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~Abstract

The optimal number, size and location of milk manufacturing
plants in the Southeast was determined subject to both seasonal
fluctuations in production and the practical restrictions on the
assembly, movement and processing of raw milk. The results indi-
cate that substantial technical efficienceis could be gained from
an industry wide re-organization which would permit milk movement
patterns approximately as they are shown in this research.
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Optimal Number, Size and Location of Milk
Manufacturing Plants in the Southeast
with Implications for Industry Policy

For many years agricu]turalvecondmists have dealt with the problems
of industrial organization, Spatia] equilibrium and optimum product f]ows.
Plant location studies in partiéular have helped to make explicit the po-
tential savings in resource use which cbu]d result from restructuring an
existing production-processing-consdmptfon pattern. While such efforts
seldom consider the potential social losses (in terms of reduced price
competition) from such a restructuring they do provide a benchmark estimate
- of what the current system is costing. Such studies provide at least one
method of analyzing the impact of prevailing 1nstitdtiona1 constraints.

In the present paper we report the results of our attempt to consider
explicitly several "real world" restrictions on the assembly and movement
of raw milk in determining what wou]d be the optimal (technically efficient)
number, size and location of milk manufacturing plants in the Southeast
given current milk production and fluid consumption. The solution serves
as a benchmérk for a technically efficient industry organization from pro-
ducer to processor given present production and consumption levels. Impli=
cations regarding current and proposed impediments to such an organization

are drawn.
The problem may be stated as follows.
Given:
(a) a highly seasonal and uneven spatial distribution of raw milk

production,



“(b)‘ a seasonaT and spatia11y uneven commitment to deliver milk

to fluid bottling centers for fluid consumption,

(c) a Hfgh]y.perishab1e raw product with physica1d1imitatiohs on

movement,,and | |

(d) economies of size in raw,product processing.

Determine:

The number; size and Tocation of milk manufacturing plants in the
southeastern U. S. that will minimize the aggregate coscs of milk assembiy
and process1ng into a manufactured product form the Grade A milk produced
in the region in excess of fluid bottling comm1tments That is, delivery
;Vcommitments to fluid bottling centers must be satisfied.

The prOBTem was simp]ified somewhat by assuming that both raw milk

- supply and final product demand were perfect]y 1ne1ast1c, that is, f1xed
at po1nts in time. It was further assumed that on]y one manufactur1ng |
plant of‘a specified type would be perm1tted to operate at each potentja]
location. - No assumption with respect to either the number or thefcapacity
of fluid bott]ipg plants operating at each bottling center was needed
since f]uid'processing costs were ignored. All product_distributioh costs

were ignored.

Economies of Size '

The. 1eve] of d1saggregat1on proposed for the prob]em proh1b1ted the
f~use of so]ut1on methods which dea] exp]1c1t1y with non- -linearities in the
.process1ng cost funct1on 'F011ow1ng K1ng and Logan, Roe'and others, ec-
~ onomies of sca]e 1n raw product process1ng were 1ncorporated into the |

so]ut1on procedure by emp10y1ng ‘the transportat1on a]gor1thm in an iterative



fashidn.v'The a]goffthmﬁis used to obtain1a'series of "optimal" subsolu-
tfohs to prob]éms which appr@ximate the "real" problem. Per uhit'proces-
_.éing costs at each p]ant Tocation arefreadjusted after each subsolutibn,.
bdééd on the quantffy‘processed at that location during the’préviousvsub—
solution, untilﬂgg_pggg per unit prqcessing costs are equal to those
assumed ex ante. For fhe‘first subsolution, average processing costs at

~ each location are set at their lowest Ievé] possib]é (p]aht at capacity).
As the soTution'progresses plants with re]ative1y small volumes are |
eliminated from the plant location set until the total costs of trans-

3 pqrting to a‘smal]e} number of plants are greatef than the reductions in -
tdta] processing costs made possib1é~by eTiminating additional p]ants.l/ ‘
Thevéoiution system used for this study»has‘been documented and is avai]-

able on requést from the authors [Boehm].

