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INTRODUCTION 

This study is concerned with both Grade A and manufacturing milk. It also 

deals with assembly and receiving in cans and by bulk trucks. Most of the anal

yses are based upon rhe assumption rhar assembly and receiving cosrs are nor 

influenced by rhe grade of milk involved. Other basic assumptions are spelled 

our in rhe relevant sections. 
Milk for the 54 plants and stations in Southwes t Missouri was collected 

from farms by 781 can routes and 56 bulk rank trucks . A can route was defined 

as a group of producers who were serviced by one or more can trucks which 

were operated as a single managerial unit. Some individual routes formerly ser

viced by separate trucks have been combined into one route as the number of 

patrons has declined. Four percent of the sample routes were serviced by rwo 

trucks. On this basis the 781 routes in the area were serviced by 812 trucks . This 

is a decline of approximately lOO can routes and trucks since 1955. The decrease 

has been caused by declines in the number of dairymen, in total production of 

milk, in number of processing plants, by use of larger trucks, better roads, and 

by adoption of bulk tank coolers and rank trucks. 
The area is in rhe transitional period of herd enlargement and adoption of 

bulk milk coolers. Rapid adjustments will be necessary if ir is ro improve its 

competitive positillll relati ve to other areas. This analysis of assembl y problems 

has been made to secure int(>rmarion rhar can be used in making these adjust

ments. Various segments of the industry are imer-related. Relationships between 

producers , haulers, receiving stations, and processing plants must be considered 

if satisfactory adjustments are to be made. 

The organization of milk mutes in Southwest Missouri is extremely hetero

geneous. However. some characteristics are common to u:rrain types. The eHect 

of these characteristics llll assemhlv is presented in this :lll:livsis. 

Truck Cos/ h111ctiom. 

Tile expenses incurrec1 in operating milk pickup routes mav he hrokc:n down 

into items associated with ec1u ipmem and labor costs. These categories may be 

dividecl further into fixed and v:1ri:1hle L·osts. 
Fixed costs as herein considered include the items that do nor vary wirh rhe 

number of patrons served, the length of the route, or the volume of milk hauled. 

Varible costs increase with expansion of a route in one or more of rhese items. 

The change typically is nor proportional to the change in activity. 
Certain variable costs exhibit a tendency toward linearity within a given 

range. However, the application of a linear (straight line) equation ro these var

iables in rhe analysis does nor impl y continuous linearity beyond the extremes 

considered. Such a fun ction can be useful in comparing alternatives within rhe 

applicable range, even though the extreme may vary from the ec]ttation used. 

Because of the proportion of fixed ro variable items, rhe total average cost 

of assembling a unit of milk declines rapidly with increasing volume. This is 



4 MISSOURI AGRICULTURAL EXPERIMENT STATION 

especially true in Southwest Missouri, which is an area of man y low volume 
producers and haulers. 

CAN ROUTE CHARACTERISTICS 

The data in Table I summarize the cost structure of the 105 can routes in
cluded in the analysis. The annual fixed cost ($885) plus the variab le cost ($2, 
539) gives a total annual cost per route of $3,424. The average annual mileage 
was 34,732 miles on routes which averaged 103 miles in length. 

On a cost per mile basis, the fixed cost was 2.55 cents ; the variable cost was 
7.31 cents , and the average total cos t 9.86 cents. A hauler who has his money 
invested in equipment char cannot be used well for some other purpose. will 
often continue to operate the route for a limited period if he can meet his var
iable costs. 

The cost functions may be applied to actua l situations by means of equations 
which summarize the cost data. The equations presented herein have been sim
plified and presented in a straightforward manner with emphasis upon usability. 
The functions are presented step by step so that the equati on may be used in 
the field wi th a minimum of modification. 

The equations describing the cost functions as found in this study are: 

FC=D+I+ T +L+Ins+M 
FC=Annual fixed cost 
D =Depreciation 
I= Interest on to tal route investment 
T =Property tax 
L=Truck License 
Ins= Insurance (liability, collision and comprehensive) 
M =Miscellaneous 
VC=(G+Lub+Ti+R+Mu) miles per year 
VC =Annual variable cost 
G =Gasoline cost per mile 
Lub =Lubrication (including oil ) cost per mile 
Ti =Tire cost per mile 
R =Repair cost per mile 
Mu = Miscellaneous cost per mile 
TC=FC+VC 
TC =Total annual cost 
The analytical functions for determining approximate cost of operating a 

can pickup route are represented bv the following elluations: 
TC=FC+VC 
FC=D+I+ T +L+Ins+M=$885 

D=$420.61 
I= $260.47 
T=$20.77 



TABLE 1 

CHARACTERISTICS OF 105 CAN MILK ROUTES OPERATING IN SOUTHWEST MISSOURI, 1960 

Number of routes in sample 

Number of trucks on sample routes 

Weighted Average per Route 

Number patrons 

Age of truck, years 

Annual mileage 

Annual fixed c os t, dollars 

Depreciation 

Interest 

Tax and License 

Insurance 

Miscellaneous 

Annual operating cost, dollars 

Gas and Lubrication 

Tires 

Repairs 

Miscellaneous 

420 . 61 

260 . 47 

49 . 66 

138 . 93 

15.33 

1 ,443 . 61 

495.86 

520 . 00 

79 . 53 

TOTAL ANNUAL COST, DOLLARS 

Annual van cost, dollars 

Cost of truck, dollars 

105 

109 

33 , 05 

2.71 

34,732 

885 

2, 539 

3,424 

200 

2,659 

Market value of route, dollars 

Total investment, dollars 

Aver age daily vol ume, pounds 

Average daily volume per patron, pounds 

Seasonal variation in volume hauled, 

per centage points 

Gross annual receipts, dollars 

Annual returns to labor, dollars 

Returns to labor, cents per 100 pounds 

Returns to labor, dollars per hour 

Average hauling charge to farmers, cents 

per 100 pounds 

Miles per stop-- total route 

Pick- up 

Cost per mile, cents Total 

Fixed 

Operating 

1,908 

4, 627 

5, 190 

157 

83.19 :::0 
tT1 

6,685 
(/) 

tT1 
> 

3, 261 ~ 
() 

17.17 
::r: 
tp 

1. 26 c 
r-
r-
tn 
-' 

35 . 29 z 
3. 15 X 

-:r-

2.03 

9. 86 

2.55 

7. 31 

VI 
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L= $28.89 
Ins = $138.93 
M=$15.33 
T otal Annual Fixed Cost = $885 

VC = (Gmi + Lubmi + Ti mi + R mi + Mum;) 
Gm; = Gasoline cost per mile ($.0374) times annual mileage 
Lub m; = Lubrication cost per mile ($.004 1) times annual mileage 
Tim; = T ire cost per mile ($.0143) times annual mileage 
R m; = Repair cost per mile ($.0150) times annual mileage 
Mum; = Miscellaneous cost per mile ($.0023) times annual mileage 
Total variable Cost Per Mile = $.0731 

TC = [$420.61 + $260.47 + $20.77 + $28.89 + $138.93 + 

$15.33} + [($ .0374 + $.0041 + $.0143 + $.0150 + $.0023) 
(annual mileage)] 

FC = $885 
VC = $.0731 (34,732 miles) = $2,539 
TC = $885 + $2,539 = $3.424 

All the figures in these calculations are for the average can route in this 
study. Substiturion of the actual miles driven annuallv on any individual route, 
into the ahove equation, wi ll give a close estimate of the annual truck cost. 
These estimates wil l be quite accurate within the range of 20,000 to 80,000 
miles , for a normal can route. Ad}ustments can be made for unusual route con
ditions and for very short or very long routes. The fo llowing conditions would 
ca use higher costs per mile: poor roads, hill y terrain, heavy loads, numerous 
small stops, poor driver. truck not properly maintained, or an old truck. 

Actual figures from accurate records of route operation , of course, will be 
superior to those estimates. H owever, these estimates are much better for plan
ning than mere guesses. 

Influence Of Route Cbaracteristics. 

Many factors influence the cost of operati on an d th e returns from a milk 
route. The degree of success of the route probably best can be measured by the 
labor income of the operator. A satisfactory income is necessary if the hauler is 
to contin ue in business. Otherwise, he wi ll seek other employment, either from 
choice or because he is involuntarily forced to cease operations by lack of capi
tal. 

Analysis of the operating records of haulers in Southwest Missouri showed 
a significant relationship between gross receipts and labor income. An increase 
of $1,036 in gross receipts was associated with an increase of $1,000 in labor in
come when comparing routes. 

Gross income is determined by hundredweigh t of milk hauled times the 
rate per 100 pounds. This was computed for each route by multiplying the ap-
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propriate volume by the actual rate charged on the route. A significant correla
tion existed between volume of milk hauled and labor income. This relation
ship shown in Figure 1 indicates that an average increase of 100 pounds hauled 
per day added $69 to the annual labor income of the hauler. 

Tho ur;a nd 
Dollars 

Y = -220.62 + 69.172 X 

r = 0.951 

r significant at .01 
.OS 

0~--~--~----~--~--~~--~---L----~--~--~ 
10 20 30 40 50 60 70 80 90 1 0(1 

Average Daily Volume - Hundredweight 
fig"U l'C 1 

.798 

.6fi6 

Influence of Average Daily Volume Hauled per Route upon th<~ 
Annual Return to Labor on 99 Can Routes Operating in 

Southwest Missou~i. 1960. 

Cost Of Hauling. 

The cost of hauling 100 pounds of milk is influenced by the average daily 
vo lume per route. Grouping the ro utes according to average daily volume re· 
vealcd a significant negative relationship as shown in Figure 2. The line of re· 
gression suggests that, wi thin the normal range, as the daily volume increased 
1,000 pounds, a reduction of nine-tenths of a cent per 100 pounds might be ex· 
peered in the hauling cost. The relationship between volume hauled and cost 
per unit has been a compelling force in route consolidation in this area. 

These data emphasize the importance of hauling adequate volume. Haulers 
endeavor to increase volume by securing additional patrons, especially those 
shipping large quantities of milk. Several instances in Southwest Missouri were 
cited of concessions being made by haulers in order to obtain or maintain an 
individual producer. Usually these concessions were made to large producers. 
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Many haulers who made concessions expressed their disapproval of the practice, 
but felt compelled to yield ro these pressures rather than lose the patron. It is 
apparent that producers have exercised their bargaining power to gain these con
cessions. 

Cents 

25 

20 

15 

l !J 

• 

10 20 30 40 50 60 

Y = 22.56 - .08837 X 

r = 0.752 

r significant at .01 . 735 
.05 "" .602 

70 80 90 100 110 120 

Average Daily Volume - Hundredweight 
Figure 2 

Influence of Average Daily Route Volume Upon Unit Cost 
on 99 Can Routes in Southwest Missouri, 1960. 

An individual hauler can increase his volume by adding patrons, or by se
curing greater volume per patron. The two means have diverse effects upon the 
per unit cost of hauling. To obtain additional patrons a hauler must either ex
pand his territory or service it more intensively. Added patrons often are rather 
difficult and expensive to obtain and keep. 

