
•	 Labor hours and labor costs did not include any labor dedicated to production of 
soft products. Raw milk procurement, distribution, selling, and general and admin­
istrative expenses were also excluded. 

•	 The plant with the highest labor productivity or the lowest cost per gallon was not 
necessarily the most profitable. Many factors affect profitability, and we did not 
attempt to analyze profitability in this report. 

Detailed analyses were made of several plant performance measures. Averages and 
ranges are provided in the following table. 

Measure of Average Low 3 High 3 
Performance of 35 Plants Average Average 

Gallon equivalents per 
hour of labor 174 107 286 

Labor cost, 
¢ per gallon 12.3 7.7 17.1 

Cost of utilities, 
¢ per gallon 2.6 1.7 4.2 

Plant cost, depreciation excl'd, 
¢ per gallon 18.2 11.5 24.0 

Plant cost, depreciation incl'd, 
¢ per gallon 21.1 13.1 27.3 

Gallon jugs produced per 
hour of blow mold labor 2,244 1,010 5,017 

Cost of producing gallon 
jug, ¢ per jug 8.8 7.5 10.3 

The next table summarizes the labor productivity and costs in the 35 plants by incre­
ments. Each increment, or quartile, represents 25% of the plants. Each line was computed 
independently so the 9 plants with the highest labor productivity were not necessarily the 
same 9 plants with the lowest costs. 

Plant Average of Average of Average of Average of 
Characteristic Lowest 25% Next 25% Next 25% Highest 25% 

Gallon equivalents per 
hour of labor 118 147 178 256 

Labor cost, 
¢ per gallon 8.3 11.2 13.9 16.1 

Cost of utilities, 
¢ per gallon 1.9 2.3 2.7 3.7 

Plant cost, depreciation excl'd, 
¢ per gallon 12.9 17.1 20.5 22.5 

Plant cost, depreciation incl'd, 
¢ per gallon 15.1 20.2 23.3 26.1 

Gallon jugs produced per 
hour of blow mold labor 1,221 1,781 2,166 3,932 -Cost of producing gallon 
jug, ¢ per jug 8.0 9.1 9.6 9.9 
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Why Does Plant Cost per Gallon Vary So Widely? 

Ten factors were significant in explaining the wide variation in plant cost per gallon 
(exclusive of depreciation) in the 35 plants. However, the effects of some factors were much 
larger than other factors. The following factors were most important in explaining the wide 
variation in plant cost per gallon in the 35 plants: 

• Whether or not the plant was owned by a supermarket chain (captive plant) 
• Level of wages and fringe benefits 

The following factors were somewhat important in explaining the variation in plant cost per 
gallon: 

• Size of the plant as measured by gallon equivalents processed per month 
• Percent of total volume packaged in gallon and half-gallon containers 
• Extent to which plant capacity was used 

Five other factors, although statistically significant, were much less important in explaining 
variations in plant cost per gallon: 

• Level of technology in the processing and filling area 
• Level of technology in the cooler and load out area 
• Number of SKUs processed 
• Location of plant 
• Percent of product handled on pallets 

Why Does Plant Labor Productivity Vary So Widely? 
( 

Nine factors were significant in explaining the wide variation in plant labor productivity 
in the 35 plants studied. Seven factors had large and positive effects on plant labor productiv­
ity: 

• Whether or not the plant was a captive supermarket plant 
• Percent of total volume packaged in gallon and half-gallon containers 
• Level of wage rates and 'fringes 
• Size of plant as measured by gallon equivalents processed per month 
• Extent to which plant capacity was used 
• Level of technology in the processing and filling area 

Cooler technology, the number of SKUs processed and the use of pallets were statis­
tically significant but had relatively minor effects on plant labor productivity. 

Alternative Cost per Gallon and Plant Labor Productivity Results 

In a separate Cornell study, the same plant data were analyzed using an increasingly 
popular method called neural networks (12). Neural networks "learn" from examples and 
can exhibit some capability for generalization beyond the data upon which the network is ­
trained. The "learning" in this context is analogous to "estimation" in more traditional 
statistical analysis. Similarly, "training" data is analogous to "observed" data. We applied 
neural network models to plant data to asses the interrelationships among the factors 
affecting plant labor productivity and cost per gallon and to determine if factor effects 
differed by type of plant ownership. 
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The results of the neural network approach differed slightly from those obtained using 
regression analyses. While the analyses revealed strong agreement for most of the factor 
effects, other effects showed weak agreement or no agreement at all. For example, both 
analyses predicted positive effects of similar magnitude on labor productivity for captive plants, 
cost of labor, plant capacity utilization, plant size, and processing technology. For percent of 
volume packaged in gallon and half-gallon containers, percent of plant volume handled on 
pallets, cooler technology, and SKUs processed, the two techniques showed agreement in 
the direction of the impact but differed in terms of the magnitude of the effects. The regres­
sion analysis predicted that unionized workforces would be more productive than non-union­
ized workforces, but the neural network approach predicted the opposite effect for unionized 
labor. A more comprehensive review of the two sets of results is presented in the sections 
discussing the effects of factors on plant labor productivity and plant cost per gallon. 

Key Characteristics of Wholesale Route Operations 

All 35 plants submitted general information on their distribution operations. On aver­
age, over half of the product was distributed by specialized or supermarket routes. Custom­
ers served by the plants tended to be large. An average of 43% of the plants' customers 
ordered over 100 cases per delivery and accounted for an average of 64% of the plants' 
product distribution. The following table summarizes key characteristics of the wholesale 
route operations of the plants. 

