tile construction for the six redesigned plants. These estimates (table 26}

TaBLE 26 —ESTIMATED CONSTRUCTION COST FOR FLUID-MILK PLANTS, 1939

Daily Frame cost Tile enst

Flaor average
Plant area volume Total Per sq. it. Total Per sq. it.

Saq. ft. Cwt, Dollars Dollars Dollars Daollars
U 620 42 2,400 3.87 2,900 4.68
Vo 660 90 2600 3.94 3,100 4.70
W 880 200 3400 3.86 4,000 4.55
X ................ 1,100 300 4200 382 4,900 445
Y o 1,320 400 5100 3.86 5,800 4.39
Z o 1,340 480 3900 383 6,700 4.35

1 See appendix jor detaiis.

indicate that costs per square foot average about $3.85 for frame build-
ings and $4.50 for tile and masonry construction. The reported con-
struction costs for several modern plants built during the 1937-39 period
ranged from $3.54 to $5.14 per square foot for concrete-block
construction.

Table 26 also illustrates the pronounced advantage that large plauts
have over small plants with respect to investwment in huildings per
hundredweight of milk. The smallest, redesigned Plant U, has a peak
capacity of about 6,000 pounds per day or, with the normal seasonal
fluctuation, an average volume of 4,200 pounds daily. Using tile con-
struction to illustrate, this plant will have an investment in buildings
of $69 per daily hundredweight of milk. The largest, Plant Z, on the
other hand, has a daily capacity of 65,000 pounds and a season average
volume of 48,000 pounds per day. Building investment per daily average
hundredweight of milk is only $14. Investment per daily average hun-
dredweight decreases at a decreasing rate as average volumes and
capacities increase. Although it is beyond the range of the present



46 ECONOMIES OF SCALE

chservations, the investinent per hundredweight seems to reach a low
point of about $13 at a daily average volume between 60,000 and 70,000
pounds.

Investinent in Equipicnt

Recorded evaluations of milk-plant equipment are subject to the
same general limitations that were discussed when considering building
investments. In addition, equipment is made up of a number of separate
items, all of which depreciate at rates that are characteristically their
owtl. The estimates of daily capacity that have been presented, however,
are much more applicable to plant equipment than to buildings. There-
fore it is not surprising to find a relatively high correlation between the
reported value of equipmient and the plant capacity. Data relative to
these items are summarized in table 27 for 12 fluid-milk plants. For

TaBlLE 27 —VOLUME, CAPACITY, AND RECCRDED INVESTMENT IN EQUIPMENT FOR
12 FLUID-MILK PLANTS, 1939

Daily Recorded
Case averuge Daily investment
number volume capacity in equipment
Cwt. Cwt, Dollars
L o e e 34 60 1,100
e e e e e 7 130 2.900
K 102 220 5.500
L U 91 320 4,100
- J 175 400 8,000
G e e 270 420 11,100
7 e 270 510 26,300
B o s 236 630 14,700
e e e s 480 030 22600
o e 274 700 17.600
L 380 700 18,100
P 510 850 18,500

these plants the investment tends to increase ahout $0.25 for each pound
increase 1o daily capacity, approaching zero as capacity approaches zero.
This relationship explains maore than 60 percent of the variance in equip-
ment evaluations.”™ Taking into account the normal seasonal vartation,
this is synonymous with an investment of about $0.35 per pound of
daily average volume if there were no excess capacity. Farlier it was
pointed out that Huid-milk plants were operating with a considerable
amount of excess capacity, and that the average plant utilized only
03 percent of its capacity in the peak season. When this ratio is applied
to the above investment the estimated investment per pound of actual
daily voluue becomes $0.54.

' This corresponds to a corrected coefficient of correlation of 0,788 with a standard error
of 01X
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TapLe 28 —FESTIMATED INVESTMENT IN EQUIPMENT FOR SIX THEORETICAL FLUID-
MILK FLANTS, 1939

Plant
Itemn Unit U v w X Y A
Hunrdred-
Daily capacity ........... weight 60 120 280 410 360 65
Average volume ......... de. 42 90 200 300 400 480
Juvestment in equipment:
Receiving ............, Dollars 1,400 1400 1,350 1,550 2100 2100
Can washing .......... do. 770 770 1,280 1,400 2100 3600
Cooling ....coueo... do. 2800 3475 3735 7015 8805 10,500
Storage ............... do. 1450 1,750 2600 3400 5200 6,000
Roiter ................. do. 550 630 730 820 970 1,130
Other ................. do. 830 1,175 1,605 1985 2075 2330

Tutal equipment ..... do. 7800 9200 1350 14,170 21,250 25,060
Investment per pound®  do. 1.84 1.02 0.68 0.54 0.53 0.53

1 Total investment divided by daily average pounds handled,

The nature of this relationship, coupled with the fact that the newer
plants fall in the high-capacity ranges, makes its applicability to the
problem of scale very dubious. To insure perfect comparability, the
previously mentioned hypothetical plauts were used and estimates of
the costs of equipping them prepared. (For details and sources, see
appendix.)  Capacities of these six plants range from 6,000 pounds
per day to 65,000 pounds. The estimated costs of equipment for these
plants are given in table 28.

These estimates are higher than most of the reported evatuations for
similar capacities, partially as a result of depreciation. Origmal or
replacemient costs increase at an increasing rate that averages about $250
per thousand pounds of capacity and they approach $6,000 as capacity
approaches zero. Recorded or book values, on the other hand, increase
at about the same rate but are generally lower and approach zero as
capacity approaches zero. In terms of the average volume handled,
both the reported and the estimated values average about $0.50 per
daily hundredweight for volumes in excess of 30,000 pounds.  (T'his
average volume is hased on the capacity and the normal seasonal varia-
tion, with volume equal to capacity in the flush or peak season. In other
words, there is no excess capacity except that induced by the seasonal
variation.) For lower volumes, however, the estimated investients per
hundredweight increase sharply while the hook values vary around the
$0.50 average.

Total Investment in Land, Buildings, and Equipment

Despite the apparent differences between the reported investments
of evaluations and those calculated for the hypothetical plants, the total
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value of land, buildings, and equipment are not greatly different. The
relatively high reported values of buildings more or less balance off
the relatively low evaluation of equipment, with the net result that total
investment is nearly the same for reported values as for estimated
replacement or comstruction values. These are compared in table 29,
as are investments per pound of milk handled.

TapLe 20 —TOTAL INVESTMENT IN LAND, BUILDINGS, AND EQUIPMENT FOR ACTUAL
AND THEQORETICAL PLANTS OF VARYING Sa]ZiE1

Size of plant—daily average volume n hundredweight

Trem 42 L 200 300 400 480

Dellars  Dollars  Dollars  Dollars  Dollars Dollars

Actual plants: L
NG excess capacity ®

Total investment ... ... 10100 12100 17500 21,800 26,200 30300

Investment per pound®. .. 241 1.35 0.88 0.71 0.66 0.63
Fxisting conditions :*

Total investment ....... 11,200 12,700 18400 23,600 28700 32,900

Investment per pound. .. 267 41 0.92 0.79 0.72 0.69

Theoretical plants:
Frame construction ;

Total investment ....... 10,800 12300 17960 21600 280060 335

Investment per pound.. . 256 1.30 (.90 0.72 0.70 0.70
Ttile construction :

Total investment ....... 11,300 13,000 18500 22300 28700 34,300

Investment per paund. .. 2.68 1.44 0.92 0.74 0.72 0.72

1 Based om relationskips between recorded investments and capacity and volume for actual
plants. These may be summarized in the equation: Total investment = $8,100 4 $0.335 X
capacity in pounds. The six hypothetical plants are thpse already mentioned. Investment
tigures have been rounded to nearest $100.

2 Based on the actual relationships as summarized in pages 41 to 46, with assumption that
the plants are operated without excess capaeity in peak season,

*Total investment per pound of daily average volume.

* Similar ta conditions noled above except that the normal or average amount of txcess
capacity has been included—under these conditions a plant that receives an average dail
volume of 20000 pounds will have a peak volume of about 28000 pounds and the plant will
have capacity adjusted to that volume. When the average amount of excess capacity is
included, the peak volume will remain at 28,000 pounds but the plant will have a daily capacity
(I:_i alhnnlt 44000 pounds. This will be approximately representative of plant operation in New
“ngland.

On the basis of the results calculated for the theoretical plants, the
total investiment per daily pound of milk varies from about $2.60 for the
smallest plant where the daily volne averages only 4,200 pounds to
approximately $0.70 for the largest plant where daily volumes average
48,000 pounds. This decline in investment per daily pound of milk is
at a decreasing rate, and most of the economies or efficiencies have been
obtained when daily average volume reaches 20.000 pounds. These

daily volumes presuppose that the plant will be operated to full capacity
in the peak season.

Fixep Costs oF Praxrt

The fixed costs of country-plant operation are those costs that are
unaffected by volume changes within the plant. In general, they are
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associated with the investments just described, and include depreciation,
interest, maintenance and repair, rent, taxes, and insurance. The calcu-
lations of most of these costs are simple, involving the application of
rates or percentages to the mvestient data. But they represent some
of the most puzzling theoretical problems that are encountered in cost
analvsis. Rates are often determmined in the most superficial and arbi-
trary manner, and so may fail to represent the true sitwattons. This
1s not the result of a wish to be arbitrary on the part of plant operators,
but rather of the difficulties involved in establishing more realistic rates.

This problent may be illustrated with reference to depreciation rates.
These rates presumably are based on the useful life of particular items
of equipment and buildings. If a given type of building with normal
care will last 25 years, then a depreciation rate of 4 percent will be appro-
priate. But obviously it is difficult to foretell the useful life of a building.
The best approximation that can be made must be based on the past
history of similar structures. This will be affected by the expenditures
made for maintenance and repairs, and the life may be continued almost
indefinitely if the age of many buildings in New England is any indica-
tion. Lven if a suitable estimate of the physical deterioration and con-
sequent useiul life can be made, the progress of imventions and the pass-
ing of more stringeut laws and regulations governing the operation of
milk plants will introduce an element of obsolescence that is difficult if
not impossible to predict accurately.

With these qualifications, the following estimates of fixed costs are
presented. They have been based on available material and are undoubt-
edly subject to some error. In order to take these errors into account,
the effect of other rate assumptions are examined later (pp. 67 to 68).

Depreciation Costs

If a plant is to operate over a long period of years, it is necessary
for the returns from plant operation to be high enough to enable the
operator to replace equipment and buildings as they wear out or become
obsolete. Annual depreciation costs are therefore determined by invest-
ment on one hand and on the years of life on the other. This assumes
that these are “fixed” costs—that they are associated with time rather
than with use or volume handled. Some exceptions are obvious, but
in general, deterioration and especially obsolescence will occur regardiess
of volume handled. Investment data have been discussed ; depreciation

costs will be determined by applying depreciation rates to these
evaluations.
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Depreciation rates are at best only rough approximations. The fol-
lowing tabulation summarizes the estimates of the useful life of country
mitk-plant buildings and equipment that have been reported in several
studies of depreciation. The last column gives the depreciation rates

TasLE 30.—YEARS OF USEFUL LIFE AND DEPRECIATION RATE FOR BUILDINGS AND FOR
PRINCIPAL ITEMS OF EQUIPMENT, FLUID-MILK PLANTS

Years of life Depreciation

rate per

Ttem Estimate Al Estitmate B? year?

Number Number Percent

Buildings :
Frame ... ... ... . ... .. . .. .. . 4
Masonry ..o e e .- .. 3
Equipment ;

Weigh cams ..o i i iaee s 9 7 13
Vals—COPpet .. ooit i 14 14 7
Vats—tin ..ot et 6 10 13
Can washers ... .coenieienienninenn,sn 7 8 13
L0 A L S .. 14 7
Cooling coils ... i ciiinas 13-17 12 7
COMPressors oottt iie e iee e iananns .. 14 7
Condensers .. ... ..o i .. 14 7
Storage tanks——glass _......... ... .. 20 )
Storage tanks—copper ... ... ... .a... 12 14 8
Woeigh can scales . ......... ... .o vnn.. 8 1420 9
Milk pumps ... e e 10 10 10
Santtary PIpIng oo e e 4 8 17
Well pumps ... ... o 14217 7
Steam boilers .. ... i 17-33 5
Average jar all equipment*............ 8

I Tucker, p. 22 (3).