The hauler has the cooperation and assistance of plant personnel and of 
educational facilities in encouraging greater production per producer. This type 
of increase may be accomplished through larger herds , more productive cows, 
or by better feeding, breeding and other managerial practices. Labor income for 
the hauler is closely associated with volume per patron as shown in Table II. 
This means of increasing the load is preferred by the hauler. A significant pro-



TABLE II 

RELATIONSHIP OF LABOR INCOME TO SELECTED FACTORS FOR SIXTY-ONE CAN ROUTES, 1960 

Range Average Average Average Market Average 
annual annual volume monthly value total Average Fixed 
labor labor Number per month volume per of invest- gross cost per 
income income routes 100 pounds patron, lbs. route ment income year 

$ 0-499 $450 1 982 2,867 $0 $3,749 $4,125 $419 

500-999 655 3 860 3,168 1,067 4,552 4,157 879 :::0 
~ 

1000-1499 1, 296 6 813 4,109 858 2,097 3,289 333 
V> 
~ 

> 
1500- 1999 1,735 9 1,090 5,183 822 3,395 4,709 607 ::<1 

n 
2000-2499 2,242 9 1,160 3, 678 1, 578 4, 027 5,304 697 

::r: 
tp 

2500-2999 2,709 3 1,309 4,199 1,833 3,908 5, 989 717 c: 
[-< 
[-< 

3000-3499 3,226 9 1, 651 5,096 2,200 5, 719 6, 719 1,096 ~ ..., 
3500-3999 3,690 5 1, 491 5,593 1,900 4,807 6,668 909 z 
4000-4499 4,266 3 1, 888 5,148 1,667 

(X) 

5,353 8, 632 1,187 (X) 

""' 4500-4999 4,919 2 1,983 5,332 678 4,420 8,104 1,147 

5000-5499 5,069 3 2,055 5,185 3, 746 7,928 9,286 1,346 

5500-5999 5, 738 4 2,442 5,133 4,263 6,747 9,605 908 

6000-6499 6,284 2 2,120 5,095 3,000 5,390 8, 783 501 

6500+ 6,728 2 2,491 10,610 2,300 6,175 9,700 1,184 

Overall 3,089 61 1,471 4, 866 2,115 4,636 6,288 824 

'D 
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portion of the resource inputs are inflexible. Unit assembly costs are forced up
ward rapidly when patrons ship small volumes. This fact is ignored in the flat 
hauling rare . which overcharges large shippers while subsidizing small ones. 

Failure to recognize and exploit the economies of scale does nor invalidate 
the importance of these economies. The competitive nature of the dairy indus
try makes its use necessary if the individual firm is to survive. The fact appears 
to be recognized by the owners and managers of processing plants, but is largely 
ignored in bringing milk to the plants. 

The practice of paying quality premiums for a given minimum volume of 
milk has been initiated by all plants in the area during recent years. This has 
been the only "official" recognition of the fact that a unit of milk received from 
high volume patrons costs less to handle than that received in small shipments. 

Labor Income And Investment In Route. 

The routes in Southwest Missouri with high volume and large shippers 
tended to return the highest labor incomes. 

The income from a route determines its market value. An increase of $1,000 
in labor income was associated with an average increase of $418 in the market 
value of the route. 

The market value of a milk route comprises a substantial portion of the 
total investment. Figure 3 shows the relationships existing between annual labor 

A B 

Total Investment 
Hundred 
Dollars 

Y ~ 3060 + .51861 X 

Market Value of Route 

Y ~ 388 + .41777 X 
r ~ 0.721 r ~ 0.742 

70 

60 

50 

40 

30 

20 

10 

r significant at -01 .661 
.O S = .532 

)( ----
)( ----

)( -------It -----K-JC --
1000 2000 3000 4000 

--
J( 

5000 
Return to Labor 100 Dollars 

Figure 3 

A 

B 

-----

6000 7000 

Relationship Between Annual Return to Labor, Market Value of the Route, 
and Total Investment in the Route on 61 Can Routes in Southwest Missouri, 

1960. 
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income, the market value and the total investment. In each instance, the positive 
correlation was significant beyond the 1 percent level. The market value of the 
route was estimated by the hauler, often after consulting the fieldman or plant 
manager. It was based upon recent offers he had received, what he had paid for 
the route, or the price paid for a similar route. The interviewer checked with 
plant personnel concerning those routes where the estimate seemed question
able. The data in Table III show the market value of routes and selected char
acteristics . The variables chosen showed significant positive relationships except 
for hours per year on route business, where the relationship was negative. Com
ments by plant personnel indicated that more producer discontent was experi
enced on the less successful routes , thereby requiring extra time by the hauler 
and fieldman . Table IV shows similar relationships as compared with total 
route investment. 

Another significant relationship closely all ied to this discussion was that 
of labor income and age of truck used on the route. 

The average age was three years. Routes returning higher labor incomes 
tended to be equipped with newer trucks. A $1,000 decrease in labor income was 
associated with a .45 year increase in the age of truck (Figure 4). Another as
pect of this same problem was the increased repair bill associated with older 

Age in 
Ye-ars 

5 .0 

4.0 • 

3.0 

2.0 

l.O 

1000 2000 

Y = 3.83 - .00045 X 
r = 0.619 
r significant at .01 

. OS 

3000 4000 

.684 

.553 

• 
5000 

Annual Return to Labor - Dollars 

Figure 4 

6000 7000 

Relationship Between the Average Annual Return to Labor a nd the Age of '.fruck Used on the Route for 61 Can Routes in Southwest Missouri , 1960. 

trucks. Cash outlays for repairs presented special problems to haulers with low 
incomes, very frequently resulting in low quality service to patrons, and eventual 
"forced" sale of a more or less run-down route. 

The positive inter-relationship existing between facilities, profitability, 
hauler attitude, and the subjective evaluation of the route by plant personnel 
was very noticeable. No effort was made to measure these relationships quanti-



...... 
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TABLE III 

CHARACTERISTICS OF 79 CAN ROUTES GROUPED ACCORDING TO 
a;:: 
v; 
(/) 

0 MARKET VALUE OF ROUTE, 1960 c 
~ Average 
> market Average Number Average Hours per Average () 

value total patrons daily Average year on time on ;<1 

Number of route, investment, per volume, annual route route, () 
c routes dollars dollars route pounds mileage business hours :-
>-l 

13 438 3,094 26.18 3,970 34,126 376 6.27 c 
;<1 
> 27 1,195 3,991 30.56 4,272 38,422 371 7. 30 :-
tTl 2,244 9 5,053 42.33 5,931 36,840 313 6.56 ~ 
.,; 

13 3,195 6,593 34. 60 5,238 32,906 239 6.92 tn 
;<1 

7 4,043 7,585 37 . 83 6,990 32,417 267 6. 50 ~ 
tn 

5 5,270 7,925 41.01 8,115 31,452 197 9.50 z 
>-l 

5 6,900 9,403 36.47 8,220 33,930 170 8.05 
(/) 
>-l 
> 

Overall >-l 
0 

79 2,390 5,303 33 . 52 5,304 35,370 311 7.10 z 



TABLE IV 

CHARACTERISTICS OF 90 CAN ROUTES ARRAYED ACCORDING 

TO TOTAL INVESTMENT, 1960 a) 

Average 
Average market Average Average 
total value cost of Average Average daily 

Number investment, of route, truck, annual number volume, 
routes dollars dollars dollars mileage patrons 12ounds 

7 1,176 485 721 23,265 21.69 2,917 

26 3,058 1,199 1, 887 32, 382 28.53 4,171 

26 4,960 1,568 3,108 35,205 33.98 4,636 

18 6,903 3,311 3,240 32,617 39 .13 6, 383 

13 9,008 5,138 3,690 50,055 38.63 7,955 

Overall - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

90 5,089 2, 098 2, 659 35,088 33.1 5,197 

a) The total investment does not exactly agree with the sum of the market value plus the investment in truck, as the 
information on all routes was not complete. Averages were computed by dividing totals by the appropriate number of 
routes. 

?' 
tT1 
V> 
tT1 
> 
~ 
n 
::c 
t:P 
c 
r-' 
r-' 
tT1 

::l 
7 

00 
00 
.!:>-

...... 
V.> 
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· tatively. Plant managers appeared reluctant to admit the failure of a given route 
until it had completely collapsed. This hesitancy to make adjustments often led 
to excessive subsidization of unsuccessful routes-a practice much lamented by 
plant personnel. 

The cases where subsidization was not condemned were in plants which 
used the practice sparingly as a tool to build successful routes. These plants had 
a defi nite agreement with haulers as to the cut-off date before starting actual 
subsidization. The routes that received a major portion of the subsidy paid to 
haulers delivered a minor portion of the total milk to receiving lines. 

BULK MILK HANDLING SYSTEMS 

Although the introduction of bulk coolers on farms has had a tremendous 
impact on the dairy industry, it must not be considered as an isolated example 
of change. This is an integral part of the continuing process of mechanization 
and specialization in the production and processing of milk. Shifts toward great
er intensification have generally been accompanied by larger investments in 
equipment and facilit ies and greater production by individual farms and plants. 

In many instances, these investments in bulk handling are not completely 
offset by economies in handling the milk on the farm. On the other hand, sub
stantial savings may be realized in hauling and in the receiving operation at the 
plant. When faced with the installation of new receiving facilities, the bulk 
handling method probabl y will be less expensive for the plant than the can 
handling sys.tem. A truck suitable for hauling bulk milk is more expensive than 
that used for transporting can milk. H owever , the bulk truck and tank equip
ment does permit a greater volume to be transported by the hauler, thereby 
directly influencing his income. 

It appears that the farmer, who makes the largest comparative investment 
in order to change to bulk handling, should be the one to realize the greatest 
savings. However, the savings largely are realized in the assembling and receiv
ing processes. If the farmer is to benefit from them, it is necessary for these 
savings to be passed back to him. 

In view of the discrepancies between investment and direct returns, pro
ducer cooperative associations have been in a favorable position to encourage 
transition to bulk handling methods. Bulk handling offers greater flexibility in 
diversion of supplies to plants where the milk is needed, whether for fluid uses 
or for manufacturing purposes. In order to achieve this greater degree of flexi
bility and control, cooperative associations have in many instances obtained own
ership or control of the collecting facilities , or at least a portion of them. This 
procedure has made it posssible to pass the savings back to the producer. 

In order to encourage more rapid adoption of bulk handling methods, farm 
bulk coolers are being placed on patrons ' farms in Southwest Missouri by some 
milk manufacturing firms. No charge is made for the use of these coolers so 
long as the producer continues to patronize the plant. The regular premium for 
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cooled milk is not paid in these instances. The patron may purchase the cooler 
at any time at a pre-determined depreciated rate. 

Contract haulers transport the milk from the farm to the plant. These men 
:ll"e selected from the can haulers who serve the plant. They own the truck, but 
lease the tank from the plant , and are assigned a territory by the company. 
Routes are readjusted by the plant when it is necessarv. 

In order to maintain good public relations and to protect vested interests, 
at least one firm has adopted the practice of continuing to pay the contract can 
hauler when a patron installs a bulk tank. The payment is continued for a period 
of one year, or the time that he had shipped on the can route , whichever period 
was shorter. While rather expensive, this practice has strengthened the relation
shi p between patron, hauler , and plant management. 

