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ABSTRACT

The objectives of this study were: (1) to describe existing
Tennessee vegetable freezing plants that processed lima beans,
(2) to determine initial investment for synthetic model plants freezing
lima beans in multiple-product operations, and (3) to compare cost per
pound for processing lima beans in synthetic model freezing plants

according to plant capacity, hours of operation, percent of capacity
utilized, freezing method, and container.

Data concerning existing lima bean freezing plants were obtained

from three West Tennessee processors via interviews with plant managers,
observations of plant operations and plant accounting records. A com

posite or representative Tennessee multiple-product lima bean freezing
plant was described on the basis of these data.

Sixteen synthetic model lima bean freezing plants were developed
on the basis of data recorded from existing plants and from data col

lected by the technical research committee of the Southern Regional

Cooperative Fruit and Vegetable Marketing Project SM 30. The model

plants were multiple-product vegetable processing plants. Model plants
were developed to plate freeze 10-ounce cartons, plate freeze 2-1/2-

pound cartons, belt freeze 20-ounce polybags, and fluidized freeze

20-ounce polybags in 3,000, 6,000, 12,000, and 18,000 pound per hour

capacity operations. The number of hours each model plant operated

annually was considered the length of season, Seasonal lengths of 300,
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500, 700, and 900 hours were used for each plant. Percent of capacity
utilized was varied for each plant using rates of 90, 75, 60, and
45 percent of capacity.

Fixed and variable costs of model lima bean freezing plants

according to plant capacity, hours of operation, percent of capacity
utilized, method of freezing, and type of container used were tabulated

to determine total cost of the various operations. These total cost

computations were divided by appropriate output data to determine aver

age cost for the plants under varying conditions of seasonal length

and/or percent of capacity realized. Comparisons were also made among
model plants on the basis of cost per pound of processing according to
plant capacity, freezing method, hours of operation, percent of

capacity utilized, and type of container used.

Cost analysis of model plants indicated that there were substantial

economies of size in the lima bean freezing industry. The long run aver

age cost curve (LRAC) fell rapidly as plant capacity was increased from

3,000 to 6,000 and to 12,000 pounds per hour. However, the cost analy
sis of model lima bean freezing plants also indicated that a longer pro

cessing season or the use of a higher percent of the plant's capacity
may under some conditions be a more feasible alternative for lowering

processing costs per pound than increasing plant size.

The ability of additional hours of processing to reduce the cost

of processing per pound was found to diminish greatly after a 700 hour

season was obtained. Processing operations using less than 75 percent

of a plant's capacity may find considerable potential in reducing costs
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by making more efficient use of the plant's capacity. It was determined

that under many conditions, cost efficiency in lima bean freezing plants

depended more upon the variable cost components than upon fixed cost

components. Employing labor saving equipment in single-product process

ing plants has become an accepted means of obtaining cost efficiencies

when total output justifies the purchase of such equipment.
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CHAPTER I

INTRODUCTION

Fruit and vegetables are an important source of income to many-

Tennessee farmers and are important to the state's agricultural economy.

In 1969, Tennessee growers sold $16.9 million worth of fruits and

vegetables, which was about the same as the annual sales of $17,0 mil

lion for the 1959-69 period. These sales were equal to about 2.9 percent

of the value of farm products sold annually in the State. In 1969,

growers in approximately two-thirds of the counties sold fruits and/or

vegetables on the cash market and 58,000 acres were devoted to their

production (Tennessee Agricultural Statistics, Annual Bulletins, 1960-

1970).

The Problem

The need for major adjustments in the fruit and vegetable industry

is continuous. Leaders in the vegetable processing industry in the

southeastern states are currently appraising the possibilities of build

ing new processing facilities, expanding existing facilities, and

mechanizing more of the processing operation.

In the 1960's profits in the fruit and vegetable processing

industry appeared low relative to other industrial sectors (Porter,

1970, p, 22), Despite the growing popularity of processed fruits and

vegetables, the industry attracted few new firms. The number of firms



declined rather drastically in the 1960's as the smaller operators
found it difficult to compete with larger firms.

Economies related to annual output in vegetable processing have
become increasingly important and many surviving firms have expanded
their plant's operations to supply the growing market demand. Most

existing firms are operating multiple-product plants in an effort to

meet new consumer demand while keeping unit operating cost as low as

possible. Other interests are derived from the need for new or expanded
rural enterprises to supplement farm income and to utilize underemployed

rural resources.

The fresh market has been the primary outlet for fruits and

vegetables in most of the southeastern states for many years. The

processing market, however, has provided farmers a market for surplus

production which could not be sold on the fresh market. Consequently,
sales on the processing market continue to be of considerable economic

importance,

Entrepreneurs in the vegetable processing industry, when planning
new plants or expanding existing plants, have specific questions on the

economics of processing. Answers to these questions are crucial to the

industry, the firm, and society. This study was conducted specifically
to answer the question-What size plant should be constructed for freez

ing lima beans in a multiple-product plant? Other important questions

concerning methods of processing, hours of operation, percent of

utilized plant capacity, and the source of raw materials have an

influence on the long-run competitive position of processing firms.



According to a 1960 study of vegetable processing plants in the
Southeast CWilliams and Allen, p. 20). Tennessee led the southeastern
states in the volume of vegetables purchased for processing. Two large
processing plants that began their operations in Tennessee early in

this century have grown rapidly. The annual value of green lima beans

produced in Tennessee is estimated at approximately $600,000 and the
trend in national per capita consumption of lima beans is upward. Con
sidering the effect of population growth and Increasing incomes, the
outlook appears favorable for substantial increases in total consumer

demand for frozen lima beans.

Objectives

The primary objective of this study was to provide the lima bean

freezing industry with cost estimates of processing in different size
plants considering the variation in length of the processing season,
percent of plant capacity utilized, size and type of containers, and the

processing methods used. Results of this study should enable processors

to make more intelligent decisions about the size of proposed plants

and/or changes in existing plants.

Specific objectives were:

1. To describe existing Tennessee vegetable processing plants

that freeze lima beans,

2. To determine the initial investment for synthetic model

plants freezing lima beans in multiple-product operations,

and

3
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3, To compare the cost per pound for processing lima beans in

synthetic model freezing plants according to varying

plant capacities, hours of operation, percent of capacity

utilized, freezing method, and type of container used.

Procedure

Input-output data were obtained from three West Tennessee processors
of lima beans through interviews with plant managers, observations of

plant operations, and plant accounting records. A composite or repre
sentative operational flow cahrt and equipment layout was developed for
the existing plants. Timed production checks were used to estimate

hourly output and percent of capacity utilized. This information served

as the basis for a description of operations in the existing multiple-

product lima bean freezing plants in Tennessee.

The major source of data utilized in the construction of synthetic

model plants, particularly data concerning input costs and output capaci
ties, was from research conducted by committee representatives of the

Southern Regional Cooperative Fruit and Vegetable Marketing Project
SM 30 (Pearson and Brooker, Bui. 150). Sixteen synthetic model lima

bean freezing plants were developed for purposes of comparing initial

investment and processing costs per pound. It appeared unrealistic to

make cost estimates for processors using single-product model lima bean

freezing plants. A plant designed to efficiently process only lima

beans would include a much greater output of lima beans than any exist

ing plant in the area processes at present. Most fixed and variable
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factors required for processing lima beans in the synthetic model plants
were the same as those used in processing other vegetables. The assump
tions concerning model plants for this study were as follows:

1. Economies in plant operations and plant costs were independent
of plant locations.

2. Sufficient quantities of lima beans were available to supply

the processing plants.

3. Recovery percentage of freezing lima beans was assumed to be

100 percent. (Temporary storage in water prior to blanching

may increase weight as much as 10 percent.)

4. Demand for the vegetables processed was adequate to warrant

the scale of product processing employed in model plants.

5. Plants processing lima beans were multiple-product plants

processing the same product mix of 20 percent lima beans,

30 percent Southern peas, 30 percent leafy greens, and

20 percent okra and other vegetables,

6. Only one size and type of container was employed in a given

model plant,

Synthetic model plants were developed to plate freeze 10-ounce

cartons, plate freeze 2-1/2-pound cartons, belt freeze 20-ounce polybags,

and fluidized freeze 20 ounce polybags in 3,000, 6,000, 12,000, and

18,000 pounds per hour capacity operations, This capacity per hour was

based on the processed product's net weight. Costs were classified as

fixed and variable. Fixed costs included depreciation on buildings and

facilities, depreciation on operating equipment, salaried management
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and other personnel, property taxes, interest on investment, insurance,

and repairs and maintenance. These costs are fixed on an annual basis

over the planning period involved and are independent of plant output.

Variable costs are those costs which vary as plant output varies. These

costs include labor, cost of containers, fuel, power, raw materials, and

office-brokerage costs.

For each of the synthetic model plants, fixed costs of equipment,

buildings and salaried employees were tabulated, The cost allocated to

lima beans made up the total use of the item. All cost data figures

are for 1970.

Annual fixed overhead costs were expressed as a percentage of

initial cost. Depreciation of buildings was considered a function of

time and a useful life of 20 years was assumed. The straight line

method of calculating depreciation was used; therefore, an annual charge

of 5 percent of the initial cost of buildings represented depreciation.

Processing equipment has a more rapid rate of depreciation than build

ings. Equipment depreciation, therefore, was considered a function of

time, use, and obsolescence over a life of 10 years with the annual cost

being 10 percent of the initial cost.

Interest was computed at 4 percent of the initial cost of fixed

assets, which is approximately 8 percent of the average value of these

assets over their useful life.

Tax and insurance costs were each estimated at 1 percent of the

initial cost of buildings.
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It was assumed that annual maintenance and repair costs for

buildings would average 2 percent of their initial cost. Tax and insur

ance costs for equipment used in processing were computed at an annual

rate of 1,25 percent of initial cost. Annual maintenance and repair

costs for equipment was computed at 2.5 percent of initial equipment

cost, Table 1 summarizes the rates used for items specified.

Variable cost for each plant was tabulated by including the hourly
costs of the raw product Cshelled beans delivered at the plant), labor,

brokerage fees, office expenditures, containers, power or fuel charges,
and disposal fees. The number of hours each model plant operated

annually was considered the length of season. Seasonal lengths of 300,

500, 700, and 900 hours were used for each plant. Percent of capacity

utilized was varied for each plant using rates of 90, 75, 60, and 45

percent of capacity. Seasonal length and percent of capacity utilized

both altered a plant's total variable costs which when added to the

plant s annual fixed cost yielded annual total costs according to plant

capacity, freezing method, hours of operation, percent of capacity

utilized, and container.