Route Operation
 
Characteristic
 

Percent of plant volume 
distributed by: 

• specialized routes 
• mixed or peddle routes 
• branch, depot, dealer, or 

warehouse routes
 
• other routes
 

Size of customer: 
Over 100 cases per delivery 

• percent of customers 
• percent of volume 

Average
 
All Plants
 

52 
18 

26 
4 

43 
64 

Average
 
Low 3
 

5 
o 

o 
o 

1 
2 

Average
 
High 3
 

100
 
71
 

47 
73 

100 
100 

Characteristics of Routes Dedicated to Serving Large Accounts 

The remainder of the study of distribution operations focused only on "supermarket" or 
specialized routes. Specialized routes were defined as routes typically serving 1 to 8 large 
customers, such as supermarkets, club stores, or large convenience stores, per delivery day. 
Only 20 plants submitted complete surveys on their specialized routes. These 20 plants sub­ ­
mitted data on 270 specialized routes. Key characteristics of the 270 specialized routes are 
presented in the following table: 
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Average Average 
Specialized Average All Low 10% High 10% 
Route Characteristic 270 Routes of Routes of Routes 

Cases delivered per month 18,900 10,200 35,000 
Customer stops per month 97 48 168 
Miles per month 3,150 745 6,850 
Driver labor cost (including 

benefits), $ per hour $23.39 $16.55 $32.27 
Product on pallets, % 49 0 100 
Dock deliveries, % 83 13 100 

Specialized Route Labor Productivity and Costs 

As you study this summary of route labor productivity and costs, remember that: 

• The route labor productivity and costs only reflect the productivity and costs of routes 
serving large customers, such as supermarkets and club stores. These routes would 
typically use tractor-trailers for delivery, and an average of 5 customers per day were 
served by these specialized routes. 

• The cost per case of serving smaller customers, such as small convenience 
stores, Mom and Pop stores, delis and restaurants would be much higher than 
the direct delivery costs reported here. 

• The routes with the highest labor productivity or the lowest cost per case were not 
necessarily the most profitable. Many factors affect profitability, and we did not at­
tempted to analyze profitability in this report. 

Average Average 
Specialized Route Average of Low 10% High 10% 
Characte ristic All Plants of Routes of Routes 

Cases delivered 
per hour of labor* 108 52 216 

Driver labor cost, 
¢ per case* 16.8 10.1 47.8 

Direct delivery cost, 
¢ per case** 36.8 17.3 63.1 

• Reflects 270 specialized routes operated by 20 plants.
 
•• Reflects 180 specialized routes operated by 15 plants which reported delivery vehicle costs and route labor costs.
 

Why Does Labor Productivity on Specialized Routes Vary? 

While most of the 270 specialized routes studied delivered between 60 and 180 cases ­
per hour, the bottom 10% of the routes averaged only 52 cases per hour. On the other hand, 
the top 10% of the routes averaged 216 cases per hour. 
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Five factors were significant in explaining the wide variation in driver labor productivity 
on the routes dedicated to serving large accounts. However, the effects of some were much 
larger than others. The three most important factors in explaining the variation in driver labor 
productivity were: 

• Whether or not the routes were operated by a supermarket company 
• Combined cost of driver wages and fringe benefits per hour 
• Number of miles travelled per month 

Two factors were associated with higher route labor productivity, but were less impor­
tant than the three factors listed above: 

• Higher percentage of product delivered on pallets 
• Higher population density of the city in which the plant is located 

Three factors were associated with lower route labor productivity, but were not statisti­
cally significant: 

• Higher number of customer stops 
• Higher percentage of dock-delivered orders 
• Unionized drivers 

Why Does Direct Delivery Cost per Case on Specialized Routes Vary? 

While most of the 180 specialized routes studied for which vehicle and labor costs 
were reported fell between 19¢ per case and 58¢ per case, the bottom 10% of the routes 
averaged 63¢ per case. On the other hand, the top 10% of the routes averaged 17¢ per case. 

Seven factors were significant in explaining the wide variation in direct delivery cost 
per case on the routes dedicated to serving large accounts. The two most important factors in 
explaining the variation in direct delivery cost per case were: 

• Whether or not the routes were operated by a supermarket company 
• The combined cost of driver wages and fringe benefits 

Three factors of moderate importance also affected delivery costs, but were less influ­
ential than the two factors listed above: 

• Miles travelled 
• Number of customer stops 
• Population density of the city in which the plant is located 

Two other factors were associated with higher delivery costs, but were less important 
than the five factors above: 

• Percent of dock-delivered orders 
• Percent of product handled on pallets ­

,. 
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INTRODUCTION
 

Objectives 

This report details the results of a survey of 35 fluid milk plants and their associated 
distribution operations. The objectives of the study were to determine the costs of pro­
cessing and distributing fluid milk products and to identify and to quantify the factors w~lich 

contribute to differences in labor productivity, plant cost per gallon, and direct delivery cost 
per case. Specifically, we sought to answer the following questions: 

• What are the key characteristics of the fluid milk operations in the study? 
• What is the average labor productivity and cost per gallon in participating plants, 

and how much variation exists in these performance measures? 
• What factors apparently cause labor productivity and plant cost per gallon to vary 

among the 35 plants in the study? 
• What is the magnitude of the impact on labor productivity and cost per gallon for 

each of these factors? 
• What are the characteristics of distribution routes operated by the participants? 
•	 What are the route labor productivity and the direct delivery costs on "special­

ized" or supermarket routes? 
•	 What factors explain the variation in route labor productivity and direct delivery 

cost per case on these supermarket routes? 
• What is the magnitude of the impact on route labor productivity and direct delivery 

cost per case for each of these factors? 