Reorganization Potential bz Bulk Assembly. 

As the bulk system replaces the existing can procurement system, the in
dustry is given an opportunity to eliminate or minimize inefficiencies, and to 
take advantage of the basic economies of the new system. The changes that are 
adopted can reduce hauling costs. If proper adjustments in organization of the 
routes are not made at the time bulk routes are organized, such adjustments 
might well be difficult to initiate at a later date . 

Ever-other-day bulk routes can serve scattered patrons more economically 
than every day can routes. This saving does not indicate that scattered patrons 
can be served at a low cost. Hauling costs with both bulk and can equipment 
increase as the length of the route increases, and as density of milk production 
decreases. Long routes, or routes of low density, are more feasible with bulk 
operations than with can operations. However, short routes, and those with 
dense production, are less costly under either system. In the early period of 
gradual conversion, many of the potential economies of the bulk system may 
not be realized due to the necessity of serving widely scattered producers. 

The basic advantage of a bulk route comes from a reduction in mileage per 
hundredweight, larger loads, and less frequent pickup service. In order to offset 
the high fixed farm stop time requirement, this service must not be more fre
quent than every other day under normal production patterns. Every other day 
service doubles the volume of milk loading per stop, thereby eliminating most 
of the time disadvantage. 

Most of the can trucks are replaced by bulk trucks of greater capacity, per
mitting larger loads per trip, and a reduction in the total number of trucks and 
drivers required to serve a given group of producers. 

The average total cost per mile of operating a bulk tank truck declines 
more rapidly than that of a can truck as annual mileage increases. This relative 
decline is due to the higher ratio of fixed costs ro variable costs for the bulk 
truck. 

During the early period of transition from can to bulk handling systems, 
the effect of scattered producers tends to be offset by the large size of producers 
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who make the conversion at this time. 1 Data from federal order markets indicate 
that large producers install costly equipment, such as bulk tanks, earlier than 
small producers. Large producers are needed to realize the full economies of the 
bulk tank system. There is a relatively high fixed time requirement for stopping 
and positioning the truck, measuring and agitating the milk, obtaining the sam
ple, connecting hoses, and rinsing the tank. The only truly variable time re
quirement is pumping the milk. 

The large pay load and less frequent pickup service associated with bulk 
operation result in reductions in time and mileage costs per hundredweight of 
milk as compared to can hauling systems. Bulk receiving also requires substan
tially less labor and equipment in the receiving room than does can receiving. 
The flexibility in receiving hours permits bulk trucks to make more than one 
load daily, with two drivers alternating on a truck in some instances. 

Maintenance of two systems of procurement, bulk and can, leads to in
creased costs of hauling and receiving, as the full economies of either system 
cannot be realized. The tendency of large producers to shift to bulk milk han
dling while small producers, on the average, retain cans, results in high unit 
collection and receiving costs, especially for the can milk during the transition 
period. 

Cost Functions Of Hauling Bulk Milk. 

Data concerning investment, operating cost, volume of business, and labor 
requirements were obtained from operators of 47 bulk tank trucks. The infor
mation was comparable for 34 of these farm pickup trucks, 21 of which were 
operated by contract haulers, and 13 by a cooperative association. At the time 
the survey was made, 56 bulk trucks were operating in the area. 

The conditions under which the bulk farm pickup trucks operated were 
more variable than with can trucks. All routes were in a state of change, mainly 
because of the fact that producers were shifting from can to bulk coolers. Routes 
were being changed and producers served by various trucks in an effort to main
tain a reasonable degree of efficiency. 

Most of the drivers previously had hauled milk in cans. They had patterned 
their bulk operations very closely after the can route, and were in the process 
of modifYing their routes so they could take advantage of the economies of bulk 
pickup service. 

Table V shows the characteristics of the 34 bulk trucks about which com
parable information was obtained. Total costs were the sum of the yearly fixed 
costs , operating costs, and tank costs. Tank costs were listed separately, due to 
lack of agreement on the depreciation rate and the varied tank ownership pattern. 
Several tanks were owned by the plant and leased to the haulers. 

The cost data obtained by this study can be applied to actual situations by 

'Fallerr and Whirred, Impacr of New Milk Collecrion Sysrem on Sr. Louis Dairy Farmers, Missouri College 
of Agriculrure Research Bullerin 719, 1959, pages 16 and 24. 
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TABLE V 

CHARACTERISTICS OF THIRTY-FOUR BULK TRUCKS 

OPERATING IN SOUTHWEST MISSOURI IN 1960 

Number routes 

Number trucks 

Weighted Average per Truck 

Average daily volume, pounds 

Average monthly volume, 100 pounds 

Average yearly volume, 100 pounds 

Number patrons 

Average monthly volume per patron, pounds 

Seasonal route variation, range 

Annual mileage 

Cost per year 

Yearly tank charge at 2 cents per 

100 pounds 

Cost per mile 

Cost per 100 pounds 

Gross annual income 

Return to labor 

Return to labor, per 100 pounds 

Hours per day-hauling 

Total route time, hours 

Hours per 100 pounds-hauling 

Total route 

Hours per stop-hauling 

Total route hours 

Hours per year on other route business 

Total 

Fixed 

Operating 

Total 

Fixed 

Operating 

Total 

Fixed 

Operating 

(every other day 

collection) 

17 

15 

34 

15,856 

4,836 

58,033 

21.32 

22,682 

57.81 

46,975 

$ 5,868 

$ 1, 908 

$ 3,960 

$ 1,161 

$ .1249 

$ . 0406 

$ .0843 

$ .1011 

$ . 0329 

$ . 0682 

$12,190 

$ 5,161 

$ . 0889 

8.56 

10.46 

. 054 

. Q66 

. 80 

.98 

439 

means of the following equations. Actual figures from accurate records for the 
route, of course, would be better. However, by substituting the annual mileage 
of the specific route for the average figure used here, a good estimate of yearly 
costs of operating the route will be obtained. 
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Total costs = Fixed costs + Operating cost + Tank costs 
TC = Total costs 
FC = Fixed costs 
OC = Operating costs 
TaC = Tank costs 

FC = D + I + T + L + Ins + M 
D = Depreciation 
I = Interest 
T =Taxes 
L =License 
Ins = Insurance 
M = Miscellaneous fixed costs 

OC =Miles (G + Lub + Ti + R + Mu) 
G = Gasoline cost per mile 
Lub = Lubrication cost per mile 
Ti = Tire cost per mile 
R = Repair cost per mile 
Mu = Miscellaneous operating cost per mile 

TaC = (tac)(cwt) 
tac = Tank charge per hundredweight 

The appropriate annual costs under normal conditions in Southwest Mis
souri in 1960 were as follows: 

TC = FC + Mi (OCmi) + (tac)(cwt) 
FC = $1,908 
OCm i = $.0843 
taCcwt = $.0200 

Applying the above values to the average bulk truck operation, the equation 
becomes : 

TC = $1,908 + (46,975)($.0843) + ($.02)(58,033) 
TC = $1,908 + $3,960 + $1,161 
TC = $7,029 

Gross annual income for the average bulk truck was $12,190. Deducting the 
$7,029 in costs from gross income gave an annual return to labor of $5,161, or 
8.89 cents per hundredweight. This figure may be compared to the labor cost of 
11.52 cents per hundredweight on routes with hired drivers. 

There is considerable variation between bulk routes. In order to estimate 
total costs for a specific route, the above functions should be modified so as to 
reflect local operating conditions more accurately. 

Although multiple-unit routes have an advantage, all routes are considered 
together on a per truck basis. This comparison was considered best under the 
conditions prevailing in this area. 
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The average bulk truck was servicing 21.32 patrons on an every other day 
basis. The average bulk patron shipped 22,682 pounds of milk per month. The 
average daily volume hauled per truck was 15,856 pounds. The daily load varied 
with the season. For each 100 pounds hauled during the month of low volume, 
rhe average trucker hauled 158 pounds during his peak month . Bulk handling 
permits much greater adjustment in the use of facilities to reduce the effects of 
unfavorable seasonal production patterns than does can handling. In addition, 
the seasonal production pattern was not so extreme for bulk milk as for can milk. 

To serve extra patrons requires additional rime, as the farm stop represents 
a significant portion of the period spent on the route. Table V indicates an 
average of 48 minutes (.80 hour) spent per patron. All rime necessary to deliver 
the milk to the plant lor was charged to hauling, bur not the rime spent at the 
plant. Total route time averaged .98 hour per patron. This relationship coincides 
with the high percentage of fixed rime required for the operation of a bulk route. 
There appeared to be no statistical relationship between the number of patrons 
per truck and the rime spent on route business such as soliciting milk and call
ing on patrons. 

The time required to serve additional patrons is a result of the extra farm 
stops and increased driving time. An average of 6.02 miles per patron was driven 
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Figure 5 

Relationship Between the Number of Patrons Serviced per Truck and the 
Annual Route Mileage for 21 Bulk Milk Trucks Operating in 

Southwest Missouri, 1960. 
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between the first and last pickup. Fifty percent of the coral mileage was driven 
before the first farm stop and after the last one. Although not fully descriptive, 
this is referred to as overhead mileage. Total mileage per farm stop would, there
fore, be 12.04 mlies. Figure 5 depicts the relationship of number of patrons and 
annual mileage for the 21 trucks operated by 13 contract haulers. 

Unlike can routes, the relationships between marker value and the number 
of patrons or daily volume were not statistically significant. 

A significant negative correlation existed between the average daily volume 
per truck and the average total cost of hauling a hundredweight of milk. Figure 
6 and Table VI show the economy realized by hauling a greater volume per day. 
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Hundredweight 
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Figure 6 

Relationship of Average Daily Volume and Average Total Cost of 
Hauling 100 Pounds on 21 Commercial Bulk Trucks in Southwest 

Missouri, 1960. 

Figure 7 is based on budgetary computations. It shows the average truck 
cost per hundredweight of milk hauled as the dependent variable, and· the vol
ume per patron per day and average daily volume hauled as the independent 
variables. Because of the high proportion of fixed costs per truck and per farm 
stop, rather significant savings can be realized by full utilization of the truck, or 
at least to the point of hauling one full load per day. The comparison shows 
that there is a substantial difference in per unit cost of servicing the producers 
of different volumes. Most of the economy of size has been realized when pro
ducers average 1,000 pounds per day (2,000 pounds every other day). 

In order to compare these variables, the fixed cost per truck was held at 
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TABLE VI 

COST CHARACTERISTICS OF 13 COMMERCIAL BULK ROUTES IN 

SOUTHWEST MISSOURI COMPUTED ON A PER TRUCK BASIS 

(21 TRUCKS) . 

