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Abstract 

The optimal number, size and location of milk manufacturing 
plants in the Southeast was detennined 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. 

' 
* The authors are Assistant Professor of Agricultural Economics 
(Boehm) and Professor of Agricultural Marketing (Conner). 



Optimal Number, Size and Location of Milk 
Manufacturing Plants in the Southeast 
with Implications for Industry Policy 

For many years agricultural economists have dealt with ~he problems 

of industrial organization, spatial equilibrium and optimum product flows. 

Plant location studies in particular have helped to make explicit the po­

tential savings in resource use which could result from restructuring an 

existing production-processing-consumption 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 ~t least one 

method of analyzing the impact of prevailing institutional constraints. 

In the present paper we report the results of our attempt to consider 

explicitly several 11 real world 11 restrictions on the assembly and movement 

of raw milk in determining what would 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 benchmark 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, 
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(b) a seasonal and spatially uneven commitment to deliver milk 

to fluid bottling centers for fluid consumption, 

(c) a highly perishable raw product with physical limitations on 

movement, and 

(d) economies of size in raw product processing. 

Determiner: 

The number, size and location of milk manufacturing plants in the 

southeastern U.S. that will minimize the aggregate costs of milk assembly 

and processing into a manufactured product form the Grade A milk produced 

in the region in excess of fluid bottling commitments. That is, delivery 

commitments to fluid bottling centers must be satisfied. 

The problem was simplified somewhat by assuming that both raw milk 

supply and final product demand were perfectly inelastic, that is, fixed 

at points in time. It was further assumed that only one manufacturing 

plant of a specified type would be permitted to operate. at each potential 

location. No assumption with respect to either the number or the ,capacity 

of fluid bottling plants operating at each bottling center was needed 

since fluid processing costs were ignoted. All product distribution costs 

were ignored. 

Economies of Size 

The level of disaggregation proposed for the problem prohibited the 

use of solution methods which deal explicitly with non-linearities in the 

processing cost function. Following King and Logan, Rbe and others, ec­

onomies of scale in raw product processing were incorporated into the 

solution procedure by employing the transportation algorithm in an iterative 
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fashion. The algorithm is used to obtain a series of 11 optimal 11 su'bsolu­

tions to problems which approximate the 11 real 11 problem. Per unit proces­

sing costs at each plant location are readjusted after each subsolution, 

based on the quantity processed at that location during the previous sub­

solution,, until ex post per unit processing costs are equal to those 

assumed ex ante. For the first subsolution, average processing costs at 

each location are set at their lowest level possible (plant at capacity). 

As the solution progresses plants with relatively small volumes are 

eliminated from the plant location set until the total costs of trans­

porting to a smaller number of plants are greater than the reductions in 

total processing costs made possible by eliminating additional plants . .11 

The solution system used for this study has been documented and is avail­

able on request from the authors [Boehm]. 

Data· Development Y 

For purposes of the study, the southeast region was identified as 

that area east of the Mississippi River and extending south from Kentucky 

and Virginia. Florida was excluded except that it was treated as an ex­

ternal source of raw milk producti-0n in the spring ~eason (May) and an ex­

ternal bottling center in the fall (October). The entire state of 

Louisiana was included. 

Raw milk production (Grade A) by county and fluid milk deliveries to 

bottling plants in 97 major bottling centets in the Southeast were ob­

tained for October 1974 and May 1975. While the county was the base unit 

of observation for production data, counties in the lower density production 

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



a distance adjustment fa.ctor based on milk density in the aggregated area 

was applied to all movements from the aggregated source. County identi­

fications were maintained for Southern Indiana, Kentucky, Tennessee, South­

ern Mississippi and Southeastern Louisiana. Total producticin from 290 

sources was approximately 760 million pounds in October and 856 million 

pounds in May. Grade A deliveries to the fluid bottling centers were about 

717 million pounds in October and 737 million pounds in May. Thus, approx­

imately 43 million pounds of raw milk in Oct_ober and 119 million pounds in 

May were available for processing in the manufactured form. 

A total of 31 potential manufacturing plant sites were selected. 

· Several of the potential plant sites were located in the Kentucky and 

Tennessee areas where ~xcess milk might logically b~ expected to accum­

ulate. At least one potential site was selected for each of the remaining 

states except Alabama The 31 plant sitei~provided the model with at least 

six times the capacity which would ultimately be needed to process the 

available milk. 

