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ABSTRACT
AN ECONOMIC ANALYSIS OF THE FEASIBILITY OF
THE RETORT POUCH FOR PACKAGING FRUIT AND

VEGETABLE COMMODITIES IN AN ENVIRONMENT
OF RISING ENERGY PRICES

By
Jeffery Robert Williams

The economic feasibility of the retort pouch for processing, pack-
aging and distributing processed fruit and vegetable products in a
period of rising real energy prices is examined. The study focuses on
the feasibility of replacing existing fruit and vegetable can packaging
systems with a retort pouch packaging system or with a new can packaging
system.

Food processing industries are relatively energy intensive in their
operations and presently use a greater amount of energy per dollar of
value added than any other sector of the food system. Development of
technologies which are economic and reduce consumption of direct and
indirect energy inputs is of importance to food processing and other
food system sectors. Evaluation of new energy saving technologies, such
as the retort pouch, requires the development of an approach for deter-
mining if and when the new technology can replace existing technology.
The approach used identifies the level of energy prices, container
prices, freight costs and other production costs which make the retort

pouch system the minimum cost packaging system among the alternatives
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considered, given the required investments in the new durable processing
and packaging equipment.

Three systems models are used to estimate the costs associated
with two existing canning systems and their possible replacements: a
retort pouch or a can packaging system. A model is used to estimate the
costs which are associated with acquiring and maintaining a new technolog-
ically advanced set of durable equipment for processing retort pouches.
Another is used to estimate these costs for a new canning equipment
complement. The models also use the data in an economic replacement
routine to determine the optimal economic 1ife of the new durable equip-
ment complements which could replace the existing canning equipment com-
plement. The models are used for estimating the cash flows associated
with other operating requirements of the new replacement packaging
systems such as container, freight, labor and energy expenses. A third
model is used to estimate the costs associated with the operation of the
existing can packaging systems and the maintenance of their durable
equipment complement. The total costs of each system are then compared
to determine the minimum cost packaging system. Different operating
scenarios which consist of various combinations of equipment components,
energy requirements, container prices, energy prices and other input
prices are used to generate a range of operating costs for comparing the
systems costs under a range of feasible operating conditions.

The retort pouch packaging system was the minimum cost packaging
system among the alternatives considered. A retort pouch packaging
system was cheaper than the new can packaging system and could currently
replace the existing can packaging systems which were examined. Although

the costs associated with acquiring and maintaining the durable machinery
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complement for retort pouches is significantly greater than that of
either a new canning equipment complement or the existing canning system,
the other operating expenditures are considerably smaller. In the future
as real energy prices rise and the costs of cans, cartons, retort pouches,
labor and freight increase at their current rates, the operating cost
advantage a retort pouch system has will increase.

Lower freight costs, attributed to the lighter weight and smaller
volume of pouches, and the comparatively lower purchase price of retort
pouches than cans are the major contributors to the cost effectiveness of
the retort pouch pack;ging system. Energy savings in processing the pouch
versus the can is of little significance, but the comparatively lower
amount of energy used in transportation and container manufacture has an
important role in the cost effectiveness of the retort pouch. A sub-
stantial reduction of energy used for processing the retort pouch versus
the can did not influence the comparative cost analysis to any significant

extent.
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CHAPTER I
INTRODUCTION

Energy, both directly and indirectly, plays an important role in
producing, processing and delivering food for consumption. Dwindling
fossil fuel energy supplies and their rising real prices have lead
to a re-examination of the role of energy in the food systemsvas well
as other parts of the economy. It is expected that energy input prices
will continue to increase relatively faster than prices of other in-
puts. Managers in the respective sectors of the food system will try
to substitute less expensive inputs for energy, reduce energy use and
search out less energy intensive technologies for delivering food from
farm to consumer.