The annual total costs were then divided by the plant's annual

output to determine the cost per pound of processing by the different

plants or by the same plant for different seasonal lengths and/or

different rates of capacity utilized. Comparisons among model plant

operations were on the basis of cost per pound of processing according

to plant capacity, freezing method, hours of operation, percent of the

plant's capacity utilized, and container.



 

Table 1. Rates used to calculate fixed costs in synthetic model plants

Cost items Buildings
Processing
equipment

Depreciation

Interest

Taxes

Insurance

Repairs and maintenance

--percent of initial cost'

5 10

4

1

1

2

4

1,25

1.25

2.50

Represents costs allocated to lima beans.



CHAPTER II

RELATED STUDIES

Numerous studies have been made to determine the most efficient

methods of processing food. Most of these studies have been directed at

measuring output in terms of input requirements in overall plant opera

tions, measuring relative efficiencies of alternative methods of opera

tion, and determining the importance of economies of scale.

Economies of Scale

Cost and efficiency studies in marketing are based on the economic

theory of the firm (Boulding, 1948, and Stigler, 1952). In this theory,

the production process is covered in two stages: (1) the input-output

coefficients where the output is expressed as a function of the inputs--
land, labor, buildings, and equipment, and (2) the use of price data of

these production input determining the costs of producing the given

output. The application of prices to output also provides a measure of

gross revenue for the firm.

The basis for studies on economies of scale is production theory.

The concept of scale is a technical instead of an economic relationship.

Relative dimensions are changed without any change in the proportional

relationship between the individual parts. That is, if the input factors

used in production are all increased proportionately, this is the same

as increasing the scale of the process. If the increase in output is
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relatively greater than the increase in input, then economies of scale

exist. In actual application, the assumptions of proportionality may be

relaxed due to multiple inputs, discrete inputs, and technological

changes.

Economies of scale may be illustrated with reference to plant size

in terms of output capacity (Eidman, Dean and Carter, pp. 7-8), A

series of short run average cost curves (SRAC) representing the opera

tional costs of different size plants constitute the long run average

cost CLRAC) curve as shown graphically in Figure 1. The lowest point of

the short run cost curves represents the minimum average total cost of a

particular plant size and serves as a point on the long run average cost

curve. Plant size determines the short-run output capacity resulting

from the fixed factors. The short run is too short a period of time to

allow for alterations of fixed factors. The long run is a period of

time sufficiently long to allow fixed factors that constitute plant size

or capacity to vary. Graphic presentation of a series of short run

curves for successively larger plant sizes may be used to derive the

long run average cost curve.

For determining the economies of scale, the model-building approach

is a traditional method and this method involves the development of

physical input-output coefficients for each stage of the production pro

cess (Bressler, 1955, p. 270). These input-output coefficients provide

the foundation, upon which individual model plants can be developed.

When prices are applied to these factors, the optimum combination of

factors for the least cost operation of a plant can be determined
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Average Cost

SRAC

SRAC

SRAC
SRAC

SRAC \ LRAC

Plont Size (Output Copocity)

Figure 1. Plant size and the long run average cost
curve
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either by linear programming or budgeting. When several model plants
are developed by this method, they indicate in theory, the optimum com

bination of resources or the best plant size.

Other Economies

A processor may gain reductions in unit cost to some degree by-

extending the processing season. The processor is limited, however, to

a season equal in length to the harvest season if the plant packs only a

particular product that can not be stored. A multiproduct processor may
be more successful if the harvesting seasons of its variety of products

allows for early and late extensions of the processing season (Reed and

Sammet, p. 167).

Economies may also result from more extensive use of fixed cost

factors. Therefore, it is a matter of indifference as to the source

of more extensive use of fixed factors. Increases in plant capacity and

a longer season of operation can both quite logically be cited as com

parable sources of cost reductions. Additional sources of economies

stem from specialization in the use of labor, equipment, management,

and in the use of by-products (McConnell, p. 457),

The labor and management requirements for larger capacities or

longer lengths of the processing season are such that a greater annual

output may be processed more efficiently. In plants with small capa

cities, or those with short seasonal operations, processors may find

both labor and management being underutilized or used in a manner that

does not allow specialization. An absence of specialization may lead
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to inefficiency if proper skills are not developed when workers are

shifted from one function to another. Excessive idle time for workers

may result as workers function in several areas of skills in a small

scale operation.

By-products do not exist in vegetable processing to the extent they
did formerly. Recent developments in harvesting methods have eliminated

some of the traditional by-products. In fact, many previous functions

of a vegetable processing plant are now performed in the field by

intricate, mobile harvesting equipment.

A relative large scale operation may have advantages other than

those related to efficiency in terms of factor utilization and tradi

tional cost theory related concepts. Both in the purchase of factors

and in the sale of products, greater bargaining power is normally held

by firms with large total outputs. Processors who operate the larger

scale plants may enjoy a position that affords them lower factor costs

and higher product prices than those of rivals who operate at lower

levels of output. It should be stated, however, that an overzealous

emphasis upon large scale operations may prove detrimental, If proces

sors blindly seek larger outputs by increasing plant size, they may

experience diseconomies which is a condition of higher unit cost result

ing from an increase in plant size or annual output. Inefficiency of

this nature is often the result of an operation becoming too large and

complex in its arrangement for efficient managerial control (Leftwich,

p. 34).
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Vegetable Studies

In a report concerning an economic analysis of canning leafy greens,
lima beans, and Southern peas CMathia, Pearson, and Ela, p. 61), it was

concluded that a low capacity, short season plant greatly reduced the

probability of a profitable operation. A main factor cited was that of

the difficulty in acquiring competent management for low output plant
operations. An additional conclusion was that the seasonal aspect cre
ated additional problems in terms of financing.

Reed and Sammet (1963, p. 167) concluded that many California

vegetable processors could achieve reductions in per unit cost by pro
cessing a combination of products maturing in different time periods.
Their reasoning was that the costs of management and other fixed inputs
could be spread over a greater annual quantity of output and thus yield

economies. Simultaneous processing of products having the same harvest

season was also seen as a means of increasing plant efficiency. Manage

ment, equipment, and other fixed costs are paid regardless of their rate

of utilization in any given time period regardless of the scale of

operation.

An additional conclusion of Reed and Sammet (1963, p. 21) was that

there existed some joint costs in multiple-product processing requiring
that an arbitrary procedure of cost allocation be used to compute cost

for a particular product. The authors stated, however, that the majority
of the variable factors and some of the equipment and other fixed factors

can be specifically related to given products. Thus, the issue was
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argued that only a small share of total cost would be subject to

arbitrary allocation. They stated that undue concern pertaining to the

allocative method used and the resulting margin of possible error is

unwarranted.

In a study of lima bean processing in California, Reed (1959,

p. 96) found that advantages of increased plant size are substantial in

small capacity plants, but become less important in plants with a capac

ity above 20,000 pounds per hour. It was stated, however, that for any
plant capacity, relatively large reductions in average cost are possible

with a longer operating season. Economies associated with increased

length of season become relatively less important as the season length

approaches 750 hours.

Fairbanks and Polopolus (1965, p. 32 and pp. 60-61) found that the

okra and okra-tomatoe canning plants the length of a plant's operating

season is more critical in reducing unit processing costs than size of

plant. Fixed labor and management costs are areas of potential cost

saving if plant size is enlarged. A longer processing season has a

similar and more critical effect in terms of per unit cost reductions.

Fairbanks and Polopolus concluded that the addition of a tomato

line in an okra processing plant offered two potential favorable influ

ences, The addition of the tomato line increases plant revenue by a

percentage roughly three times that of the increase in plant cost. They

added that the dual product operation afforded the plant flexibility in

terms of easily adjusting to the processing of other vegetables. This

would allow the plant to compete more favorably with larger single
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product plants that had become established in the industry. The

extended length of season and resulting larger output was cited as

bringing about cost savings in okra-tomato processing plants.
Law and Beeson (1967, p. 2) concluded in a study of the profitability

of sweet potato flaking plants that individual effects of variations in

level of trim and peel loss, price of raw product, and price of the fin

ished product, though important, were somewhat less important to profit
ability than the effects of either plant size or length of season. They
found that the investment value of flaking plants to be highly sensitive
to variation in plant size as well as in length of season. It was shown

in their study that increases in either size of plant or length of

season, based on the ranges studied, resulted in significantly more than

proportionate increases in investment value.

Synthetic Model Building

French, Sammett, and Bressler (1961, pp. 544-549) developed a

theoretical-analytical study designed to supply plant managers with more
complete input-output data via synthetic model plant construction.

Their study was intended to be of value in future research concerned

with the economics of production and related studies. The dimension of

time for output variation, plant segmentation with the use of many

identical machines, discontinuous variation in rates of output, and

multiple rather than single stage plants were their theoretical tools.

These tools were designed as a means of analysis rather than for

descriptive explanations.
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Black's critique (1955, pp. 273-279) of the synthetic approach for
the determination of costs states that a strong advantage of the syn
thetic approach is that it can be applied in an industry where data are

not adequate for a statistical analysis. He cited the existence of

insufficient numbers of plants at a given time and operating under com
parable conditions as a prime factor that might limit the amount of

existing data.

The synthetic technique, he added, can be used to obtain cost

estimates other than those related to the envelope of least-cost curves

at various levels of rate of output. He gave examples of other uses as

being the development of average cost curves for plants producing with

different factor costs, varying degrees of capacity utilization, and

reducing accounting systems to one standard more subject to comparability.
Black summed up his report with a statement concerning limitations

which exist with the use of a synthetic technique. Comments concerning
limitations dealt with the development of arbitrary means of allocating
joint costs, assumptions of management quality, considerations of exter

nal economies, and the fact that the economies-of-scale curve, in all

studies, continues to decline asymptotically to some minimum level as

plant output is increased.



CHAPTER III

DESCRIPTION OF EXISTING PLANTS

The lima beans processed in Tennessee constituted less than

5 percent of the total output of canning and freezing in 1968 (Table 2)
Most of the equipment, labor, and management resources of the freezing
plants were employed in the processing of other vegetables; thus they
were multiple-product plants. There were three Tennessee freezing

plants that were processing lima beans at the time of the study.