Data Development 2/

" For purposes of the‘study}bthe southeasf region was}jdentified as
that area eagt ofvthe Missfssippi‘River and extending south from Kentucky:
“and Virginia. FToridé was excluded except that it was treatéd as an ex-
vterna] source of raw’miikiprodUCtion,inEthevspring‘;eason'(May) and an éxf_
ternal bott]ing'cenfer in the fall'(October); The entirelétate of
Louisiana was included. | N

Raw.mi]k'production;(Grade A)'by ﬁoUnfy‘qnd fluid milk de]ivefies to

bott]ing plants in 97 majqr bottling centers in thé Southeaét were ob-
tained for October 1974 and May-1975.; While the county was-the'base‘unit
~of Observation:fqr productibn’data,'counties jn'thg_lgyer’density production‘

areas were aggregated to form single production sources. In those areas,



a diStance‘adjustmentvfactor'based on milk density in the aggregatedgarea”
“awas appT]ed to aTT movements from the aggregated source. County tdenti- |
f1cat1ons were ma1nta1ned for Southern Indiana, Kentucky, Tennessee South-
'ern Mississippi and Southeastern Louisiana. TotaT product1on from 290-- )
sources was approx1mateTy 760 m1]T1on,pounds in October and 856 miT]ion
'_pounds in Mayt Grade A deTiVeries'to the fTutd bott]ing‘centersimere‘about:
717 million pounds in October and 737 million pounds in May. Thus, approx-
“.imateTy 43'mf111oﬁ pounds of raw milk in October}and TTQ'miTTdon poUnds‘in,
'May were ava1TabTe for processing in the manufactured form
| A tota] of 3T potent1a1 manufactur1ng pTant s1tes were seTected B
" Several of the potent1a1 pTant sites were Tocated in the Kentucky and
| Tennessee areas where excess m1Tk m1ght Tog1caTTy be expected to -accum-
'uTate. At Teast'one«potent1a1 site was seTected for each of the rema1n1ng
hstates except ATabama “The 3T plant s1tes prov1ded the model- with at Teast’_-
Six ttmeSvthe capacity wh1ch would uTttmateTy be.needed;tovprocess the
available milk. o | | o "
| Transportat1on cost funct1ons were deveToped to ref]ect the cost
d1fferent1aTs assoc1ated with terra1n product1on dens1ty and certa1n of:
| the phystcaT ij1tat1ons 1mposed on m1Tk‘movement by the thhTyvper1shabTe
naturevot the product;J‘The specific COStgfuncttonsrused‘in this study are =

'ccontained in the referenced report by Boehm and Conner. One.COst function

o ‘was used to caTcuTate per un1t movement costs for d1rect haul to pTants 1n o

‘,the h1gher dens1ty, ‘rough terrrin areas of Southern Indiana and ITT1no1s,
»Kentucky, Tennessee, Western V1rg1n1a and Northwestern North CaroT1na
‘.D1rect hauT sh1pments in these areas were restr1cted to approx1mate1y TOO

j_’road mlTes. A second function based on the implied use of a somewhat



1arger pick-up tank truck and a maximum direct haul of 150 miles was used

for the other production areas. A third function was used to calculate .:~ 3v_

'.costsdfor-mi1k moyements beyond the ?short haul" distance. "It was'as$umed
‘l‘ that such,moVementS”cou]dAonJy be made by ftrst moving.the milk to‘a}re-
ceiving:statiOn withinﬂthe‘direct hau]’meeagetrangez untoadtng, cooling
and”then-retoading it‘for-shipment in orer;theéroad 10ngehau1 tankers, L
rSTXteen such'receiving statiOns'were geographicallyvdispersed throughout
the study reg1on h | | | »l B |
" Process1ng costs for both cheddar cheese and butter/powder p]ants'
were synthes1zed using eng1neer1ng cost data prepared by Da1rymen, Inc;_f
(Conner,»Boehm_and Pardue). Given these;data,.11near total processing
acost'functions'Were estimated:fOr both cheddar'cheesevand butter/powder
'Operations An enve]ope of least cost po1nts from the synthes1zed data
'-prov1ded the observat1ons for the est1mat1ons Max1mum raw milk capac1ty
~Afor cheddar cheese p1ants was 25. 585 m1111on pounds per month | Butter/
powder p]ants had an assumed maximum raw m1]k capac1ty of 33. 100 m1111ont
~ pounds per month The est1mated process1ng cost funct1ons used 1n “the

';study, where Q is month]y cwt of m11k processed, are_as fo]]ows.