Investigations concerning potential adjustments to rising energy
prices that take a system's perspective as opposed to an individual
firm's perspective are needed in post farm gate sectors. This research
is necessary because these sectors use a greater amount of energy per
dollar value added than the agricultural production sector. In 1975,
the food system accounted for 16.5 percent of total U. S. energy con-
sumption, 82 percent of which was consumed in the post farm gate sec-
tors. Farm production éccounted for 2.9 percent, food processing
4.8 percent, marketing and distribution 1.7 percent, restaurants 2.8
percent and home preparation 4.3 percent of the aggregate energy con-

sumption in the U. S. in 1975 (USDA, 1978). The ratio of the percent
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of energy use in the food system to percent value added in the respec-
tive sectors of the food system provides a measure of energy inten-
siveness (Table 1-1). The food processing sector uses more energy in
total and per dollar value of product than any other sector of the food

system.

Table 1-1--Ratio of Food System Energy Intensity to Value Added

% Ener?y Consumed of Total Food System

Sector alue Added of Total Food System
Farm Production .56
Processing 1.46
Marketing and Distribution .30
Restaurants 1.13

Food processing industries are, collectively, a major energy
user in the U. S., currently ranking sixth among all major industrial
groups in the total annual utilization of energy. Food processing
operations depend heavily on natural gas and oil. Processors also
require energy intensive inputs such as metal cans and other containers.
Development of technologies which are economical and could reduce these
as well as other direct and indirect energy inputs are of importance
to food processing and other post farm gate sectors. Adoption of such
technology should improve the performance of the food system.

The limited number of studies which have been conducted on
energy related issues in the post farm gate sectors have primarily fo-

cused on describing energy use. Little work has been undertaken



delineating economic adjustments including evaluation of new energy
efficient technologies. A review of the work which has been completed
can be found in DPRA (1974), Henig and Schoen (1976), Olabode (1977),
Rao (1977), Singh (1979), Unger (1975), and USDA (1979).

The identification of new and emerging post farm gate technolo-
gies expected to have significant impacts on thé U. S. food system was
the focus of a recent study by the Office of Technology Assessment
(1978). The retortable pouch, a multi-layer plastic and aluminum
package that will withstand heat processing at high temperatures and
produce shelf stable products which need no refrigeration before use
and are of equal or greater quality than cans was a prominent candi-
date. Studies by Hoddinott (1975), and OTA (1978), indicate retort
pouch packaging systems offer potential savings of energy in produc-
tion, food processing, transportation and home preparation of food
products. Additionally, the retort pouch is currently cheaper to pur-
chase and transport than its comparable size counterpart, the metal
food can.

Although the retort pouch does have unique advantages as a sub-
stitute package, the question of whether or not it can be economi-
cally competitive with the can remains to be answered. This study
addresses the economic feasibility of adoption of the retort pouch
as a processed fruit and vegetable packaging system.

The major components of a packaging system for processed fruits
and vegetables, which will have an influence on the economic feasi-
bility of retort pouches being adapted as an alternative package to

replace the metal food can, are outlined in figure 1-1. This subsystem
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of the larger food system is selected because the issues related to
package costs, transportation costs, processing equipment investment
requirements and operating costs are the primary components of the
larger food delivery system to consider in an initial economic feasi-
bility analysis of the retort pouch. Marketing and home preparation
issues and costs are not considered in this subsystem. Although it is
recognized that the cost of the pouch is influenced by retailing and
home preparation considerations, the initial focus centers around the
issue of whether pouch packaging costs are at least closely competi-
tive with the can in the commodity processor's realm of operations.

Key non-energy costs which must be focused on in the search for
a minimum cost packaging system for processed fruits and vegetables
include:

1. The cost of purchasing cans, retort pouches and retort
pouch cartons.

2. Transportation costs associated with moving containers
and processed packages within the system.

3. Labor costs.

4, Costs associated with purchasing and maintaining proc-
essing and packaging machinery for canning and retort
pouch packaging.

These costs are used to determine the minimum total cost packag-
ing system for processed fruit and vegetable products. Although theré
are direct energy savings with the use of retort pouches as substi-
tutes for cans, investment in the retort pouch technology cannot be
Justified strictly on reduced energy costs and flows alone. An evalu-

ation must be conducted to determine if the new retort pouch packaging

system is actually less expensive when the total costs of investment



and operation are considered. The non-energy costs are different in
a retort pouch system than in a can packaging system because of dif-
ferential variable input and capital investment requirements.