Profile of Fluid Milk Operations Studied 

The study targeted flu}d milk operations with processing volumes of at least 1.7 
million gallons per month, effective management styles, high labor productivity, a signi'fi­
cant market presence, and innovative or technologically advanced plant and cooler equip­
ment. Our list of "benchmark" operations was constructed by consulting with fluid milk 
industry executives and federal milk marketing order administrators to identify the fluid 
operations that are highly respected. Thus, the plants did not represent a random sample 
from all fluid milk plants located throughout the country. A high percentage of the plants 
identified for the study agreed to participate. The 35 participating operations are thought 
to be among the best fluid milk processing operations in the U.S. Although the 35 plants 
account for only about 5% of the fluid milk plants, they process about 17% of the beverage 
milk consumed. 

Data Collection Period 

Plants were requested to submit data on plant operations for a recent 12-month 
period. The data collection period spanned just over 2 years, with the oldest data repre­
senting plant activities in January 1993 and the most recent representing activities in March 
1995. Although most plants submitted data for 12 consecutive months, a few plants sub­
mitted quarterly or annual data. ­

Much of the data submitted were aggregated into monthly averages to simplify the 
report. Some plants submitted information based on different time 'frames (for example, 
13 4-week periods). These data were converted to corresponding monthly figures to allow 
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for comparisons among all plants. In several of the plants, soft manufactured dairy prod­
ucts (e. g., sour cream, cottage cheese, and yogurt) were produced in addition to the fluid 
beverage products. These plants reported neither the monthly production of these prod­
ucts nor their associated production costs. 

Background Information On Fluid Milk Plants 

History and Description of Fluid Milk Plants 

In 1857, Louis Pasteur, a French chemist and bacteriologist, noted that heating milk 
postponed milk spoilage. Not coincidentally, commercialized firms that processed and 
marketed fluid milk products began to emerge soon after Pasteur's discovery. Before the 
proliferation of commercialized fluid milk processing and packaging, dairymen prepared 
and distributed milk, but as dairymen became more involved in milk production, these tasks 
became the responsibility of organizations specializing in milk processing and marketing 
(11 ). 

In the mid to late 1800s, fluid milk processing and packaging was a relatively new 
industry, and improved techniques or mechanical innovations were rare. The introduction 
of returnable glass quart milk bottles in 1884 marked the beginning of several technologies 
introduced to increase the efficiency and safety of fluid milk processing. In 1886, automatic 
filling and capping equipment was developed for milk bottlers, and in 1911, automatic rotary 
bottle filling and capping equipment was perfected for large scale use which further 
increased the speed and efficiency of bottling plants (28). Between 1930 and 1950, high 
temperature-short time (HTST) continuous flow pasteurization replaced vat pasteurization 
as the primary method of preparing fluid milk for bottling. As bottling plants soon discovered, 
automation of fluid milk processing and 'filling equipment led to substantial increases in labor 
productivity and plant efficiency:- The relatively recent developments of plastic-coated 
paper containers, plastic jug containers, c1ean-in-place (CIP) systems, case stackers, 
conveyors, and palletizers contributed further to efficiency gains of fluid bottlers. 

Although fluid milk processing plants may differ in size and in form, the functional 
aspects are relatively consistent. As with any manufacturing plant, raw materials are 
transformed into finished products through process applications as the products "flow" 
through the plant. The raw materials in the case of fluid milk plants is milk which arrives 
at the plants via bulk milk trucks or tractor-trailers. In the receiving bays of the plant, the 
milk is pumped from the bulk transport tanks and passes through a plate cooler which 
reduces the temperature of the milk to 35

0 

F before it reaches the raw milk storage tanks 
or silos. From the silos, a HTST process, which passes milk through a heat exchange plate, 
pasteurizes the milk. The process heats the milk to temperatures of 163 0 F to 170 0 F for 
15to 18seconds, killing most ofthe microorganisms the milkmaycontain. After pasteurization, 
a separator removes the milkfat component from the skim portion of the milk. Excess cream 
may be stored for future processing, but it is often sold in bulk to ice cream or butter 
manufacturing plants. In-line standardization allows the removed cream to be added back ­
to the skim portion as the milk continues to flow from the pasteurization area to the 
homogenizer. A homogenizer contains a series of high-speed pistons that breakdown 
rnilkfat particles; this process prevents cream from separating from the skim portion of milk. 
After homogenization, milk flows to pasteurized storage tanks. From these tanks, milk is 
either pumped or gravity-fed to filling equipment where it is packaged in plastic-eoated 
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paper containers, plastic jug containers, or polybags. Packaged milk is placed (usually 
automatically) into plastic, wire, or cardboard cases. The traditional milk case has been a 
16-quartplastic case, butthe introduction of disposable, nonreturnable corrugated cardboard 
cases has allowed for growth of one-way shipments of milk. After the packaged milk has 
been placed in cases, the product must move immediately into a cooler to prevent spoilage. 
Most plants use equipment to form stacks of 5 to 7 cases automatically. The stacked cases 
travel on a track conveyor embedded in the plant flooring which transports the product to 
the cooler where it is stored temporarily until it is loaded on a delivery vehicle for distribution. 

In an attempt to use the facility as efficiently as possible, most fluid milk plants 
process other products which might include juices; flavored drinks; light, medium, and 
heavy creams; half and half; buttermilk; ice cream mixes; and bottled water. Generally, 
these items use the same plant equipment as fluid milk products. Some plants may also 
have soft dairy product processing capabilities and produce cottage cheese, yogurt, and 
sour cream in addition to the beverage products. 

Previous Studies of Fluid Milk Plants 

Results from t1uid milk processing and distribution cost studies have a variety of 
uses. Fluid milk plant management and executive personnel may apply the results to their 
own operations to gauge or to benchmark the performance of their operations against 
other similar milk plants. Such studies may also reveal which aspects of fluid milk opera­
tions offer the most benefit from internal restructuring or capital investments. The results 
may also be useful for regulatory purposes, especially for states that regulate milk prices 
at the wholesale or retail level. At the academic level, cost of processing and distribution 
studies have been an invaluable component for modeling the dairy industry and projecting 
structural changes in milk markets. 