· Transportation cost functions were developed to reflect the cost 

differentials associat~d with terrain, production density and certain of 

the physical limitations imposed on milk movement by the highly perishable 

nature of the product. The specific cost functions used in this study are 

contained in the referenced report by Boehm and Conner. One cost function 

was used to calculate per unit movement costs for direct haul to plants in 

the higher density, rough terrrin areas of Southern Indiana and Illinois,· 

Kentucky, Tennessee, Western Virginia and Northwestern North Carolina. 

Direct haul shipments in these areas were restricted to approximately 100 

road miles. A second function based on the implied use of a somewhat 
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larger pick-up tank truck and a maximum dfrect haul of 150 miles was used 

for the other production areas. A third function was used.to calculate 

costs for milk movements beyond the 11 short haul II distance. It was assumed 

_ th~t such_ movements could only be made by first moving· the milk to ·a re-
' ·. . . ' . ·. 

ceiving. station within the direct haul mileage range,_ unloading, cooling 
. ' . 

and then reloading it_for shipment in over-the-road long haul tankers. 

Sixteen such receiv1ng. stations· were geographically dispersed throughout 

the study region. 

Processing costs for b_oth cheddar cheese and butter/powder pl ants 
. . 

were synthesized using engineering cost data prepared by Dair:ymen, Inc. 

(Conner, Boehm and Pardue). Given these data, linear total processing 

cost functions were estimated for both cheddar cheese and butter/powder 

operations. An envelope of least cost points from the synthesized data 

· provided the observations for the estimations~. Maximum raw milk capacity 

{or cheddar cheese plants was 25.585 million pounds per month .. Butter/ 

powder plants had an assumed maximum raw milk capacity of 33.100 million· 

pounds per month .. · The estimated processing cost fun ct ions used .in the 

study, where Q is monthly cwt. of milk processed·, are as follows: 

• CHEDDAR CHEESE: TC.= $42~466 + .5292 (Q) 

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

Results 

Milk mo"vement patterns and optim,al plan·t locations were initially 

obtained for four base situations using the solution method and the· data_ 

described above. · Two plant locati,:rn sets, one for each season, were ob­

tained assuming that all pl ants manufacturing excess G~ade ·A ~ilk in the 



- b -

region were cheese plants. The other two base solutions were obtained by 

assuming that all manufacturing plants were butter/powder operations. The 

plant location sets obtained in these solutions provided the information 

needed to select both the type and placement of manufacturing plants which 

would result in minimizing the total costs of assembly and raw product 

processing throughout the year. 

The results of ·the various static solutions for both May and October 

and the two product types are summarized in Table l. The impact of pro­

cessing economies on ultimate plant site selection as well as plant size 

is obvious. Plants tended to operate at the maximum capacity permitted 

for the type of plant being considered. In May, five locations, fairly 

dispersed throughout the region, were ultimately selected to process the 

available 119 million pounds of milk into cheese. Plants at four. of these 

locations operated at the.•maximum volume ·permitted for cheese plants 

(225,850 cwt./mo.). The final subso-lution obtained in May when all plants 

were assumed to be butter/powder operations resulted in plants at four 

locations. 

With each reduction in the number of plants total assembly costs 

.increased. As the number of cheese plants in the solution dropped from 

j 

the initial 18 to 8, assembly costs for all milk (856 million pounds) in­

cre~sed from $2.93 million to $2.97 million. Total costs however declined 

$390,000. By consolidating the processing from eight plants to the·five 

finally selected, assembly costs increased to $2.98 million but total costs 

were r~duced an additional $115,000. Similar cost reductions were noted 

for the May butter/powder solutions. However, sin_ce milk shipments were 

only being made to four processing plants, assembly costs were slightly 
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higher than when only cheese plants were permitted in solution. 

In the initial solutions for October, which considered only a minimiza­

tion of assembly costs, milk was moved to only 13 of the 31 potential 

plant sites. Since the volume of milk available in this period was much 

less than that availabl~ in the May period (64% less), the optimal number 

of plants was reduced to only two when either cheese or butter/powder 

operatfons were considered. Four subsolutions were required to reach the 

final cheese plant location set in October, one more than was requaired for 

the October butter/powder solution. 

Roughly, the same pattern of cost change occurred in these solutions 

as was the case for those obtained during the May period. Total assembly 

cos ts for all milk ( 760 mi 11 ion pounds) i ncr~ased from $2. 67 mill ion to 

$2.70 million as the number of operating cheese plants decreased from 13 

to three.· Total costs~ however, declined by $392,000. Assembly costs 

· were increased slightly when milk shipments were made to· only two of the 

plants but total costs declined by an additional $36,000. In October, when 

only butter/powder processing facilities were permitted total assembly 

costs changed very little but total costs declined $503,000 by consolidating 

the processing in two plants~ 

Processing cost per cwt. of milk for cheese was 2 cents higher in 

October than ih May reflecting the fact.that one out of two plants in the 

optimal plant set for October operated below the maximum volume permitted 

compared to only one out of five in May. Average processing cost was 6.5 

cent~ higher for the butter/powder plant set in October than was the case 

· for the May~lant set. Average assembly costs per cwt. were approximately 

$0.35 for all four final plant location sets. 