This study does address these cost issues and the question of the
economic feasibility of a retort pouch system by determining which sys-
tem, cans or retort pouches, is the minimum cost system for processing
fruit and vegetable products. Additional analysis in this study con-
siders the costs associated with replacing an existing canning system
with a new canning system and a new retort pouch packaging system.
Although many costs are considered, the underlying motivation and focus
of the study is the potential energy savings the retort pouch offers
as a substitute for the cans in fruit and vegetable commodity packag-

ing systems in an enviromment of rising real energy prices.

Problem Statement

The emphasis on energy aspects of this study is necessary for
reasons previously discussed. Real energy prices, particularly for
liquids, will continue to rise faster than the prices of other com-
ponents of production costs and will reinforce economic incentives
to search for techniques to conserve and use energy in a less costly
and more efficient manner. As technologies are being developed they
may be adopted as economical as energy prices increase.

A basic problem underlying this situation involves the need for
the development of a new approach to evaluate possible investment in
new energy savings technologies in a period of uncertainty concerning
energy prices. Specifically, for this analysis, the problem centers

around the need to develop an approach that can be used to identify



the environment of resource prices, production costs, transport costs
and investment requirements which must exist for retort pouch proc-
essing to be selected as the minimum cost packaging system for replace-

ment of existing can packaging systems.

Overview of Research Objectives

The objective of this research is to evaluate the economic feasi-
bility of retort pouches for processing, packaging and distribution of
processed fruit and vegetable products. Specific objectives include
the identification of alternative packaging system boundaries for a
canning system and retort pouch system and the estimation of the costs
associated with the durable equipment and other operating requirements
for each system.

The major objectives of the study are to compare the costs asso-
ciated with:

1. Purchasing processed food packaging containers, specifi-

cally cans and flexible retort pouches of retail size

for packaging fruit and vegetable commodities.

2. Transportation of these containers from the package
producer to the food processor.

3. Processing and packaging of fruits and vegetable products
in these alternative packages.

4., Transportation of product to wholesale distribution cen-
ters from the processing location.

Additional objectives include:

5. Identification of the amount of energy used in the
various stages of the alternative packaging systems
which include construction of the containers, trans-
portation of empty containers and processed products,
and processing and packaging of the product.

6. Estimation of the economic 1ife of can and retort pouch
processing equipment and the costs associated with their



acquisition and operation over that period.

A description of the advantages and disadvantages of
using retort pouches and cans in the food system for
fruit and vegetable products.

Identification of the conditions under which retort
pouches are a viable and economically feasible package
for packaging processed fruit and vegetable commodities.

Production of Package Materials and Shipment

The objectives of the study that pertain to the packaging con-

tainers and shipment of them include:

1.

The identification of the amount of energy used in con-
struction of cans, retort pouches and protective boxes.

Determination of the current purchase price of cans,
retort pouches and retort pouch cartons and the possible
future price.

Selection of the size pouch which would substitute for
the 16 oz., 303 x 406, fruit and vegetable can.

Calculation of the weights and volumes of the can and
retort pouch in transport.

Identification of the method of transporting the packages
between producer and processor.

Estimation of the current and future per unit transport
cost of cans, retort pouches and retort pouch cartons.

Fruit and Vegetable Processing and Packaging

In the food processing component of the study, the objectives

are to evaluate the advantages, disadvantages and economic feasibility

of retort pouches versus cans for fruit and vegetable processing.

Cans are extensively used for packaging fruits and vegetables for

market.

Processed fruits and vegetables in cans are an important com-

modity in the Michigan agricultural economy as well. Therefore retort

pouches have potentially large influences on the processed fruit and



vegetable packaging system. Additionally, the packaging systems for
fruit and vegetable products are considered because essential data con-
cerning energy use in food processing plants is available for fruit

and vegetable processing lines. Although high value items such as
gourmet foods and meat based products appear to currently be economi-
cally feasible for market in retort pouches, the major potential im-
pact lies in the canned fruit and vegetable market.