3 Studies of Depreciation,” by the Bureau of Internal Revenue.

:{]\?:;?]It‘:l] ili-agﬂ\féi("nfin?f given, together with rates commonly used by the trade.
that were used in this study. In most cases they are approximate aver-
ages of the rates indicated by the two studies quoted, but ocrasionally
they represent the rates that are commonly used by the trade. Building
rates are taken to be 3 and 4 percent per vear for masonry and frame
structures respectively, whereas equipment rates vary from 5 to 17
percent.  The weighted average of these equipment rates is approxi-
matelv 8 percent, and that hgure 1s appiied to the equipment investment
in the following calculations. '

On the hasis of the investments in huilding and equipment given in
the preceding sectivn and the depreciation rates presented above, the
daily costs of depreciation for the six theoretical plants vary from less
than $2 for I'lant U to more than $6 for Plant Z. Costs per hundred-
weight of milk, however, decrease as size of plant increases, falling from
more than $0.046 for the small plant to $0.013 for the large plant. These
data are summarized in table 31, Estimates have been made for both
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frame and tile buildings, and depreciation costs average approximately
$0.001 per hundredweight less for the tile construction. This will be
offset to some extent by higher interest charges, as pointed out later.
An indication of the depreciation costs based on the investment
relationships developed from the recorded values of actual buildings and
equipment is also in table 31. These are given to indicate roughly the
nature of the reported costs, rather than the alsolute level, since the
recorded values have presmmably been depreciated to some extent. This,
plus the other limitations of recorded investments already discussed,
would render the use of costs based on reported values inappropriate.

TabLe 31.—DEPRECIATION COSTS ON BUILDINGS AND EQUIPMENT FOR FLUID-MILK
PLANTS

Size of plant--daily average volume in hundredweight
Item 42 50 200 300 400 480

Dullars  Dallars  Dellars  Dollars  Dollars Dollars
Annual depreciation cost :
Theoretical plants:*

Frame _................ 720 840 1,216 1,456 1,900 2,292
Tile .............. e 711 229 1.200 1,435 1,870 2,257
Actval plamts® ..........., 397 592 1.108 1,529 1,950 2,350

Dai_ly depreciation costs:
Theoretical plants;

Frame ................. 197 230 333 399 5.21 6.28
Tile ....... ... ..., 197 2,27 3.29 393 512 6.18
Actual plants ............ 1.09 1.62 3.4 4.19 534 6.44
Depreciation cost per hundred-
weight of mitk:
Theoretical plants:
Frame ................. 0.047 0.026 0.017 0.013 0.013 0.m3
Tile (ool (46 025 016 013 013 013
Actual plants ............ 026 018 015 014 013 013

? Based on previously presented data on investment and depreciation rates for huildings
and_equipment, for the six thenretical plants discussed.

Based on regressions between recorded investment and plant capacity. with allowance fur
average amount of excess capacity. As these investments have been depreciated to an unknown
extent, these caleulations are rough approximations. If it were assumed, for example, that
existing huildings and equipment were already 50 percent depreciated, then the caleufated
values of depreciation costs for “actual” plants would be twice as large as there indicated.

Interest Charges :

Investments in land. buildings, and equipment have to he tinanced,
and the cost of obtaining capital is a legitimate cost of doing business.
Interest rates are fairly uniform, although there has heen some change
over a period of time. Some years ago a rate of 6 percent per year would
prohably have been appropriate. At present, at least the cooperative
plants are able to finance the major part of their investments for 4 per-
cent annually. and there are probably very few plants that pay as high
as 6 percent. For the present calculation of interest charges or costs,
a rate of 5 percent has been used. This rate is applied to the full value
of land and to one-half the value of buildings and equipment. Buildings
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TaBLE 32,—-INTEREST COSTS ON LAND, BUILDINGS, AND EQUIPMENT FOR FLUID-MILK
PLANTS

Size of plant—daily average volume in hundredweight

Iiem 42 9G M 300 400 480

Dollars  Dollars  Duollars  Dollars  Dollars  Dollars

Annual interest charges:
Theoretical plants:?

Frame ................. 282 330 472 572 742 885
Tile ..o 203 342 488 590 760 905
Actual plants” ........... 286 363 365 730 893 1,052

Daily interest costs:
Theoretical plants:

Frame ........... ..., 0.77 0.99 1.29 1.57 203 242
Tile oo .81 ek 133 1.62 208 248
Actual plants ..., . ..., 78 99 1.55 2.00 245 2.88
Interest costs per hundred-
weight of milk:
Theoretical plants:
Frame ................. 0.018 0.010 0.006 0.005 0.005 0.005
Tile ..ot 019 10 007 005 D05 003
Actoal plants ... 019 o1 .Q08 07 006 06

plar:r;fa:i?h%:z:ﬁ::r(a‘{tel?)?di ?)\:igcﬁx?:-plLi\f}.::r.\-alue of bsildings and equipment jor theoretical
we;:}f ?51??3 o Tanand tne-hali of mulliings s eauipment, wd Shh fcres enat'S paaats
per year,

and equipment are depreciated and the depreciation costs applied to
reduce the investment. This means that over the life of the item the
invesunent has varied from iull value to zero. or the average investment
is approximately equal to one-half of the original value.

The calculated interest costs for the six theoretical plants are given
in table 32, Similar calenlations were made for the book values of actual
plants, and are included in the table. Tt should be noted, however, that
these values are depreciated to some extent, and that as a result the indi-
cated costs for “actual” plants are lower than the true costs for such
plants m actual operation.

Interest charges range from less than $I per day for the smallest
plants considered to approximately $2.50 for the largest. In terms of cost
per hundredweight of milk handled, interest costs range from ahout
$0.02 per hundredweight for the smallest plant to about $0.005 for the
largest. The calculations based on book values for “actual” plants
indicate a lower cost per hundredweight for small vohumes, and higher
for large volumes. .

Qther Fixed Costs

In addition to depreciation and interest costs. fixed costs include such
items as property tax and insurance payments, rentals if any land,
buildings, or equiprent 1s rented, and the expenditures made for main-
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tenance and repair. Taxes and insurance are the most important of this
group and are directly proportionate to investments. The rates are
subject to wide geographic variations. Tax rates and assessments are
determined locally and so the tax costs for a milk plant of a given value
will vary from town to town and from State to State. Insurance rates
are hased on location with respect to other buildings and to fire-protection
equipment, as well as on the construction of the building and the per-
centage of coverage, and so insurance costs will differ from locality to
locality.

Annual tax payments made by the eight sample plants ranged irom
less than $6 per thousand invested to more than $30 per thousand and
averaged about $17. This average rate has been used in computing the
tax costs for the hypothetical plants that are summarized in table 33
The daily fixed cost of taxes thus amounts to $0.50 for the smallest
irame plant and increases to $1.56 for the largest. Tax payments for
tile-constructed plants average about $0.03 per day higher than for
comparable frame plants.

Insurance rates range from less than $2 to more than $22 per thou-
sand. In most cases the same rate applies to both plant and contents,
although contents are sometimes listed at a higher or lower rate, The
rates applicable to huildings of tile construction such as have been set
up in this report are about one-hali the rates on comparable frame build-
ings. Representative rates may be taken to be $7.50 per thousand for tile
and masonry plants and their contents and $15 for frame plants. These
rates are for insurance covering at least 80 percent of the total invest-
ment, since the rates applicable for less complete coverage are approxi-
mately 45 percent higher. \When these rates are applied to the invest-
ments in bwldings and equipment for the theoretical plants, the daily
cost of insurance is found to range from $0.42 to $1.29 for the hypotheti-
cal plants of frame construction and from $0.22 to $0.66 for these plants
when tile construction is used (table 33).

When part or all of the land, buildings, or equipment is leased, rent
becomes one of the fixed costs. In the present instance, fixed costs have
heen calculated on the assumption that none of the items are Jeased. As
a result, rents have no part in the cost picture. In some instances, how-
ever, rents will appear and other items such as interest and depreciation
will be correspondingly lowered.

The costs of maintenance and repairs are items of fixed costs that are
closely related to depreciation. If buildings and equipment are well
cared for and kept in good repair, their useful life will be increased.
This will mean that the depreciation rates that are applicable will be
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TasLe 33.—DAILY COSTS FOR TAXES, INSURANCE, REPAIRS, AND MAINTENANCE, SIX
HYPOTHETICAL MILK PLANTS

Plang
Item L'nit o v w X Y z
Hundred-
Daily capacity .......... weight 60 120 230 410 550 650
Daily average ........... do. 42 90 200 300 400 480
Frame construction—daily
costs;
Taxes ......o0viin... Dollars  0.50 0.58 0.833 1.01 1.30 1.56
Insurance ............. da. 42 48 69 83 1.08 1.29
Repairs and maintenance do. 16 33 77 1.13 1.31 1.79
Total ... ........... do. 1.08 1.39 2.29 297 3.89 4.64

Cost per hundredweight do. 0026 0015 0011 0010 0010 0010
Tile construction—daily

cousts ;
Taxes ..., do. 0.53 0.61 (.86 1.04 1.34 1.60
Insurance ............. do, 22 .23 36 A3 55 60
Repairs and maintenance do. 16 33 77 1.13 1.51 179
Total ... .. ... do. 0.91 1.19 1.99 2.60 3.40 4.035

Cost per hundredweight do. 0022 0013 0010 0009 0008 0008

somewhat lower than would otherwise be the case. In the preceding
discusston of depreciation, the rates used were hased on the tacit assump-
tion of "normal” maintenance and repair. It is necessary, therefore, to
estimate the costs involved in this maintenance. Detailed figures are
available for the samiple plants showing the costs of building and equip-
ment repairs.  These figures, which include the costs of lahor hired for
maintenance and repair work, indicate that the costs are directly related
to the capacity of the plant and average $0.0275 per thousand pounds oi
daily capacity. The relatiouship explains more than 80 percent of the
variance 1 these costs.™

The total daily costs of taxes, insurance., and maintenance and repairs
are summartzed n table 33 for the six hypothetical plants. Costs in-
crease as capacity of plaut increases. and at a slightly increasing rate.
When converted to a cost per hundredweight hasis, these decline from
K0.026 per hundredweight for Plant U to $0.01 for Plants X, Y, and Z
with frame constructton and from $0.022 per hundredweight for Plant U
to S0.008 for Plants Y and Z when tile construction 1s used. In both
cases the costs per hundredweight decrease at a decreasing rate and are
practicallv constant 1n the high-volumme ranges,

As tax and insurance rates are subject to variation, the costs for any
actual plant will be higher or lower than those indicated if the rates
applicable for the particular location are above or below those used in

Ry {currected) = 0.900 + 0.078.
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the present calculations. The effect of higher and lower rates is pointed
out in pages 67 to 68.

CENTRALIZED BOOKKEEPING AND SUPERVISION

Most of the fluid-milk plants in New England are operated by com-
panies or cooperatives that control several plants. In these cases it is
customary for the detailed bookkeeping involved in cost records and
payments to producers to be periormed by central offices, the hookkeep-
ing at the individual plants consisting of simple records of the weights
and tests for individual producers, In addition to bookkeeping, a certain
amount of administrative and supervisory work is centralized. The
expenses of these centralized {unctions are then allocated to the country
plants, This can be accomplished in a variety of ways, but the most
logical methods are on the basis of the nunibers of producers or of the
plant volumes. These two alternatives are synonmymious, of course, if
producers average the same daily volume. Where daily deliveries per
producer are high, however, the allocated cast per hundredweight of
milk would be relatively low if the allocation were made on the basis of
the number of producers.