Products Processed

A vegetable freezing plant's operation normally starts in May or

June with the processing of the early leafy greens, Sbuthern peas, and
squash. Lima beans, okra, and Southern peas are processed in mid-to-

late summer. Near the end of the season, the fall and winter leafy

green crop is processed. Most firms operate from 5 to 7 months each

year.

One-fourth of the lima beans frozen were green limas and

approximately three-fourths were speckled butter (lima) beans. The

freezing plants processed lima beans without mechanical quality grading
of the beans into whites and greens or into different size or quality

class. Both the green lima and the speckled butter (lima) beans were

frozen as "field run". Most of the frozen lima beans met the United

States Department of Agriculture (USDA) standards required for top

18
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Table 2. Total pounds of vegetables processed and percent of total
Tennessee, 1968

Product
Total pounds
processed Percent

42,768,666 28.1
32,293,416 21.2
30,904,554 20.3
16,008,841 10.5
15,128,472 9.9
6,904,554 4,5
4,258,921 2.8
1,561,065 1.0
1,309,372 .9
624,001 .4
381,554 .2
266,736 .2

152,410,152 100.0

Green beans
Southern peas
Leafy greens
Cabbage (sauerkraut)
Okra

Lima beans

Squash
White potatoes
Turnips
Sweep potatoes
Carrots

Pepper

Total

Source: Compiled from plant records of Tennessee vegetable
processors, 1971,
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grades. The objective, however, was to process the best quality field
run beans obtainable from the raw product received.

The lima beans processed in the plants studied were grown within

a 50 mile radius of the processing plant. Most, however, were grown

within a radius of 20 miles. Processors also produced lima beans on

farms they own and contracted additional supplies with individual farmers
in the area. The contracts with the farmers stipulated that harvesting
would be furnished by the buyer and the farmers would be paid on a per
pound basis for the harvested beans.

Freezing Stages

Initial Preparation

The receiving and preparation operation in processing lima beans

by freezing are illustrated in Figure 2 and the equipment layout for

processing is shown in Figure 3. The operations include receiving and

unloading pallet boxes (1,200 pound capacity) with a forklift from a

truck bed. After pallet boxes are set aside in temporary storage, the

forklift operator places empty boxes into the truck. The dumping stage
of the process consists of lifting and then rotating the forks in a

position that permits beans to flow from the box into the filler hopper.
The beans then enter a series of cleaning stages. Beans flow from the

feeder hopper through a vibrator conveyor onto a belt conveyor and pass

through the shaker cleaner unit. The shaker cleaner unit consists of

screens that separate from desirable beans, foreign material and defec

tive beans. As the beans fall from the final shaker screen, they enter
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the pneumatic cleaner which consists of a forced air separation process

that removes foreign material and defects which the shaker cleaner may

fail to remove. Dry methods of cleaning are completed as the beans flow

from the pneumatic cleaner into a hydraulic pump line that transports

the beans to the washer cleaner. Dust, soil, and other impurities are

washed from the beans as they flow over a screen under a spray of water

and through a dewatering unit. The beans flow from the dewatering reels

into the flotation cleaner where they are cleansed by an emulsion flota

tion process as the various defects and trash particles are deparated

and ejected. Beans flow directly, via hydro pump from the flotation

cleaner to the blancher or they may be pumped to temporary storage vats

to await blanching. Lima beans are usually collected and stored tempo

rarily for 6 to 10 hours in clear water holding vats prior to blanching.

Beans are slightly dehydrated prior to cleansing and temporary storage

in fresh, clean water restores their original water content. The

accumulation of a sizeable quantity of beans in the vats permits a more

even flow of beans throughout the processing line. Continuity in the

flow of beans is a critical factor in the overall processing operation.

Blanch and Inspect

Blanching of lima beans consists of pumping beans from either the

flotation cleaner or storage vats through a dewatering unit and into the

blancher prior to freezing. Blanching consists of heating the beans for

3 to 3-1/2 minutes, to prevent discoloration and undesirable flavors

which result from enzyme activity (Reed, 1959, p. 25). After blanching.
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beans are moved through a cooling vat and are pumped into holding tanks

above the inspection belts. From the holding tanks, beans are allowed

to flow onto slowly moving inspection belts where inspectors hand sort

the beans to remove defects and foreign material. The quality of the

beans being processed is determined to a large extent by the number of

workers used per belt as well as the belt speed. If the quality of the

beans is poor due to disease and insect damage or to improper maturity,

the belt speed is either reduced or additional workers are employed at

the belt. Beans are pumped from the inspection belts to different

locations according to the type of freezing and packaging process

desired.

Individual Quick Freezing

Beans that are to be individually quick frozen (IQF) are pumped

from the inspection belt to a dewatering reel which deposits the beans

via a vibrator conveyor on the IQF belt. The IQF belt passes through a

tunnel that consists of freezer units which directs continuous blasts

of extremely frigid air through the metal mesh IQF belt. As beans are

conveyed through the IQF compartment, the continuous currents of cold

air force individual beans into constant motion, thereby freezing each

bean as a separate unit. Individually frozen beans flow as granules

from the end of the mesh belt into palletized bulk crates. The crates

are transported to storage if bulk packaging is the desired product

pack. In the case of polybag packaging, bulk bins are transported by

forklift to the manua.1 polybag fill and case line. This line consists
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o£ two bins for holding bulk beans and two conveyor belts situated so

that filled polybags can be conveyed from the filling station to the

sealing station. Small scales for checking the weight of bags, a sealer,
and a coder are employed. Beans are dumped into the two bins at the

start of the line. Workers dip beans from the bins with a small scoop
and with the aid of a funnel and scales fill polybags to the desired

weight. They are assisted by workers who hold the bags and place the
filled bags onto the belt. As the bags are being conveyed to the sealer,
bags are checked for proper weight periodically. The next stage is one
of case forming, filling cases, and stenciling the palletized cases.

Cases then are either transported to cold storage or shipped to market.

Plate Freezing

Beans that are to be packaged in 10-ounce retail cartons are

transported via hydraulic pump from inspection tables to a dewatering
unit above a holding tank from which beans flow into the hopper of the

carton former, filler and closer machine. After cartons are formed,

filled and closed, they pass through a wrapper which applies a waxed

paper overwrap.

Cartons then move along a conveyor belt to the plate freezers,

A worker attending the plate freezer activates a sweep bar that forces

a row of cartons from the conveyor belt into the freezer unit. Entry

of a row of cartons into the unit forces a row from the unit that has

been frozen. As cartons are ejected from the plate freezer, they fall

upon a conveyor belt which transports them to a table where cases are

formed and cartons are placed ipto them by hand. Cases are then
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transported via conveyor belt through the case sealer and are stacked

onto pallets. The palletized cases are then transported by forklift to

cold storage.

Storage Freezing

The process described above with respect to 10-ounce cartons is

identical to that of 2-1/2 pound cartons up through the wrapping stage.
As 2-1/2 pound cartons leave the wrapper, they are removed from the belt

by hand and placed into wire baskets which are stacked upon pallets.

Palletized baskets of cartons are then transported into the freezer

storage area for both freezing and storage.

General Information

Multiple-Shift Operations

Additional workers were employed as raw products became available

in quantities that would require multiple-shift processing. Relatively

small capacity plants had, without a change in fixed factors, a two or

three fold increase in daily output by employing additional shifts.

Processing Continuity

An even flow of vegetable raw materials was enhanced by specifically

scheduled contractual production agreements with producers. Production

from the processors' farms provided an additional way of controlling

part of the total harvesting time table. The purchase of raw products

produced out-of-state served as filler to help maintain continuity in

the processing operation throughout the season.
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Harvesting Season

Harvesting of lima beans normally begins in mid-July and ends

during the first or second week of October. Therefore, three months or
less per year are available for the processing of limas. Continuity of
processing is broken by rains during the harvesting period because heavy
equipment employed in harvesting requires relatively dry soil conditions
to operate efficiently. Southern peas and lima beans are usually pro
cessed during the same time period because of a common harvesting season.
Southern peas are less perishable than limas and this also aids in

scheduling the processing. During rainy periods, plant output may be
maintained by increasing the level of processing peas which are harvested
manually or mechanically in whole pods and then stored in sufficient

quantities for processing during slack time. Importing Southern peas
from Alabama prior to the lima bean season and from Texas after the lima

bean season extends the processing season for plants in the West Tennessee

area. A processing season of approximately 9 months is possible with

the processing of early and late leafy greens. Southern peas and lima

beans.

Plant Capacity

Freezer plants in the Tennessee area have on the average the

capacity to prepare through blanching, approximately 5,000 pounds of

lima beans per hour. Inspection, filling, wrapping, and freezing are

stages of processing that require more time than preparation and the

rate of processing is thus normally reduced to approximately 4,000
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pounds per hour. Holding vats are employed to store temporarily large
quantities of beans because preparation stages are completed more

rapidly than stages of packaging. These rates of output do not represent
100 percent of plant capacity because equipment and workers can prepare
6,000 pounds per hour and fill, wrap and freeze 5,000 pounds per hour
under optimum conditions. Allowing for breakdowns, bottlenecks, cleanup,
and other work stoppage, Tennessee area plants in general operate at

about 80 percent capacity in terms of the time charged to processing
lima beans.

During the middle of the lima bean season, large supplies of beans

are received continuously for 5 to 6 weeks. Higher utilization of

capacity during peak harvesting periods offsets the lower utilization of

capacity that occur at the start and end of the harvesting season.

Approximately 80 percent of the plant's capacity is used during the lima
bean processing season each year.



CHAPTER IV

COST ESTIMATES FOR MODEL PLANTS

Processing cost per pound (average total cost) was computed in

order to compare operations in the model processing plants. Average
total cost indicates the relative efficiency of operations when raw

product prices, labor charges, and other factor costs change. The cost

data throughout the study have reference to 1970.

Total Output

Total output per season is the major determinant of plant efficiency
relative to utilization of fixed factors. Total output is a function of

the plant capacity, percent of the plant capacity used, and the number

of hours the plant is operated. The largest model plant has a total

output of 18,000 pounds per hour for processing lima beans when operating
at 90 percent capacity and 900 hours during the processing season. The

seasonal output from such a plant would exceed 14 million pounds which

is approximately 10 percent of the national pack of frozen lima beans

in 1968 (Frozen Food Pack Statistics, pp. 33-35).