-~ Li 

Seasonal Impact on Plant Location Set 

Given the seasonal nature of the problem (only 36% as much raw milk 

to be manufactured iri October as in May) and the above determined optimal 

static solutions, a single plant location set had to be seletted such 

that total processing and assembly costs would be mini~ized subject to 

the following constra.ints. First, there had to be sufficient capacity to 

process the milk available during the May season. Second, implicitly re-

- cognizing the revenue considerations, there had to be a reasonable degree 

of flexability, with respect to product type, provided by the plant set 

ultimately selected. Third~ the critical role skilled labor plays in the 

successful operation of cheese processing facilities as well as the more 

perishable nature of the product suggests that cheese plants be located in 

areas which permit, inasmuch as possible, continual operation throughout 

the year. Y Fourth, the plant location set should be chosen so that as­

sembly costs throughout the year would be low relative to other locations. 

These considerations led to our heuristic selection of fiv~ plarit site 

locations for the region. Three plant locations 102, 112 and.128 were de­

signated as cheese plants -each with monthly capacities of 25.585 million 

pounds. Two additional sites, locations 115 and 121, were designated as 

butter/powder plants with monthly capacities of 33.l million pounds. Given 

these locations, with the product type and capacity specified, additional 

solutions were obtai~ed for each month (May and October). The results of 

these analyses are shown in Table 2. 

Two of the cheese and one of the butter/powder plants operated at or 

near maximum capacity permitted for that product type during the May period. 

The average per unit cost of processing during that period was $0.697 
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pet cwt. During the October season none of the five plants operated at 

capacity. The cheese plant at location 128 actually ceased operating en~ 

tirely. The other four plants operated at between 30 and 50 percent of 

capacity. If a fixed cost of $42,466 is assumed for the che·ese plant, 11 

per unit cos ts of processing the 43 mi 11 ion pounds of raw milk not consumed 

in the fluid form during October would be approximately $1.034, almost a 

$0.34 per cwt. increase from the May season. Assembly costs in October 

, were approximately $0.353 per cwt. The costs of the existing seasonal 

fluctuations in raw milk production and fluid milk consumption, at least 

in terms of hard product processing, are indeed substantial. 

Implications 

The results of these solutions clearly iridicate that, in the framework 

of this regional problem, economies of size in the processing of raw milk 

into manufactured products tend to override transport costs in determining 

the optimal number of processing plants. Total costs continue to decline 

as plant numbers ar~ reduced to the point where the number of the largest 
I 

size plants operating at capacity is just adequate to process the available 

production. A major factor permitting these results is the fact that only 

a small proportion of total milk production actually moves to the manufactur­

ing plants. Thus, with a reduction in processing plant numbers, incremental 

adjustments in the allocation of milk to some of all of the fluid ~ottling 

centers can be easily made. In this way, quantities can be reallocated 

from sources near to a remaining manufacturing plant with relatively small 

additions to overall transportation costs. 

The technical efficiencies which could be gained from an industry 
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- wide re-:organization which would permit and encourage movement pat,terns 
' . . . . . . . 

. · . . . . . . 

~nd plant locations approximately as shown in this·research appear sub-. 
. : -

stantial. WhHe the. analysis does not present the evidence needed to· 

sp~cify the probable impact such changes would ultimate·ly ha·.ve on either 

retail or farm level price it does suggest that attempts to atom,ze the 

. milk marketing function and thereby "increase competHion" would not•· 

necessarily put long~run downward pressure on retai.l prices.· It appears 
. . .. 

that costs, especiallJ processing. costs per·unit, would tend to rise if the 

. number of decision units, wHh less ability to coordinate totaJ raw milk 

movements and the processing function, were increased. From.a public policy 

viewpoint, consumer interest groups and others concerned about the effect 

. of increasing i·ndustry firncent;ati~11-on ret~il prices should at_least be. 

· · made more cogni zantof the .important. trade-off in techntca l efficiency 

often required to increase pricing competition~ At least in this case, · 

reducing industry concentr~tion in an attempt to improve pricing competi­

tion, which is difficult to specify at best, would probc1hly not lead to 

1 ower reta i 1 prices for milk and other dairy products. 