CHEDDAR CHEESE TC = $42,466 +.5292(Q)

BUTTER/POWDER  TC = $49,730 + .4788 (Q)

iResu]ts | | ‘ ‘

» M11k movement patterns and opt1ma1 p]ant locations were 1n1t1a11y
obta1ned for four base STtuat1ons us1ng the solution method and the data.
7descr1bed above Two p]ant Tlocation sets, one for each season, were ob-

tained assum1ng that a]] p]ants manufactur1ng excess Grade A m11k in the
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region were cheese p1ants The other two base so]ut1ons were obtawned by
assuming that all manufactur1ng p]ants were butter/powder operat1ons The -
.~p1ant 1ocat10n sets obta1ned in these so]ut1ons prov1ded the 1nformat10nid

needed to select both the type and placement of manufactur1ng p]ants which
v’would resu]t in m1n1m1z1ng the total costs of assemb]y and raw. product
processing throughout the year |

The‘resu1ts of ‘the various static solutions for both May and October
and the two prodUotvtypes are summarized in Table 1. The impact of pro-
cessing.economies on u]tiﬁate'p]aht site‘se1ection as well as plant stze .
s obvious Plants tended to operate at the maximum capac1ty permitted
for the type of p]ant be1ng cons1dered In May, five 1ocat1ons, fairly -
dispersed throughout the region, were ultimately selected to process”the'
available 119fmf11ion pounds of milk into cheese. P]énts'at four of‘thesé ‘
Totations operated at thghmaximum volume permitted for cheese plants
(225, 856'cwt /mo. )h The final subsolution Obtained in May when all plants
were assumed - to be butter/powder operat1ons resu]ted in p]ants at four
1ocat1ons
~ With each reduction in the number of plants total assembly costs

.increased. As the number‘of cheese p]ants_infthe solution dropped from
_the initial 18 to 8, assembly costs for all milk (856 million pounds) in-
| creased from $2.93 million to $2.97 million. Total costs'however dec]ined._.
$390,000. By.conso11dating thevprocessing fpom“eight plants to the‘five
vf1na1]y selected, assemb]y costs increased to $2.98 million but total costs
were reduced an additional $115,000. S1m11ar cost reduct1ons were noted |
“for the'MayVbutter/poWder-so]utions.. However, since milk shipments were

only heing made to four processing pIants, assembly costs were s]ight1y



h1gher than when only cheese plants were perm1tted in so]ut1on
~ In the 1n1t1a1 so]ut1ons for 0ctober, wh1ch considered on1y a m1n1m1za- .

tion of assemb]y costs m11k was moved to only 13 of the 31 potent1a1

-‘, plant 51tes. S1nce the vo]ume of miTk ava11ab]e 1n this period was much

" Tess than that ava11ab1e in the May period (647 less), the optima1 numbert-d
;of p1ants was reduced to on]y two when e1ther cheese or butter/powder
_operattons were conSJdered Four subso]ut1ons were requ1red to reach the

" final cheese p]ant Tocation set in October, one more than was requa1red for“:

‘the October butter/powder solution. | | | |

..Roughly, the same;pattern of cost change occurred'in these-so]utions

gqs‘was‘the case for those obtained duhing the May penjod; .Tota] assemb]y ,:

- costs foh at] milk (760-m11110n poUnds)'incfeaSed from $2‘67'm111ion to

$2 70 m1111on as the number of operat1ng cheese p]ants decreased from 13

-to three. Tota1 costs, however dec]1ned by $392 000. Assembly costs

'were 1ncreased s11ght1y when m11k sh1pments were made to only two of the

: p1ants but total costs dec11ned by an additional $36, 000 In October “‘when

on]y butter/powder process1ng fac111t1es were permltted tota] assemb]y

costs changed very 11tt1e but total costs declined $503 000 by conso]1dat1ng

~lthe process1ng in two p]ants ' _ | '

. Process1ng cost per cwt. of milk for cheese was 2 cents h1gher in j

‘ October ‘than in May reflecting the fact that one out of two p]ants in the
fopt1ma1 plant set for October operated below the max1mumvvolume—perm1tted
comparedato'only one'out of.five in Maye Average'proCeSsing cost was 6.5

cents h1gher for the butter/powder p]ant set 1n October than was the case

"'for the May p]ant set. Average assemb]y costs per cwt. were approx1mate1y

'$0,35 for a]]_four f1na].p1ant Tocation sets.:



Seasona1 Impact on Plant Location Set'

G1ven the seasonal nature of the prob]em (on1y}36% as much rawbmiIk

to be manufactured in October as 1n May) and the above determined opt1ma]‘;t
stat1c so]ut1ons, a s1ng1e p]ant 1ocat1on set had" to be se]ected such
that‘totaT process1ng and assemb]y costS'would.be m1n1m1zed subJect to

_ the.fo]]owtng.constraintst First, there'had_to be suffiCient'capaCity to

fprocess'the mi1k~avai1ab1e during the May season. Second; 1mp11ctt1y're;g
}f“cogn1z1ng the revenue cons1derat1ons, there had to be a reasonab]e degree
of f]exab111ty, w1th respect to product type prov1ded by the p]ant set
u]t1mate1y se1ected; ‘Third, the critical ro1e sk111ed_]abor‘p1ays Jh theh‘”
successful operation of cheese‘proceSSing'faci1it1e5’as well as the more , |
hper1shab1e nature of the product suggests that- cheese plants be. 1ocated in

areas wh1ch perm1t, in as much as poss1b1e cont1nua1 operat1on throughout

- the year. §/ Fourth, the plant- 1ocat1on set shou]d be chosen so that as-

sembly costs-throughout the year would bev]ow re]at]ve to other 1OCat10ns.
'.VTheseﬂconsiderations;1editovour heUristic‘selectioh of five plant site
‘ 1ocatiohshforethe regioh. Three plant locations 102, 112 and. 128 were'de;
signated as cheese p?ahts each with monthly capacitiesAOf 25.585 million
) pounds. Two ‘additional- s1tes, 1ocat1ons 115 and 121, were designated‘as‘
B ybutter/powder p]ants with month]y capac1t1es of 133.1 m11]10n pounds Giyen
f these ]ocat1ons with . the product type and capac1ty spec1f1ed, add1t1ona1
solut1ons'were obta1ned for-each month (May.and,October). ~The resu]ts of
these ana]yses are shown in. Tab]e 2. B . | ‘_ |
o Two of the cheese and one of the butter/powder p]ants operated at or
near maximum capac1ty perm1tted for that product type dur1ng the May per1od;

. The average per unit cost of processing dur1ng that per1od was $0. 697



'pet”cwt.f Duringbthe October season none of’the ftve pTantshoperated at f
_capacity" The cheese plant at Tocat1on 128 actually ceased operat1ng en-
tireTy}’ The other four plants operated at between 30 and 50 percent of

| capacity : If a f1xed cost of $42 466 1is assumed for the cheese plant, ﬂf

R per-unit costs of process1ng the 43 m1TT1on pounds of raw milk not consumed
;1n the fluid form during October woqu be: approx1mate1y $T 034 aTmost a
‘$O.34»per,cwt. 1ncrease from the May,season.“ Assemb]y costs in October
- were -approximately-$0 353 per cwt. The costs of the existing»seasonal-'