From the standpoint of the comparative efficiencies of plants of
variows capacities, the method of allocation is not important, for the
ultimate resuit will be a constant addition to costs per hundredweight
regardless of plant capacity or volume. These additions do not affect
the slope of the economiy-of-scale curve. in other words, but they do
affect the level of the curve,

The centralized costs of hookkeeping and supervision have been
determined for a concern operating a large number of country plants.
During 1937 and 1938 these costs averaged nearly $0.05 per producer
per day. In terms of volume of milk the average cost was approximately
$0.02 per hundredweight, since daily average deliveries per producer
averaged abont 240 pounds for northern New LEngland. In view of
these facts, unit plant costs have been increased $0.02 per hundredweight
to cover centralized costs in the sunumaries that follow,

PraxT Loss or StOrTAGE™

The one remaining element of plant cost to be investigated is known
as loss or shortage. It represents any discrepancy that may occur
between the weights and butterfat content of the milk reported as re-
e ROt destommens, oL e R e g Sigeh o

material summarized in the following pages was drawn directly from reports he made available
ta the author,
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ceived from producers and the weights and tests of the mitk reported as
shipped from the plant or received by buvers. The physical bases for
this loss are the adhesion of the milk to the equipment and containers
to which it comes in contact and the occasional loss from spilling. If
these were the only causes of plant loss, the daily or monthly shortage
for any given plant would tend to be fairly constant regardless of the
volume handled. But actual records indicate that shortage is far from
constant. In the eight plants subjected to intensive analysis the reported
shortage fluctuated violently from period to period. In all cases there
were months when the reported shipments were larger than reported
receipts, or when plant shortages were actually “overages.” The dis-
tribution of the reported monthly plant losses during 1937 and 1938
are given for these plants in table 34,

Tarig 3+ —FREQUENCY BISTRIBUTION OF MONTEHLY PLANT LOSS FOR EIGHT SAMPLE
PLANTS AND FOR A GROUF OF PLANTS OF ALL TYPES AND sSIZES, 1937-38

Plant Group of
Plant loss as mixed
percentage of receipes! A B C D E F G H  plants?
S0 and over ..., 2 2 .. 1 2 ..
Jtte 49 oL .. 2 1 2 . 1 .- ..
e 39 ... 1 5 2 .. .- 1 3
20t 20 L. 3 9 7 .. i 2 1 9
loto 19 .. ... ..., ] 4 3 1 .. 7 1 1 a
dte 09 ... § 2 3 3 4 10 4 3 3
0110 —1.0 .. - O 3 3 2 3 2 3
—llto =20 .......... 3 7 . 4 2
70 1 TV X | R .. 4 2 2
—rlto—40 ..o 1 2 1 2 i
—dlto—50 ... 1 1
—31 and under ... ... 1 ..
Number of months, .... 24 24 24 17 18 A 22 15 21
Dhaily average cwts..... 34 7102 97 o1 175 331 236 ..
Average pereent Joss... 12 2% 13 02 —13 02 —04 —05 21
Percent in ¥1937°.. ... .. 18 26 20 32 —14 -3 09 17 24
Percent in 1938°....... 08 31 08 —10 —14 03 —25 —04 09

' Negative figures represent plant gains, when reported shipments exceeded reported
reeeipts

YA large group of plants of all types. sizes. and eficiencies. Figures are averages for group.
o ;\vera%cs tur identical months in 1937 and 1938. Where reports are not available for the
full M4 months, these averages are based only on those months that were reparted in both years.
Iy these cases the average of the figures given for 1937 and 198 will nat check with the average
gwen {or the entire period,

Although plant shortage was not constant for these plants, it also
iailed to show any consistent tendency to vary with plant volume. Nor
did comparisons between plants reveal a consistent relationship between
shortage and plant capacity. In fact. the most notable characteristic of
these reports was the absence of any such relationships. Variations

appeared to be completeiy random in nature. Yet this chance variation
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is easily understood when plant operations of receiving and shipping are
exarnined.

When milk is received at a country piant, each producer’s milk is
weighed and sampled. The weights are recorded and the sanmple is
incorporated in a composite sample that is usually tested every 15 days.
The cumulative weight and the composite test form the basis for pro-
ducer payments in any period. After being weighed and sampled, the
milk is cooled and prepared for shipiment. 1In this process the milk of
all producers 1s combined. The total shipment is weighed and sampled,
the sample being tested to ascertain the average butteriat content of the
shipment. Thus in the operation of the plant there are opportunities
for random or chance errors to occur in the weighing and in the butterfat
testing. Both of these are present as the milk is received and as it is
shipped.

The possibility of random errors in weighing, elinunating the chance
of faulty scales, is not of great importance, for any errors will tend to
balance off, aver a period of time. One exception should be noted. In
some instances milk is sold to city dealers m 40-quart cans. The cus-
toms of the business require that the cans be filled to the 40-quart mark,
or that the quantity of milk delivered he determined by volume. The
actual weight of 40 quarts of milk will depend on the hutterfat content,
the temperature, and the age, or the time elapsed since milking. Theo-
retically a 40-quart container will hold more than 86 pounds of 4-percent
milk at a temperature of 40°. The Federal Order operating in the Bos-
ton market, however, specifies that a 40-quart can shall be taken to hold
85 pounds of milk. As a result of this discrepancy, it is apparent that
when milk is sold by volume and charged for on the basis of 8 pounds
per 40-quart can, the seller may incur a loss or shortage oi as much as
1 pound per can. Fortunately, most milk is sold in bulk and on a
weight basis.

The butterfat test constitutes the most important source of loss and
of vamation. The butterfat content of the milk is determined by the
Babcock test, which gives rise to random errors both because of the
human element involved and of the natural limitations of the method.
Table 35 illustrates the random or chance variations that occurred in
successive tests of a large number of samples of identical milk. In all
cases the tests were made by qualified testers, using new equipment and
standardized materials.

The shape of this distribution indicates clearly the chance nature of
the variation. Mere than 60 percent of the check tests were within the
0.1 percent limits of the method, but in a few cases the first test was



58 ECONOMIES OF SCALE

TapLE 35.—DIFFERENCE BETWEEN SUCCESSIVE BUTTERFAT TESTS OF 1,341 MILK

SAMPLES
Difference in percentage
of hutterfat in Frequency of
successive tests samples
Percent Number
e 25 S 4
e 22 I P 2
e e 12
L2 224
D 799
T e 267
02 e 24
T e 3
T e e 4
Total number of samples. .. ..o v von . 1,341

above or below the second by as much as 0.4 percent of butterfat, This.
would represent an extreme error of plus or minus 10 percent for
4-percent milk. The average deviation was 0.06 percent of butterfat,
or an average ecror of plus or minus 1.5 percent for 4-percent milk,

Casual examination would seen to reveal that these random errors
would again balance off, and that the hutterfat test would not result in
an uncompensated error.  Check tests made for huyvers and for producers
prevent this frowm taking place. Buyers often check the test and protest
if the reporied test seens lugh. In these cases it is customary to make
some adjustments. I all milk sold were check tested by the buvers,
and adjustments made on all “high” tests, it is apparent that the chauce
errors would not average out, for there would be a tendency to cut off
one side of the distribution. 11 the buyer's test was accepted in all cases
the result would be an apparent plant butterfat loss of nearly 0.8 percent.
Not all the milk is check tested, and adjustients are usually a com-
pramnise between the two tests, so the loss to be expected from this factor
will be below the 0.8 percent Jevel. On the other hand. the plant tests
for individual producers is subject to similar checks, and protests of
low tests will result in an indicated or apparent loss conparable to that
just deseribed. It would seemy, then, that errors in testing butterfat
will give rise to variations in plant loss. and that protests by producers
and buvers may result in an appreciable paper loss or shortage. Fven
though these do not represent actual disappearances of milk or butterfat,
they will constitute a real cost oi plant operation.

Returning to table 34, the Jast column gives the distribution of the
combined shortage for a large number of plants of mixed type, size, and
cfficiency. These plants had an average shortage of 2.1 percent during
the 21 months of 1937 and 1938 for which data were available. In
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6 months during the last half of 1937 the daily average volume of milk
handled by these plants was 329,000 pounds and the plant shortage
averaged 2.4 percent. During the same months of the following year
the daily volume was almost the same, 333,000 pounds, whereas plant
shortages had been reduced to 0.9 percent. These averages may be
compared with the 1935 average reported by Rittenhouse of 1.25 per-
cent (3). This last is again based on plants of all type, stzes. and
efficiency, and covers about 70 percent of the country plants in the
Boston milkshed. The percentage loss applicable to fluid-milk plauts
would be somewhat lower than these averages. for separating and manu-
facturing plants are subject to important losses in addition to those
encountered by fluid-milk plants.

To convert plant loss into cost terms, it is necessary to establish a
value for the milk or butterfat. Under the terms of the Boston Federal
Order, reasonable amounts of loss are valued at the class IT price.® The
class II price at plants in New England fluctuated from more than $1.80
to less than S1 per hundredweight during the period in 1937 and 1938
in which the Federal Order was in effect.  The average for the period
was about $1.30 per hundredweight. To represent the out-of-pocket
costs to plant operators, this average must be reduced by the station
allowance of $0.26 for class 1 milk, or the average cost of plant shortage
wis approximately $1.04 for each hundredweight of milk or milk equiva-
lent Jost. 1i a seemingly liberal allowance for efficient operation of
I percent shortage is used. the cost per hundredweight of milk handled
amounts to approximately 1 cent. As this loss appears to be random
in nature, the cost will be a uniform addition to the unit costs for all
plants regardless of volume or capacity.

ScaaAry ofF PLaxt Costs

When the various elements of plant costs are hrought together. it
hecomes apparent that relatively large plants are more efficient than small
plants, in almost all respects. The costs of electricity for power and for
lighting. of fuel. of labor, and of all of the fixed elements such as depre-
ciation and interest show marked cconomies for the large plants. Only
in the costs of supplies, of centralized hookkeeping and supervision. and
of plant loss are small plants on the same level as the large. Total costs
per hundredweight average almost $0.30 for Plant U with daily capacity
of 6,000 pounds. As plant capacity is increased, the unit costs decrease
. ™It may be argued that loss should be acconnted for at the clays 1 price. This can he
SHORy"Sponly i he plant aperacir Is TEMUIed (0 pay fof SO e, iis. SuRgson Yould

have the effect of marrowing lhe margin, and so would be beneficial to producers and detei-
mental to plant operators.



60 ECONOMIES OF SCALE

rapidly, although at a decreasing rate. With a capacity of 65,000 pounds
per day, Plant Z has costs of slightly more than $0.10 per hundred-
weight. These costs are based on the assumption that the plants operate
to capacity during the peak season and that the seasonal variation is
similar to the average seasonal fluctuation given earlier. The elements
of costs are sununarized in table 36 for the six redesigned plants already
described.