ARRAYED ACCORDING TO AVERAGE DAILY VOLUME HAULED 

Total 
Average Fixed Operating Total cost 
daily cost cost cost per 
route per per per 100 
volume year year year pounds 
100 pounds dollars dollars dollars cents 

58 1 ,448 3, 459 4,907 23 .11 6 

83 1 ,909 1,855 3, 764 12.390 

92 642 3, 1 5~ 3, 800 11. 285 

114 1,709 2,461 4,170 9.994 

116 1,236 2,980 4, 216 9.993 

128 1,515 3, 942 5,457 11.648 

142 1,492 4,447 5,939 11.427 

146 2,160 2,654 4, 814 9. 009 

159 1, 870 4,875 6,745 11. 591 

172 1,493 4,035 5,528 8. 781 

189 1,246 3,690 4,936 7. 136 

190 1,395 4,145 5,540 7. 967 

242 1,898 5,694 7' 592 8. 572 

Overall - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

147 1,502 3, 868 5, 370 9. 962 

$1,908 per year, (Table V) the distance between stops at four miles, the truck 
operating cost at 8.43 cents per mile , with every other day service provided to 

each patron. Two trucks would be needed to haul the larger volumes of milk 
shown in the illustration when the patrons were small volume shippers because 
of the greater number of stops and the mileage. 

Labor Requirement Of Bulk Handling. 

The time required to perform the various operations necessary to collecting 
bulk milk from farms in Southwest Missouri and delivering it to the receiving 
plant was determined by riding with haulers and timing the operations with a 
stop watch. The time, miles, and volume were recorded on a check sheet. 

A summary of 15 loads from 99 producers, delivered to three bulk receiving 
units on selected days in November and December, 1961, form the basis for the 
following estimates. Observations were made during normal driving conditions. 
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Total route labor may be divided into: 
1. driving time, 
2. farm srop time, 
3. time at the plant, 
4. miscellaneous. 
Farm stop time can be divided into the fixed time requirement plus the 

variable pumping time based upon volume. Plant stops also consist of fixed time 
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such as waiting, checking in, cleanup, and checking out, plus the variable time 
of pumping off or unloading the milk. 

Based upon observations in the study, the following functions may be used 
to estimate the time requirement of servicing a given group of patrons under 
normal conditions in Southwest Missouri. Adjustments may be made to allow 
for deviations from normal. The functions represent requirements for a given 
truck on a per day basis , reflecting these averages. Repairs and route solicitation 
are not included. These figures represent the average route. Actual figures for 
the route being studied should be substituted when they are known. 

T = Total daily time requirement per truck (minutes) 
N = Number of patrons per load = 6.6 
L = Number of loads per day = 1.88 

T 1 = Total travel time (minutes) 
T 1 1 = Minutes per mile = 1.8 
T 1 ~ = Miles between patron stops = 7.3 
T 1:1 = Overhead mileage = 50 percent of total miles 

(the same as T 12 times N times L) 
T 2 = Total time on farm stops (minutes) 

T "' = Minutes fixed time per farm stop = 7.3 
T "" = Minutes to load 100 pounds milk = 0.203 
T "3 = Hundredweight collected per farm stop = 16.67 

T~ = Total time spent at plant (minutes) 
T;1 , = Minutes fixed time at plant per load = 22 
T;12 = Minutes to pump off 100 pounds milk = 0.175 
T:1:1 = Hundredweight of milk per load = 110 

M 1 = Minutes miscellaneous time 
M 11 = Minutes miscellaneous time per patron = 3.22 
M 12 = Minutes miscellaneous time per load in excess of M 1 1 = 5.1 
M 1:1 =Minutes miscellaneous time per day in excess of M 1" = 20 

( l\. li scdlancous time included visi ring wi rh parrons, waiting on patrons. cofl"l:t: bn:aks, lund1. gasolinl· SHips. 
and simi lar activit ies beyond the fi xed rime requirements. ) 

Using the average figures in the above equat ion permits es timation of the 
rota! time required per truck per day as illustrated below. To simplify calcula
tions in the equation below which is used for illustration, N is rounded to 7 and 
L is rounded to 2. 

Total Time Required for Driving (Minutes) 
T1 = (N)(L)(T I1)(T12) + (T11 )(T 1a) 

= (7)(2)(1.8)(7.3) + (1.8)(7.3)(7)(2) 
= 183.96 + 183.96 
= 367.92 minutes 
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Total Time Spent on Farms (Minutes) 
T2 = (N)(L)(T21) + (N)(L)(T22)(T23 ) 

= (7)(2)(7.3) + (7)(2)(0.203)(16.67) 
= 102.2 + 47.37 
= 149.57 minutes 

Total Time Spent at Plant (Minutes) 
T 3 = (L)(T31 ) + (L)(T3 2)(Tas) 

= (2)(22) + (2)(0.175)(110) 
= 44 + 38.5 
= 82.5 minutes 

Total Miscellaneous Time (Minutes) 
M1 = (N) (L) (Mll) + (L) (M12) + M1a 

= (7)(2)(3.22) + (2)(5.1) + 20 
= 45.08 + 10.2 + 20 
= 75.28 minutes 

Total Time Required Per Day (Minutes) 
T = T1 + T2 + T3 + M1 

= 367.92 + 149.57 + 82.5 + 75.28 
= 675.27 minutes per day 
= 11.25 hours per day 

The relationship between route labor requirement per unit of milk hauled, 
the size of loads, and the volume shipped per producer is illustrated in Figure 
8. As volume hauled increased, the average minutes per hundredweight declined 
as represented by each of the lines in the figure. The discontinuities indicate the 
breaking range between normal loads, where an additional trip would be re
quired. 

The savings in labor resulting from collecting milk from large volume pro
ducers is shown by comparing the three lines with each other at the same load 
per truck The top line represents the average minutes of route labor per hun
dredweight when only 400 pounds of milk are picked up per stop on an every 
other day basis. The middle line represents collection of 1,000 pounds per srop 
and the bottom line 2,000 pounds per stop. The farmer's average daily produc
tion would be one half the volume picked up per stop. 

Little saving in labor per unit would be realized from more than one load 
per day (although the truck cost per unit does continue to decline). The amount 
of work accomplished per man and per truck, however, would be increased. The 
major saving, within the normal volume range, comes from servicing large pro
ducers . The relatively high fixed time requirement per farm stop is the principal 
reason for this economy in labor. This situation also illustrates a part of the in
equity of a fiat hauling rate per hundredweight. 

The assumed constants approximate the averages found by timing opera
tions on various bulk routes, with slight modification for purposes of illustra
tion. 
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Constants: 
Driving time on route, l minute and 50 seconds per mile 
Fixed farm stop time, 7 minutes and 51 seconds per stop 
Farm loading time, 14 seconds per hundred pounds 
Fixed time at plant, 22 minutes per trip 
Unloading at plant, 10.5 seconds per hundred pounds 
Driving to and from route, 11 minutes per day 

The distance between patrons was held at four miles, plus four miles from 

the last patron to the plant (this was lower than the actual distances found in 

Southwest Missouri). 

Analysis OfTen Selected Bulk Trucks. 

The relationships for ten selected trucks for which complete daily records 

were available have been summarized in detail These relationships should prove 

useful to people interested in route organization and adjustment. 
The analysis for these ten bulk trucks was made on a monthly basis. They 

were selected because of the availability of accurate records. Time and labor on 

TABLE VII 

VOLUME HAULED AND AVERAGE COST COMPONENTS FOR 10 

SELECTED BULK TRUCKS IN SOUTHWEST MISSOURI--

COMBINED SUMMARIES OF DAILY RECORDS BY MONTHS, 1960 

Average Cost, Cents per 100 Pounds 

Month Average Truck Truck Total Route Total 
Volume per Fixed Operating Truck Labor Collection 
Month, 
100 pounds 

Jan. 4,487 6.60 6.70 13.30 10.70 24.00 

Feb. 4,485 6.60 8.94 15.54 12.36 27.90 

Mar. 4,968 5.95 7. 87 13.82 16.06 29.88 

April 5, 774 5.13 6.85 11.98 11.03 23.01 

May 6,883 4.30 6.62 10.92 9.23 20.15 

June 6,517 4.54 4.77 9.31 10.00 19.31 

July 6,379 4. 64 5.23 9.87 10.56 20.43 

Aug. 6,447 4.59 5.94 10.53 11.11 21.64 

Sept. 5, 576 5.31 7.41 12.72 11.42 24.14 

Oct. 5,540 5.34 5.34 10.68 11.31 21.99 

Nov. 5,328 5.55 7.33 12.88 13.67 26.55 

Dec. 5,441 5.44 7.14 12.58 13.34 25.92 

---------------------------------------------
Average 5,652 5.23 6.58 11.81 11.59 23.40 
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these routes included only the actual route time of the driver from the time he 
left the plant until he returned. Unloading washing, waiting, and checking in 
and out times were not included in this section. The information was derived 
from summaries of daily records on each truck for 1960. 

As the volume hauled increased during the spring months, more trips were 
necessary to haul the milk. The number of patrons increased throughout the 
year. However, total miles traveled monthly did not increase, because capacity 
was sufficient to haul the total volume with fewer trips as production declined 
seasonally. The smaller number of trips and the greater number of stops com
bined to reduce the average number of miles per stop as the year progressed. 
Total costs reached a peak in March, due to unusually adverse weather condi
tions which required extra labor, trips, and fuel. These costs are shown on a 
per unit basis in Table VII. Appropriate modifications of costs due to weather 
and seasonal production may be suggested by an appraisal of these data. 

The relationship of labor cost per unit of milk and the total volume hauled 
is shown in Figure 9. As the total daily volume increased, the pounds hauled per 
hour of route labor also increased, and the labor cost decreased as shown in Fig
ure 9. 
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The relationship of average daily volume and pounds of milk hauled per 
hour was such that an increase of 1,000 pounds in the daily load of each truck 
increased the milk hauled per hour by 99 pounds. This improvement in effi
ciency was significant. 

Figure 10 shows that the average truck cost per unit also declined with an 
increase in the daily volume. With both labor and truck cost falling as daily 
volume increased, the total unit cost of collection declined as volume increased. 
This relationship is shown graphically in Figure 11 . 

An increase of 1,000 pounds in the daily volume hauled per truck lowered 
the average truck cost 0.61 cents per 100; the labor cost 0.45 cents ; and the com
bined cost (truck and labor) 1.06 cents. 

Figure 12 shows the marked decrease in unit collection cost as the pounds 
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Relationship of Pounds Milk Picked up per Stop 
and the Average Total Collection Cost, Including 

Trucks and Labor, on Ten Selected Bulk Trucks 
Combined by Months, 1960. 

picked up per stop increased. Labor is more productive when collecting milk 
from large volume producers than when collecting from small stops (Figure 13). 
The relatively high fixed time requirement per stop is a primary factor in this 
relationship. 

These graphs illustrate the volume, labor, and cost relationships. As a great
er daily volume of milk was collected, the total costs rose, buc less chan pro
portionately, so unit costs declined. 
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The daily volume of receipts is largely a function of average shipments per 
patron. As more milk is picked up per stop, the driver is able to collect more 
total pounds within a given time. An increase of 100 pounds per stop raised the 
quantity hauled per hour by 114 pounds. Approximately 500 pounds can be 
pumped per minute. One-half hour actual pumping time would completely fill 
the average farm pickup tank, while the collection and delivery of the load may 
require several hours. The average driver time spent per load was 6.59 hours: 

The average pounds of milk picked up per stop influenced the unit truck 
and labor costs. An increase of 100 pounds per stop resulted in a decrease of 1.25 
cents combined truck and labor cost per hundredweight; a decrease of 0.68 cents 
in the truck cost, and a decrease of 0.57 cents in the labor cost. These relation
ships are summarized in Table VIII and graphically in Figure 14 and 15 . 