An additional objective of this part of the study is the estima-
tion of the economic life of can and retort pouch processing equipment
and the costs associated with their acquisition and operation over that
period under conditions of rising energy prices.

Further objectives of this section of the study include:

1. Identification of the operations within a canning plant

which will have the greatest influence on resource use
and production costs when comparing canning operations
and retort pouch operations.

2. Ildentifying the type of machinery and associated resource

use and operating costs used in retort pouch and canning

operations.

3. Determination of the amount of product which is processed
in the retail size pouch.

4, ldentifying the amount of energy used in processing the
can versus the pouch.

5. Comparing processing costs for a given design which in-
cludes the essential machine operations for retort pouch
- and canning operations.1.1

6. Comparing the packaging costs and determining the economic
feasibility of investing in retort pouch processing under
a variety of resource prices.

]’]This comparative analysis is conducted with a computer model
that allows for the inclusion of costs associated with can and pouch
packaging in the other sectors of the packaging system outlined in
figure 1-1.
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Transportation of Product

Specific objectives concerning transportation of the product to
distribution centers include:

1. Selection of a method of transporting the packages
between processor and distribution center.

2. Determination of the weights and volumes of the pouched
and canned product in transport.

3. Identification of the amount of energy used in trans-
porting the cans and pouches.

4, Estimation of the per unit transport cost of the finished
pouched and canned product.

Marketing and Preparation

Although specific marketing problems, additional distribution
costs, and energy use are not examined in detail at the retail or
individual household level in this study, there is a general dis-
cussion of these issues and an outline of problems in these areas

is presented for consideration in future research.

Procedure

A variety of information sources are used to construct the
operating and capital costs associated with three alternative packag-
ing systems. These systems are an existing canning system, a new can-
ning system, and a retort pouch packaging system. The results of two
energy accounting studies, which document the energy used-in fruit
and vegetable processing plants, are used to estimate the amount of
energy required in the processing stage of the alternative packaging
systems. Further, the essential components of the processed fruit and

vegetable packaging system that could effect the adoption of the
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retort pouch are identified and the capital and operating requirements
for each system considered are established. This information is then
used to construct a generalized model of the packaging system alterna-
tives for processed fruit and vegetables to estimate and evaluate the
equipment and operating costs associated with each alternative system
under a variety of input price scenarios and operating conditions.

Selection of the fruit and vegetable processing plants from which
the processing and packaging component of the model is constructed was
conducted in conjunction with the National Food Processors Association,
Berkeley, California and the Department of Agricultural Engineering,
University of California, located in Davis. For the research to be
of general use it is necessary that the model be based on typical
fruit and vegetable processing plants and operating conditions. Al-
though the fruit and vegetable processing and packaging industry is
very diverse in its operating procedures, the processing plants from
which the operating data was collected are not atypica].]’2 Further,
it is believed that the firms selected are of the approximate size of
firm that may consider the use of retortable pouches as a packaging
alternative sometime in the future. The energy accounting studies
which were used in the study had previously been conducted in the
plants which were selected.

After the typical fruit and vegetable processing operations were
selected the next step was to collect information concerning the rate

of production, type of equipment and associated labor, energy and

]'zPersonal communication, National Food Processors Association.
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maintenance costs for the plants selected. This additional information
for the existing plants was collected by surveying the respective

plant production managers. Information concerning the retort pouch

and new can packaging system alternatives was collected from a variety
of equipment manufacturers and distributors. Data concerning construc-
tion and the estimation of the cost of retort pouches and cans was
collected from package manufacturers and convertors. Current trans-
portation costs were obtained from commodity transport companies and
motor freight firms.

Energy price scenarios are developed from a number of sources
including responses to an open ended survey soliciting opinions on
energy price scenarios. The respondents were generally agricultural
engineers and agricultural economists who have been conducting energy
related research in the North Central States. Other input price sce-
narios are developed in conjunction with the analysis and are mainly
used to indicate the sensitivity of the results to certain increases
in prices.