Total plant costs per hundredweight will vary above and below these
averages as daily volumes are smaller or larger than the average daily
volume, The average cost curve for any plant will consist of three
elements: {1} a rectangular hyperbola representing the allocation of
the fixed or non-variable costs; (2) a curve of constant costs per hun-
dredweight representing the costs that vary with volume, there being na
apparent tendency for these average costs to increase or decrease as
volume increases; and (3} a discontinuous curve representing the costs
of labor.
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Frs. 10, Average cost curves for Plant X.
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These elements are illustrated in figure 10 for Plant X. The fixed-
cost curve represents the allocation of a daily fixed cost of $10.47 exclu-
sive of labor. The constant cost of $0.052 per hundredweight is the sum
of the variable costs, again excluding labor. The labor curve is both
fixed and variable in nature, since the application of labor is discon-
tinuous. In this plant the manager alone can handle up to 21,000 pounds
of milk daily. The daily labor cost in this range will be $4.43. To
handle between 21,000 and 33,000 pounds, an assistant is needed and the
daily labor cost will become $7.71, while two assistants are required
beyond that volume and labor costs will be $11 per day. These three
men can push volume to 41,000 pounds per day, which represents the
capacity of the plant in the normal 3-hour receiving period. The addi-
tion of labor beyond this point wiil increase labor costs and total costs
but will not permit appreciable increases in volume as long as the normal
receiving period is maintained. The combination of these three elements
indicates that unit costs will be very high at low volumes or if labor is
added beyond the capacity of the plant. The costs are lowest when the
plant is operated exactly at capacity, amounting to $0.104 per hundred-
weight, The normal seasonal variation in production causes a range in

TaBLE 36.—SUMMARY OF PLANT COSTS FOR SIX COUNTRY MILK PLANTS'

Plaot
Ttem TUnit U v W X Y FA
Hundred-
Daily capacity ........... weight 60 120 280 410 560 650
Daily average volume.... do. 42 90 200 300 400 480
Plant cost:
Power per ewt. ....... Doliars 0.018 0015 0012 0011 0010 0.010
Lighting per day ...... do. 03 04 R 06 A6 07
Fuel per cwt. ......... do. 022 018 011 009 008 008
Fuel per day .......... do, 58 62 23 1.03 1.24 145
Supplies per cwt. ...... do. 002 002 o2 002 002 002
Supplies per day ...... do. 10 A9 45 66 S0 1.04
Labor per day® ........ do. 4.43 443 6.62 853 9.08 936
Secondary per day ..... do. 22 .28 A4 .57 72 81
Depreciation per day ... do. 1.95 227 329 393 5.12 5.18
Interest per day ....... da. .81 94 1.34 1.62 2.08 248
Other fixed per day.... do. 91 1.19 1.99 2.60 340 403
Centralized bookkeeping
and supervision per
Cwt, L. do. 020 020 020 020 020 020
Plant loss per cwt...... do. L0100 010 110 O 01 010
Total non-variable per
day® ..ol do. B93 9956 13.01 1900 2240 2544
Total variable per cwt.. da. 072 066 {053 052 051 051
Average cost per cwt... do, 287 177 130 15 108 104

. !Ttems are listed under the general headings used in previous pages. Costs are rounded
(llh‘ ll'l‘ st::;me cases, so the totals may not check exactly with the sum of the items as given in
15_table.
? Average for the entire season. Labor cost in any particular plant at any given volume
rna.yi be above or below this, owing to the indivisability of labor.
Including average labor costs per day.
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FLANT COSTS { CENTS PER HUNDREDWEIGHT)
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Fie. 1. Average cost curves for six redesigned plants.

plant volumes {rom about 24,000 to 41,000 pounds, however, and so
makes this optinum adjustinent impossible. The seasonal average cost
for this plant will be about $0.115 per hundredweight of milk.

Average cost curves for all six redesigned plants are given in figure 11
for the pertinent volume ranges.

Tue EcoxoMIEs oF ScALE

The concept of economies of scale and the relationships between the
average cost curves for plants of various capacities and the curve depict-
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ing these economuies have been discussed. Summarizing that discussion
briefly, the industry curve is ordinarily drawn tangent to the individual-
plant cost curves except in those cases where plant capacities form a
discrete series or where there are unavoidahble fluctuations in plant
volume, Country milk plants are among those that are subject to volume
fluctuations, the basis for which is the seasonal fluctuation in milk
production. As a result, the industry curve or the curve showing econo-
mies of scale will be drawn through cost and volume positions that
represent the most efficient operations possible under the limits imposed
by the seasonal variation. The preceding section found these least
average costs existing when daily volumes were adjusted to daily plant
capacity in the period of peak production. Average volumes for an
entire season were necessarily lower than capacities, the difference repre-
senting excess capacity that was unavoidable because of the seasonal
nature of production.

The curve showing economies of scale for fluid-milk plants is given
in figure 12, This curve is drawn through the least-average-cost points
that are given in table 36. Economies are pronounced, especially in the
low-volume ranges. Costs of operation drop rapidly as daily average
plant volumes increase up to 20,000 pounds and less rapidly heyond
that point. Some gains in efficiency are possible through the whole
volume range covered by the diagram, but possible economies have been

28 ; 1
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Fic. 12, Curve showing economies of scale for fluid-milk plants.
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nearly exhausted in the high-volume range. This is made more apparent
by the break-down of the curve into the general cost classifications given
in table 37. Plant Z, with daily average volume of 48,000 pounds and

TabLE 37.—IPORTAKCE OF THE SEVERAL COST ELEMENTS IN THE ECONOMY-OF-SCALE
CURVE

Daily average volume in hundredweights

Item Unit 42 90 200 300 400 480

Cost per hundredweight:
Variable ................... Dollars 0042 0036 0.025 0022 0.021 0.021
Non-variable! ... ......... do. J09 0 06l 042 035 034 034
Labor ........c..ovvvininn.. do. 05 049 033 028 023 020
Central cost and loss........ do. 030 030 030 030 030 030
Total®* .o do. 0.287 0177 0130 0115 0108 0.104

Percentage of total cost:
Variable ... ... .oo0nh. Percent 15 20 19 19 19 20
Non-variable! ., ..., ...... .. do. 38 35 32 31 kYA 33
Labor .. ... i do. 37 28 26 24 21 18
Central cost and loss........ do. 10 17 23 26 28 29
Tetal ..o do. 100 100 100 100 100 100

Gt RS A i 10 £t sgocaed wih blding and esaipment, bt inclades
*May not check with additive totals because of rounding.
capacity of 63,000 pounds, has the same costs as the smaller Plant Y in
all respects save labor. Apparently the economies of scale have been
exhausted for the other costs when average volume reaches 40,000
pounds, while the gain with reference to labor cost between that volume
and the 48,000-pound volume of Plant Z is only a fraction of a cent.
The second part of table 36 indicates the relative importance of the
several general cost classifications. Variable costs average less than
one-fifth of the total while non-variable costs average about one-third.
The latter drap from 38 to 31 percent as average volumes increase from
4,200 to 30,000 pounds, and then increase to 33 percent with an average
volume of 48,000 pounds per day. Labor costs {all from 37 to 28 percent
as volume increases from 4,200 to 9,000 pounds, and then slowly to
18 percent for the largest plant. The centralized costs of bookkeeping
and supervision and the costs of plant loss are fixed in absolute amount
regardless of plant size, but vary in relative importance from 10 to 29
percent as volume increases and total average costs decrease,

Covparison oF THE Ecoxoumy CURVE WiITH AvVERAGE CosT-VOLUME
REeLATIONSHIPS

The first parts of this bulletin emphasized the fact that average cost-
volunie relationships were not indicative of the economies that could be
expected from changes in the scale of operation, since they combined
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and confused two factors: (1) internal maladjustments such as excess
capacity for individual plants, and (2) true econocmies of scale. When
the economy curve is compared with the average cost-volume relation-
ships presented in figure 2, it is found to differ from them with respect
to both shape and location. The economy curve is lower than the average
curves and it tends to decrease more rapidly in the low-volume ranges
and less rapidly in the high-volume ranges.

The chief cause of these differences is that the cost-volume curves
describe the average costs for a system involving efficient and inefficient
plants, while the economy curve describes the costs that would result
from an efficient organization of plants. This is emphasized by a com-
parison of the economy curve with the scatter diagram of individual-
plant volumes and costs presented in figure 3. The economy curve
represents approximately the lower limit of the scatter and so compares
favorably with the most efficient plants. The individual plant costs were
obtained from plants operating in the 1925-26 period, and are somewhat
higher than would hold for plants that ship milk in tanks. This probably
explains why none of the actual observations are quite so low as the costs
indicated by the economy curve.

SoME MODIFICATIONS TO THE EcoNoMy CURVE

The foregoing descriptions of the economies of scale in the operation
of country milk plants are based on conditions that are typical or average
for northern New England. Most of the cost elements are subject to
variation, either geographically or in a random fashion, but the variations
were disregarded. In the following pages these variations are con-
sidered more completely and their effects on the economy curve are
investigated. Consideration is limited to the major items such as power,
fuel, and labor, with some discussion of the modifications that will result
irom changes in the seasonal variation in production and in the plant-
operating schedule.

ariations in Electrical-Power Rates

Costs of electrical power form one of the most important variable
costs in plant operation. The actual magnitude of this cost will vary
irom location to location, however, as a consequence of the geographical
variations in kilowatt-hour rates. The rates also vary with the amount
of power used, ranging from an average of ahout $0.04 for plants with
daily volumes of less than 5,000 pounds of milk to approximately $0.025
for plants with average volumes of 50,000 pounds. The geographical
variation results in a range around these averages of from 70 to 160-
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percent. Few cases occur at these extremes, however, and two-thirds
of the rates fall within a range of 15 percent of the average.

The modifications to the economy-of-scale curve that result from
these variations are summarized in table 38. The highest rates would
increase the level of the curve by amounts ranging from $0.012 for smail

TasLE 38 —EFFECT OF VARIATIONS IN ELECTRICAL-POWER RATES ON THE ECONOMY-OF-
SCALE CURVE 1N COST PER HUNDREDWEIGHT

Kilowatt-hour rate as percent of average
Daily hundred.

weight of milk 160 percent 20 percent 15 percent

Dellars Dollars Dollars
42 +0.0t17 —0.0059 0.0030
90 + 0096 -— .0048 0024
200 + 0072 ~— 0036 018
Jon -+ 0066 — 0033 0016
400 4+ 0062 — 0331 0016
480 -+ 0060 — 0030 0015

plants to $0.006 for plants with daily volumes of 48,000 pounds. The
lowest rates, on the other hand, would reduce the level of the curve by
amounts ranging from $0.006 to $0.003 for small and large plants re-
spectively. Two-thirds of the actual plant locations would fall within
a range of $0.003 of the standard curve for small plants and about $0.0015
for large, This indicates that, in most cases, variations in costs of elec-
trical power will change the economy-of-scale curve by only a fraction
of a cent per hundredweight.

Fariations in Prices of Coal

Prices for coal of the grade used in most country milk plants average
about $7.50 per ton. including delivery and unloading costs. The rates
applicable for any given plant, however, depend on the location in New
England and on the location with respect to railroad sidings. Prices
are lowest in southwestern Vermont and highest in central Maine,
ranging from less than $6.50 to more than $850 per ton. Prices

TaBLE 39-—EFFECT OF VARIATIONS IN PRICES OF COAL ON THE CURVE SHOWING
ECONOMIES OF SCALE IN COST PER HUNDREDWEIGHT

Effect of deviation from average of
Daily hundred.

weight of milk $1.00 per ton $0.60 per ton
Dollars Dollars
42 0.0047 0.0028
90 0034 0020
200 D020 0012
300 0016 0010
400 0015 0005

480 0015 00609
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applicable to two-thirds of the plant locations fall within a range of
$0.60 of the average, representing a variation of about 8 percent.

The effect of the approximate maximum deviation of $1 per ton is
to increase or decrease costs per hundredweight of milk less than $0.005
n the smallest volume group and less than $0.002 in the largest volume
group. Two-thirds of the cases will deviate less than $0.003 per hun-
dredweight for small plants and less than $0.001 for large plants. These
modifications are summarized in table 39.

Variations in Fized Costs

The principal items of fixed cost are depreciation, interest, insurance,
and taxes. All of these are calculated by applying suitable rates to the
total or partial investment in land, buildings, and equipment. In the
previous pages, depreciation costs were based on rates of 3 and 4 percent
for tile and frame buildings, respectively, and an average of 8 percent
for equipment. Interest charges have been calculated at the rate of
5 percent, and the rate has been applied to the investment in land and
to one-half of the investment in the depreciating items of building and
equipment. Insurance costs have been calculated by applying rates of
$7.50 and $15 per thousand of the original investment in tile and frame
buildings and their contents. Tax payments have been computed by
using a rate of $17 per thousand of the total original investment.

All of these rates are subject to some variation, the exact magnitude
of which is largely unknown. To indicate the effects of changes in the
rates on the economy-oi-scale curve, a variation of 20 percent was used.
This is equivalent to a range of from 2.4 to 3.6 percent in the deprecia-
tion rates applicable to tile buildings, of from 6.4 to 9.6 percent in the
depreciation rates for equipment, of from 4.0 to 6.0 percent in interest
rates, of from $6 to $9 per thousand in insurance rates applicable to
tile plants and their contents, and of from $13.60 to $20.40 per thousand
in tax rates. The effects of these changes on costs per day and per
hundredweight are summarized in table 40. In all cases the effect on
costs per hundredweight is most pronounced for the small plant with
average volume of 4,200 pounds daily. A 20-percent change in depre-
ciation rates would result in a range in unit costs of less than $0.01 above
and below the previously determined average for this plant, while 20-per-
cent changes in interest, insurance, and tax rates would result in changes
of $0.0038, $0.0010, and $0.0025 per hundredweight. For the plant with
daily average volume of 48,000 pounds, on the other hand, the changes
In unit costs accompanying 20-percent rate changes would be only
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$0.0026, $0.0010, $0.0003, and $0.0007 for the four items in the pre-
vious order.