Model freezing plants are designed to process beans that have been

graded according to quality and size rather than for processing "field

run" beans, the practice being used currently in the existing freezing

plants. Additional holding tanks and size and quality grading equipment

are required to pack and freeze limas according to maturity and size.

29
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Howevar, advantages exist when the beans are processed according to
maturity and size. These advantages might justify the additional costs
required for purchasing the relatively inexpensive equipment needed for
size and quality grading. Labor required for processing Is not subject
to change with the size or quality of beans processed. Three grades and
sizes, small, medium, and large, are possible with baby, green, and
green plus mature beans.

Fixed Costs

Fixed costs are an important part of the processing cost of lima
beans and per unit fixed cost depends primarily upon the total output of
a plant. Total output depends primarily upon plant capacity and the

length of the processing season. In the small capacity plants and

particularly when the operating seasons are short, fixed costs are rela

tively high and they represent a large percentage of the unit cost of

the product. However, in large capacity plants and particularly when
the operating season is long, fixed cost per unit comprises a relatively
small percentage of the per unit total cost of processing. The percent
age of total output accounted for by various products processed in the

model lima bean freezing plants is given in Table 3.

Equipment Cost

The cost of equipment for freezing lima beans in model freezing
plants of different processing capacities is listed in summary form in
Table 4. Equipment used in preparation, blanching and inspection stages
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Table 3. Percentage of total output of various products processed
measured in terms of total pounds of product in model
lima bean freezing plants

Percent

Lima beans
20

Southern peas
30

Leafy greens
30

Okra and other
20

100
Total
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Table 4. Equipment costs for model lima bean freezing plants by plant
capacity, freezing method, and container

Miscellaneous^ 30,090 44,340 61,480
Total

Plate 10 oz, 116,590 139,560 226,200
Di4<f-A o 1 /'j iu ' — '— ——w

Plant capacity
- . Pounds per hourOperation 3.000 6,000 12,000

■dollars-

18,000

Prepare, blanch,
and inspect 24,760 27,160 38,020 39,800

Freezing (method)
36,600 36,600 66,200 94,000

pf J,. , 41,600 69,200 94,400 116,000Fluidized 51,600 51,600 75,000 127,600
Packaging (container)

22,720 29,040 58,080 87,120
23,600 23,600 44,00020 oz. polybag 9,170 12,820 19,670 32,490

Case, seal, code,
and print 2,420 2,420 2,420 2,420

87,600

310,940
mr V on 117,470 134,120 191,720 267,820
JSn 108,040 155,940 215,990 278,310IQF fluidized 20 oz. 118,040 138,340 196,590 289,910

Includes shop, laboratory, office and janitorial equipment,
Source: James L. Pearson and John R. Brooker, eds.. Planning Data

for Marketing Selected Fruits and Vegetables. Southern Cooperative
Series, Bulletin No. 150, December 1969. Data have been updated to
reflect 1970 costs.
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was assumed to be the same for all frozen lima bean plants of various

capacities regardless of the freezing method or container used in pack-

aging. The same is true for casing, sealing, printing and for miscel

laneous operations, The cost of equipment for plants according to plant

capacity, freezing method, and container used in packaging is shown by

processing stages. Equipment cost is allocated to lima beans according

to the percent lima beans are of the total volume of vegetable products

processed by a particular item of equipment. (Appendix Table 15 lists

the percentages used for each item of equipment.) The total equipment

cost according to the method of freezing, containers used, and the plant

capacity does not follow a general trend in terms of one method being

more costly than another. With plant capacities varying, total equipment

needed for the freezing method and the container size does not increase

in the same proportion as does plant size. For example, when 10-ounce

cartons are plate frozen in a plant with a 3,000 pound capacity, the

investment in equipment is $116,590, whereas the same method of process

ing in a plant of 6,000 pounds capacity requires a $139,560 investment.

This relatively small increase of $22,970, or 17 percent in equipment

cost, is because more complete utilization is made of the major items in

the higher capacity plants. A plant with a capacity to plate freeze

12,000 pounds of lima beans per hour in 10-ounce cartons requires

$226,200 invested in equipment and an 18,000 pound capacity plant

$310,940. The reason for the large ($84,740, or 37 percent) increase in

equipment cost for the 18,000 pound capacity plant is because a plant

with a capacity this large needs more than one unit of the major items
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of processing equipment. When the capacity of model plants was increased

from 6,000 to 12,000 pounds per hour, the increase in investments

required for equipment among models employing all methods of freezing
ranged from 39 to 62 percent. This relatively large increase in equip
ment cost results from the fact that many items of equipment required

for lima bean freezing operates at a maximum hourly output of 6,000
pounds. The fact that many items of equipment used in lima bean freez

ing operations have hourly capacities of 6,000 pounds of output per hour,
suggests that plants with an hourly capacity substantially below 6,000

pounds per hour is inefficient in terms of equipment use.

Building Cost

Building costs are a fixed cost allocated to lima beans by the same

method as equipment cost. Costs of buildings prorated to lima beans for

plants of different capacities are shown in Table 5.

The total cost of buildings for a 12.000 pound capacity plant is

$148,694, approximately twice that of a 6,000 capacity plant
and three times the cost of a 3,000 pound capacity plant. The building

cost required for a 3,000 pound capacity plant, $48,575, is only one-

sixth that of a plant with an 18,000 pound capacity. Small capacity
plants are in general more inefficient in terms of utilizing equipment

and buildings than are the larger size plants,

Fixed Salaries

Salaries paid during a processing season are a part of a plant's

fixed cost. Table 6 lists the fixed salaries employees required for
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Table 5. Building costs for model lima bean freezing plants by plant
capacity j ̂

Cost Percent
per charge

square to lima
Use foot beans

dollars percent •

Receiving 1.00 100
Preparation 8.50 50
Fill and case 9.00 20
Boiler room 8.00 20
Storage (dry) 9.00 20
Freezer storage 15.00 20
Office 10.00 20
Rest rooms 20.00 20
Shop 9.00 20
Laboratory 9.00 20

Total

Cost

alloted

to lima

beans

Plant capacity
Pounds per hour

3,000 6.000 12.000 18.000

-dollars-

1.00 400 800 1,600 2,400
4.25 5,100 8,500 16,150 21,250
1,80 1,800 2,160 4,320 6,840
1,60 640 816 1,024 1,280
1,80 720 1,440 2,880 4,320
3,00 39,000 63,000 120,000 240,000
2.00 200 400 800 1,600
4,00 400 800 1,200 1,600
1,80 180 360 450 540
1.80 135 180 270 324

48,575 78,456 148,694 280,154

Source: James L. Pearson and John R. Brooker, eds.. Planning Data
for Marketing Selected Fruits and Vegetables. Southern Cooperative
Series, Bulletin No. 150, December 1969, pp. 33-35. (Factor input
prices were increased approximately 10 percent to allow for price
increases from 1968 to 1970.)
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Table 6. Fixed costs of management and other salaried personnel for
model lima bean freezing plants by plant capacity

Job

Plant capacity

3 000
Pounds
/c nnn

per hour
\jf\j\j\j IZ^UUU 18,000

4,000 4,000 4,000 4,000
3,000 3,000 3,000 3,000

3,000 3,000
2,400 2,400 2,400 2,400
2,400 2,400 2,400 2,400

2,400
900 900 1,800 1,800
800 1,600 2,400 3,200

700 1,400
~ — 1,700 1,700

1,500 1,500 1,500 1,500
1,500 1,500

1,500 1,500 1,500 1,500
1,000 1,000 1,000 1,000
1,000 1,000 1,000 1,000
1,500 1,500 1,500 1,500
- - — 2,400 2,400

20,000 20,800 31,800 35,700

Manager
Sales manager
Production manager
Plant manager
Field superintendent
Office manager
Secretary
Clerk

Typist
Plant engineer
Mechanic
Yield control
Quality control
Custodian
Night watchman
Warehouseman
Personnel manager

Total

r P®^^son and John R. Brooker, eds.. Planning Datafor Marketing Selected Fruits and Vegetables. Southern Cooperative
refleci 1970^Jo"ts?' ^ave been updated to
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operating model plants according to plant capacities. The method of

freezing used or type of container used in packaging does not affect the

fixed salaried employee requirements,

A general manager, sales manager, plant manager, yield control

person, quality control person and some general employees are required

personnel for the operation of a given plant regardless of size. Pro

duction personnel, an office manager, a typist, plant engineer, and a
yield control worker are required in plants with the larger capacities.

The fixed salary charges to lima beans are 20 percent of the total fixed

salary cost because lima beans comprise 20 percent of total plant output.
Total salaries vary only slightly between plants with capacities

of 3,000 and 6,000 pounds per hour. However, the 12,000 pound per hour

capacity plant requires 48 percent more cash outlays for salaries than a

6,000 pound capacity plant. An 18,000 pound capacity plant requires an

increase of only 12 percent in salaries in order to operate over that of

a 12,000 pound capacity plant. For the smallest model plant, salaries

comprise 42 percent of the total fixed cost while in the larger plant,

only 25 percent.