As the required data was being collected, a computer model was
formulated in accordance with the conceptual system outlined in
figure 1-1. The model is used to estimate the costs which are asso-
ciated with acquiring and maintaining a new technologically advanced
set of durable equipment for processing retort pouches. These costs
are also estimated for a new canning equipment complement. The model
then uses this cost data in an economic replacement routine to deter-
mine the optimal economic life of the new durable equipment complements

which could potentially replace the existing canning equipment.
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The model is also used for estimating the cash cost flows for
each of the new alternative packaging systems over the optimal economic
life of the durable equipment complements which are required for opera-
ting the system. Cash flows are also estimated for the costs asso-
ciated with the operation of the existing packaging system and the
maintenance of the existing durable equipment complement.

The investment and operating costs used in this study are not
total system costs but partial costs in the sense of partial budgeting
costs because only those costs which are expected to be significantly
different across the alternative packaging systems were estimated.

In the analysis procedure, the investment and operating costs of
each new alternative packaging system are compared with the cost of
continuing to operate the existing can packaging system to determine:

1. If a new packaging system which required either new

canning equipment or retort pouch equipment should
replace the existing canning system.

2. If a replacement system is needed, to determine which

system it should be; a retort pouch system or a new
canning system.

This procedure of analysis is conducted on two sets of data for
two different processing plants. In summary, the costs of each alter-
native replacement packaging system are estimated and compared with
the costs associated for each existing operation under conditions of
rising energy prices and a variety of other price and cost variables

to determine if a retort pouch system could compete on a cost basis

with the other alternative packaging systems.
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Organization

This study is organized to describe the essential operations and
comparative cost differences in using retort pouches and food cans in
packaging food systems. Chapter 2 discusses the current retort pouch
technology, practical application to date and the potential benefits
and disadvantages of using retort pouches. Chapter 3 outlines the
conceptual energy price adjustment issues and reviews the current
theory concerning asset replacement analysis. Chapter 4 presents the
model, assumptions and basic data used in the study. Chapter 5
presents the analysis concerning the economic feasibility of a retort
pouch packaging system. A summary of the results and discussion and

needs for future research are presented in chapter 6.



CHAPTER I1I
THE RETORT POUCH

The retort pouch is a flexible package made from a laminate of
three materials; polyester, aluminum foil and polypropylene. This con-
tainer can withstand thermal processing temperatures that are required
in food canning operations (figure 2.1). Combining the advantages of
the can and the plastic boil-in-bag, retortable pouches substitute for
the metal food can. Taste tests indicate that the quality of foods
processed in the retort pouch is superior to that of foods processed
in cans and approaches the quality of frozen foods (OTA, 1978). Ad-
ditionally, the pouch product has a shelf life similar to canned prod-
ucts and requires no refrigeration before opening.

The inner layer of the pouch, polypropylene, acts as a food con-
tact material. It also forms the pouch seal under the application of
heat. Aluminum foil is used in the middle of the laminate to serve
as a moisture, light and gas barrier while the outer layer, polyester,
adds strength to the package. This construction can withstand steri-
lizing temperatures of 240-270° F which are considerably higher than
the temperature exposure of the boil-in-bag associated with frozen

food products.

History of Retort Pouch Development

Chughatta (1979), reports that the initial development of the
retort pouch in the United States dates back to the 1950's when

15
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laboratory work was first initiated on thermal processable films. Its
first practical application occurred in the Apollo Space Program in
1968. The U. S. Army Natick Laboratory first proposed the use of the
pouch as an alternative package to the conventional rigid can, in
order to alleviate the difficulties encountered by the combat soldier
with C-rations which were served in a metal can. The Army desired a
pouch which would be light, could be carried by a soldier without in-
terfering with normal movement, could fit into combat uniform pockets
conveniently and would not injure the soldier if he fell on it. Ad-
ditionally, it should be durable yet easy to open and dispose of.

The contents of the pouch would be heated before being consumed by
boiling for a few minutes. Further the quality should be at least
equal to canned foods.