In addition to the effects of a 20-percent change in the several rates,
table 40 shows the combined effect of a 20-percent increase in all four

Tapte 40.—Errects oF A 20-PERCENT VARIATION IN FIXED COST ON COST PER DAY
AND PER HUNDREDWEIGHT OF MILK, 6§ MYPOTHETICAL PLANTS

Daily hundredweight of milk
Cost elements 42 €0 3 300 400 480

Dollars  Dollars  Dollars  Doliars  Dellars  Dolars
Change in cost per day:

Depreciation ............. 0.39 (.45 0.65 0.79 1.02 1.24
Interest .................. 16 19 27 32 A2 50
Insurance ................ 04 05 07 09 A1 A3
Taxes «vvivrininininnnnns 11 12 17 21 .27 32
Total ... ... ..., 0.70 081 1.16 1.41 1.82 219
Change in cost per cwt.
Depreciation ............. 0.0093 00050 00032 00026 00026 00026
Interest ................. 0038 (0021 0014 0011 0N 0019
Imsurance ................ 0010 0006 0004 0003 0003 0003
Taxes . D014 De 0007 0007 0007

0.00%0 00058 0.0047 0.0045  0.0(45

sum‘rz&e‘_z:sref?nr;se?;ct?:r:fdiﬁcations to the economy curve, and may be either additions or
items. This combined effect is comparable to a 20-percent change in
the investment in land, buildings, and equipment. Although it is not
suggested that such a sinmltaneous range in all three items of investment
is probable, the effect of such an occurrence would be to increase or
decrease costs per hundredweight by a maximuwm of $0.0167 for the
smallest plant and a minimum of $0.0043 for the two largest plants.

ITariations in Labor Costs

Several tvpes of variation i labor costs are of interest from the
standpoint of their effect on the curve representing economies of scale.
The first of these is comparable to the variations in other costs, and con-
sists of the range in labor rates or wages. The second concerns the
tendency for managerial wages to vary with plant velume or capacity.
The third and last type of variation has to do with the use of part-time
rather than full-time assistants. The effects of these three types of
variation are noted below.

Mauagerial wages, including Social Security payments and allocated
costs of vacations with pay, ranged from $26 to $35 per week for the
eight sample plants on January 1, 1939, The wages for full-time assist-
ants ranged from $20 to $26 per week at the same time. The average
managerial wage was 831 with a standard deviation of $2.70, and the
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average full-time assistant wage was $23 with a standard deviation of
$2. There was no apparent tendency for the high-salaried managers to
he associated with the high-paid assistants, so each may be considered
as a separate and independent element. The effects of variations equal
to the approximate ranges and standard deviations of wages for managers
and assistants are found in table 41,

TaBLE 41—CHANGES IN PLANT COSTS PER HUXNDREDWEIGHT THAT ACCOMPANY
CHANGES 1N WAGES, SIX HYPOTHETICAL PLANTS®

Daily hundredweight of milk

Itern 42 90 200 300 400 480

Dollars Dollars  Dollars  Dollars  Dollars  Dallars
Change in manager’s wage:

$4.50 per week®.. .. ....... 0.0155 0.0072 00033 00022 090017 0.0013

$2.70 per weel?........ ... .0093 0043 {0020 03 0010 0008
Change in assistant’s wage:

$3.00 per week®........... 0104 0048 0021 0015 L0010 0009

F2.60 per week®........... 0069 0032 0014 0010 0007 006

! Represents addition 1o or subtraction from economy-of-scale curve.

R Dprorimately Saual £ the Tt devistnin W <K ke

Here again the modifications are greatest in the case of the smallest
plant and decrease rapidly as the average size of plant increases. For
the plant averaging 4,200 pounds, the maximum range in managerial
and assistants’ wages results in a maximum modification to the economy
curve of $0.0152 and $0.0102 respectively, while a range equal to the
standard deviation causes a change of $0.0093 and 30.0069. These
changes are reduced to $0.0013 and $0.0002 for the maximum range in
the largest plant and $0.0008 and $0.0006 per hundredweight for changes
in wages equal to the standard deviation.

In considering labor rates, there appeared to be a tendency for the
salary of the manager to increase as the size or capacity of the plant
increased. But this relationship was of such slight statistical significance
that it was disregarded and the average rate was applied to all plants.
As accurately as could be determined, the regression took the {form of a
fixed cost of $29 per week with increases of $0.01 for each huudred-
weight per day in the peak volume.®
salary had been used, costs evidently would he somewhat lower than
those indicated for small plants and somewhat higher for the large

If this description of the manager’s

plants. The differences in costs are of little significance for all except
the smallest plant sizes, however, amounting to a reduction of nearly

= Coefhicient of corcrelation of only 0.141 when corrected for parameters. This is partially
the result of the small number of cases. With a iarger sample and with detailed data as to
the manager's experience. Tucker in an earlier study for the New York area (3) found a
Tegression almost exactly equivalent to this, and a partial coefficient of correlation, holding
years of experience constant, of 0.61
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$0.005 for the plant with daily volumes of 4,200 pounds and reductions
or additions of $0.0013 or less for all other plants. These changes are
indicated in the first part of table 42,

TasLe 42.—EFFECTS OF MANAGERIAL WAGES INCREASING WITH PLANT SIZE AND
OF USING PARY-TIME ASSISTANTS ON THE ECONOMY-OF-SCALE CURVE

Daily average Moadification for Modification for part-
hundredweight of milk Manager’s wage time assistant’s wage

Dollars Dollars

42 00048 L !

] -3y t

200 + 0006 —{.0038

300 + 0010 — 0048

400 + 0013 — 0041

480 + 0013 — 0036

*These are one.man plants, and are not affected by changes in the wages of assistants.

Table 42 also gives the reductions in costs per hundredweight that
would result from the practice of hiring part-time assistants instead of
the full-tnue men specified 1n the original computations, It is possible
in most plants to have one or nore of the assistants hired only for the
peak load hours of each day. In calculating the effects of this procedure,
it has been assumed that the part-time assistants received $15 per week,
and that all helpers were hired on this basis. As the two smallest plants
are normally operated by one man, the manager, this adjustment will
uot affect their costs. In the other plants, with one or two helpers either
vear-round or in the flush season, the maximum reduction in costs is
S0.0048 for the plant handling 30,000 pounds daily, while the smallest
is $0.0036 per hundredweight for the 48,000-pound plant.

Conmtbined Effects of ariations in Eight Cost Klements

The mdependent effects of variations in eight cost rates have now
beent deseribed—rates are for electrical power, coal, depreciation, in-
terest, insurance, taxes, nanager' s wages, and the wages of plant assist-
ants.  Sonte of them may move together on occasion but theyv are essen-
tiallv independent in character. It is conceivable that the rates for all
eight itetms might be high or low for some plant location, or even that
all of the rates would be at the maximum or the aumimum level. This
is not probable, however, and there will ordinarily be a combination of
high and low rates applicable to any location.

If the several elements are taken to be completely independent it is
pussible to indicate the expected range around the economy-of-scale
curve that will include two-thirds of the cases. This is based on the
standard deviation for each element, or the effect of a variation equal
to the standard deviation on unit costs. Such information is available



COUNTRY MILK PLANTS 7L

for power, coal, and labor rates, but not {or the fixed cost rates. In
making the following computations, it was assumed that the standard
deviations for these fixed items is equal to 20 percent. In interpreting
the indicated range around the economy curve, these qualifications must
be remembered. The effects on unit costs of a variation equal to one
standard deviation or of 20 percent are summiarized in table 43 for the
eight elements, and the computed range from the combined effects
indicated.

TapLe 43—EFFECTS OF A VARIATION IN RATES EQUAL T@ ONE STANDARD DEVIATION

ON COSTS PER HUNDREDWEIGHT FOR EIGHT COST ITEMS INDEPENNENTLY, AND
THE ESTIMATED DEVIATION RESULTING FROM COMBINED EFFECTS

Daily average hundredweight of milk

Tiem 42 1] 200 380 400 430

Dollars Daliars Dollars Dollars  Dollars  Dollars
Power ... il 0.0030 00024 00018 0.0016 00016  0.0015
Coal ............... e {028 0020 0012 LI 0009 008
Depreciation* .............. LOUB3 0050 1032 0026 026 026
[nterestt . .................. 638 0021 {1014 AO1E 010 A0
Insurance’ ................. 010 DU0G 0004 003 0003 003
Taxes' ... . . JK25 0014 0009 Kuiiin 0007 007
Manager's satary .......... 0093 0043 0u2o 0013 Agte A06s

Assistant’s wage ........... =004 0010 0007 0006

Standard deviation of com-
bined cffect® ............. 0145 078 {049 038 030 U033

¥ Standard deviation assumed to he 20 percent of established rate.

zggﬁ:hrll}ai:dpﬁmt;‘e square root of the sum of the squares of the independent effects.

These caiculations indicate that two-thirds of the plant locations in
New England can be expected to have plant costs that differ from those
indicated by the economy-of-scale curve by less than $0.013 per hundred-
weight in the very low-volume ranges, and that the standard deviation
around the curve decreases rapidly as average volume increases, reaching
50,0035 per hundredweight in the high-volume ranges. When it is
reafized that the eight elements included account for approximately
90 percent of total plant costs, excluding supervision and plant loss, it
is apparent that variations in the cost rates applicable to different loca-
tions have a very minor effect on the econamy curve in most cases, This
is not a complete picture of variation arcund the basic curve, since it
does not allow for deviations from the established physical relationships
between volume aud the several elements.

Effect of Scasonal Fariation

It has been pointed out that milk production in northern New kng-
land is subject to a pronounced seasonal variation and that the seasonal
index of fluid-milk receipts at all plants in Vermont in recent years has
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ranged from a low of approximately 80 in the winter months to a high
of 138 in June. The magnitude of this variation differs greatly from
area to area in that State; it is smallest in the southeastern and largest
in the northwestern part. Using the ratio of daily average receipts
high and low months to represent the fluctuation, the counties of Ver-
mont range from Windsor County with a ratio of about 1.2 to Franklin
County with a ratio of 2.3. The approximate index numbers of daily
average fluid-milk receipts by months for these two counties are given
in table 44, together with the index numbers of the seasonal fluctuation
for the State as a whole. These are based on data for the period
1932-1937. '

As the magnitude of the seasonal fluctuation in production will
determine the season average volume handled by a plant of given
TaBLE 44.-—SEASONAL INDEX NUMBERS OF DAILY AVERAGE PLANT RECEIPTS OF FLUID

MILK FOR VERMONT, AND THE APFROXIMATE INDEX NUMBERS FOR
Winpsor aND FRAWKLIN COUNTIES

(1932-37 = 100)

Index nuinbers of plant receipts

Month Vermont Windsor County Franklin County
Janvary ... . ... ... e B2 95 71
February .. ... . iiiiiiinninn, 84 95 75
March ... ..o o 95 949 92
April L 107 102 111
May e 125 108 140
June Lo 138 112 160
July 116 105 126
August ... 100 100 100
September .. ... ... o8 99 97
October ... . i 94 98 %0
November ..., 81 94 70
December .............. it 30 94 68

capacity when voluine is adjusted to capacity in the season of peak pro-
duction, it will have a direct bearing on average costs per bundredweight
of milk, Under average conditions, the year-round volume will be about
72 percent of plant capacity, while the fluctuations applicable to Windsor
and Franklin Counties will permit average volumes of 89 and 62 percent
of capacity respectively. Unit costs will be affected in two ways: (1)
through the allocation of fixed costs to a smaller or larger volume, and
(2) through changes in labor costs brought about by the need for as-
sistants or helpers for a shorter or longer period during the year. The
net effects on plant volumes and costs are shown in table 45 for the six
thearetical plants.