In the past 35 years, the cost of processing fluid milk has been analyzed several 
times. Studies by Blanchard et. al. (6) and Bond (7) partitioned plants into separate cost 
centers and used cost data to analyze differences in efficiencies among participating plants. 
Other research has investigated processor sales, costs of goods sold, operating costs, 
and gross and net margins for moderate-sized fluid milk plants (1, 18, 19,25). Because of 
difficulties encountered in recruiting participants for processing cost studies or lack of an 
adequate number of representative plants, economic engineering studies have served as 
an alternative method of estimating minimum achievable processing costs per gallon and 
investigating the consequences of various plant volume capacities on per unit processing 
costs (8, 14, 17, 24, 26). 

Studies that attempt to identify the factors that affect plant productivity and the cost 
of processing are less common. Thraen et. al. (27) estimated a functional relationship 
between total plant cost and plant volume based on data from 15 cooperatively owned 
and operated fluid milk plants, suggesting that per unit costs decrease with increases in 
plant processing volume. Metzger (23) found that, among 21 Maine dealers, plants with 
larger processing volumes were associated with lower per unit costs of processing and ­
distributing fluid milk products. Aplin (2, 3) indicated that economies of scale, utilization of f, 

plant processing capacity, product mix, and level of technology in the processing and 
cooler areas were expected to influence the cost of processing as well as plant labor 
productivity. 
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The cost of fluid milk distribution has been studied frequently, but recent research 
in this area is lacking. Research'by Angus and Brandow (1) presented a case study of two 
markets which investigated changes in milk distribution productivity over of a period of 18 
years. The effect of distribution costs on marketing fluid milk and methods for measuring 
and improving the profitability of fluid milk distribution routes have also been studied (5, 9). 
More recently, Jacobs and Criner (17) and Fischer et. al. (14) used economic engineering 
methods to determine minimum achievable distribution costs under different route envi­
ronments. Fischer et. al. modeled various distribution cost and labor productivity mea­
sures and suggested that the length of the route and the number of customer stops on the 
route were the main determinants of delivery cost per gallon and routeman labor produc­
tivity. 

Using Boxplots to Report Results 

Boxplots are used as descriptors of data points in many 
30 Exampleinstances in this report. The following explanation regarding 

the information that they contain may help to interpret their mean­
27ing. The boxplot to the right illustrates plant cost per gallon for 

the 35 plants in the survey. Plant cost includes the costs of 
direct processing and 'filling labor, cooler and load-out labor, and c 24o 
all other plant labor, electricity, gas, water and sewage, building ro 

OJand equipment depreciation (excluding any depreciation charged Q5 21 
to blow mold equipment), leases, repairs, parts, cleaners and a. 

enlubricants, plant supplies, pest control, refuse collection, taxes, C 18 
Q) 
(.)

and insurance. 

15Boxplots are a method of displaying the central point and 
dispersion of data. The information is broken down into quartiles 
(25% of the ranked observations fall into each quartile). The 12 
center "box" which is composed of the two middle quartiles out­ Plant Cost 
lines the middle 50% of the observations. The horizontal line per Gallon 
within the box indicates the median value of the data set. The * mean = 21.1¢ 
median is the midpoint of the data. In other words, 50% of the median = 21.8¢ 
observations lie above the median and 50% of the observations 
lie below the median. Here, the median plant cost is 21.8¢ per 
gallon. The sample mean, the location of which is represented in the boxplot by the 
starburst (*), is the average value of the collected data. For this data set, the sample 
mean is 21.1 ¢ per gallon. The mean and the median are close in magnitude for this 
example which implies that the mean plant cost per gallon is not unexpectedly skewed 
toward a higher or lower cost per gallon. The sample mean and median need not be 
closely matched in magnitude as will be encountered in some of the following charts. 

Outline of Report 

This report is divided into five sections. The first section reviews basic plant infor­ -
mation - volumes of milk and other beverage products processed, percent plant capacity ,.
utilizations, labor cost per hour, prices of packaging supplies, and numbers of labels and 
stock keeping units (SKUs) processed. A comparison of utility costs per gallon processed 
and utility rates for electricity and natural gas is also presented. The first section con­
cludes with a look at specific performance measures used to evaluate the level of effi­
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ciency and costs in the plants. Despite similarities in plant size, product mix, and geo­
graphical location, labor productivity and plant cost per gallon varied widely among the 35 
plants. The second section of the report discusses the factors help to explain the variation 
in plant labor productivity and plant cost per gallon. 

The third section concentrates on basic descriptors of distribution operations of the 
participating fluid milk plants. Wholesale routes are emphasized, and the discussion in­
cludes type of routes operated, size and frequency of stops, cost of delivery equipment, 
and type of delivery vehicles used. Characteristics of specialized routes, which serve 
large accounts and service 1 to 8 customers per delivery day, are also discussed. The 
fourth section reports the results of regression model used to identify the factors which 
contribute to variations in direct delivery cost per case and labor productivity for special­
ized routes. 

The fifth section reviews selling expenses and general and administrative costs as 
additional indirect processing and distribution costs. 

SECTION I: GENERAL CHARACTERISTICS OF PLANTS STUDIED 

Plant Location and Ownership 

The plants participating in the study were widely dispersed throughout the United 
States. Although 14 of the plants were located in the Northeast, 7 plants were located in 
Western and Mountain states, 7 were located in the Middle Atlantic and Southeast, and 7 
were located in the Upper Midwest. Of the 35 plants in the study, 5 were owned and 
operated by milk marketing cooperatives, 8 were owned by vertically integrated super­
market chains (i. e., captive plants), and the remaining 22 were owned and operated by 
proprietary firms. 