Total Fixed Cost

Total fixed costs are summarized in Table 7 for operating plants

of different sizes according to methods of freezing and type of contain

ers. For the four freezing methods: (1) plate frozen 10 ounce carton,

(2) 2-1/2 pound carton, (3) belt frozen 20 ounce polybag, and (4) fluid-

ized 20 ounce polybag, the 3,000 pounds per hour capacity plant had
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Table 7. Annual fixed costs for model lima bean freezing plants by
plant capacity, freezing method, and container

Method of freezing
and type of
container

Item of

fixed cost 3,000

Plant capacity
Pounds per hour
6,000 12,000 18,000

Plate Freezing
10 ounce

carton

2-1/2 pound
carton

Belt Freezing
20 ounce

polybag

Fluidized Freezing
20 ounce

polybag

Salaries

Equipment^
Buildings^
TOTAL

Salaries

Equipment^
Buildings^
TOTAL

Salaries

Equipment^
Buildings®
TOTAL

Salaries

Equipment®
Buildings^
TOTAL

20,000
21,244
6,291

47,535

-dollars-

20,800
24,898
10,197
55,895

31,800
35,387
19,531
86,518

20,000 20,800 31,800 35,700
20,986 25,121 40,716 55,966
6,291 10,197 19,331 36,424

47,277 56,118 91,847 128,090

20,000 20,800 31,800 35,700
21,145 24,140 34,508 48,206
6,291 10,197 19,331 36,424

47,436 55,137 85,639 120,330

20,000 20,800 31,800 35,700
19,444 28,066 38,879 50,095
6,291 10,197 19,531 36,424
45,735 59,063 90,010 122,219

35,700
52,038
36,424

124,162

Equipment and building costs were computed as depreciation
interest, tax, insurance and repairs,

^ w Source: James L. Pearson and John R. Brooker, eds.. Planning Datafor Marketing Selected Fruits and Vegetables in the South. Southern
COODeratlVfi ac RmI 1 ̂ +-4« l ca ^ . «Cooperative Series D, Bulletin No. 150, DecembeF"l^.
updated to reflect 1970 costs.

ata have been
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19, 16, 29 and 18 percent, respectively, lower total fixed costs

according to the freezing methods than the 6,000 pound per capacity
plant. Increasing capacity from 6,000 to 12,000 pounds per hour

required an increased investment in fixed costs of 60, 55, 52, and
55 percent, respectively, for the four freezing methods.

Variable Cost

Cost factors that vary according to their use as product output
changes are the cost charged to labor, containers, fuel or power, and
the raw product. These comprise the plants variable cost. Unlike costs
attributed to fixed factors, there is no need for allocating these
costs since they relate directly to only the lima bean processing

operation.

Labor Cost

A variable factor not related as directly to output as other

variable cost factors is labor. Bottlenecks, breakdowns, and temporary
delays in a plant's operation may reduce total output and when these

occur, the payment for labor must continue. Variable costs such as

costs for containers, the raw products, and utilities, however, vary

proportionately with output. The characteristics of labor cost are

somewhat different. A plant operating at 90 percent of capacity has the
same labor cost as when it is operating at 75, 60, or 45 percent of

capacity. While operating at 75, 60, or 45 percent of capacity the
plant would have reduced costs for containers and the raw product

proportionately to the loss of capacity from the 90 percent level.
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Operations that are most dependent upon hand labor and the least
adoptive to mechanization incur costs more directly by the operation of
a plant at various rates of capacity. Inspection, filling cases, and
cleanup operations are examples of processing stages requiring consid
erable hand labor and these costs vary according to the percent of
capacity at which the plant operates. Supervision and machine operation
labor requirements are more likely to remain unchanged as plant operating
capacities vary. The hourly labor costs for the model plants are listed
in Table 8. Labor cost for model freezing plants shows a rather steady
increase as the plant was increased from 3,000 to 6,000 pounds per hour.
For example, when packing in 10 ounce, 2-1/2 pound cartons, and 20 ounce
polybags, there are additional labor costs of $29.60, $23.70, and $25.30
per hour, respectively, according to the type of container used. An

increase of hourly capacity from 6,000 to 12,000 pounds results in an

increase in labor cost of $47.05, $40.65,.and $43.70, respectively, for
10 ounce cartons, 2-1/2 pound cartons and 20 ounce polybags.

Miscellaneous Inputs

Miscellaneous factor requirements and their unit cost are shown
in Table 9 for a 100 percent plant capacity operation. Appendix tables

contain the miscellaneous factor requirements for 90, 75, 60 and

45 percent plant capacity operations. Containers, electricity, fuel,
oil, and water requirements tend to vary directly with the percent of
the plant's capacity used in the processing operation.
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Table 8, Labor cost per hour for model lima bean freezing plants by
plant capacity and container

Jeration

Prepare, inspect, and
freeze—all methods
and containers

Packaging:
10 ounce cartons
2-1/2 pound cartons
20 ounce polybags®

Casing and transportation-
all methods and con
tainers

Miscellaneous—all methods
and containers

Total:

10 ounce cartons
2-1/2 pound cartons
20 ounce polybags^

34.50

6.40

6.40

7.05

11.85

13.50

66.25

66.25

66.90

Plant capacity
Pounds per hour

52.75

9.60

6.40

8.65

14.10

16,70

93.15

89.95

92.20

58.40

16.00

6.40

15.70

17.30

21.50

140.20

130.60

139.90

AOOO 6,QUO 12,000 TOofT

-dollars-

117.10

19.20

12.80

24.35

27.55

26.95

190.80

184.40

195.95

frozen and fluidized frozen methods have identical labor
cost requirements.

James L. Pearson and John R. Brooker, eds.. Planning Data
^ Marketing Selected Fruits ar^ Vegetables in the South, Southern
Cooperative Series, Research Bulletin No. 150, DiH7mbiFT969. Data
have been updated to reflect 1970 costs.



Ta
bl
e 
9.
 

Mi
sc

el
la

ne
ou

s 
co
st
s 
pe
r 
ho
ur
 f
or

 m
od

el
 l

im
a 

be
an

 f
re
ez
in
g 
pl
an
ts
 b
y 
nl

an
t

ca
pa

ci
ty

, 
fr

ee
zi

ng
 m
et

ho
d,

 a
nd
 c
on

ta
in

er
 o
pe

ra
ti

ng
 a
t 
10
0 
pe
rc
en
t 
ca
pa
ci
ty

Pl
an

t 
ca
pa
ci
ty

P
C
o
s
t

Pl
an
t 
ca

pa
ci

ty
P
o
u
n
d
s
 p
e
r
 h
o
u
r

6
,
0
0
0
 
1
2
.
0
0
0

o
u
n
d
s
 p
e
r
 
h
o
u
r

6
1
2

p
e
r

I
t
e
m

3
,
0
0
0

U
n
i
t

,
0
0
0

,
0
0
0

1
8
,
0
0
0

u
n
i
t

3
,
0
0
0

1
8
,
0
0
0

C
o
n
t
a
i
n
e
r
s

1
0
 o
u
n
c
e
 
c
a
r
t
o
n
s

O
v
e
r
w
r
a
p
s

C
a
s
e
s
 
2
4
/

2
-
1
/
2
 p
o
u
n
d
 
c
a
r
t
o
n
s

O
v
e
r
w
r
a
p
s

C
a
s
e
s
 
1
2
/

P
o
l
y
b
a
g
s

C
a
s
e
s
 
1
2
/
2
0

E
l
e
c
t
r
i
c
i
t
y

Pr
ep
ar
e 
an
d 
li

gh
t

F
i
l
l
 
a
n
d
 
c
a
s
e
:

1
0
 o
u
n
c
e
 
c
a
r
t
o
n
s

2
-
1
/
2
 p
o
u
n
d
 
c
a
r
t
o
n
s

2
0
 o
u
n
c
e
 p
ol
yb
ag
s

F
r
e
e
z
i
n
g

P
l
a
t
e

B
e
l
t

F
l
u
i
d
i
z
e

F
r
e
e
z
e
r
 s
t
o
r
a
g
e

1
,
0
0
0

4
.
8
4
8

9
-
6
9
6

I
f

5
-
0
4
0

1
0
.
0
8
0

I
f

2
0
2

.
4
0
4

f
t

1
-
2
1
2

2
.
4
2
4

t
l

1
 -
 2
6
0

2
.
5
2
0

I
f

-
1
0
2

-
2
0
2

I
f

2
-
4
4
8

4
.
8
9
6

I
f

.
2
0
2

-
4
0
4u
n
i
t
s

1
9
.
3
9
2
 
2
9
.
0
8
8

2
0
.
1
6
0
 
3
0
.
2
4
0

.
8
0
8
 

1
.
2
1
2

d
o
l
l
a
r
s

4
.
8
4
8

5
.
0
4
0

.
4
0
4

7
.
2
7
2

7
.
5
6
0

.
6
0
6

9
.
7
9
2
 
1
4
.
6
8
8

.
8
0
8
 

1
.
2
1
2

$
 1
0
.
5
0

6
.
5
0

1
1
0
.
0
0

2
5
.
0
0

8
.
5
0

1
4
0
.
0
0

2
7
.
0
0

9
6
.
0
0

5
0
.
9
0

3
2
.
7
6

2
2
.
2
2

3
0
.
3
0

1
0
.
7
1

1
4
.
2
8

6
6
.
1
0

1
9
.
3
9

1
0
1
.
8
1

6
5
.
5
2

4
4
.
4
4

6
0
.
6
0

2
1
.
4
2

2
8
.
2
8

1
3
2
.
1
9

3
8
.
7
8

2
0
3
-
6
2

1
3
1
.
0
4

8
8
.
8
8

1
2
1
.
2
0

3
8
.
1
0

5
6
.
5
6

2
6
4
-
3
8

7
7
-
5
7

K
W
H

t
l

f
t

I
I

K
W
H

I
t

I
f

I
f

F
u
e
l
 
o
i
l

Wa
te
r 
an

d 
di

sp
os

al
1
,
0
0
0
 g
al
,

3
0
5
.
4
2

1
9
6
.
5
6

1
3
3
.
3
2

1
8
1
.
8
0

6
4
.
2
6

8
4
.
8
4

3
9
6
.
5
8

1
1
6
.
3
5

2
4

2
4

2
4

1
6

5
1

1
9

1
4

1
1

8
5

3
7

1
4

1
1

1
0
8

5
6

2
7

3
0

.
0
1

-
0
1

.
0
1

.
0
1

.
2
4

.
2
4

.
2
4

.
1
6

.
5
1

.
1
9

.
1
4

.
1
1

.
8
5

.
3
7

.
1
4

.
1
1

1
.
0
8

-
5
6

-
2
7

-
3
0

2
3
0

2
3
8

2
1
8

4
6
0

4
7
5

4
3
4

9
2
0

9
4
9

8
6
9

1
3
8
0

1
4
2
4

1
3
0
3

-
0
1

.
0
1

.
0
1

2
.
3
0

2
.
3
8

2
.
1
8

4
.
6
0

4
.
7
5

4
.
3
4

9
.
2
0

9
.
4
9

8
.
6
9

1
3
.
8
0

1
4
.
2
4

1
3
.
0
3

1
0

5
.
2

1
9

1
0
.
5

3
7

2
1
.
0

5
4

3
1
.
6

-
1
6

.
6
0

1
.
6
0

3
.
1
2

3
.
0
4

6
.
2
0

5
.
9
2

1
2
.
6
0

8
-
6
4

1
8
.
9
6

19
70
. 