Figure 16 shows the gradual increase in patrons throughout the year as 
more producers changed to use of bulk cooling tanks. The total volume and 
pounds picked up per stop followed a very similar seasonal pattern. The seasonal 
variation in pounds of milk picked up per mile and the miles per gallon of gaso
line followed similar patterns, reaching a peak in the summer months as shown 
in Figure 17. The total miles traveled per month and the miles per stop were 
similar in pattern, reaching a peak in the spring and declining through the fall. 
The spring flush resulted in extra trips with a partial load, thereby increasing 
the mileage traveled. 



Cents p .er 
Hundredweight 

15 

10 

5 

1200 1400 

• 

1600 

Y = 21.03 - .0057 X 

r = 0.617 

r significant at .01 • .708 
.05 .576 

1800 2000 2200 

Pounds per Stop 

Figure 14 

Relationship between Pounds of Milk per Stop and Average Route 
Labor Cost per Hundredweight for Ten Selected Bulk Trucks 

Combined by Months, 1960. 

Cents per 
Hundredweight 

15 

Y = 23.12 - .0068 X 

r = 0.751 

r significant at .01 .708 
.05 = .576 

0 ~---~---~----L---~---~------L---~--~--_.--~--~ 
1200 1400 1600 1800 

Pounds of Milk per Stop 

Figure 15 

2000 2200 

Relationship Between Pounds of Milk per Stop and Average 
Total Truck Cost per Hundredweight for Ten Selected 

Bulk Trucks Combined by Months, l96U. 



32 MISSOURI AGRICULTURAL EXPERIMENT STATION 

TABLE VIII 

COST RELATIONSHIP FOR 10 SELECTED BULK TRUCKS IN 

SOUTHWEST MISSOURI--COMBINED SUMMARIES OF DAILY 

RECORDS BY MONTHS, 1960 

Average 
Pounds Pounds Pounds truck cost 
milk milk milk per 

per per per 100 pounds, 
Months stop mile hour a centsb 

January 1,373 140 2,084 13,30 
February 1,436 139 1,993 15.54 
March 1,514 134 1,658 13.82 
April 1,725 163 2,382 11.98 
May 1,976 174 2,652 10.92 
June 1, 911 172 2,564 9.31 
July 1, 808 166 2,406 9.87 
August 1, 801 1 89 2,528 10.53 
September 1,585 172 2,263 12.72 
October 1,505 167 2,142 10.68 
November 1,473 169 2,167 12.88 
December 1,469 171 2,144 12.58 

Average 1,633 163 2,245 11.81 

aincludes only the actual labor of collecting and hauling to plant lot. 

Does not include preparation of truck or tank. 

b 
Total truck cost, does not include labor cost, see Table VIT. 

Figure 18 gives an indication of the influence of extremely adverse weather 
upon the total time required to run a route, and upon the pounds of milk picked 
up per hour. 

Figure 19 shows a remarkable likeness in the seasonal changes in unit labor, 
truck, and average total collection costs. All three variables declined rapidly in 
the spring as roads improved and milk production increased. The least average 
costs were realized during May and June, the two months of peak milk produc
tion. 

Relationships are not such that improved efficiency is automatically achieved 
with greater volume. Multi-truck routes have a greater degree of flexibility than 
do single truck routes and greater savings may be expected. Lack of planning 
and route adjustment can result in a driver being forced to make extra trips to 
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distant patrons because increased production has filled the tank before the run 
is completed. Extra trips need not raise costs proportionately. The short load 
can be secured from patrons living nearest the plant. These variables are in
fluenced by changing milk production, patron shifts, weather, and other factors. 
A new patron may necessitate complete reorganization of a given route that had 
previously been very efficient, even causing a decline in efficiency. The same pa
tron added to another route may improve efficiency. Collection routes should 
always be flexible , but during the transition from can handling to bulk handling 
the situation may best be described as unstable. 

The bulk handling method has an advantage over can handling for distant 
or widely dispersed patrons because of every other day service. This does not 
mean that dispersion results in efficient assembly. Although there was an average 
of 1,633 pounds of milk picked up per stop, (Table VIII) the 10 miles per stop 
means that only 163 pounds of milk were picked up per mile of travel by these 
trucks. This low density is the result of bulk tank use by small producers, ex
treme competition among receiving firms , and service of large areas from a cen
tral station. 
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Sea sona l Influence upon t h z Numbe r of Stops , Pounds per 
Stop , a n d Volume Ha uled , for Ten Selecte d Bulk Milk Trucks 

Comb ine d by Month s and Expressed as a Percent of the Mean. 
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Figure 17 

A s 0 N 

Seasonal Influence upon the Number of Miles Driven, Miles 
.per Stop, Pounds of Milk Collected per Mile, and the Miles 
per Gallon of Gasoline, for Ten Selected Bulk Milk Trucks 
Combined by Months and Expressed as a Percent of the Mean. 

D 

Efforts to secure maximum fluid sales of milk produced in this area have led 
to producers selling on seven Federal Order Markets. While the practice does 
contribute to greater fluid utilization, these producers must be serviced, at least 
a portion of the time, by separate trucks, as the milk for different order markets 
may not be mixed. 

Despite efforts to concentrate production, the net effect of producers in an 
area se11ing to several order markets has been higher assembly costs. These costs 
should be considered when bidding for new markets. Economies of scale may be 
lost rather easily by dividing producers among market outlets, even though these 
outlets may be serviced by one firm. 

Critical points, at which significant changes in the costs and returns of as
sembling, processing, and distributing milk products occur, should be determined 
for each segment of the industry. These points, or zones, could be approximated 
under a given set of conditions, and applied with modification to individual situ
ations. 
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Certain new technologies and standards have made it possible to reduce 
costs. This is possible', however, only if increased volume is handled. This trend 
probably will continue. 

COMPARISON OF BULK AND CAN HANDLING SYSTEMS 

Consider the possibility that in addition to continued increased bulk handl
ing of Grade A milk there also will be an increase in the use of bulk tanks for 
manufacturing milk. 

If it is to achieve greater economies in collecting and receiving milk, the 
dairy industry cannot afford to maintain the status quo. Vested interest in exist
ing systems should not be allowed to override other considerations. If savings 
are to be realized, changes must be made. 

The manner in which any particular productive factor takes parr in a re
adjustment process such as conversion to bulk milk handling is determined by 
its mobility, its adaptability to alternative uses, and the availability of financial 
reserves. 
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Since consumers have not demonstrated a marked preference for milk as
sembled in bulk trucks over that assembled in cans, processors are in no posi
tion to receive greater rerurns per unit of milk sold when differentiated by either 
assembling method. After reaching the plant holding tanks, aside from quality 
no difference exists in the production or processing operation, regardless of the 
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manner in which the milk wa'S received. This means that if economies are to be 
realized from bulk milk handling, they will be in the collection and receiving 
operations. 

A route or plant with a single grade of milk can more easily adapt to a 
bulk collection system than one with more grades. Varying amounts of different 
grades of can milk may be hauled in the same van. It usually is not economical 
to haul two grades of milk in a two-compartment tank truck or to cover the 
same route twice. Therefore, with bulk handling it is most desirable to have all 
patrons on a route conforming to a single grade. 

Areas of predominantly large producing patrons where every other day pick
up is employed can expect to realize savings in hauling costs from bulk hauling. 

Applying the average Southwest Missouri area densisty of 35 pounds of 
bulk cooled milk per square mile per day would indicate that a plant would 
need to increase the procurement area by 28.6 square miles in order to increase 
daily receipts by 1,000 pounds. Incremental receipts of 15,000 pounds per day, 
that require an additional truck, would mean extension of the procurement area 
by 429 square miles. The hauler would not "cover" each square mile, but would 
be responsible for serving bulk patrons within the prescribed route territory. 
The average truck was driven 256 miles each two day period, adding six miles 
for each additional stop. 

Greater density of milk, especially when achieved through large volume 
producers, results in decreased unit collection costs. Figure 20 compares the col
lection costs of can and bulk trucks. The average costs were computed by the 
budgetary method, holding distance between patrons, total fi.xed costs , and op
erating cost per mile constant, but varying the volume per patron per day. 

In the transition from can to bulk handling systems, efficient organization 
and operation is expedited by changing entire routes at one time, or at least 
changing in such a manner as to permit efficient organization of a bulk pickup 
system. Such efficient organization and operation requires the cooperation of all 
segments of the dairy industry; producer, producer organization, plant, and 
hauler. Much planning should precede installation of bulk tanks which are to 
replace can coolers in order to prevent haphazard patterns from developing. 

Bulk handling is easier work for the milk hauler. However, higher qualifica
tions and special training are required. Responsibilities are transferred to the 
hauler that were formerly borne by the receiving room. They include grading, 
rejecting, sampling, and measuring the milk. 

Gains in efficiency and savings in costs are not automatic as a plant, route, or 
milkshed converts to bulk handling systems. In some instances, the net result 
of such conversion will be an increase in total cost. Partial conversion to bulk 
methods, which would necessitate maintaining dual receiving lines and duplica
tion of milk hauling routes would offset many of the potential economies of 
bulk milk handling. Partial conversion would present special problems in an 
area such as Southwest Missouri, where both Grade A and manufacturing milk 
are received by many plants. In such instances, maintenance of four separate re-
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ceiving lines or facilities would be required. When a plant or milkshed is con
sidering conversion to bulk handling methods, managers, haulers, and patrons 
should consider the guiding principle that fullest economic gains will be pos
sible only if bulk handling is adopted by all producers at one time. This is us
ually not feasible. However, minimum deviations from this policy would maxi
mize efficiency from the conversion. Conversion to bulk handling in a milkshed 
problem, not simply an individual problem. 
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Comparison of Total Truck Cost per Hundredweight of Collecting 
Milk in Can and Bulk from Producers Shipping Varying Quantities 
per Day. Mileage Between Patron Held at Four Miles. Operating 
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Under existing conditions, certain plants in Southwest Missouri, especially 
some manufacturing plants, may not be in position to realize significant savings 
from the change to bulk assembly methods. It is quite possible, however, that 
these plants may need to adopt bulk handling methods in order to prevent ero
sion of their larger patrons to competitors and a subsequent increase in per unit 
cost of assembling and receiving milk. Those plants with a limited number of 
relatively large producers may realize savings from changing to bulk assembly 
methods more readily than those plants with a large number of rather small pro
ducers. 
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The effect of conversion to bulk handling is felt not only by the plant, pa
tron, and hauler actually using the new method, but also by those continuing 
co use can handling. 

If serious inefficiencies are to be a voided, plant management and producer 
groups must assume major responsibility for organizing and timing group action 
in converting to bulk milk handling methods, approving new route layouts, se
lecting and training drivers for their new responsibilities, and for working close
ly with farmers throughout the transitional process. 