Volumes Processed 

Figure 1 shows the average monthly volume of beverage 
milks and other fluid products processed by the 35 plants. Fluid 
products included all white and Havbred milk products, half and 
half, heavy cream, buttermilk, ice cream mix, juices, drinks, and 
bottled water. Other products, such as sour cream, yogurt, cot­
tage cheese, and carbonated drinks were not included. Partici­
pating plants processed an average of 3.22 million gallons (27.7 
million pounds) of products per month with a median of 3.18 
million gallons (27.4 million pounds). Processing volume for all 
plants ranged from 1.36 million gallons to about 5.98 million gal­
lons per month (11.7 million pounds to 51.5 million pounds). 

Plant Capacities 

The maximum capacity rating of each plant was defined 
as the level of processing that could be sustained without chang­
ing the existing equipment, buildings, product mix, or customer 
mix. Additional shifts of labor or additional processing days were 
allowed. Using the maximum capacity rating and the actual gal-
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Ion equivalents of fluid products processed each month, a mea­
sure of capacity utilization was estimated. Only beverage prod­
ucts were considered when determining gallon equivalents pro­
cessed each month, and consequently, plants that processed 
large volumes of soft dairy products were not included in the 
calculation of plant capacity utilization. All monthly estimates for 
plant capacity utilization were averaged to produce a single num­
ber (Figure 2). Capacity utilization ranged from about 51.8% to 
96.5% with an average of 76.4%. It was evident that a number 
of facilities were operating far below their maximum sustainable 
capacity, and as a consequence, had excess plant capacity for 
several months throUghout the year. 

We compared plant capacity utilization by month. We cal­
culated daily productions for each plant and then standardized 
all production data to 30.5 days to avoid potential bias encoun­
tered by comparing months of unequal lengths. The results re­
vealed that there were small differences in average monthly plant 
capacity utilization (Figure 3). 

Figure 2 
97.5 
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Perent Capacity 
Utilization* mean = 76.4% 
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Plant capacity utilization was not expected to be high dur­
ing the summer months. Milk supply typically increases during the spring and early sum­
mer, but demand for beverage dairy products tends to be lower. Although farm milk pro­
duction typically drops off during the late fall and early winter, high capacity utilization was 
anticipated because of increased consumption of beverage milk products and production 
of seasonal beverages. This hypothesis was supported by the results. On average, plant 
capacity utilization was highest in December, followed by October, February, and Septem­
ber. Plant capacity was utilized the least in July, May, and August. 

Figure 3. Average Percent Plant Capacity Utilization By Month 
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Number of Products. Labels. and SKUs Processed 

None of the plants in the study was strictly a 
fluid milk plant, i. e., a plant that only processed bev­
erage milk products. Many products were processed, 
packaged and stored along with the variety of bev­
erage milk products. Very few plants processed and 
packaged UHT products, and the most common prod­
ucts processed with UHT technology were coffee 
creamers; half and half; and light, medium, and heavy 
creams. A few plants processed and packaged soft 
dairy products, such as sour cream, cottage cheese, 
and yogurt. Nearly all plants brought finished prod­
ucts into their coolers from other food manufacturers 
which were then distributed to wholesale or retail out­
lets with the products processed by the plant. How­
ever, a few plants did not bring any finished pur­
chased products into their coolers. Figure 4 illus­
trates the range of stock keeping units (SKUs) that 
were plant-processed and the range of SKUs handled 
in the cooler. A stock keeping unit is a specific prod­
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uct with a specific label in a specific package size 
and type. On average, plants processed 148 SKUs and stored about 250 SKUs in the 
cooler. The data for each category was quite disperse with SKUs processed ranging from 
about 20 to nearly 400. The number of SKUs stored in the cooler ranged from about 25 to 
about 650. 

Most plants indicated that they packaged products under multiple labels (Figure 5). 
Seven plants processed four or fewer labels, and six plants processed twenty or more 
labels. On average, the plants packaged beverage products under 11 labels. The number 
of SKUs processed was influenced by the number of labels processed. The correlation 
coefficient for number of labels and monthly volume processed 
was weak (r =0.17), indicating that plants processing and pack­
aging beverage products for a large Qumber of labels were not 
necessarily large operations. The correlation coefficient for SKUs 
processed and monthly volume processed was also weak (r = 
0.27), indicating that large facilities were not necessarily the plants 
processing and packaging a large number of SKUs. 

Plant and Cooler Evaluation 

A number of questions were posed in the survey to char­
acterize the level of technology and automation. Automation and 
technology in the processing and filling area and in the cooler 
and load-out were evaluated by the plant manager at each plant. 
The managers were asked to use a 1O-point scale to assess the 
levels of technology in the two areas of the plant (1 =the lowest 
level of technology, and 10 =the latest, most innovative technol­
ogy). Similarly, cooler size and cooler design were assessed on 
10-point scales (1 =too small; poor layout, and 10 =spacious; 
convenient design). 
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Automation and technology in the processing and filling area averaged 7.4 and 
ranged from 4 to 9 (Table 1). About 83% of the plants rated the technology and automa­
tion in their processing and filling area 7 or better. Automation and technology in the 
cooler and load-out area was more variable, ranging from 1 to 10 and averaged 5.9. 
About 50% of the plants rated the automation and technology in their cooler and load-out 
area 7 or better. The correlation between processing and filling technology and cooler and 
load-out technology was surprisingly low (r =0.20), indicating that high ratings for technol­
ogy in the processing and filling area were only weakly associated with ~Iigh ratings for 
technology in the cooler and load-out area. 