· The results of this analysis also indicate that those federal and 
' ' 

state regulations which; affect the movement of milk within the region 

should be examined .. While it is true that almost no movement of milk is 

strictly prohibited by the existing regulations~ some provisions in the 

mtlk marketing orders-operate to effectivelyconstrain movement patterns ... 

such that a month-to-month real location of available production within 

the region in order to mini.mize total industry costs over the year is not·· 

now possible.· 
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The most dramatically apparent and easily identified inefficiency 

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

rather substantial seasonal variation in the amount of raw milk available 

for manufacturing. While total production in the region only varies by 

12.6 percent over the year, the amount of milk available for manufacturing 

. nearly triples from October to May, reflecting the fact that milk for manu­

facturing is treated as a residual. There is some .question, of course,. 

about the ability of producers to match production m~re nearly with approx­

imate seasonal consumption but it is cl ear that this foabi l i ty is a costly 

component of the total system. 

In this analysis existing locations of milk bottling plants were 
\':-,-

taken as given and distribution costs for both packaged fluid milk and 

the manufactured product were ignored as were all revenue considerations. 

An analysis which.incorporated the economies of size in fluid bottling 

and product distribution costs would no doubt change the milk movement 

patterns obtained in this study but probably would not alter significantly 

either the number, size or location of manufacturing facilities or the con­

clusions drawn from the study. It is accepted that economic as well as 

policicel .considerations severely limit the ultimate practicality of an 

·• industry organization similar to the one which results from this analysis 

{Kloth and Blakley). It appears, however, that substantial technical 

economies remain for· an industry orga_nization more concentrated and/or 

vertically integrated than the one which exists today. 
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Table L Optimal· Plant Location Sets .for Cheese and Butter/Powder · 
Opera ti ans Durfog May and October. · 

Plant 
ID 

Cheese· 

102 

·.112 

. 115 .·. 

1.21 

128 

Location .· 

KY 

TN 

TN 

NC 

LA 

· Cost Summary!/·.·. 

May.· 

255,850 

255,850 

164;524 

255,850 

255,850 

Processing Cost/C~t. )o.1os· 
Assembly Cost/Cwt. 0.348 

October 

(Cwt. 
255,850 

170,899 

$0.)28 

0,356 ,· 

Butter/Powder 
May 

Processed) 
331,000 . 

331,000 

194,186 

331,000 

$0.646 

0.350 

October 

331,000 

94,835 

---

$0. 712 

0.357 

llProcessing costs are for the manufactured product only .. Assembly costs 
include the -movement of raw.milk ·used fbr both fluid and manufactured 
product processing •... 

,.f';. 
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Table 2 .. Impact of Seasonal Variati6n in Mili Availability on Pro­
. cessing with Location Set and Product Type Specified 

Pl ant Volume Processed (Cwt.) 
ID ·. Location Product Type May October· 

102 KY Cheese 250~479 133,900 

112 TN Cheese 129,163 79,575 

115 TN Butter/Powder . 318,547 113,970 

121 NC Butter/Powder 234,742 100,847 

128 LA Cheese 255,850 0 

Cost Summaryll 
I· 

Processing Cost/Cwt. $0.697 $1.034 

· Assembly Cost/Cw.t. . 0.348 . 0.353 

lf Processing costs are for the manufactured product only .. · Assembly costs 
'include the movement of raw milk used for both fluid and manufactured 
product processing. 



FOOTNOTES· 

* The authors are Assistant Professor of A9ricultural Economics (Boehm) 

and Professor of Agricultural Marketing (Conner), Virginia Polytechnic· 

Institute and State University. 

ll One of the earliest discussions regarding the handling of nonlineari­

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

Y Most of the data for this study were obtained from.records mai.ntafoed 

by Dairyme·n, Inc., Louisville, Kentucky. These data were supplemented 

where necessary with information from State Experiment Stations, State 

Departments of Agriculture and U.S.D.A. reports. 

Y Since fixed costs are higher, and per unit processing costs lower at 

high volumes, in butter/powder plants then in cheese plants a cost 

minimization solution would lead one to locate butter/powder plants in 

areas which are not affected by seasonality in milk availability. 

However, the nature of the product being processed as well as the na­

ture of the labor requirement forced us to choose the other alternative .. 

4/ Estimated costs for building and equipment depreciation and retaining 

management labor fot. cheese plants would approximate $39,000 per month~ 

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

a reasonable estimate for fixed costs. 
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