Variations i seasonal fluctuation result in a range in costs for Plant U
of $0.074 per hundredweight and a range in average volume of 1,600
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TaBLE 45.—EFFECTS OF MAGNITUDE OF SEASONAL FLUCTUATION ON PLAKT VOLUME
AND €O0ST PER HUNDREDWEIGHT OF MILK'

Plant
Item U v w X Y Z
Capacity, cwis. per day .......... 60 120 280 410 560 650
Vermont—average seasonal
fluctuation ’
Daily average cwts. ........... 42 90 200 oo 400 480
Cost per Cwt, vuvviarineennr.ns $0.287 $0.177 $0.130 $0.115 $0.108 $0.104
Windsor County—low-seasonal
fluctuation :
Daily average cwts. ........... 53 107 249 356 498 578
Cost per ¢Wt. ..vieiiiianian. $0.244 30160 $0.120 $0.112 $0.100 $0.098
Franklin County—high-seasonal
fluctuation :
Daily average cwts. ........... 37 74 174 2534 347 403
Cost per cwt. .ovvvuvininenn.. $0.318 $0.202 $0.135 $0.121 $0.109 3$0.111

1In making the calculations for Windsor and Franklin Counties, the periods in which one or
two assistants have been needed bave been figured in full months. As a result of this discen-
unuity, the differences between the cost for the State and for either county deviate slightly from
a smooth curve as size increases.
pounds per day. The cost range becomes smaller as size of plaut in-
creases and is only about 1 cent for the three largest plamts. In all
cases, a pronounced seasonal fluctuation reduces the daily average volume
that can be handled by a given plant, and increases the average cost per
hundredweight of milk, whereas relatively even production has the
reverse effects.
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Fic. 13. The norma! economy curve and average cost and volume situations under
conditions of high- and low-seasonal fluctuations in plant receipts.
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These cost changes do not represent modifications to the economy-of-
scale curve directly, since the average vaolumes also change. TFurther-
more, the volume changes are inverse to the cost changes. As a result
very little modification of the economy curve is necessary. This is illus-
trated by figure 13, in which the cost and volume situations for the ex-
tremes*in seasonal fluctuation have been plotted with the basic economy
curve. These points fall almost exactly on the economy curve, so it must
be concluded that the basic curve showing the economy-of-scale relation-
ship in terms of average volumes and average costs 1z not seriously dis-
torted by variations in the seasonal fluctuations of the magnitude experi-
enced in New England. The magnitude of the fluctuation will determine
the average volume that can be handled by a plant of given capacity, but
when this average volume is known the basic curve will indicate the
average cost per hundredweight within a fraction of a cent. I the sea-
sonal variation were unusually pronounced, however, there would be a
tendency for the economy curve to be raised to higher average cost levels.
Changes in the Recerving Pertod

Most country receiving stations open early in the morning, receive
milk for 2 to 4 hours, and ship to market in the late morning or early
afterncon.  Reports for 12 Auid milk plants scattered over New England
tndicate that the average receiving period 15 3 hours, frequently from
6:00 to 9:00 am,, Eastern Standard Time. Only 2 of the 12 plants
normally received milk for a period that differed from the average by as
much as 1 hour.

The receiving period 13 hinited for three principal reasons: (1) The
milk oiten must be ready for early shipment to market, (2) efficient
operation demands that the receiving periwd be restricted so that the
total hours of operation will be kept within reasonable limits, and (3)
many of the State and municipal regulations specify that morning milk
mayv be delivered to plants without farm cooling if delivered before
G:00 a.m. In preparing the estimates of plant capacity and plant costs,
a receiving period of 3 hours has been assuined, as it 1s representative and
is approximately the longest period that can be maintained between the
tinie o milking and the 9 o’clock limit set by regulations. Since the
maxinan gquantity of milk that can be recetved by a given plant in an
hour is fairly well tixed, the establishment of a 3-hour period determines
the dailv capacity of the plant.

In a few instances, plants receive for longer periods or even receive
in morning and evening periods. This extension of the receiving period
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will increase the daily capacity and volume of a given plant and, as a
result of the spreading of fixed costs, may be expected to lead to reduced
unit costs. It seems reascnable to expect, therefore, that such changes
will result in modifications to the economy-of-scale curve. The economy
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Fic. 14, Economy curves for three- and six-hour receiving periods.

curve applicable to 6-hour receiving periods is shown in figure 14, to-
gether with the normal curve. These curves indicate that costs will be
lower under 3-hour operation within the volume range covered by the
basic curve, but that possible volumes are doubled and that costs reach
lower levels in these higher vohmne ranges with 6-hour operation,  With
3-hour operation, for example, Plant Z can handle an average volume of
48,000 pounds at an average cost of $0.104 per hundredweight. When
the receiving peried is increased to 6 hours, on the other hand, the plant
could handle 96,000 pounds at a cast of approximately $0.091 per
hundredweight.

The curves in figure 15 show the relationships between costs and re-
ceiving hours for several volumes, As the receiving period 15 increased,
the physical size of plant required to handle a given average volume de-
creases, These curves indicate the relative advantage of the normal
3-hour period and of longer and shorter periods. There is some indica-
tion that the optimum receiving period is longer than 3 hours for large
volumes and shorter for small volumes. The approximate locus of the
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least cost points is indicated by the line AA’ in the figure. These least-
cost points, however, represent costs that do not differ from those for
3-hour operation by as much as $0.001. This means that the normal
economy-of-scale curve could not be lowered appreciably by changes in
the length of the recetving period, although increases in the period will
permit volumes larger than those covered by the normal curve with costs
lower than the lowest indicated by the normal curve. For average
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Fic. 15. Effects of changes in the length of the receiving period on plant costs for
daily average volumes of 20,000, 30,000, and 40,000 pounds. Line AA' repre-
sents the approximate locus of least-cost points.

volumes of less than 60,000 pounds, however, the normal or basic

econotny curve can be accepted as a practical representation of maximum

efficiency from the standpoint of the length of the receiving period.

Tre CompinaTtioN oF PLaxT aAxD CoLLiEction CosTs

The efticiency of the country phases of milk marketing depends not
onlv on the organization of plants but on the organization of farm-
collection routes and of plant-to-market transportation.  The description
of the cconomies of scale for country milk plants has indicated that
marked savings may be achieved through the efficient operation of fairly
large plants.  Increasing the quantity of milk assembled at one point,
however, necessitates an expansion in the milkshed or supply area for
the plant. Additional milk must be collected from farms that are farther
from the central point, and so the costs of collection will be increased.
These increases in collection costs will offset, at least in part, the de-
creases in plant costs made possible through the expansion of volume and
plant capacity. The most efficient organization for the whole country-
marketing function will invalve plants of such a size that the combined
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costs of assembly, plant operation, and transportation to market are at
a minimum.
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F1g. 16—The combination of collection costs and plant costs to determine the most
economical organizations for several density-of-production situations.
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An investigation of all of these elements is beyond the scope of this
bulletin, but it 15 possible to indicate briefly the nature of the results.
Collection- or assembly-cost curves for several hypothetical situations
have been combined with the plant-economy curve in figure 16. These
curves are based on the costs of operating efficiently organized 4-ton
collection truck routes under constant density of production condi-
tions (13). Two density situations are illustrated, one with production
of 25 pounds of milk per square mile and the other with 250 pounds per
square mile. Regardless of the density and the size of truck, the average
collection costs will tend to increase at a decreasing rate. The rate of in-
crease will be most pronounced and the costs highest, however, for small
trucks and low-density situations. When the assembly and the plant
costs are combined, the total-cost curve declines sharply at first with
the pronounced savings in plant operations but the increases in assembly
costs eventually offset the decreases in plant costs, and total costs increase.

With production density of only 25 pounds per square mile, combined
costs appear to reach a low point at an average volume of approximately
35.000 pounds.  With this volume, efficient plant costs would be approxi-
mately $0.110 aund efficient collection costs would be about $0.236, or
combined costs would average about $0.346. This volame would corre-
spond to a milkshed extending more than 20 miles from the plant. With
praduction density of 250 pounds per square mile, on the other hand,
costs would be at a mintmum with an average volume of about 43,000
pannds and plant, collection, and combined costs would be approximately
£0.103, $0.133, and $0.238 respectively. The milkshed in this case would
have a radius of less than 8 miles.  In both cases, it will be noted, the
combined curves are quite flat near the least-cost volume so that there
are wide ranges within which costs are only a fraction of a cent above
the minimum.

These caleulations have assumed that the density of production is
constant as the radius of the milkshed ncreases.  In actual situations it
is common to find plants located near the center of fairly dense producing
areas where density decreases as distance from the plant increases, This
may take the form of the small and somewhat isolated valleys that are
found in northern New England. The nature of the collection cost and
so the combined-cost curves will then depend on the size of the adjacent
productive area, the density of production, and the additional distance
and cost involved in trucking milk from outside areas. If an area is
isolated from other areas hy 20 or 30 miles, it will probably be economi-
cally desirable to restrict plant volume to the milk produced in the ad-
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jacent area. If additional producing areas can be reached with an extra
haul of only a few miles, on the other hand, the effect on collection costs
will not be great and it may be feasible to expand plant capacities and
volumes.

Plant-to-market transportation may also be affected by the volume
of milk available for shipment from a single plant. The familiar differ-
ences between less-than-carload, carload, and tank-car rates suggest that
there are marked economies of large-scale shipment.  Under New Eng-
land tariff schedules, however, cars may be loaded at several points with-
out extra charge and so the low rates are applicable to simall as well as to
large plants.  Although particular conditions may result in advantageous
volumes, there appears to be no consistent relationship between volumes
and rates. Insofar as this is true, plant-to-market transportation costs
will not influence the optimum organization of plants.

PLanT Costs UnpER E¥rICIENT ORGANIZATION

The examples have indicated the general way in which the optimum
size of country milk plants may be determined. In actual application,
the collection cost-volumie relationship will be conditioned by such
factars as the existing pattern of production and the existing road net-
work, while the economies of scale in plant operation will be modified
somewhat by local variations in the several cost elements. By determin-
ing the curves appropriate to particular locations and by including a com-
plete area it would be possible to indicate the most economical organiza-
tion of plants for the entire area. This optimum organization would
evolve with changes in such factors as technology and demand aud
TABLE 46.—THE DISTRIBUTION OF FLUID-MILK PLANTS BY ANNUAL VOLUME OF MILK

RECEIVED, AND ESTIMATES OF TIIE PLANT OPERATING COSTS THAT WOULD HAVE
CHARACTERIZED THE SYSTEM 1F CAPACITIES HAD BEEN ADJUSTED TD PEAK

VOLUMES,
Estimated cost per
Annual milk receipts Fluid-milk plantst hundredweight”
Million pounds Number Daollars
00- 39 9 0.223
40- 79 14 40
8.0-119 13 119
12.0-15.9 4 109
16.0-19.9 3 104
200-239 1 102
Fstimated average cost for all plants® 24

1 All plants that received and shipped only fluid milk. New Hampshire and Vermant volume
data are for 1937, Maine data for 1939.
As indicated hy the economy curve in figure 12
* Weighted by total volume in each class.
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supply conditions. The evolution would probably be slow and that faet,
coupled with the flat nature of the combined-cost curves, should make it
possible to develop a practical solution that could be modified when and
as required and that would have costs closely approximating the true
tninimum,

The previous examples suggest that country milk plant costs under
an efficient organization would average less than $0.11 per hundred-
weight. It i3 not possible here to develop a more definite estimate, but
some indication of the probable costs may be obtained from the existing
plant organization. Table 46 summarizes the volume distribution of the
fluid-milk plants operating in the three States of northern New England
in recent years. Average volumes varied from less than 2 million to
more than 20 million pounds of milk annually. Using these volumes and
assuming that plant capacities were adjusted to volume in the peak season,
costs per hundredweight would have amounted to approximately $0.23
for the smaltest plants and $0.10 for the largest, and the weighted average
for the entire group would have been about $0.124. These costs have
been derived from the plant-economy curve and are summarized in the
last column of table 46, The estimates are much lower than present
costs, of course, because of existing excess capacity. At the same time
they are undoubtedly higher than the costs that would characterize an
efficient system, since complete reorganization would eliminate existing
plant duplication and would consolidate some of the small and uneco-
normical plants.