Ratings for cooler size and cooler design followed the same dispersed pattern as 
shown by cooler and load-out technology (Table 1). Among the 35 participating plants, 
cooler size averaged 5.7, and cooler design averaged 6.3. About one-third of the plants 
rated both the size and layout of their coolers 4 or less. Correlation coefficients among 
cooler and load-out technology, cooler size, and cooler design ranged from mildly strong 
to strong. The correlation coefficient for cooler size and cooler design indicated that larger 
coolers were also likely to be more conveniently designed (r = 0.63). The correlation 
coefficient for cooler and load-out technology and cooler design indicated that coolers with 
more automation were very likely to be more conveniently designed (r =0.81). The corre­
lation between cooler and load-out technology and cooler size indicated that coolers with 
more automation were likely be more spacious (r =0.62). 

Table 1. Ratings of Plant and Ccooler Characteristics By Plant Managers1 

Characteristic rated: Mean Median Minimum Maximum 
Processing and filling area 7.4 8 4 9 
Cooler and load-out area 5.9 7 1 10 
Cooler size 5.7 6 1 10 
Cooler design and layout 6.3 7 2 10 

1 Automation and technology, cooler size, and cooler layout were evaluated by the plant manager at each facility. The 
managers were asked to use a 10-point scale to assess the levels of technology ("1" =older technology, and "10" = 
innovative technology). Similarly, cooler size a(ld cooler design were assessed on 10-point scales ("1" = too small; 
poor layout, and "10" =spacious; convenient design). 

Plastic Jug Filling Equipment 

All plants operated plastic jug 
filling equipment and most operated 
paperboard containedilling equipment 
as well. Plastic jug fillers were almost 
exclusively manufactured by Federal, 
although a small percentage of jug 
fillers were manufactured by Fogg. 
The size of plastic jug fillers, as 
measured by the number of valves per 
machine, was variable, but over two­
thirds of j~g fillers were equipped with 
26 valves (Figure 6). Fillers with 18­
valves were generally reserved for 

Figure 6. Percent of gallon and half-gallon 
plastic jug fillers by number of valvles 
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filling half-gallon jugs, but it was not 
unusual for plants to fill gallon and half­
gallon jugs on the same machine. The 
average age of all plastic jug fillers was 
12 years and ranged from 1 year to 24 
years (Figure 7). Actual filling speeds, 
as opposed to manufacturers' ratings, 
were reported for machinery used to fill 
gallon jugs. Plastic gallon jug filling 
equipment averaged 77 units per 
minute and ranged from 45 units per 
minute to 115 units per minute. The 
correlation coefficient for gallon jug 
filling speed and age of plastic gallon 
jug fillers indicated that older machines 
were somewhat more likely to operate 
at slower rates (r =-0.43). 

Paperboard Filling Equipment 

Manufacturers of paperboard fill­
ers were more numerous than plastic 
jug fillers, but Cherry Burrell was clearly 
the dominant manufacturer of paper­
board filling equipment in the participat­
ing plants (Figure 8). Forty-three per­
cent of paperboard fillers were used ex­
clusively for filling half-gallon contain­
ers. The other fillers were capable of 
handling a variety of package sizes. 
About 45% were capable of filling quart, 
pint, and half-pint containers, and the 
remaining 12% were used to package 
half-pint and 4-ounce NEP containers", 
The average age of all paperboard fill­
ing equipment was 10.9 years and 
ranged from 1 year to 19 years (Figure 
9). Actual filling speeds, as opposed 
to manufacturers' ratings, were re­
ported for half-gallon paperboard filling 
equipment The average 'filling speed 
was 86 units per minute, and the range 
was 65 units per minute to 100 units 
per minute (Figure 9). The correlation 
coefficient for half-gallon paperboard 
filling speed and age of half-gallon pa­
perboard fillers indicated that older ma­
chines were somewhat more likely to 
operate at slower speeds 
(r = -0.47). 

Figure 7. Plastic Jug Fillers 
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Figure 8. Percent of Half-gallon, Quart, Pint and 
Half-pint Paper Carton Fillers By Manufacturer 
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Product Handling In the Cooler and Product Loading 

A wide variety of product handling systems were used in the coolers of the 35 
plants in the study: stacked cases, corrugated boxes, bossie carts, dollies, and pallets. 
All but five of the plants used two or more of these product handling systems in their 
coolers. Product handled on pallets was packed in plastic cases, wire cases, or corru­
gated boxes prior to loading on a pallet. To eliminate any confusion with these different 
product handling systems, stacked cases or corrugated boxes placed on pallets were 
classified as pallets. Stacked 
cases and corrugated boxes refers Figure 10. Percent of Plants Using Various 
only to the product handled in in­ Product Handling Methods In the Cooler 
dividual stacks. Pallets and 
stacked cases accounted for the 
largest shares of volume handled 
by the various systems (Figure 10). 
On average, 41 % of the plants' vol­
umes were handled using stacked 
cases, and 40% were handled on 
pallets. Bossie carts accounted for 
about 9% of the volume handled, 
and corrugated boxes and dollies dollies corrugated 

3% 7%combined for about 10% of the vol­
ume handled. 

To characterize the handling systems and associated assembly processes, each 
product handling system of each plant was categorized as "automated" or "not automated". 
For example, case stackers and palletizers indicated automated product handling pro­
cesses. Ninety percent of the plants us­
ing stacked cases to handle product indi­
cated that mechanical case stackers were 
used (Figure 11). Three-fourths of the 
plants using pallets to handle product in­
dicated that pallets were loaded by auto­
mated equipment. More than 55% of the 
plants using bossie carts responded that 
the carts were loaded manually. Similarly, 
corrugated boxes and dollies were less 
likely to be automated processes. For the 
less popular product handling systems, 
automation appeared to be associated 
with the volume of product handled. In 
other words, a plant that handles 5% of 
its volume on bossie carts may find it dif­
ficult to justify purchasing an automated 
cart loader whereas such a purchase 
might be justifiable for a plant that handles 
30% of its volume on bossie carts. 