The following benefits can be made possible by working out and institut
ing an adequate plan for the transition : 

1. Plant patrons can be retained relatively intact. 
2. Can receiving lines can be closed rapidly so duplications can be held to 

a minimum. 
3. Routes can be reorganized for efficiency with minimum disruption. 
4. Farm bulk coolers, trucks, and tanks may be obtained at lower cost through 

volume purchases. 
5. Tank service costs can be reduced. 
6. Financial arrangements can be made for farmers and haulers who are 

making the change. 
7. Hauling and receiving savings may permit realistic bulk premiums. 
8. Total conversion costs can be reduced. 
9. Producer and hauler antagonism, common in any transitional period, can 

be minimized. 

Impact Of Bulk Handling. 

Increased demand for fluid milk at particular city plants has resulted from 
two major changes in the demand for bottled milk; increased population within 
the previously serviced area or metropolitan market, and expansion of the dis
tribution area to include outlying markets. The increased demand for bottling 
milk by these processors has necessitated expansion of their supply areas. The 
coincident timing of development and adoption of bulk milk cooling on the pro
duction side, and the paper carton on the distribution side, has accompanied 
expansion of the procurement area. Though difficult to determine cause and 
effect, there has been marked interaction between these two technologies and 
the exit from the market of numerous low volume processors. 

As the procurement area expanded further from the city plant, a pattern of 
receiving stations developed which tended to encircle the city market. These 
stations or supply depots initially developed at a distance dictated by the exist
ing method of handling and transporting milk at the time, which was in cans. 
Collection of bulk milk has enlarged the area which may be served by a receiv
ing station, as well as by a central plant. As a result many firms have found that 
their receiving stations were located too near the central plant, and also too close 
together. This situation was further aggravated by development of the full supply 
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contract. As producqs' cooperative associations have assumed responsibility for 
providing bottling plants with a full supply of milk at all times, the need for plant 
maintained and operated receiving stations has been reduced. As a result of 
these changes, new technologies and economies of scale have presented oppor
tunities for increased efficiency. These efficiencies have not been fully realized 
because of reluctance to alter the existing pattern. 

It is important to recognize that in order for a market or supply area to 
realize the economies presented by development and adoption of new technolo
gies, there must be a change in relative status of certain groups. 

In markets where a high percentage of the milk is collected in bulk tanks, 
the feasibility of direct shipments is enhanced. The country receiving stations are 
no longer as essential in certain areas as they were under the can collecting sys
tem. During the period of transition, while plants and stations operate receiving 
lines both for can and bulk milk, country stations, especially the smaller ones, 
may feel the squeeze of increased unit costs. The pressure may be so significant 
in certain instances that the parent firm finds it inadvisable to maintain the 
existing pattern of receiving stations. It is quite possible that under these condi
tions, a majority of the large producers will be served by bulk routes and small 
producers by can routes. The use of bulk tanks may further the trend toward 
more specialized dairy farming with fewer farms, but more cows and greater 
volume per farm. 

Table IX shows the volume of milk of different grades shipped by can and 

TABLE IX 

ESTIMATED 1960 SALES OF MILK IN SOUTHWEST MISSOURI 

BY METHOD OF HANDLING 

Total milk sales 

Grade A production 

Bulk Grade A 

Can Grade A 

Uninspected 

Bulk 

Can 

Total bulk Grade A and uninspected 

Total can Grade A and uninspected 

Southwest 
Missouri, 
pounds 

1,462,000,000 

529,000,000 

294,600,000 

234,400,000 

933,000,000 

23,000,000 

910,000,000 

317,600,000 

1,144,400,000 

Percent 
of total 
volume 

100.00 

36.18 

20.15 

16.03 

63.82 

1. 57 

62.25 

21.72 

78.28 
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by bulk in Southwest Missouri in 1960. That bulk handling has had tremendous 
impact upon can operations is evident from the relative amounts handled. 
Slightly over one-half of the total Grade A milk was handled in bulk. In many 
instances the division of handling methods has brought about operation of dual 
collecting and receiving facilities, thereby depriving plants and haulers of much 
of the potential economy that can be realized from handling milk in bulk. 

Producer Considerations In Transitional Phase. 

Differences in farm costs under existing can handling methods influence the 
producer's attitude and readiness to install bulk tank coolers. This becomes a 
very important factor in the organizati on of bulk pickup ro utes and receiving 
room operation. The cos t differencial on the farm of can versus bulk milk cool
ing may be especially significant for manufacturing grade milk, where many 
producers do not use a mechanical cooler. 

Installation of a bulk milk cooler represents a major investment for the 
dairy farmer. In addition to the cooler itself, many dairymen face extensive re
modeling or improvement of housing fac il ities and add ition of milking equip
ment. Farm roads and bridges often require rather expensive improvement in 
order to facilitate use of the heavier bulk trucks. 

The farmer , however, realizes certain advantages from bulk handling. 

1. Milk quality is protected, because of prompt cooling and excellent tem-
perature control in the bulk tank. 

2. Milk quantity and quality is determined at the farm . 
3. Less milk is lost fwm sticking in cans. 
4. Labor is saved in handling the milk. 
5. The work is easier than handling the milk in cans. 

If, as many believe, bulk milk handling encourages increased production, 
the production function would be changed , resulting in different ideal propor
tions of input. The increased production which commonly is associated with 
use of bulk tanks may be brought about by more careful planning on rhe part 
of the farmer. 

An increase in production beyond the capacity of the cooler involves exten
sive additions to equipmenc. These adjustments are much more difficult to make 
than the mere addition of another can, as was possible under the can system of 
handling milk. It is important that the dairy farmer recognize these restrictions 
and install the proper size bulk cooler. 

With adoption of a new technique, the same level of resource inputs may 
give increased product output. However, if the firm is not in position to in
crease output, the new technique may permit a decrease in resource input. Such 
a decrease may be important to part-time farmers, and to small dairy farmers 
who also produce other products. In such instances, installation of small bulk 
tanks may provide a profitable opportunity to supplement income from other 
sources. 
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In addition ro saving labor and other previously mentioned advantages, one 
or more of the following incentives may encourage farmers ro install bulk cool
ers: lower hauling rates, lower bacterial count, improved quality, pride of owner
ship, broader market outlets, and premiums paid for bulk milk 

The adoption of bulk handling equipment on a specific route usually is a 
decision made by the hauler and a group of producers rather than by an indi
vidual. When a sufficient number of farmers have made the decision to change, 
it is only a matter of time until the remaining producers either follow or seek 
other alternatives. For this reason , small dairymen often feel that large producers 
have forced them to accept the new system. In these cases it was not a question 
of relative profitability, but of whether to stay in or get our. 

If there is a positive association between installation of bulk tanks on the 
farms and increased production of milk, then provision for adequate flexibility 
in route organization and assignment becomes more important. An inflexible 
route pattern at the time of organization may become a straight-jacket that pre
vents change. Provision can be made for a farm bulk cooler that will give ade
quate room for reasonable expansion in production. This provision may of itself 
provide a strong incentive to increase production. 

COSTS OF RECEIVING MILK 

Total Cost Of Milk Assembly. 

In 1960, the collection of milk from Southwest Missouri farms involved 
812 can trucks and 56 bulk trucks. Approximately 1,500 producers hauled their 
own milk The charges paid by farmers approximated $4,650,000. In addition, 
plants subsidized haulers with an estimated $150,000. 

The initial cost of receiving the milk was approximately $1,500,000. Nearly 
one-half the milk in the area was transferred to a processing plant via large over
the-road tankers. The transfer cost was estimated at $900,000. The total assembly 
cost was approximately $7,200,000, or 16 percent of the farm value of the milk. 

Scope And Size Of Assembly Operation 

Fifty-four receiving stations and plants were receiving milk directly from 
farm pick-up routes in the 33 county area during the winter of 1960-61. There 
were 25,407 patrons from the area selling milk which had been tested by the 
State Veterinarian's office under the Brucellosis Ring Test. Of this number, 294 
were selling milk to out-of-state plants and 265 to Missouri plants not included 
in the study, while 1,660 out-of-state milk producers sold to the Missouri plants 
that were included. The total number of patrons selling to the 54 plants was 
26,508, an average of 491 per plant or station. 

Dividing the total milk sales of 1,462,239,000 pounds uniformly among the 
25,407 producers within the counties would give an average of 57,533 pounds 
per patron. Applying this average sales rate to the average number of patrons 
per plant would indicate average annual receipts of 28,259,000 pounds, or 
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TABLE X 

NUMBER PATRONS SERVED AND VOLUME RECENED BY PLANTS RECENING MILK 
FROM ROUTES IN SOUTHWEST MISSOURI, 1960 

Annual 
Cumulative volume Percent 

Number percent of (1, 000 of total 
plants plants pounds) volume 

5 9.2 42,469 2.66 
3 14.8 48,884 3.06 

11 35.1 143,375 8.98 
11 55.5 219,391 13.74 

6 66.6 164,847 10.32 
4 74.0 109,900 6.88 
4 81.4 141,682 8.87 
4 88.8 150, 321 9. 41 
0 88.8 0 0 
0 88.8 0 0 
6 100.0 576,392 36.09 

Cumulative 
percent of 
total volume 

2.66 

5.72 

14.70 

28.44 

38.76 

45.64 

54.51 

63.92 

63.92 

63.92 

100.00 
~ftall-------------------------------------------------------------

26,508 54 100.0 1,597,261 100.00 100.00 
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and stations were receiving milk from as many as 500 patrons. These units, only 

33 percent of all stations, received milk from 16,493 patrons, leaving 10,015 pa
trons for the 67 percent of smaller stations. This small volume has resulted in 

several of the stations experiencing rather high receiving costs. 
Fourteen of the 54 receiving units listed in Table XI received both Grade 

A and ungraded milk, while eight received both can and bulk milk from farm 

pick-up routes. At least seven units operated multiple receiving lines for one 

grade of milk, thereby further reducing the volume of a given receiving line. 

TABLE XI 

COMPARATIVE VOLUME OF MILK REC EIVED FROM ROUTES 

BY PLANTS IN SOUTHWEST MISSOURI, 1960 

Annual Cumula- Cumula-
volume tive Annual tive 
received, Number percent volume, Percent percent 
million of of 1,000 of of 
pounds plants plants pounds volume volume 

0 - 5.9 4 7.4 14,394 0. 90 0.90 

6 - 11.9 9 24.0 86,787 5.43 6. 33 

12-17.9 8 38.8 123,318 7.72 14.05 

18 - 23 . 9 9 55 . 5 183,933 11.52 25.57 

24-29.9 10 74.0 268,178 16.79 42.36 

30-35.9 2 77.7 67, 859 4.25 46.61 

36 - 41. 9 2 81.4 77,682 4. 86 51.47 

42- 47 . 9 2 85 . 1 89 , 321 5.59 57 . 06 

48 - 53.9 2 88.8 102,000 6.39 63.45 

54-59.9 1 90.7 58,397 3.66 67.11 

60- + 5 100.0 525,392 32.89 100.00 

Overall 

54 100.0 1,597,261 100.00 100.00 

The relative size of receiving units as measured by number of patrons and by 

volume of receipts is indicated by the curves in Figure 21, based upon data from 

Tables X and XI. Using these two measures of size the receiving units were 
arrayed from smallest to largest. 

Twenty-four percent of the units received less than 1,000,000 pounds of milk 

per month, and 74 percent received less than 2,500,000 pounds. The receiving 
cost of these plants was relatively high. 