COUNTRY PLANT ALLOWANCES

It 1s difficult to discuss milk-plant efficiency and costs without some
reference to the charges that are made for mitk-plant services, especially
when there is reason to suppose that these allowances have been im-
portant in the development of the present situation. For many years
charges or allowances have been established as flat rates applicable to all
plants, Before the advent of Federal control, the plant allowance in
the Boston milkshed was established by mutual agreement at approxi-
mately $0.23 per hundredweight for all milk handled at country plants.
Under Federal control the allowances were set at $0.20 for class I and
$0.26 for class II milk until August, 1941, when the class II allowance
was reduced slightly. Comparison of these allowances with the economy-
of-scale curve indicates that they are in excess of efficient operating costs
for all except the very smallest plants. This means that plants could be
built or maintained with the expectation of high profits. A plant bandling
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&3,000 pounds of milk daily in the peak production season, for example,
could be operated at an average cost of less than $0.11 per hundredweight
and would earn annual profits of more than $14,000 on a total investment
of approximately $30,000. 5Such returns would attract capital into the
industry in excess of actval needs and the ultimate result could only
be too many plants and relatively large amounts of unutilized capacity.
The eliminatien of “price” competition through the fixed allowances
this not only permitted but encouraged inetficiency and high costs.

The theory of the allowances seems to have been that charges shonld
be established at a uniform rate high enough to insure the continual
supply of the necessary services. As such it has sufficient superficial
resemblance to the competitive theory of supply and demand to appeas
reasonable. As a matter of fact it is fallacious when applied to the
problein of country plants. There 1s no single market for country-plant
services where buyers and sellers of the service assemble and through
their actions determine price. There are practically as many markets
as there are plant locations. In each of these markets there are elements
of spatial monopoly as well as a limited number of “sellers” or plant
operators. In this situation decreasing plant costs with an expanding
scale of operation, at least within the range pertinent to the local area,
must lead either to a considerable degree of local monopoly or to duopoly
or oligopoly with costs above the monopoly level. Finally, as mentioned
before, the fixed and uniform allowances have reduced the possibility of
“price” competition. The market for country plant services, then, is in-
herently non-competitive in nature and the addition of relatively high and
mflexible prices or charges has moved it even further from the field of
competition. It is not surprising, therefore, that inefiiciencies have not
been eliminated automatically through the workings of competitive
forces.

Powerful competitive forces leading towards improved efficiency
would result, however, from a system of graduated allowances based on
the economies of scale. These allowances could be established according
to the volume handled by each plant and would differ from plant to plant
and from month to month in each plant as volume changed. As the
allowance would cover the costs for only those plants in which capacity
and volume were well adjusted to each other, such plants would be the
only ones to survive over a period of time. In addition, the graduated
allowance would pass the benefits of large-scale operation back to the
farmers and they would be able to balance off the costs of plant opera-
tion and the costs of milk collection to determine the organization that
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would be most profitable to them as individuals. A producer who has
been delivering his milk to a small plant wonld be anxious to shift to a
larger plant if the differences in the allowances were larger than his in-
crease in the costs of collection or hauling.  As producers shifted from
small to large plants, the discrepancies between volumes and allowances
would be increased and the economic compulsion to shift would thereby
be intensified, This would lead to the rapid abandonment of uneco-
nomic plants and the more complete utilization of those remaining.

Although these adjustments would greatly improve the efficiency of
the country-plant svstem, several factors would prevent the evolution
from reaching the optimmum organization, The collection system would
be unaffected and presumably would be characterized hy charges that did
not reflect costs accurately. As a result, the balancing off of plant
allowances and collection charges could not represent the minimum cost
comnation. LEven if collection routes were efficiently organized and
charges were made in accordance with costs, the process hy producers of
balancing off their individual costs of collection against the varying allow-
ances would lead to a final adjustment with plants somewhat smaller than
the optimum, as the optimum would be based on the average or com-
posite costs of collection for the entire group and not the individual
<osts for the marginal producers. Finally, the adjustments would be
hindered hy existing preducer-plant relationslups ane a lack of meobility,
or lack of ability to shift in response to economic forces,

In addition to miproved efticiency and lower costs, on the other hand,
the graduated allowances would be flexible enough to permit the existence
of high-cost plants in localities where conditions make soch plants the
best solution. There would be no tendency to subsidize such localities
and to keep them in production, but neither would they be forced out by
a flat allowance at a level too low to cover the necessary costs,  Similarly.
it would be possible for producers to maintain plants that were inefficient
from the economic viewpoint but which vielded non-economic returns to
producers m the form of pride in a local establishment or in the associa-
tioms convected with a particular plant.  In this case the price paid for
these returns i the form of higher costs would be clearly apparent and
the producers concerned would know the alternatives and be able to make
inforived decisions.  As freedom of chowce 15 prized Ly Americans m
general and New England farmers in particular, this may be one of the
most favorable attributes of a graduated station allowance based on the

custs of efficient operation.
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It is not to be supposed that the inauguration of such a scheme would
be without difficulties. Graduated allowances could be handled by the
existing control agencies, but they would undoubtedly complicate the
administration and enforcement of the State and Federal programs. If
put into effect, they would probably be challenged in the courts. Aside
from the legal problem, there appears to be little justification for a
program placing all of the burden of mnproved efficiency on present
operators of plants, especially when 1t is realized that the existing system
evolved in response to forces largely beyond their contral. A more rea-
sonable program would call for a sharing of this expense by producers
and consumers.

It should be posstble to solve these difhculties, however, and to devise
a system that would lead to veal efficiency. The graduated allowance
would be a long step in this direction and would probably be as flexible
and automatic as any effective system could be.

SUMMARY AND CONCLUSIONS

From the analyses presented it is apparent that there are pronounced
ecenoniies of scale m the operation of country nnlk plants.  \With average
daily volumes of 4,000 or 3,000 pounds the most efficient plants will have
costs of nearly $0.30 per hundredweight. With volumes of 20.000
pounds, however, the average costs with efticient operation will be only
80.13. while further increases in capacity and volume to 50,000 will result
i average costs approaching $0.10 per hundredweight of milk. The
exact level of the economy curve appropriate to any specific location will
depend on the seasonal variation in production and on the particular cost
rales applicable 1o the locahity, but in most cases 1 will not differ greatly
from the level given by the geueralized or average curve.

Because of such inefficiencies as excess capacity, many plants operat-
g in northern New England have average costs higher than those in-
dicated hy the economy curve. 1§ the whole-mitk receiving and shipping
plants in the area were operated without appreciable amounts of excess
capacity the average costs of operation probably would be between $0.12
and $0.13 per hundredweight of mitk. The elimination of plant duplica-
tion and uneconomical plants would reduce costs to even lower levels,
These savings could be passed back to producers through some system
such as graduated plant charges or allowances based on the economy
curve, and farm incomes in these States could thereby be increased
approximately $500,000 annually. This saving, based on the total
volume of fuid milk shipped from the area, is large enough to completely
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amortize the existing investments in milk shipping stations in the area in
several years.

The need for increased marketing efficiency in the present period of
national emergency goes beyond any statement of dollar savings, It is
imperative that resources be conserved and diverted into the war effort.
The consolidation of milk plants will result in material reductions in the
amounts of power, fuel, and labor required to maintain these essential
services. Plant operators will find it increasingly difficult to obtain some
of these resources. Plant and equipment repairs and replacements will
have to be cut to a minimum. In short, the revision of the country phases
of milk marketing is not only desirable from the longtime standpoint of
society but it is immediately important as.a contribution to the war pro-
gram and as a means of enabling the industry to continue the flow of
mitk from producer to consumer without interruption.

Although important changes have taken place in the organization of
the country phases of milk marketing during the last few years, uncon-
trolled and automatic evolution cannot be expected to result in a system
closely approximating the optimuni. If the potential gains from increased
marketing efficiency are to be obtained it will be necessary to have an
active program of reorganization. Such a program should involve farm
collection and plant-to-market transportation as well as fluid-milk plant
operation, while in localities distant irom markets it will be necessary to
consider more complex types of country plants. The complete reorgani-
zation is beyond the scope of the study here reported, but a system of
milk-plant charges graduated in accordance with the economies of scale
would help bring about improved efficiency in the marketing of milk.
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APPENDIX

BuiLpiNgs AxDp EQuirMENT For 51X THEORETICAL PLANTS

Flaor Plans.—The floor plans for the six theoretical milk plants
discussed in this bulletin are shown in figure 17. The plans are based
on actual plants in New Hampshire and Vermont, although changes
have been made to eliminate space not essential to the proposed type of
operation. The plants range in annual volume from 1.5 to 17.5 million
pounds of fluid milk. From the standpoint of floor area they range
irom 620 to 1,540 square feet.

The plans provide space for the storage of coal, although some
operating plants store their coal outside. To achieve comparability
Letween the several plant sizes, the space allocated for the storage of
coal was made roughly proportionat to the size of the boiler.

Long and narrow plants are somewhat nore expensive to build than
plants of similar floor area but with width and length nearly equal. But
as the long, narrow type 1s well adapted to fluid-milk operations, the
floor plans for the theoretical plants have widths of about 20 feet and
lengths varying from 33 to 77 feet. The discrepancy in cost of construc-
tiun would be most pronounced in the case of Plant Z, but estimates for
a square plant of similar floor area indicate that the investment in build-
ings would be lowered less than 4 percent.

Method of Estimating Constriction Costs—The costs of constructing
modern plants of the size and type indicated were estimated for these six
plants, The estimates for frame buildings are largely the work of
C. W. Dingman of the Springfield Bank for Cooperatives, while sup-
plementary data for tile plants were obtained from other sources. The
data were based on an assumption that no unusual difficulties would
be encountered with respect to terrain or labor and materials. Cost
rates were selected as representative of recent years and do not consider
the effects of the present emergency conditions, as these are thought to
be abnormal and not indicative of the long-run situation. The construc-
tion costs have been prepared by following practices commonly used hy
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Fic. 17, Floor plans for six theoretical plants.

contractors in preparing bids. An allowance of 20 percent has been
included to cover the returns to the contractor as well as any items that
have been omitted as a result of the general nature of the specifications.
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The general specifications for the plants stipulate that foundation
walls should be of 8inch concrete, extending 3 feet below the ground
level and 1 foot above. Floors are to be of 4-inch concrete on 18 inch
gravel or cinder fill. Walls above the ioundation are of frame or hollow-
iile construction. Frame walls use 2-inch by 4-inch studs spaced 18 inches
apart, with the exterior finished with paper and novelty siding, and the in-
ierior of matched boards. Ceilings are of matched boards on 2-inch by 6-
mch joists. Roofs are of asbestos-type shingles laid on roofers and 2-inch
by 6-inch rafters. All interior walls are finished except those in boiler
rooms and storage rooms for coal. All sash are of double-hung wood
construction.