fTuctuat1ons in raw m11k product1on and f1u1d m1Tk consumpt1on at Teast

| in terms of hard product process1ng, are 1ndeed substant1a1

Implications | - »'1 X

The resuTts of these so]utlons cTearTy 1nd1cate that, in the framework
of th1s reg1ona1 probTem, econom1es of s1ze 1n the processing of raw mlTk |
into manufactured products tend to override transport costs in determ1n1ng
the optima]knumber of processing plants. Total costs continue to decTTne.
as p]ant'numbers are reduced to the point where the number of the Targestf.
vsize\pTants operating}at capactty is just adequate to process the available
tproduction. A major factor permitting these resuTts is the fact that’on]y |
a.smaTT'proportion of total milk production actually moveslto the'manufactur-
"_ing pTants. 'Thus; with a reduction in processingprant_numbers;_1ncrementa1
adjustments in thezaTToCation of mi]khto some of all of the fluid bottling
. centers can be»easily-made' In this way quantities can be rea]]ocated '
from sources near to a remaining. manufactur1ng plant w1th reTatlveTy smaTT
add1t1ons to overaTT transportat1on costs

~The techn1ca1 eff1c1enc1es which coqu be ga1ned from an industry



:,wide reforganiZation‘Whichbwould permjt,and:encourage movementvpatterns
‘.rand'plant'1OCationshapproXimate1y'as shownjin‘this'research-appearvsub—f~-
Stantialv While the analysis does not present the‘eVidence needed to-
vspec1fy the- probab]e 1mpact such changes wou]d u1t1mate1y have on e1ther
V_reta11 or farm ]eve] pr1ce it does suggest that attempts to atom1ze the .
“m1]k market1ng funct1on and thereby "1ncrease compet1t1on" wou]d not -
“necessar11y put 1ong run downward pressure on reta11 prices.. It appears
that costs,: espec1a11y process1ng costs per un1t, wou]d tend to rise. 1f the
“number of decision units, w1th ]ess ab1]1ty,to coord1nate total raw_m11krb
movements and the‘proceSSing functton 'Werefincreased From a pub]ic-poTicy
v1ewp01nt, consumer 1nterest groups and others concerned about. the effect

' of 1ncreas1ng 1ndustry concentrat1on on reta1] prices shou1d at least be
“made more cogn1zant of the 1mportant trade off in techn1ca1 efficiency

| often requ1red to increase pr1c1ng compet1t1on At-]east in this case,v

- reducing 1ndustry concentrat1on in an attempt-to improve pricing competi-v

t1on which 1is d1ff1cu1t to spec1fy at best wou]d probab]y not ]ead to

" ]ower reta1] pr1ces “for. m1]k and other dairy products

-~ The resu1ts of th1s ana]ys1s a]so indicate that those federal and -

state»regu]at1ons'wh1ch affect the movement of m11k w1th1n the reg1on

' ’}sh0u1d'be‘exam1ned While it 1s true that a1most no movement of m11k is

str1ct1y proh1b1ted by the ex1st1ng regu1at1ons, some - provisions. in the'
mT]k market1ng orders-operate t0'effect1ve1y constra1n movement»patternsvg

"such that a month-to-month reallocation of avaiTab]ehprOductionvwithin |

the region 1n'order‘to}minimize3tota] industry costs over_the year_is not

~mow possible. .~



The most dramat1ca11y apparent and eas11y 1dent1f1ed 1neff1c1ency

~in the present system from producer through processor appears to be the f

. rather substant1a1 seasona] var1at1on in the amount of raw m11k ava11ab1e

- for manufactur1ng While total product1on in the region on]y var1es by o t
'}]2 6 percent over the year, the amount of m1]k ava11ab]e for manufactur1ng
‘1near]y_tr1p1es from. October: to May, ref]ect1ng the,factvthat-m1]k.for manu-=
facturing is treated’as a residual. ‘Therebis somevquestion,vof course;¢
._v aboUt the abiTity of‘prodUCers’to match.productton more near1y'with approx?
h 1mate seasona1 consumpt1on but it s c]ear that th1s wnab111ty is a cost1y