Figure 11. Percent of Respondents Using 
Automated Product Handling Systems 
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PURCHASED PACKAGING MATERIALS
 

Paper containers were purchased while plastic containers, especially gallon jugs, 
were typically manufactured in-house. About one-third of the plants purchased plastic 
half-gallon and/or gallon containers, but no plants reported purchasing plastic quart con­
tainers. About 60% of the plants purchased polybags which ranged in size from 3 gallons 
to 6 gallons. Loss factors for plastic and paper packaging materials averaged about 1.4% 
and 1.1 %, respectively. 

Unit purchase prices for packaging materials showed tremendous variation among 
the participating plants. Because the cost data collected from the 35 plants reflected net 
delivered costs from September 1994 through October 1995, differences based on time of 
data submission were likely to be present. To reduce the variation in costs resulting from 
time of data submission, a sample of costs reported by 13 plants from January 1995 
through June 1995 was used to generate summary statistics. 

The cost for a half-pint container averaged about 2.5¢ and ranged from 2.1 ¢ to 2.9¢ 
(Figure 22). Other containers showed more variability. For example, quart containers 
averaged 5.3¢ but ranged from 4.3¢ to 7.1 ¢, and half-gallon containers averaged 8.2¢ but 
ranged from 6.8¢ to 11.3¢. 

Polybags were the most costly of all container types. Two sizes of polybags, 5 and 
6 gallons, were the most popular sizes used by plants, and thus reported net delivered 
costs reflected prices paid for 5 gallon and 6 gallon bags. Most reported prices from 
January 1995 through June 1995 were in the range of 45¢ to 70¢, but a few plants re­
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ported costs of over $1.00 per unit. Five gallon 
polybags were slightly less costly than 6 gallon 
polybags on average (64.0¢ vs. 76.0¢). Because 
the 13 plants that were used to generate the pur­
chased packaging material summary statistics and 
boxplots were split between 5 gallon and 6 gallon 
polybags, there were too few observations to gen­
erate satisfactory boxplots. 

Nearly all plants purchased plastic caps for 
plastic jug containers rather than manufacture their 
own caps, and all plants purchased labels for plas­
tic jugs. The unit plastic cap cost averaged about 
1.1 ¢ each and ranged from 0.9¢ to 1.6¢. The unit 
label cost averaged about 0.7¢ and ranged from 
0.6¢ to 0.8¢ (Figure 23). 

Figure 23. Net Delivered Costs 
for Cap and Label 
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BLOW MOLD OPERATIONS 

Blow mold facilities were operated in 33 of the 35 plants in the study. All blow mold 
operations produced plastic gallon jugs, and about one-third of the plants also produced 
quart and/or half-gallon plastic jugs. 

The typical blow mold operation was not able to produce jugs as rapidly as needed 
by the filling operation, and, consequently, a number of plants relied on a bag-on and bag­
off system. Under this system, the blow mold center continued to produce jUgs after daily 
filling operations were completed, and the jugs were diverted to a plastic bagging machine 
rather than the filling line. When the filling operations re­
started, a plant employee was responsible for removing jugs 
from the plastic bags and placing them on a conveyor which 
transported the jugs to the filler. Some plants operated a 
large number of blow molds which produced enough jugs to 
keep pace with the filling operation. In a few plants, jugs in 
excess of the needs of the plants were sold to other bever­
age filling facilities. 

Blow Mold Labor Productivity 

The number of jugs produced per hour of blow mold 
labor ranged from about 975 to over 3,750 and averaged 
about 2,244 (Figure 24). The number of jugs included all 
container sizes produced at each facility, but 91.5% of all 
jugs produced were gallon containers (range: 53% to 100%). 
Although the blow mold labor productivity in a few plants was 
exceptional, about 85% of the plants operating a blow mold 
facility produced fewer than 2,600 jugs per hour of labor. 

Figure 24 
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Cost of Resin per Pound 

Most of the plants reported the cost of resin per pound, 
but seven plants did not report any information regarding the 
cost of resin. Because the reported costs reflected net deliv­
ered costs from September 1994 through October 1995, sub­
stantial differences based on time of data submission were 
evident. Plants reporting resin costs in 1994 noted that the 
cost of resin increased by about 35% during the latter months 
of 1994. To reduce the variation in resin cost resulting from 
time of data submission, a sample of costs reported by 13 
plants from January 1995 through June 1995 was used to 
generate summary statistics. Resin cost averaged 45.8¢ per 
pound and ranged from 40.0¢ to 52.0¢ (Figure 25). 

Cost of Producing a Jug 

Because some plants did not meter blow mold utilities 
separately, two cost of production figures were developed for 
blow molding. One cost of production estimate included the 
cost of resin, labor, depreciation on blow mold equipment, cap, 
and label. The second cost of production estimate included 
the same cost categories as well as the cost of utilities per 
jug. Because resin cost per pound was lower for plants that 
submitted data in the fall of 1994, a single resin cost was cal­
culated by using the resin costs submitted by 13 plants from 
January 1995 to June 1995. A resin cost of 45.8¢ per pound 
was assigned to all plants operating a blow molding facility. 

The cost of producing a plastic jug, excluding the cost 
of utilities, ranged 'from about 7.1¢ to 10.1¢ with a mean of 
8.8¢ (Figure 26). The highest calculated cost per jug was 
about 42% higher than the lowest. The limited data from plants 
metering utilities separately indicated that the cost of utilities 
per jug was low, averaging 0.3¢ per jug. 