Details of the estimates for construction costs are given in the follow-
ing pages for Plant Z, Similar detailed estimates have been made for
Plants U and X, whereas the costs [or Plants V, W, and Y were hased
on the unit costs as ascertained from the detailed estimates. Plant Z is
designed to handle a daily peak load of 65,000 pounds of milk in a 3-hour
recetving period. [t is 20 feet wide and 77 feet long, with a floor area
of 1,540 square feet and a cubic content of 22,300 cubic feet, Details
are presented for frame construction only, the estimates for tile con-
struction having been obtained in essentially the same way, with the
substitution of tile costs for the corresponding lumber costs in the present
estimates. The estimates are based on the following umt costs for
naterials and instaltation :

Excavation .v.e.iiiiorir e i aaaaninaaans $ L.0O per cubic vard
Backfill ... i e e s .75 per cubic yard
Gravel fill ... v i e 1.50 per cubic yard
Conerete ..o it
Walls ..o i e e 8.00 per cubic yard
Floors o ovir i o e e i e eiete et aaaen 11.00 per cubic yard
Forms for concrete .. .....oiiniiirniaoniat .14 per square foot
Lumber:
2 inches by 4 inches and 2 inches by 6 inches..._.. 6.00 per 100 board feet
Roofers ... ... . .. i 5.00 per 100 square lect
Matched boards .....voiir i e 7.00 per 100 square feet
Novelty siding ..o 10.00 per 100 square feet
PaDeT L e e 1.00 per 100 square feet
Roofing .. .o e 10.00 per 100 square feet
Tile . e e 4.65 per square yard
Construction Costs for Plant 2%
O Y W N $250
Trench ........... 194 feet by 3 feetby 3 feet = 1,746 cubic feet
General .......... 77 feet by 20 feet by 1.5 feet = 2,310 cubic feet
Backfill .......... 194 feet by 3 feetby 2 feet = 1.164 cubic feet
Gravel fll ......... 8 feet by 28 feet by 2.5 feet = 560 cubic feet

12 feet by 16 fect by 2.5 feet = 480 cubic feet
3fectby Sfcetby2.5feet = 38 cubic feet
2feet by Yieethy2.5feet = 45 cubic feet

Total gravel fll = 1,123 cubic feet
™ Estimates have been rounded off,
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OMCIREE Lttt ittt e e e et e e e e e e e e $ 880
Footings ........ 194 feetby 2 feetby .Sfeet = 194 cubic feet
Walls .......... 104 feetby .67 feetby 4 feet = 518 cubic feet

96 feetby .67 feetby4 feet = 256 cubic feet

Platiorms and steps 135 cubic feet

Total = 1,103 cubic feet

Floors ............. 77 feet by 20 feet by .33 feet == 508 cubic feet
Forms:

Walls .............. 2 (194 feet by 4 feet) = 1,552 square feet

2 ( 96 ieet by 4feet) = 768 square feet

Platform and steps 128 square feet

Total forms = 2,448 square feet

Lumber and Paper .. ...t e e et e $1,220
Sills and plates 030 feet by 2 inches by 4 inches = 420 board fect
Studs ...l 2,020 feet by 2 inches by 4 inches = 1,347 board feet

Joists and rafters 2,530 feet by 2 inches by 6 inches = 2,530 board feet

Total = 4,297 hoard feet

Ruofers 74 inches .......... 194 teet by 10.5fect = 2,037 square feet
154 feet by 13 feet = 2,002 square fcet
20 percent allowance = 808 square feet

Total = 4,847 square feet

Walls ... ... 194 feet by 1024 feet = 2,037 square feet
Cetltngs +oviveiinninre. 77 feet by 20 feet = 1,540 square feet
Partitions .............. 226 feet by 8§ feet = 1,808 square feet

20 percent allowance = 1,077 square feet

Total = 6,462 square feet

Paper ............... e e 2,030 square feet
Novelty siding ........... ... ... ..., ... 2030 square feet
20 percent allowance = 420 square feet

Tutal = 2,450 square feet

Roofing (2,010 square feetd........ e e & 200
Doors and WildowWS . ..ottt e e e e e 500
o 0L T 450
Plumbing and wirtng (not including boiler) ... ... .. ... . .ivivu.-.. 1400

0TS S O $4,500
Allowance of 20 PETcent ... ... it it e i it 930
Estimated constrtaction COSt .. ... oo uvre et i e e $5.880

Equipnient Costs —The following pages give the lists of equipment
and the estisnated costs. inchrding delivery and installation, of equipment
for the six theoretical plants. The estimates were prepared Irom material
submitted by several creamery-equipment companies as well as from the
actual reported costs for several new plants now in operation. As in
the case of construction costs, equipment prices do not include the effects
of present emergency conditions. Because of the difficulties involved
in list prices and actual prices, however, the estimates for some itemns
mayv be somewhat inflated.
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The equipruent listed represents the principal items for plants de-
signed to ship fluid milk in tank cars or tank trucks. Tank storage space
has been provided in each plant equal to the daily average volume.
Therefore, in using these plants it will be necessary to have tank trucks
or cars at the plants before the receiving period is completed, during the
llush season. This system is comumonly used by many of the present
plants.  As a matter of fact, it is possible that the present plans call for
more tank storage than is necessary or customary, It does provide a
uniforin relationship between volume and tank capacity, however, and
s3 guarantees that the Several plants will be comparable.

The refrigerating systems for all plants include ammonia compressors,
sweet water coolers, and cabinet-type milk coolers. Safficient capacity
has been allowed to handle the daily peak load in a 3-hour receiving
period. The calculations have assumed that, as the milk received at the
plant consists of uncooled momning milk and farm-cooled evening milk,
it will have an average temperature of 70° F. and will be cooled to an
average temperature of 40° F,

The boiler horsepower for each plant has been determined by the
vit-washer requirements, since the washer represents the peak load.
Can-washer capacities have been determined by the maximum volumes
received in a 3-hour period and an assumption of 60 pounds of milk per
can received.

PLANT U

Average volume—4,200 pounds per day
Peak volume—6,000 pounds
Number of producers—20

Receiving equipment .....ooovreerr o e e $ 1,400

300-pound weigh can
600-pound receiving vat
300-pound dial scales, suspended

Can-washing equiPIIENt ... vv v irr et ie it ciiaiir i eaire e e 770
Hand-turned rotary washer, 14 cans per minute
Roller can conveyor, 20 feet

Cooling equipment . ... .. ... o e 2,800

Five-ton ammonia compressor with motor, condenser, pumps, etc.
Five-ton sweet water cooler .
Cabinet-type milk cooler, capacity 2,000 pounds of milk per hour

StOFEZE EQUEDMIENT - oottt ittt ittt ettt ettt e 1,450
300-gallon storage tank
30 feet of sanitary piping .
Two milk pumps and motors, five gallons per minute
Sanitary fittings, etc.

Boiler equipment .........ooiiiit i 550

Seven HP horizontal boiler
30 feet of stack
Boiler accessories
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Other eqUIPIMENT ... .. it ane e 830
Centrifuge
Glassware for 20 patrons
Water pump
Miscellaneous equipment

Estimated total cost installed for all equipment................... $ 7,801

PLANT ¥V
Average volume—9,000 pounds per day
Peak volume~12,000 pounds
Number of producers—4{

Receiving equipment ... ... ... .. ... e, i, $ 1,400
500-pound weigh can
600-pound receiving vat
500-pound dial scales, suspended

Can-washing equIPIMENt . ... .0t terervn e ern cairaercerrranranrrnnrnens 770

Hand-turned rotary washer, 114 cans per minute
Roller can conveyor, 2{ fect

Cooling equipment ... .. ... ittt e ey 3.475
11-ton ammonia compressor with motor, condenser, pumps, etc.
11-ton sweet water cooler
Cabinet-type milk cooler, capacity 4,500 pounds per hour
StOrage eQUIPIMENT . .. vttt et n it e e s e vnn e anns 1,750
1,00-gallon storage tank
30 feet of sanitary piping )
Two wmilk pumps and motors, 10 galious per minute
Sanitary fittings
Boiler equipment ... ... ...t e 630
10 HP horizontal beiler
30 feet of stack
Boiler accessories

L0181 111 1 1,175
Centrifuge and glassware for 40 patrons
Thermaometers, etc.
Water pump
Miscellaneous equipment

Estimated total cost installed for all equipment ... .............. $ 9,200
PLANT W
Average volume-—20,000 pounds per day
Peak volume—28.000 pounds
Number of producers—=85
Receiving equipment .........c.cooveeiaaaas e eaaas $ 1,550
700-pound weigh can
800-pound receiving vat
1.000-pound dial scales, suspended
Can-washing eqUiPmICTIt . ... ovtn vttt e i e taasaaasrinnensans 1,280
Rotary can washer, 3 cans per minute
Roller can conveyor, 20 feet
Cooling eQUIPIMENT .« .0 ivntirit i iarraaatearsnearsoreannircasiocssnns 5735

25-ton ammonia compressor with motor, condenser, pumps, etc.
25-tan sweet water cooler
Cabinet-type milk cooler, capacity 10,000 pounds per hour
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Storage eqUIPIIEIE .. L .t i i i e e 2,600
2,500-gallon storage tank
40 feet of sanitary piping
Two milk pumps, 25 gallons per minute

Boiler equipment ............. S, e et ea e 730
15 HP Scotch marine boiler

40 feet of stack
Boiler accessortes

Other qUIPIMETIE .. . ottt it et e st e e s ceararaeraranreneranns 1,605
Centrifuge and giassware, 85 patrons
Thermometers, etc.
Water pump
Miscellanecus equipment

Estimated total cost installed for all equipment ................... $13,500

PLANT X
Average volume-—30,000 pounds per day
Peak volume—41,000 pounds
Number of producers—125

Recelving equiPMEnt ... u.vvuure e e e et i tanrere s varannrarrorainsases $ 1,550
700-pound weigh can
B08-pound receiving vat
1,000-pound dial scales, suspended

Can-washing equiPment ... ... ottt i ie e iaaaranann 1,400
Rotary washer, four cans per minute
Roller-type can conveyor, 35 feet

Cooling equipImEnt ... .v vttt et iee et an e i e ranraeens 7,015
35-ton ammonia compressor with motor, condenser, pumps, etc.
35-ton sweet water cooler .
Cabinet-type milk cooler, capacity 14,000 pounds per hour

SUOTagE BQUIPTIEIE .« .. ute it it tsat e te s ierasasanreanaannrneansns 3,400
4,000-gallon storage tank
40 feet of sanitary piping .
Twao milk pumps, 35 gallons per minute

Botler equipment .. ...ttt i e e 820
20 HP Scotch marine hoiler

40 feet of stack
Boiler accessories

Other eqUIPMENt .« .. e vttt e ie et et r st e e re e aanarnnns 1,985
Centrifuge and glassware, 125 patrons
Thermometers, etc.
Water pump
Miscellaneous equipment

Estimated total cost installed for all equipment .. ... ............. $16,170

PLANT Y
Average volume—A40,000 pounds per day
Peak volume-—-56,000 pounds
Number of producers—170

Receiving equipment ....... ... i i %2100
750-pound weigh can with vacuum-operated dump valve
2,000-pound receiving vat
1,000-pound dial scales, suspended
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Can-washing equipment ........... ... ... o

Rotary washer, seven cans pet minute with automatic can remover and

lid placer
Roller-type can conveyor, 40 feet

Cooling equipment .......oeireeieeieniviarnnnians

45-ton ammonia compressor with motor, condenser, pumps, etc.

45-ton sweet water cooler

Cabinet-type milk cooler, capacity 18,000 pounds per hour

Storage equIPMent ... .oouivirrnarroiereiteaniannas
5,000-gallon storage tank
50 feet of sanitary piping
Two milk pumps, 45 gallons per minute

Boiler equipment ...........oviir i iiiaiaaa
30 HP Scotch marine boiler
50 feet of stack
Boiler accessorics

Other equIPIIENt . ...ueererr e enannanionas
Centrifuge and glassware, 170 patrons
Thermometers, eic,

Water pump
Miscellaneous equipment

Estimated total cost installed for all equipment..................

PLANT Z

Average volume—48 000 pounds
Peak volume—65,000 pounds
Number of producers—200

Receiving eqQuiDmMent ... cviiiinvinrninoincrsncnnn

per day

750-pound weigh can with vacuum operated dump valve

2.000-pound receiving vat
1,000-pound dial scales, suspended

Can-~washing equipment ........ ... ... ... ...

Fully automatic straightaway washer, 10 cans per minute

Roller-type conveyor, 45 feet
Cooling equipment .......c...oivererrniomnrrrenns

55-ton ammonia compressor with motor, condenser, pumps, etc.

53-ton sweet water cooler

Cabinet-type milk cooler, capacity 22,000 pounds per hour

Storage eQUIPMENt .. ... oot iiieiaaa
Two 3,000-gallon storage tanks
30 feet of sapitary piping
Two milk pumps, 55 galions per minute

Boiler equipment

40 HP Scotch marine boiler
30 {feet of stack
Boiler accessories

Other equipment

Centrifuge and glassware, 200 patrons
Thermometers, ctc.

Water pump

Miscellaneous equipment

Estimated total cost installed for all equipment

2,100

8,805

5,200

970

2,075

$21,250

$ 2,100

$ 3,600

$10,500

6,000

1,130

2,330