^
 

pe
rc
en
t 
to

 a
ll

ow
 f
or
 p
ri
ce
 i
nc

re
as

es
 f
ro
m 

19
68
 t
o



43

Factor and Product Price Estimates

Shelled lima beans received at the plant were assumed to cost

$.11 per pound. The finished or frozen product when sold was priced at
$.22 per pound. Estimates of the raw product cost and especially the
finished products price represents an over-simplification relative to
the other factors. Since cost estimates are for the purpose of compar
ing methods, plant capacities and outputs, these estimates are adequate.

Raw product requirements represent about half of the variable costs
of a lima bean freezing plant operation. Other variable factors include
the USDA inspection, brokerage fees, and office expenses. These and the
other hourly variable cost figures are indicated in Tables 10 and 11

according to plant size, method of freezing, type of container used, and
the percent of capacity at which the plants are operated. Raw product
costs, brokerage fees, office expenses, and container costs are directly
related to the plant output while other variable costs depend upon the
hours of operation of the plant.

The variable cost per hour for plate frozen 10 ounce cartons in a

model plant operating at 90 percent of capacity if $503.93, $959.98,
$1,855.16 and $2,774,88, respectively, for the 3,000, 6,000, 12,000
and 18,000 pounds per hour capacity plants. The same model plants

operating at 75 percent of capacity have variable costs per hour of

$433.57, $819.33, $1,583.87 and $2,345.00, respectively, for the 3,000,
6,000, 12,000, and 18,000 pounds per hour capacity plants. The same

general relationship exists between plant size and variable cost in

model plants operating other capacities. For all models, doubling plant
capacity increases variable cost by slightly over 90 percent.
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For a given plant operating at different capacity rates, the major

cause for changes in variable costs per hour are attributed to container

requirements. The 10 ounce cartons are the most expensive followed by

the 2-1/2 pound cartons and the polybags. Costs per hour using 2-1/2

pound cartons plus cases and overwraps are only one-half that of those

when using 10 ounce cartons. The costs requirements of bags and cases

for polybags IQF containers are only one-fourth that of 10 ounce cartons

and one-half of the 2-1/2 pound cartons.

Labor costs account for as much as 25 percent of the variable cost

of operating a 3,000 pound per hour capacity plant operating at 45 per

cent of capacity for plate freezing 10 ounce cartons to only 7 percent

operating an 18,000 pound capacity plant at 90 percent capacity. The

remaining variable cost factors, utilities, fuel, and USDA inspection

contribute less than 1 percent to total variable costs. The influence

of the plant's capacity utilized upon total output thus logically

affects the efficiency values of all the fixed factors.

Total Cost

The total cost of processing lima beans in model plants according

to the size of the plant, the percent of the plant's capacity used, the

method of processing, the type of containers used and the length of the

processing season is given in Appendix Tables 25 through 28. For the

small size plant, 3,000 pound per hour capacity, freezing 10 ounce car

tons of lima beans operating for 300 hours a season at 90 percent of

capacity, the fixed costs represented 24 percent of the total cost of
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processing. For the large size plant, 18,000 pounds per hour capacity,

freezing 10 ounce cartons and operating at 90 percent of capacity for a
300 hour season, the fixed costs amounted to 14 percent of the total

costs. If this large size plant operated 900 hours during the processing

season, fixed costs would amount to only 4 percent of the plant's total

cost. Increases in plant output by being able to operate longer during

the processing season would result in a smaller percentage of the

total cost being fixed and a larger percentage of total cost charged

to the variable factors.

Cost Per Pound

The average cost per pound for processing lima beans in model

freezer plants according to different size plants, type of containers

used, methods of freezing, hours of operation per season, and the per

cent of a plant's capacity used during the processing season is shown

in Tables 12 and 13, Plate frozen 10 ounce cartons processed in the

3,000 pound per hour capacity plant operating for 300 hours during the

processing season, and at 45 percent of capacity, was the most costly

operation for processing beans at 33.05 cents per pound. The most

efficient or cheapest freezing cost per pound was in 2-1/2 pound cartons,

plate frozen. These costs were 16.22 cents per pound when the processing

was done in an 18,000 pound capacity plant that operated at 90 percent

of its capacity and for 900 hours during the processing season. The

typical lima bean freezing plants in the Tennessee area, processed about

300 hours per season with the plate freezing method and at a capacity

of approximately 5,000 to 6,000 pounds per hour.
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Plant Capacity

The highest cost of processing was in a plant in which the plant

capacity and percent of the capacity used was considerably below the

level which would justify an efficient operation as illustrated by the

small plant of 3,000 pounds capacity. The cheapest processing operation

while realistic with respect to the plant's capacity or percent of the

capacity used, was unrealistic from the standpoint of the amount of lima

beans that could be processed.

A reasonable situation according to the standards of plant

operating in the Southeast is a plant that has a capacity of processing

6,000 pounds per hour operating for 300 hours during the season and at

75 percent of capacity. Plants with capacities and seasonal processing

periods of this magnitude would process 1.35 million pounds of lima

beans and 6.75 million pounds of all vegetables processed per season.

Plate frozen 10 ounce cartons resulting from such an operation produces

a total cost of approximately 22.36 cents per pound. Model plants of

the same size processing plate frozen 2-1/2 pound cartons and belt or

fluidized frozen 20 ounce polybags have processing costs of 20.52,

21.85, and 21.61 cents per pound, respectively. An additional 200 hours

of operation, or 500 hours per season, would result in a cost reduction

of approximately 1.5 cents per pound in the same model plants.

Use of Capacity

The model plant plate freezing 10 ounce cartons, 6,000 pounds per

hour capacity operating for 300 hours during the processing season and
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at 90 percent of capacity would have costs of 21,24 cents per pound. An

identical plant operating 300 hours at 75 percent of capacity would have

costs per pound of 22.36 cents. The same capacity model plant operating

at 90 percent and freezing 2-1/2 pound cartons by the plate method

cartons, 20 ounce polybags by the belt method and 20 ounce polybags by

the fluidized method results in costs per pound of 19.48, 20.71, and

20.51 cents, respectively. These same plants operating at only 75 per
cent of capacity would have costs per pound of 22.36, 20.52, 21.85, and

21.61 cents for 10 ounce plate frozen cartons, 2-1/2 pound plate frozen

cartons, 20 ounce belt frozen polybags, and 20 ounce fluidized frozen

polybags. This represents an approximate reduction of 1.0 to 1.5 cents

per pound in average processing costs resulting from operating at

90 percent of capacity rather than at only 75 percent of capacity.

Model plants operating at 75 percent of capacity but with a capacity of

12,000 pounds per hour have costs per pound very similar to these of

model plants operating at 90 percent of a 6,000 pound per hour capacity.

If a plant's capacity is increased to gain cost efficiency the

success of such an increase depends primarily upon the ability of the

plant to maintain the use of a given percent of capacity used. A loss

in the percent of capacity used may occur if raw product procurement

becomes difficult. The cost per unit for 12,000 pound capacity plants

which operate for 300 hours during the processing season, and at 60 per

cent of capacity are 22.18, 20.02, 21.40, and 21.24 cents, respectively,

for plate frozen 10 ounce cartons, 2-1/2 pound plate frozen cartons,

20 ounce belt frozen polybags, and 20 ounce fluidized frozen polybags.
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Unit costs increase considerably as the percent of plant capacity used

declines. Plants which have increases in potential capacity to a level

where procurement of the raw product becomes a problem and results in

discontinuity will likely lose most, if not all, the potential savings

derived from economies of scale due to the inefficiencies resulting from

low levels of capacity utilization.

Total Output

Based upon current trends in demand for, and supply of lima beans

in the Tennessee area, total output per plant of frozen lima beans in

the next decade would most likely range from 1-1/2 to 3-1/2 million

pounds annually. Table 14 lists the total annual output for model

plants according to plant capacity, the percent of capacity used, and

the hours of operation. Model plants with a capacity of 3,000 pounds

per hour would be required to process lima beans for at least 700 hours

per season to produce 1.5 million pounds of frozen lima beans annually.

Multishift operations would most likely be required if 700 hours of lima

bean freezing operations are undertaken. It is unlikely however that

any plant will operate for more than 500 hours a processing season and

utilize more than 75 percent of its potential capacity for the process

ing season. Thus, it can be assumed for 3,000 pound capacity plants

that the restraints imposed by seasonal procurement conditions and hours

of efficient operation would allow for a maximum output of 1.125 million

pounds. This volume could be obtained from a 500 hour processing season

if the plant operated at 75 percent of capacity, A freezing operation
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Table 14. Total annual output for model lima bean freezing plants by
plant capacity, hours of operation, and percent of capacity
used ^

Percent
Plant capacity capacity Hours of plant operations
Pounds per hour used ~300 700700 900

total output
of pounds--

3,000 90 .810 1.350 1.890 2.430
75 .675 1.125 1.575 2.025
60 .540 .900 1.260 1.620
45 .405 .675 .945 1.215

6,000 90 1.620 2.700 3.780 4.860
75 1.350 2.250 3.150 4.050
60 1.080 1.800 2.520 3.240
45 .810 1.350 1.890 2.430

12,000 90 3.240 5.400 7.560 9.720
75 2.700 4.500 6.300 8.100
60 2.160 3.600 5.040 6.480
45 1.620 2.700 3.750 4.860

18,000 90 4.860 8.100 11.340 14.580
75 4.050 6,750 9.450 12.150
60 3.240 5.400 7.560 9.720
45 2.430 4.050 5.670 7.290
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of this type yields a cost per pound of 28.47 cents for plate frozen

10 ounce cartons, 21.79 cents for plate frozen 2-1/2 pound cartons, and

22.65 and 22.81 cents, respectively, for 20 ounce polybags belt frozen

and 20 ounce polybags fluidized frozen. These relatively high costs per

pound would most likely lead to low levels of profits.

A model plant with a potential capacity of processing 6,000 pounds

per hour operating for 500 hours during the processing season and at

75 percent of capacity could freeze 2.25 million pounds of lima beans

annually. This model depicts a plant that might logically and effi

ciently operate in the Southeast. The cost per pound for processing

with this model would be 20.70, 18.89, 20.10 and 19.95 cents, respec

tively, for plate frozen 10 ounce cartons, plate frozen 2-1/2 pound

cartons, and 20 ounce belt frozen polybags and 20 ounce fluidized

frozen polybags.