The patrons of small volume stations are not the only ones to suffer from 
these inefficiencies. The decrease in potential volume at efficient stat.i.ons and 
excessive overlap of pick-up routes penalize all producers and processors by 
leading to higher costs than otherwise would be experienced. 
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Approximately 43 percenc of the total volume came to plants receiving 
more than 4,000,000 pounds per month. Little receiving economy is realized by 
expanding operations beyond this point. 

The portion of milk received from patrons who deliver their own milk also 
influences hauling and receiving costs. Some stations restrict local delivery to a 
brief period before the regular route trucks arrive. Although difficult to enforce, 
this practice does minimize the inconvenience. At many stations, however, local 
deliveries are mingled with route receipts, thereby hindering receiving line oper
ations. 
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Route trucks that pick up full loads contribute to efficiency in receiving 
operations. The timing of truck arrivals also is important. Considerable difference 
was evident among the stations in these respects. The ideal receiving pattern 
would be a schedule that kept the receiving crew working at a steady pace, 
with trucks waiting but briefly to unload. The haulers should not find it neces
sary to wait for long periods, either to unload or to reload empty cans. Some 
stations use multiple receiving lines for a period of about two hours per day, 
then shift some of the workers to other tasks. This practice has helped hold 
down receiving costs, and yet avoid long waiting periods for haulers. It has im
proved hauler and patron attitudes by minimizing delays. 

Southwest Missouri exhibits a very marked degree of seasonal fluctuation 
in milk production. These variations add to receiving costs. Facilities must be 
adequate for the peak load, resulting in excess capacity during the remainder of 
the year. The spring flush production lasts approximately three months, with 
very low comparative production during the winter. Manufacturing plants are 
called upon to bear the full brunt of this fluctuation. Their season of high vol
ume coincides with the period of maximum surplus of Grade A milk, which is 
diverted to manufacturing uses. Their short supply months also coincide with 
the months of low supply of Grade A milk, so the degree of fluctuation is more 
marked for manufacturers than for fluid milk processors. This situation presents 
serious problems for the small manufacturing plant that uses the surplus of a 
local fluid processor. 

Receivinf{ Costs. 

The average costs of receiving a unit of milk at a given receiving line varies 
with volume of receipts, volume per producer, seasonal shifts in receipts, plant 
organization, facilities , and other variables. 

A firm may exercise a certain degree of control over some of these factors, 
but must adapt receiving operations to local conditions. 

Labor costs per unit of product rise when the receiving line must wait on 
storage tanks,, coolers, can washers, or other items. Overloading equipment be
yond its capacity leads to breakdowns. Inconvenient station layout and poor 
organization of the operation contribute to high unit costs. 

Although most managers recognize the importance of dependable labor, a 
few stations have attempted to cut costs by employing unskilled labor. Such 
practices were seldom successful. Although a quantitative relationship was .not 
determined, observation and discussion did indicate that inefficient labor con
tributed to increased costs. This also was true when the labor crew was not 
stable. A good crew develops a pattern of responsibility and teamwork. 

Receiving costs may be divided into fixed and variable costs for purposes 
of analysis. Fixed costs included such items as depreciation, taxes and licenses, 
interest, insurance, repairs, rent and certain office expense. Variable costs, which 
change with fluctuations in volume, inch.lde labor, retirement funds , workman's 
compensation insurance, travel, supplies and utilities. Such items as field ex-
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penses, advertising, and major office and administrative costs were not considered 
as part of the expense of operating a receiving station. These expenditures would 
not vary significantly with the addition or deletion of a given station. 

ReceivinK Costs For Milk In Cans. 

The volume of receipts dominates average receiving cost. This fact is 
shown in Figure 22. Within the ranges observed (500,000 to 10,000,000 pounds 
per month) this computed line fit the data remarkably well. The correlation co
efficients of .78 for average total cost and .83 for average variable costs were both 
statistically significant beyond the 1 percent level. 

Cents per 
Hundredweight 

so 

40 

30 

20 

10 

y 1 

.097897- 42.735(~) 

r = 0.78 significant to ~01 level 
Sy= 3.45 

2000 4000 6000 8000 10,000 
Average Monthly Volume in Thousands 

Figure 22 

Influence of Average Monthly Volume Received at a 
Plant upon the Average Cost of Receiving One Hundred 

Pounds of Milk Shipped in Cans in Southwest Missouri, 1960. 

The line showing volume-cost relationship breaks sharply for small receiv
ing stations, indicating that these plants operate at a distinct cost disadvantage. 
However, most of the economies of scale appear to be realized by receiving 
stations operating at a volume of 3,000,000 pounds per month. Beyond this 
point the average cost curve continues to decline, but very sloyly. 

Observation would indicate a minimum average cost of approximately 7 
cents per hundredweight can be achieved under existing conditions. 
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Bulk Receiving Costs. 

The study of Southwest Missouri, while not providing adequate data to per
mit construction of cost models for bulk receiving without revealing confidences, 
did provide ample justification for adapting and expanding upon the analysis 
described in a 1959 Cornell publication. 2 The comparison includes four model 
reload plants of varying sizes, with the investment, fixed , and operating costs 
for each. Although exact costs would vary according to specific locality and situ
ation , comparison of these reload plants illustrates the principles to be observed 
in assembling milk efficiently. The costs are very similar to actual bulk receiving 
costs observed in Southwest Missouri. 

Plant 

A 

B 

c 

D 

TABLE XII 

MODEL BULK RELOAD PLANTSa 

C "t b apac1 y , 
pounds 
per day 

54,504 

163,512 

218,016 

381 ,528 

Labor force 

1 full- time employee 

2 full-time employees 

2 full-tim e empl oyees 

and part-ti me of a 

1nanag-er 

3 full - time employees 

and a full-time 

manager 

Hundred
weight 
of milk per 
man per day 

545 

818 

835 

954 

a Adapted from R. D. Aplin, "Country Reload Plants for Bulk Milk, Specifications 
a nd C osts." 

bCapacity is the annual average daily quantity of m ilk the labor force can handle 
under practical operating conditions . 

T ables XII, XIII and XIV summarize some of the pertinent characteristics 
of reload stations. Figures 23 and 24 show the total investment and the invest
ment per unit of capacity. Although the large station would require an invest
ment nearly double that for the small one, the per unit investment is much 
higher for the small unit. 

Operating costs for these plants follow much the same pattern as the invest
ment. Larger volumes result in savings on a per unit basis. The principles pre
viously discussed regarding can receiving apply to bulk receiving, although a 
greater degree of flexibility may be observed in bulk handling systems. 

'R. D. Aplin, Country Reload Plants for Bulk Milk Specifications and Costs, Cornell University Agricultural Ex· 
perimtnt Station, New York State College of Agriculture. J uly, 1958. 



TABLE XIII 

INVESTMENT IN MODEL BULK RELOAD PLANTSa 

Plant 
Item A B c D 

Capacity, pounds 54,504 163, 512 218,016 381,528 

per day 

Plant area, square 3,320 3,830 3,830 6,264 

feet 

Investment, land 48,120 55,285 55,285 88 ,964 

and buildings, dollars 

Investment, TOTAL, 68,967 77,743 80 , 009 130,201 

dollars 

Total investment 127 48 37 :34 

pet· hundredweight 

of capacity, dollars 

aAdapted from R. D. Aplin, "Country Heload Plants for Bulk Milk, Specifications 
and Costs." 

TABLE XN 

DAILY OPERATING COSTS OF MODEL RELOAD 

PLANTS OPERATED AT PREDETERMINED CAPACITYa 

Plant 
Type of Expense 

A B c 
Labor $15.43 $30.31 $37.58 

Building and equipment 20.64 22.35 22.84 

charge 

Interest on investment 4. 81 5.42 5.58 

Utilities 9.85 12.85 14.67 

Supplies 4.37 6. 25 8. 94 

Product shrinkage 2.73 8.18 10.90 

TOTAL DAILY COSTS 57.83 85.36 100.51 

Daily operating costs per .106 .052 . 046 

hundredweight 

D 

$57 . 89 

:38.69 

9.07 

23.11 

13.85 

19.08 

161. 69 

.042 

aincludes only direct operating costs. These amounts do not cover supervision of 
multiple-unit systems, butterfat testing, quality control work, producer relations 
work, hauling, making payment to producers, centralized bookkeeping and similar 
costs. 

Adapted from R. D. Aplin, "Country Reload Plants for Bulk Milk, Specifications 
and Costs." 
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Figure 25 shows the relationship between volume and costs per hundred
weight of receiving bulk milk. This applies when the volume is greater than 
400 hundredweight but less than 2,400 hundredweight of milk from farms per 
day. Below this minimum level, operation of such a facility is normally not ad
visable, and above this maximum level the relationship may not hold. It is as
sumed that part-time labor may be employed within certain ranges. If 100 per
cent of the receipts were to be cooled, average costs per hundredweight would 
be increased approximately one-half cent. 

Optimum volume to be received at one of a series of stations would involve 
extension of the procurement area to the point where the additional collection 
costs were just offset by the reduction in receiving costs. 

Producer concentration near most plants is relatively greater than in the 
fringe areas. The road network near the towns also permits a greater degree of 
accessibility to patrons with minimum "back-tracking" or "dead-ending" than 
for more distant patrons. The combined effects of these two variables results in 

Thousand 
Dollars 
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100 

75 

50 

25 

0 

A 

546 

Equipment 

Land and 
Buildings 

B 

c 

1635 2180 

D 

3851 

Capacity (Hundred Pounds per Day) 

Figure 23 

Total Investment Required in Four Model Bulk Reload 
Stations (Station A, B, C, D) of Varying Capacity as 
Computed by Budgeting Process. Adapted from "Country 

Reload Plants for Bulk Milk Specifications and Costs", 
R. D. Aplin, 1959. 
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Figure 24 

Total Investment per Hundredweight of Daily Receipts 
in Four Model Bulk Reload Stations (Station A, B, C, D) 
of Varying Capacity as Computed by Budgeting Process . 

Adapted from "Coun try Reload Plants for Bulk Milk, Speci
fications and Costs" , R. D. Aplin, 1959. 

greater travel to secure a unit of milk from patrons living some distance from 
the plant than from near-by patrons. 