During the course of the pouch development Natick evaluated the
durability and storage stability of the pouch, its resistance to bac-
teria, and thermal processing temperatures and procedures. Addition-
ally, the possible migration of pouch material extractives to the food
was examined (Chughatta, 1979). Natick determined whether overwrapping
of the pouch by paperboard envelope or carton would be necessary or
recommended. Results of a field test in 1965-66 using 50,000 filled
pouches indicated that if the pouch was constructed well, it would
perform well (Mermelstein, 1978).

Natick conducted a reliability project beginning in 1968 to de-
termine what type of pouch manufacturing and processing methods were
suitable. Swift, Pillsbury, Continental Can, Rexham Corporation and

FMC joined the effort. A pilot pouch processing 1ine was installed
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in Swifts research and development center in Oak Brook, I11inois in
1970 and received USDA approval for army usage and testing.

The reliability and a subsequent project culminated in the run-
ning of the pilot plant for eight months in 1972, producing more than
400,000 five ounce pouches. A variety of twenty-two different food
items were tested. These pouches were tested for seal integrity,
sterility, and overall defects. The results showed performance equal
to or better than the metal can (Mermelstein, 1976).

Natick Laboratories examined the comparative resistance to damage
from rough handling abuse of flexible packages and metal cans. The
overall failure rate of the flexible package was slightly lower than
that of metal cans (Burke and Schulz, 1972).

After completion of the reliability project, several of the co-
operating firms pursued work on the retort pouch and its related proc-
essing equipment. Rexham and FMC proceeded in designing and improving
the packaging and processing equipment. Continental Can actively pur-
sued commercialization of the retort pouch and purchased the pilot
plant from Natick Laboratories (Mermelstein, 1976).

Mermelstein (1978), reports that in 1974, the U. S. Department
of Agriculture gave its approval for a number of manufacturers to mar-
ket meat and poultry products in the retort pouch, provided that the
pouch materials met Food and Drug Administration regulations. At that
time, there was no data indicating any problem concerning the materials
used in construction of the pouch. However, in early 1975, studies
indicated that components of the adhesive used to hold the three
layers of the pouch material together would migrate through the inner

food contact layer at the high sterilization temperatures. As a
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result, the FDA asked USDA to withdraw its approval and asked the ma-
terial suppliers to submit data identifying and measuring the compo-
nents of the adhesives and pouch materials.

In 1976, the FDA reviewed additional safety testing data on the
adhesive components. However, the major suppliers of the pouch ma-
terials, Continental Flexible Packaging and Reynolds' Metals Flexible
Packaging, modified the components of the pouch by using different
thermal adhesives and bonding agents, that complied with existing FDA
regulations. The following year the modified pouches were approved
by the FDA. The USDA subsequently approved the pouches for use with
meat and poultry products.

The U. S. Experience

Since 1977, several companies have shown interest in packaging
commercially marketable food products in retort pouches. In September,
1977 the Continental Kitchens Division of ITT Continental Baking
Company introduced a retort pouch product in the market. The prod-
uct, Flavor Seal, was introduced in a limited test market of three
cities: Fresno, California; Forf Wayne, Indiana; and Syracuse, New
York. Seven meat based items were available in 8 oz. retail pouches.
The items were Beef Bourguignon, Veal Scaloppini, Chicken Cacciatore,
Chinese Pepper Steak, Beef Stroganoff, Chicken d la King and Beef Stew.
Each item was marketed in an individual carton which displayed graph-
ics illustrating the product. The items were simply prepared by heat-
ing the pouch in boiling water for five minutes. Because market de-
mands in each test city consistently out-stripped supply, Continental

halted its test and moved to develop an expanded production facility
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(Food Production Management, 1979). The Flavor Seal product was dis-

played near canned meat items and above freezers where the frozen
dinners were located. Accordingly the pouch was advertised as a sub-
stitute to the frozen product as well as canned meat products.