A 6,000 pound capacity plant operating for more than 500 hours per

season would most likely experience raw product procurement problems,

labor problems due to double shift requirements, and thus have to reduce

its operating capacity. Output resulting from 300 or less hours of

operation per season by a plant with a 6,000 pound per hour processing

capacity would be insufficient to yield efficient factor utilization.

Such a plant operating for 300 hours per season would have a cost per

pound of 22.36, 20.52, 21.85, and 21.61 cents, respectively, for plate

frozen 10 ounce cartons, plate frozen 2-1/2 pound cartons, 20 ounce

belt frozen polybags, and 20 ounce fluidized frozen polybags.
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Hours of Operation

Figure 4 depicts per unit costs for a 3,000, 6,000, 12,000 and
18,000 pound capacity per hour model plants operating at 75 percent of

capacity. The four short run average cost curves labeled SRAC^, SRAC2,
SRAC^, and SRAC^, indicate these plants in the order listed, and show

output and costs per pound resulting from 300, 500, 700 and 900 hours of

operation per season. The long run average cost curve (LRAC) connecting
the lowest points of the SRAC curves is called the planning curve and

indicates the most efficient output for each plant size. Increases in
plant capacity, which lowers the per unit cost, are shown by the down

ward slope of the LRAC and signifies the economies of scale. The 3,000
pound capacity plant has a potential low cost per pound for lima beans

of 21.6 cents, whereas the 18,000 pound capacity plant has a potential

low cost of 18.5 cents per pound. An annual output of approximately
4 million pounds could be processed most efficiently (19.6 cents per

pound) by a 6,000 pound capacity plant. Underutilization of factors

in the 12,000 and 18,000 pound capacity plants processing 4 million

pounds of annual output would result in per unit costs of 19.9 and 20.6

cents per pound, respectively, which is higher than the costs of process

ing in the 6,000 pound capacity plant. Annual outputs of 2 million

pounds could also be processed in the 6,000 pound capacity plants more

efficiently (20.7 cents per pound) than in either the 12,000 or 18,000
pound capacity plant. A 3,000 pound capacity plant using a longer season

to process 2 million pounds would have the highest average cost per

pound of any processing plant, 21.6 cents per pound.
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Comparisons of model plants of different capacity operating at

different capacity rates according to different methods of freezing and

containers used yielded economies similar to those shown in Figure 4.

Freezing plants that anticipate total output ranging from 2 to 4 million

pounds of lima beans annually that have processing capacities greater

than 6,000 pounds per hour offer no economies of scale. Therefore,

over a wide range of output, cost efficiencies depend primarily upon

the percent of a plant's capacity used and the length of the processing

season.

The relationship between the percent of a plant's capacity used and

the cost per pound of processing is shown in Figure 5. Indicated are

the unit cost per pound of lima beans processed in four model plants

with 3,6,12, and 18 thousand pound per hour capacity and operating for

500 hours with belt freezing and packaging in 20 ounce polybags in

plants operating at 90, 75, 60 and 45 percent of capacity. A 3,000

pounds per hour capacity plant operating at 45 percent of capacity has

an average cost of processing limas of 27.52 cents per pound; whereas,

the same plant operated at 90 percent of capacity for the same number of

hours has a cost of 21.51 cents per pound. The cost per pound for pro

cessing lima beans does not vary as greatly for large capacity plants

operating at different rates of capacity as plants with capacities that

are relatively small. For the smaller size plants, 3,000 pounds per

hour, a cost reduction of slightly over 6 cents per pound was obtained,

whereas for a plant with an 18,000 pound per hour capacity operating

from 45 percent to 90 percent of capacity had a reduction ranging from
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20.7 to 17.9 cents per pound. The larger capacity plant had received

about a 3 cents per pound reduction in cost or approximately one-half

the cost reduction received by the smaller plant as its rate of capacity

increased from 45 to 90 percent. Analysis of other size plants freezing
limas in different types of containers and at varying rates of capacity

use indicate efficiencies are gained when the higher rates of plant

capacities are used, but these efficiencies diminish as plant capacity

or size increases.

Containers

The relationship between total processing cost per pound for lima

beans by freezing method and container used in the model plants is shown

in Figure 6. The data indicate cost per pound when the model plants

are operated at 90 and 60 percent capacity for 500 hours by freezing

method, and container. The plant's capacity and percent of capacity

used does not change the relative positions of the costs per pound

according to freezing methods and container. Plate freezing 10 ounce

cartons is the most costly freezing method and plate freezing 2-1/2 pound

cartons is the least costly.

The cost per pound for plate freezing 10 ounce cartons of lima

beans in the 3,000, 6,000, 12,000, and 18,000 pound per hour capacity

model plants operating for 500 hours at 90 percent of capacity was

22.16, 19.85, 18.87, and 18.71 cents per pound, respectively. Model

plants which freeze lima beans in 2-1/2 pound cartons using the same

method, capacities, hours of operation, and percent of capacity utilized
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as previously mentioned for the plate freezing models had costs of 21.51,

19.26, 18.15, and 17.98 for belt freezing; and 21.51, 19.13, 18.08, and

17.99 cents per pound, respectively, for the fluidized method.

When cost comparisons were made according to hours of operation and

the percent of the plant's capacity used, the belt and. fluidized frozen

20 ounce polybags resulted in costs averaging less than a cent per pound

more than when beans were processed by the plate freezing method and

packaged in 2-1/2 pound cartons. The plate frozen 10 ounce cartons for

all hours of operation and rates of plant capacity utilized averaged a

little less than 2 cents per pound more than the polybag operations.



CHAPTER V

SUMMARY

Economies

Cost analysis of model plants indicated that there were substantial

economies of size in the lima bean freezing industry. The long run

average cost curve CLRAC) fell rapidly as plant capacity was increased

from 3,000 to 6,000 and to 12,000 pounds per hour. For capacities

greater than 12,000 pounds per hour, costs per pound continued to fall

but at a decreasing rate. Therefore, it was concluded that large capacity

plants offer considerable cost savings. However, the cost analysis of

model lima bean freezing plants also indicated that a longer processing

season or the use of a higher percent of the plant's capacity was under

some conditions, a more feasible alternative for lowering processing

costs per pound than increasing plant size.

Plant Capacity

Economies gained from operating the larger capacity plants were

rather substantial. This is particularly true in terms of labor cost

per unit of product processed. However, plant capacities of 12,000 and

18,000 pounds per hour would likely require raw product supplies in

greater quantities than could be obtained to assure processing continuity

and efficient operation.

64
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Processing lima beans in plants with capacities as small as 3,000

pounds per hour results in small seasonal outputs which leads to cost

inefficiency. On the other hand, a plant with a capacity as large as

12,000 or 18,000 pounds per hour would most likely be utilized and thus

also operate inefficiently due to raw product procurement and labor prob

lems. A 6,000 pound capacity plant however has a capacity sufficiently

large to allow for reasonable efficiency of operation under the existing

conditions. Increases in demand for lima beans for processing in the

future may reach a level enabling the 12,000 and 18,000 pound capacity

plants to operate efficiently in the Southeast. However, under existing

conditions, the 6,000 pound capacity plants are more efficient.

Hours of Operation

A model plant that was considered realistic in terms of existing

plants in the Tennessee area was a 6,000 pounds per hour capacity model

plant operating at 75 percent of its capacity for 300 hours annually and

processing 10 ounce plate frozen cartons. Doubling the plant's capacity

to 12,000 pounds per hour yielded a 1.36 per pound reduction in cost.

However, by adding 200 hours of total processing a 1,66 cent per pound

in cost reduction could be realized. This same concept is applicable to

other model plants operating with similar capacities, hours of operating

and outputs. The ability of additional hours of processing to reduce

cost of processing per pound was found to diminish greatly after a

700 hour season was obtained.
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Use of Capacity

An increase in the percent of the plant's capacity utilized in its

lima bean freezing operation led to reduced processing costs per pound.

In a 6,000 pound per hour capacity plant operating for 700 hours during

the processing season and plate freezing 10 ounce cartons with the plant

operating at 75 percent of capacity was less efficient from the stand

point of cost per pound than if the same plant was operating at 90 per

cent of capacity. Cost per pound was decreased by 1.12 cents by increas

ing the capacity to this extent. When the same plant was operated for

500 hours instead of 300, costs were further reduced by .85 cent per

pound when operated at 90 percent of capacity rather than 75 percent.

Processing operations using less than 75 percent of a plant's capacity

were found to have great potential for reducing costs by making more

efficient use of the plant's capacity.

Variable Factors

It was determined that under many conditions, cost efficiency in

lima bean freezing plants depended more upon the variable cost components

than fixed cost components. The payments for labor wages, container

supplies, and the raw vegetable product constituted the major items of

variable costs.

Labor

Labor cost greatly influenced total cost. Factors that influenced

labor cost were potential keys to efficiency in operating costs.
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Employing labor saving equipment in single-product plants has become an

accepted means of obtaining cost efficiency when total output justifies

the purchase of such equipment. In this study it was seen that multiple-

product processing plants could gain the same type of cost savings plus

that of sharing fixed costs among several products.

Containers

Container supplies constituted a significant share of the variable

cost of model lima bean processing plants. Paper cartons, waxed paper

overwraps, and cardboard cases were major variable cost components of

plate freezing. The plastic, printed polybag used for IQP of lima beans

replaced the paper cartons and overwraps used when limas were plate

frozen. The lower cost of the plastic bag containers was a factor con

tributing to the relatively low cost per pound for freezing in polybags.