DETERMINATION OF THE OPTIMUM CAPACITY 
AND NUMBER OF RECEIVING STATIONS 

Evaluation of alternative locations of receiving stations and precessing 
plants, by a given firm or by the industry, and determination of optimum capa
city tO provide service to patrons at each location, requires simultaneous con
sideration of the inter-relationships among the relevant cost determining factors. 
The items that contribute to such a determination include: the road network, 
capacity of trucks, methods of handling milk at the farm and receiving station, 
frequency of collection, effective production density, seasonality, fixed and vari
able cost of receiving equipment, fixed and variable cost of transportation equip
ment, fixed and variable cost of collecting the milk, miles required to service 
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Cents per 
Hundredweight 

20 

18 

16 

14 

12 

10 

8 

6 

4 

2 

1 + (2 - .OOlX) 
.2396558 + - 75.7421 

X 
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Figure 25 

Relationship of the Cost of Receiving 
100 Pounds of Bulk Milk to the Average 

Daily Receipts at a Bulk Station. 
Adapted from Data Presented by Aplin, 
"Country Reload Plants for Bulk Milk." 

each portion of the procurement area, and the number and volume of producers. 
Some of these factors can be grouped to minimize the number of variables to be 
considered in a suitable model for effective evaluation. By such grouping, the 
variables affecting unit cost of assembling milk have been reduced to seven. The 
seven, any one of which may be modified separately, despite the high degree 
of inter-relationship, are: 
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1. Effective density of milk per mile (that is, the volume of milk collected 
per mile of truck travel); 

2. Load per truck; 
3. Fixed truck cost; 
4. Variable truck cost per mile; 
5. Fixed and variable route labor costs ; 
6. Cost of receiving 100 pounds at various volume ranges; 
7. Cost of transferring 100 pounds to the processing plant; 
The influence of economies of scale upon plant location and distance from 

other plants can be illustrated by following some assumptions, which may be mod
ified under actual conditions. The average relationships described in this study, to

gether with specific assumptions, have been incorporated into the model des
cribed below. This will be useful to management, producer groups, governmen
tal agencies, or others interested in developing efficient assembly operations. 
The following assumptions are made: 

1. A single firm is to operate one or more equal volume receiving stations. 
2. Location and number of receiving units is flexible . 
3. The area is homogeneous. 
4. The firm plans to receive 678,000 pounds of uninspected milk in cans 

per day through the receiving stations. 
5. The milk is to be assembled at one central plant for processing. 
6. The average cost of receiving 100 pounds of milk is described by the equa-

tion Y=-b__!___ , where a=.097897, b= -42.735 , and xis 1,000 pounds 
a+ 1/x 

received per month (See Figure 22). 
7. The average transfer cost decreases from 13 cents to 9 cents per hundred

weight as the volume received per station increases. 
8. The number of trucks necessary to collect the milk from farms is a func

tion of the average load, which is assumed to be 6,000 pounds per day. 
The total number of trucks would remain constant, as the number per 
station is inversely proportional to the number of stations. 

9. As the number of trucks necessary to service a receiving station increases, 
so do the miles required to obtain the desired volume. 
For purposes of illusrrarion, this relationship is asJumed as : 
4 trucks per station collect an average of 150 pounds per mile of travel. 
8 trucks per station collect an average of 130 pounds per mile of travel. 
12 trucks per station collect an average of 105 pounds per mile of travel. 
16 trucks per station collect an average of 80 pounds per mile of travel. 
20 rrucks per station collect an average of 60 pounds per mile of rravel. 
24 trucks per station collect an average of 50 pounds per mile of traveL 
28 trucks per station collect an average of 45 pounds per mile of travel. 
32 trucks per starion collecr an average of 40 pounds per mile of rravel. 
36 trucks per station collect an average of 35 pounds per mile of travel. 

10. The average fixed cost per truck per day is $2.42. 
11. The variable truck cost per mile is 7.31 cents. 
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12. The firm must pay all receiving, transfer and truck collecting costs, either 
directly or indirectly, so that the goal is minimization of these costs for 
assembling the given volume of milk per day. 

Tables XV, XVI, XVII, and Figure 26 combine the relevant costs under 
these assumptions, and indicate the most efficient volume to receive per station 
when these assumptions are made. In this instance, the most efficient operation 
would be nine stations, each receiving approximately 72,000 pounds per day, 
with 12 trucks serving each station. 

Table XVII shows total assembly cost to be least under these conditions. 
Variation in those factors which would tend to cause the truck cost curve 

to rise less steeply would tend to increase the optimum operating volume per 
station. Conversely, high variable truck costs relative to receiving costs would 
indicate a greater number of receiving stations. 

Evaluation of alternative means of assembling milk under given circum
stances may be accomplished by modifying the variables and proceeding through 
the steps as outlined in Tables XV, XVI, and XVII. Relevant data for specific 
production areas may be obtained by dairy plants operating in those areas. The 
same type of analysis also can be used for a bulk assembly system using data in 
this bulletin or data more specifically related to the problem available to the 
analyst. This analysis is presented here, not as the solution to any specific prob
lem, but to illustrate a relatively simple method by which such a problem can 
be solved. 

SUMMARY 

In 1960, the collection of milk from Southwest Missouri farms involved 812 
can trucks and 56 bulk trucks. Approximately 1,500 producers hauled their own 
milk. The charges paid by farmers approximated $4,650,000. In addition, plants 
subsidized haulers another $150,000. 

The initial cost of receiving milk was about $1,500,000. Nearly one-half 
the milk in the area was transferred to a processing plant via large over-the-road 
tankers. The transfer cost was $900,000. This makes the total assembly cost ap
proximately $7,200,000, or 16 percent of the farm value of the milk. 

Fifty-four receiving stations and plants were receiving milk directly from 
farm pick-up routes in the 33 county area. There were 25,407 patrons from the 
area selling milk which had been tested by the State Veterinarian Office under 
the Brucellosis Ring Test. In addition, some out-of-state milk producers sold 
to these plants bringing the total to 26,508. 

About 36 percent of this milk was Grade A and about 64 percent was man
ufacturing. Nearly 22 percent of it was collected in bulk trucks, the remainder 
(78 percent) being assembled in cans. This demonstrates the fact that even 
though bulk collection is quite important, there is a long way to go before con
version to bulk collection is completed. Only about 2 or 3 percent of the man
ufacturing milk and a little over half of the Grade A milk presently is collected 
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TABLE XV 

BUDGETARY COMPARISON OF COSTS OF RECEIVING AND TRANSFERRING A 

GIVEN VOLU1VIE OF MILK, 678,000 POUNDS PER DAY, BASED 

UPON THE NUlVIBER OF RECEIVING STATIONS OPERATED 

AND THE VOLUME RECEIVED PER STATION 

Daily Receiving Total Transfer 
hundred Nmnber cost per receiving Total cost, cents 
weight stations hundred- cost per receiving per 
per required weight, station, cost, hundred-
station cents dollars dollars weight 

240 28 . 25 27.0 65 $1,831 . 13 

480 14.12 14.6 70 990 .12 

720 9.4 12.8 92 866 .10 

960 7.0 11.9 115 806 .10 

1, 200 5. 65 11. 6 139 786 .10 

1, 440 4.7 11.3 163 765 . 10 

1,680 4. 0 11.1 188 753 . 09 

1, 920 3 . 5 11.0 213 746 . 09 

2,160 3 . 1 10.9 238 739 . 09 

Total 
transfer 
cost, 
dollars 

$881 
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Number 

stations 

required 

28.25 

14.12 

9.4 

7 . 0 

5.65 

4.7 

4 . 0 

3.5 

3.1 

TABLE XVI 

BUDGETARY COMPARISON OF TRUCK COST FOR COLLECTING A GIVEN VOLU1\1E OF MILK, 

678, 000 POUNDS PER DAY, BASED UPON THE NUMBER OF RECEIVING STATIONS 

OPERATED AND THE VOLUME RECEIVED PER STATION AS DESCRIBED IN TABLE XV 

Number 

trucks 
Miles to obtain volume Truck cost per day, dollars 

per 

station Per station Total Variable Total 

4 160 4, 480 $ 327 $ 598 

8 368 5,152 376 647 

12 684 6,384 466 737 

16 1, 200 8,400 61 3 884 

20 2,000 11,200 818 1,089 

24 2,880 13,440 981 1 , 252 

28 3,724 14,896 1, 087 1,358 

32 4,800 16,800 1,226 1,497 

36 6,156 19,152 1,398 1,669 
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TABLE }.'VII 

BUDGETARY COMPARISON OF TOTAL COSTS OF ASSEMBLING A GNEN VOLUME OF MILK, 

67 8, 000 POUNDS PER DAY, BASED UPON THE NUMBER OF REC ENING STATIONS 

OPERATED AND THE VOLUME RECENED PER STATION AS DESCRIBED 

IN TABLES XV AND XVI 

Total 
Daily truck Total Total 
hundred- collection receiving transfer 
weight per Number of cost, cost, cost, 
station stations dollars dollars dollars 

240 28. 25 $ 598 $1, 831 $881 

480 14.12 647 990 814 

720 9.4 737 866 678 

960 7.0 884 806 678 

1, 200 5.65 1 , 089 786 678 

1,440 4. 7 1,252 765 678 

1, 680 4.0 1,358 753 610 

::.,920 3. 5 1, 497 746 610 

2, 160 3. 1 1 , 669 739 610 

Total 
assembly 
cost, 
dollars 

$3 , 310 

2, 451 

2, 281 

2,368 

2,553 

2,695 

2, 721 

2, 853 
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by bulk trucks. Some manufacturing plants have initiated bulk collection and 
others are investigating the possibilities of doing so. 

As conversion to bulk milk handling progresses , can producers and haulers 
will be at a disadvantage. The conversion of the larger producers to the bulk 
system will increase the costs of collecting milk from the remaining can producers. 

Unit costs of receiving milk decline rapidly as volume increases until monthly 
volume approaches 2,000,000 pounds, then declines slowly to a minimum of 
about 7 cents per hundredweight. The major economies of scale are realized at 
the 3,000,000 pounds per month level of receipts. Beyond this volume, hauling 
costs increase more rapidly than receiving costs decline, thereby forcing total 
assembly costs upward. 

Evaluation of alternative locations of receiving stations and processing plants 
is a problem confronting both individual firms and industry. Determination of 
optimum capacity to provide service to patrons at each location requires simul
taneous consideration of the inter-relationships among the relevant cost deter
mining factors. The items that contribute to such a determination include: 

1. road network 
2. capacity of trucks 
3. methods of handling milk at the farm and receiving station 
4. frequency of collection 
5. production densi ty 
6. seasonality 
7. fixed and variable cost of receiving equipment 
8. fixed and variable cost of transportation equipment 
9. fixed and variable cost of collecting the milk 

10. miles required to service each patron in the procurement area 
11. number and volume of producers 
The problems of the dairy industry in Southwest Missouri are complex. No 

one course of action will solve all of them, but unified action among the leaders 
in all phases can improve the efficiency of all groups, and preserve the natural 
advantages for milk production in this section of the State. 

APPENDIX 

The data were collected between December, 1960, and September, 1961. The 
information covered the calendar year, 1960. Plant personnel of each firm re
ceiving milk from farm routes were interviewed concerning the problem. Grade 
A, uninspected, can, and bulk milk were all included in this study. 

Data were obtained from a 20 percent random sample of truckers who 
hauled can milk from regularly established routes. A total of 105 valid schedules 
covering 109 can trucks were obtained. 

Monthly information regarding number of patrons and volume of each 
grade of milk hauled was supplied by the plant where the milk was received. 
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Individual sales records of 3,714 producers were examined and compared as 
to the grade of milk sold, the volume of sales, length of time they sold milk 
to that plant during 1960, and the changes they made from one class of sales to 
another. These patrons constituted the entire list of shippers at the 5 receiving 
lines concerned. They consisted of 605 Grade A can shippers, 270 Grade A bulk 
shippers, and 2,839 uninspected can shippers. Their farms were located in por
tions of Greene, Christian, Dallas, Dade, Cedar, Douglas, Hickory, Jasper, 
Lawrence, Laclede, Polk, Stone, Webster, and Wright counties. 
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