In summer 1979 ITT Continental retort pouch line re-entered
the retail test markets. The new markets for distribution were
Columbus, Ohio and Atlanta, Georgia. Bannar (1979) reports that
according to a spokesman for ITT Continental Baking the pouched dinner
market test had been successful. However, supermarkets in the Columbus
area reported that the products were moving slowly, selling approxi-
mately a case of each variety per store per week with some stores
selling more and some selling less. Each case of product contained
twelve individually cartoned pouches. A majority of retail market
managers consider sales of a product at a rate of a case per store per
week to be the minimum acceptable rate. Two issues which appeared to
effect sales were the price of the product and the positioning of the
product in the store. Prices ranged from $1.59 to $2.49 with an aver-
age price of $1.89 to $1.99 for an 8 oz. package (Bannar, 1979). It
is yet to be determined which location in the supermarket may optimize
the sale of the product. The location has varied from canned meats,
frozen food, dried soups and boxed dinners sections. At least one
store reported that sales appeéred to be best when placed in the boxed
dinner section. Although the success of ITT's product in the retail
market appears to be mixed, the company has applied for seven patents
concerning the processing of the product .

George A. Hormel Company also initiated pouch production in the

fall of 1977 on a line at its Austin, Minnesota plant. The company's
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marketing thrust aimed at specialized markets where the retort pouch
could command a premium price. The main market which the Hormel pouch

is aimed at is the camping market (Food Product Development, 1979).

The Hormel product line had twelve items which included meatballs
in sauce, chicken a la king, frankfurters, ham patties, beef stew, ham
slices, chicken loaf, beef and onions and beef patties. The serving
sizes ranged from three to five ounces. Apparently, the pouches are
attractive in the camping market because of their ease of handling and
preparation. Further, their quality is superior to freeze dried foods.
The Hormel products are also compatible with some of the currently
available freeze dried foods. This enhances Hormel's concept of a
total camping food line.

Hormel also supplies retort pouch foods to Sky Lab Foods of
Elmsford, N. Y. Bannar (1979) reported that this firm serves retort
pouch foods to government institutions, public and private agencies,
camping and recreational markets and expects to expand distribution
into disaster relief programs. An additional market for the pouches

through Sky Lab Foods is the Meals on Wheels program (Food Products

Development, 1979). Prices for individual four ounce pouches are ap-
proximately $1.10.

Specialty Seafoods, Inc., Anacortes, Washington is using the
retort pouch for its top-of-the-line Gold Seal brand of oysters and
smoked salmon products. The pre-formed pouches measure 7-1/4 by 18
inches and are decorated with a gold seal label. After processing,
the retort pouch product is packaged in a gift box for sale in gourmet

food shops in the Pacific Northwest.
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By far the greatest extent of development of retort pouch prod-
ucts in the near future will be for the military. The last year in
which the Army plans to rely on the three-piece can C-ration is 1980.
The Department of Defense has contracted with three suppliers for pro-
viding 24 million meals in retort pouches. The order involves produc-
tion of 40 million pouches of meat entrees, fruit and baked products.
The U. S. Armmy is calling its new rations MRE: (Meal, Ready to Eat).
Each contractor will take responsibility for the production, assembly
and delivery of complete rations. This is different than in the past
where the government contracted separately for the manufacture of vari-
ous food packets that comprise the ration, and then contracted to have
them assembled.

The first company awarded a contract was American Pouch Food
Company. This firm was founded specifically to apply retort pouch
technology to food processing. American Pouch Foods will produce the
MRE ration at two Chicago plants. The pouch food processing plant
will include four form/fill/seal lines utilizing 4-3/4" x 7-1/4" x 3/4"
pouches formed from roll stock. The pouches will contain 4 to 5 oz. of
food (Morris, 1979).

The complete MRE program consists of twelve menus incorporating
the following foods packaged in retort pouches:

1. 12 meat entrees
1 vegetable
2 fruits

6 cake items

o W N

6 freeze-dried items (2 meat, 4 fruit)
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6. Miscellaneous items such as cookies, brownies, cheese
spread, peanut butter, jelly, crackers and cocoa powder.

The other two contractors which are currently gearing up for
retort pouch food production are Southern Packaging Co. Inc. of
Baltimore, Maryland and Right Away Foods Co. of Edinburg, Texas.

Kraft Foods announced in March 1980 that they would begin test-
ing five entrees in retort pouches in five test market areas in May,
under the name a la carte. The items will include beef stew, creamed
chicken, sweet and sour pork, beef stroganoff and beef burgundy. Each
pouch will be of the 8 oz. single serving size. Reynolds Metals and
Continental Can will be supplying the pouches for Kraft's product line.