Equipment and labor cost for plants that freeze limas by the belt and

fluidized methods exceeded that of plate freezing plantsj however, the

lower cost of packaging in polybag containers yielded an average cost

per pound that was less except for the smallest capacity operations.
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Table 16. Building space required for model
plant capacity

lima bean freezing plants by

Description

Plant

Pounds
capacity
per hour

u3 0 3,000 6,000 12.000 18,000

Receive Concrete slab 4" 400 800 1,600 2,400

Preparation Fully enclosed
with 14' ceiling

1,200 2,000 3,800 5,000

Fill-case Fully enclosed
with 14' ceiling

1,000 1,200 2,400 3,600

Boiler room Enclosed

14' ceiling
400 510 640 800

Storage Enclosed and dry 400 800 1,600 2,400

Freezer

storage
25' ceiling and
12' aisles

13,000 21,000 40,000 80,000

Office Furnished 100 200 400 800

Rest rooms Furnished 100 200 300 400

Shop Enclosed with

utilities
100 200 250 300

Laboratory Enclosed with

utilities
75 100 150 180

Source. James L. Pearson and John R. Brooker, eds,. Planning Data
for Marketing Selected Fruits and Vegetables in the South, Southern
Cooperative Series, Research Bulletin No, 150, December 1969,
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Table 17. Managerial and other fixed salary requirements for model lima
bean freezing plants by plant capacity

Charge

Annual

to Plant capacity

Job
lima Pounds per hour

salary beans® 3,000 6,000 12,000 18.000

—'-dollars-— --number required

Manager 20,000 4,000 1 1 1 1
Sales manager 15,000 3,000 1 1 1 1
Production manager 15,000 3,000 1 1
Plant manager 12,000 2,400 1 1 1 1
Field superintendent 12,000 2,400 1 1 1 1
Personnel management 12,000 2,400 1 1
Office manager 12,000 2,400 1
Secretary 4,500 900 1 1 2 2
Clerk 4,000 800 1 2 3 4
Typist 3,500 700 1 2
Plant engineer 8,500 1,700 1 1
Mechanic 7,500 1,500 1 1 1 1
Yield control 7,500 1,500 1 1
Quality control 7,500 1,500 1 1 1 1
Custodian 5,000 1,000 1 1 1 1
Night watchman 5,000 1,000 1 1 1 1
Warehouseman 7,500 1,500 1 1 1 1

Twenty percent of the cost is charged to lima beans.

Source: James L. Pearson and John R. Brooker, eds.. Planning Data
for Marketing Selected Fruits and Vegetables in the South, Southern
Cooperative Series, Research Bulletin No. 150, December 1969. Data
have been updated to reflect 1970 costs.



79

Table 18. Annual fixed costs for model lima bean freezing plants by-
plant capacity, freezing method, and container

Method of freezing
and type of Item of

Plant capacity

container fixed cost 3,000 6,000 12,000 18,000

dollars

All Salaries 20,000 20,800 31,800 35,700

Plate Freezing Equipment
10 ounce Depreciation 11,659 13,956 22,620 31,094
carton Interest 4,664 5,582 9,048 12,436

Taxes 1,166 1,396 2,262 3,109
Insurance 1,166 1,396 2,262 3,109
Repairs 2,331 2,791 4,524 6,218
TOTAL 20,986 25,121 40,716 55,966

2-1/2 pound Depreciation 11,747 13,412 19,172 26,782
carton Interest 4,699 5,364 7,668 10,712

Taxes 1,175 1,341 1,917 2,678
Insurance 1,175 1,341 1,917 2,678
Repairs 2,349 2,682 3,834 5,356
TOTAL 21,145 24,140 34,508 48,206

Belt Freezing
20 ounce Depreciation 10,804 15,594 21,599 27,831
carton Interest 4,320 6,236 8,640 11,132

Taxes 1,080 1,559 2,150 2,783
Insurance 1,080 1,559 2,150 2,783
Repairs 2,160 3,118 4,320 5,566
TOTAL 19,444 28,066 38,879 50,095

Fluidized Freezing
20 ounce Depreciation 11,804 13,834 19,659 28,910
carton Interest 4,720 5,532 7,864 11,564

Taxes 1,180 1,383 1,966 2,891
Insurance 1,180 1,383 1,966 2,891
Repairs 2,360 2,766 3,932 5,782
TOTAL 21,244 24,898 35,387 52,038

All Buildings
Depreciation 2,419 3,923 7,435 14,008
Interest 1,936 3,138 5,948 11,208
Taxes 484 784 1,487 2,802
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Method of freezing
and type of
container

Item of

fixed cost 3,000

Plant capacity
Pounds per hour
6,000 12,000 18,000

Insurance

Repairs
TOTAL

Total

Plate, 10 ounce
2-1/2 pound

Belt, 20 ounce
Fluidized, 20 ounce

484

968

47,277
47,436
45,735
47,535

-dollars-

784

1,568
1,487
2^974

6,291 10,197 19,331

56,118
55,137
59,063
55,895

91,847
85,639
90,010
86,518

2,802
5,604
36,424

128,090
120,330
122,219
124,162
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Table 19. Labor requirements for model lima bean freezing plants by
plant capacity, freezing method, and container

Job

Plant

Pounds

capacity
per hour

3,000 6.000 12,000 18.000

Number of Workers

Unload 1 1 1 2
Dump 1 1 1 2
Air clean 1 1 1 1
Wash 1 1 2 2
Quality grade 1 1 2 2
Size grade 1 1 1
Mix brine 1 1 1
Storage 1 1 1 1
Blanch 1 1 2 2
Inspect 8 16 32 48
Supervise 1 1 1 1
Cleanup 1 1 1 1
Freeze (all methods) 2 3 4 5

Packaging 10 Ounce Cartons

Operate bin dump 1 1 2 3
Supply cartons 1 2 3 3
Operate filler 1 2 3 3
Operate overwrapper 1 1 2 3

Packaging 2-1/2 Pound Cartons

Operate bin dump 1 1 1 2
Supply cartons 1 1 1 2
Operate filler 1 1 1 2
Operate overwrapper 1 1 1 2

Packaging 20 Ounce Polybags

Operate bin dump 1 1 2 3
Operate filler 1 1 2 3
Fill cases (by hand) 2 3 5 8

All Containers and Methods

Supply and form cases 2 2 3 5
Operate caser 1 1 1 1
Operate sealer 1 1 1 2
Operate coder-printer 1 1 1 2
Set cases on pallet 1 1 2 3
Operate fork lift 1 2 2 3
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Job

Plant

Pounds
capacity
per hour

5,000 6,000 12,000 18,000

Electrician 1 1 1 2
Tool room clerk 1 1 1
Maintenance 1 1 2 2
Quality control 1 1 1 1
Cleanup 1 3 4
Warehous eman 1 1 2 3
Boiler attendant 1 1 1 1
Refrigeration mechanic 1 1 1 1
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Table 20, Labor costs per hour for model lima bean freezing plants by
plant capacity, freezing method, and container

Operation

Wage
Rate

Used 3,000 6.000

Plant capacity
Pounds per hour

12,000 18,000

Unload

Dump
Air clean

Wash

Quality grade
Size grade
Mix brine

Storage
Blanch

Inspect
Supervise
Cleanup
Freeze

Operate bin dump
Supply cartons
Operate filler
Operate overwrapper

Operate bin dump
Supply cartons
Operate filler
Operate overwrapper

Operate bin dump
Operate filler
Fill cases

Dollar Cost Per Hour

2.25 2.25 2.25 2.25 4.50
1,60 1,60 1.60 1.60 3.20
1.60 1.60 1.60 1.60 1.60
1.60 1.60 1.60 3.20 3.20
1.60 1.60 1.60 3.20 3.20
1.60 1.60 1.60 1.60
1.60 1.60 1.60 1.60
1.60 1.60 1.60 1.60 1.60
1.60 1.60 1.60 3.20 3.20
1.60 12.80 25.60 51.20 76.80
3.75 3.75 3.75 3.75 3.75
1.60 1.60 1.60 1.60 1.60
2.25 4.50 6.75 9.00 11.25

Packaging 1_0 Ounce Cartons

1.60 1.60 1.60 3.20 4.80
1.60 1.60 3.20 4.80 4.80
1.60 1.60 3.20 4.80 4.80
1.60 1.60 1.60 3.20 4.80

Packaging 2-1/2 Pound Cartons

1.60 1.60 1.60 1.60 3.20
1.60 1.60 1.60 1.60 3.20
1.60 1.60 1.60 1.60 3.20
1.60 1,60 1.60 1.60 3.20

Packaging 20 Ounce Polybags

1.60 1.60 1.60 3.20 4.80
2.25 2.25 2.25 4.50 6.75
1.60 3.20 4.80 8.00 12.80

All Containers and Methods

Supply and form cases 1.60 3.20 3.20 4.80 8.00
Operate caser 1.60 1.60 1.60 1.60 1.60
Operate sealer 1.60 1.60 1.60 1.60 3.20
Operate coder-printer 1.60 1.60 1.60 1.60 3.20
Set cases on pallet 1.60 1.60 1.60 3.20 4.80
Operate fork lift 2.25 2.25 2.25 4.50 6.75
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Wage Plant capacity

Operation
Rate Pounds per hour
Used 3,000 6,000 12,000 18,000

Electrician 2.25 2.25 2.25 2.25 4.50
Tool room clerk 1.60 1.60 1.60 1.60
Maintenance 1.60 1.60 1.60 3.20 3.20
Quality control 1.60 1.60 1.60 1.60 1.60
Cleanup 1.60 1.60 3.20 4.80 6.40
Warehouseman 1.60 1.60 1.60 3.20 4.80
Boiler attendant 1.60 1.60 1.60 1.60 1.60
Refrigeration mechanic 3.25 3.25 3.25 3.25 3.25

Source: James L. Pearson and John R. Brooker, eds., Planning Data
for Marketing Selected Fruits and Vegetables in the South, Southern
Cooperative Series, Research Bulletin No. 150, December 1969, Data
have been updated to reflect 1970 costs.
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VITA

Ronald Emmett Jones was born in Clayton, Alabama, on November 1,

1939, the son of Emmett Hill and Grace Oberon Chance Jones. He attended

Clayton Elementary School and was graduated from Clayton High School in

1958. The following September he entered Auburn University, and in

December, 1961, he received a Bachelor of Science degree in Agricultural

Education. The following January he accepted a research assistantship

at Auburn University and began study toward a Master's degree in

Agricultural Economics. He received that degree in December, 1963.

He entered the Graduate School at The University of Tennessee in

January, 1964, after accepting a research assistantship in the Depart

ment of Agricultural Economics and Rural Sociology. He completed course

work and other requirements for a Doctor of Philosophy degree in Agri

cultural Economics prior to accepting, in 1967, a teaching position on

the faculty of Abraham Baldwin Agricultural College in Tifton, Georgia.

After teaching 5 years in Tifton, he completed the requirements for

his doctorate in June, 1973.

He is married to the former Marcia Hudson of Louisville, Alabama.

They have two children--a son, Ronnie, age 9, and a daughter, Suzanne,

age 6.
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