Resin accounted for about 64% of the cost of produc­
ing a jug (Figure 27). Labor cost and the cost of a cap were 
nearly equal, each accounting for about 11 % of jug produc­
tion cost. The cost of a label, the cost of utilities, and the cost 
of depreciation on blow molding equipment comprised the re­
maining 15% of the production costs. 
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The variation in jug weights was one of the factors contributing to the variation in 
the cost of producing a jug. There were surprisingly large variations in gallon and half­ ­
gallon jug weights among the plants (Figure 28). Half-gallon jugs averaged 40.6 grams, 
but ranged from 37 grams to 45 grams. Likewise, gallon jugs averaged 60.4 grams, but 
ranged from 58 grams to 64 grams. Because resin cost represented such a large share of 
the jug production cost, decreasing jug weights may present an avenue for decreasing jug 
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production costs. For example, if the cost of resin was 
stable at 45.8 ¢ per pound, decreasing the weight of a 
gallon jug from 64g to 60g would decrease production 
costs by OA¢ per jug. 

Figure 27. Breakdown of the Cost of Producing 
a Plastic Jug 
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Figure 28. Plastic Jug Weights 
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SECTION II: DETERMINING THE IMPACT OF VARIOUS FACTORS 
ON LABOR PRODUCTIVITY AND PLANT COST PER GALLON 

Overview 

In the previous section, we reviewed general characteristics of the plants in the 
study. In this section, we attempt to disentangle the effects of a number of these factors 
on labor productivity and cost per gallon. We used regression analyses to quantify the 
impacts of each of the factors. In a related but separate study, we used the same plant 
data but used a different data analysis technique~called neural networks, a type of data 
mining (12). The results of the two studies indicated that type of plant ownership and cost 
of labor had the largest impacts on labor productivity and cost per gallon. Five other 
factors, plant size, the percentage of product packaged in gallon and half-gallon contain­
ers, percent plant capacity utilization, and level of processing and filling technology had 
smaller but nonetheless significant implications for plant labor productivity and plant cost 
per gallon. Other factors, such as cooler and load out technology, number of SKUs pro­
cessed, and percentage of product handled on pallets, did not have significant ramifica­
tions for labor productivity or cost per gallon. The two analytical techniques gave incon­
clusive results regarding the effect of unionized labor on labor productivity and costs. 

Developing Measures to Analyze Fluid Milk Plants 

We developed four measures of fluid milk plant efficiency and costs that were con­
sistent with the goals and objectives of the project. They can be categorized generally as 
plant labor efficiency and plant cost per gallon: 

-
,. 

• Gallon equivalents of products processed per hour of processing, cooler, and all other 
plant labor 

19 



• Gallon equivalents of product processed per hour of processing and filling labor 
• Cases of product (produced and purchased) handled in the cooler per hour of cooler 

and load out labor 
• Plant cost per gallon in cents per gallon equivalent processed 

To ensure that comparable cost and labor productivity figures were analyzed among 
all participants, we calculated plant labor productivity, processing and filling labor produc­
tivity, cooler and load out labor productivity, and cost per gallon from the accounting data 
submitted. Plant labor productivity (PROD) was defined as the volume processed per 
month, measured in gallon equivalents, divided by the total monthly hours logged by pro­
cessing and filling labor and cooler and load out labor, as well as any other plant labor that 
was not assigned to a specific cost center (for example, maintenance, quality control and, 
plant management). The hours worked by plant employees assigned to the blow molding 
area, personnel involved in sales, and general and administrative personnel were not 
included in the calculation of labor productivity. 

Labor productivity in the processing and filling area (PPROD) and labor productiv­
ity in the cooler and load out area (CPROD) represented two partial plant labor productiv­
ity measures. The purpose of including these partial measures of productivity was to 
determine which factors were responsible for influencing labor productivity in two major 
centers of operation in the plant. The blow mold operation represented a third important 
center. With the exception of utility costs, information on the blow mold operation was not 
included in any of the calculations. Processing and filling labor productivity was defined as 
the gallon eqUivalents processed per hour by plant employees assigned to any processes 
or functions from the receiving bay to the cooler wall. Likewise, cooler and load out labor 
productivity was defined as the number of cases (processed products and purchased 
finished products) handled per hour by plant employees assigned to any functions or 
processes from cooler wall through the load out area. Other plant labor, e.g., mainte­
nance, quality control, and plant management, that was considered when evaluating total 
plant labor productivity was not allocated to the two centers individually. 

Cost per gallon (COST) accounted for the CGl.st of processing and filling labor, cooler 
and load out labor, and any other plant labor that was not assigned to a specific cost 
center; utilities; plant maintenance and repairs; cleaners and lubricants; plant supplies; 
pest control; refuse collection; security; leases; property taxes; and insurance. The cost of 
depreciation on equipment and structures, cost of labor for blow molding, cost of packag­
ing materials, cost of ingredients, cost of distribution, selling expenses, and general and 
administrative expenses were not included in the calculation of cost per gallon. 

Selecting the Independent Variables 

A central problem in our analysis was specifying appropriate models, Le., models 
which were logical, hence consistent with economic theory and with the manner in which 
the data were generated. Decisions concerning which factors were tested in which mod­
els were guided by our understanding of fluid milk operations, input from managers, and 
the plant information which we were able to collect. A number of key factors tested were 
basic plant descriptors, such as gallon equivalents processed per month (GAL), number 
of SKUs processed (SKU), number of SKUs stored in the cooler (CSKU), percentage of 
processing volume loaded on pallets (PALLET), and average cost of wages and benefits 
for plant employees (WAGE). Other independent variables, such as the percentage of 
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