component of the tota] system

In this ana]ys1s ex1st1ng 1ocat1ons of milk bottling p]ants were
'taken as. g1ven and d1str1but1on costs for both packaged f1u1d milk and -
the manufactured product were 1gnored as'were a]lrrevenue cons1derat1ons;
An’ana1y31s whichlinCOrporated the,economiesbof size in fTuid_bottTing

and_product‘distributjon costs would no doubt change the-milk movement

o l‘patterns obtained in this study but probably would not alter significantly

either'the number, size;or location of manufacturtng facilities or the con--
c]usions drawn from the study. It s accepted that economic as well as‘
policical, cons1derat1ons severe]y 11m1t the u]t1mate pract1ca11ty of an’
~industry organ1zat1on similar to the one wh1ch resu]ts from th1s ana]ys1s
(Kloth and Blak]ey)v. It appears, however, that substant1a1 techn1ca1
econom1es remain for an 1ndustry organ1zat1on more concentrated and/or '

' vert1ca11y 1ntegrated than the one. wh1ch ex1sts today
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| Tabie'l; 'Opt1ma] P]ant Location Sets for Cheese and Butter/Powder' '

i 0perat1ons Dur1ng May and October

Plant - - :._}g.,p Cheese’ - Butter/Pdwder

ID  Location May — October “May  October
, _ — — ‘ B ~ (Cwt. Prdcessed) .“'e ' e‘
102 KY 255,850 255,850 331,000 331,000
Sz TN 255,850 170,899 - 331,000 94,835
s W 164,524 - >' - \' -
e 255,850 S e 198,186 -
128 LA 255,850 --- 331,000 e
'Cost Summaryl/ o ‘ » o
- Processing. Cost/Cut.  $0.708r‘: '$OT72§' $0.646 $0.712.

* Assembly Cost/Cwt. ~ 0.348 ~ 0.356 . 0.350 0.357

-I/Proce531ng costs are for the manufactured product only. _Assembly costs

include the movement of raw m11k used for both f1u1d and manufactured

_product process1ng



Table 2. Impact of Seasonal Variation in Milk Availability on Pro-
- cessing with Location Set and Product Type Specified

Plant o IR ' vVo]uhe Prucessed.(CWt.).
- ID~ Lecation Product Type - - | , May , October
102 kY Cheese 250,479 133,900
112 | - IN Cheese ‘ o 129,163 ‘u 79,575
s M © Butter/Powder 318,547 113,970
BTSN N Butter/Powder 234,742 100,847
. 128 ‘b- LA - Cheese - 255,850 0

Cost Summaryl/
© Processing Cost/Cwt. $0.697  $1.034
Assembly Cost/Cwt. 0.348 ~  0.353

/Proéess1ng costs are for the manufacturéd product only. Assembiy costs
“include the movement of raw milk used for both fluid and manufactured
product process1ng
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FOOTNOTES

‘The authors are.ASSTStant Professor'of,Agricu]turgl Economics (Boehm)

| and Profeésof of Agricultural Marketing (Conner), Virginia Polytechhic'

Institute and State University.

One of the earliest discussions regarding the'handling of nonlineari-

' ,'ties in this way is contained in the article by Seagraves and Giaever.

Most of the data for this study were obtained from records maintained
by Dairymen, Inc., LOuisvi11e,’Kentucky. ‘These data were supplemented
where necessary with information from State Experiment Stations, State

Departments of'Agficu]ture“and U.S.D.A. reports.

—-‘Since*fixed costs are higher, and per unit processing costs lower at
‘high‘volumes, in-bUtper/powder plants then_in cheese plants a cost

.mﬁnﬁmization‘solution would Tead one to 1ocate-buttek/powder plants in

areas which are not affected by seasoné11ty in milk avai1abi11ty.

'HoWever; the nature of the product being processed as well as the na- 

“ture of the Tabor requirement forced us to choose the othervalternative;

Estimated costs for building and equipment depreciation and retaining

 management labor for cheese p]antsvwoq1d approximate $39,000’per month.

Thus, the intercept of the estimated total cost function ($42,466) is

" a reasonable estimate for fixed costs.
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