The primary marketing objectives in the test markets are to
determine sales potential. Kraft's primary competition in marketing
its new line will be Stouffer's frozen entrees and a line of retort
packaged products marketed by ITT Continental. Market studies will be
conducted to determine if there is a significant preference for one
brand over another. Retail prices of the items are expected to be
approximately equal per ounce of product to Stouffer's frozen entree
prices.

During the developmental stages of the a la carte program an
independent marketing firm surveyed fifteen major national grocery
chains and wholesalers purchasing staffs regarding the potential of
Kraft's retort pouch product. According to the study 80% indicated
they would purchase the pouch entree line (Supermarket News, March 24,

1980).

To date retort pouch products in the U. S. are viewed as con-

venience foods and are produced by firms which aim at marketing a
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distinctly different and readily identifiable food product. These

firms generally are able to spend a good deal on product research and
development, advertising and promotion of the product. Competition
among these firms is related significantly to advertising and promo-
tion. Few commodity processing firms, which tend to compete on effi-
ciency of operation and distribution instead of brand name and differen-
tial product characteristics, have attempted to enter the market with
retort pouches. This is primarily due to the amount of uncertainty
regarding the economic and technical processing and distribution as-

pects of such products.

The Foreign Experience

In Europe retort pouches are being sold at a rate of about 40-50
million pouches per year, a relatively small market (Ebben, 1979).
Lustucru, a French food company appears to be the leader to date.
Retort pouch food production started in the fall of 1978. A new fac-
tory was built in northern France near a modern canning cooperative
which had agreed to supply a variety of vegetables to be packaged.
The plant uses pre-form pouches which measure 7-1/2" by 9-1/2" to
fi1l 14 oz. of product. The products consist of a variety of retort
pouched vegetables which include potatoes, carrots, brussels sprouts
and mushrooms. The line currently operates at fifty-five pouches per
minute but is capable of 140 pouches per minute (Package Engineer,

May, 1979).

Japan has the most experience with the retort pouch. In 1978,
the total sales figure for retort pouched foods amounted to $259

million. This figure compares to $1,764 million for total canned food
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sales in Japan (Food Engineering, September, 1979). Approximately

thirty-three manufacturers are involved in retort pouch packaging.

Many of the Japanese pouches are convenience type products which are
of high quality and call for relatively higher market price than canned
goods.

Canada has also had some experience with retort pouch use. Magic
Pantry Foods of Hamilton, Ontario have been making stuffed cabbage
rolls in retort pouches since 1978. The cabbage rolls are stuffed
with meat and rice, then hand-placed into pre-formed pouches. Before
sealing and retorting, a tomato sauce is added. The pouch is approxi-
mately 14 oz. and sells for $1.89 to $2.09 (Food Engineering, April,
1979).

Retort Pouched Vegetable Experience

Although there are no current marketings of retail size retort
pouch vegetable products in the United States, there does appear to be
market potential. Tung, Garland and Maurer (1976) reported that re-
tort pouch vegetable products studied were "highly" acceptable and
normal in storage stability. Flexible packaging techniques for shelf
stable foods appeared to permit production of very high quality vege-
table products. Even after twenty-five weeks of storage at room tem-
perature products received sensory scores of 77 percent for overall
acceptability, compared to 50 percent for commercial frozen samples

(Food Production Management, June, 1978).

Southwick and Winship (1971) also report that selected vegetables
processed in foil pouches have been shown by actual consumer tests to

be preferable in quality to similar vegetables processed in cans.
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Approximately 75 percent of the respondents indicated that the pouch is
a better way to package vegetables. Further, 50 percent of the respond-
ents in the study indicated that vegetables in pouches could cost as
much or more than equivalent quantities of frozen vegetables. Approxi-
mately 80 percent believe the price should be above the price of canned
vegetables. The products tested were peas, whole-kernel corn, cut

green beans and mixed vegetables.

Even though vegetables in pouches were found to be more acceptable
than the canned product, they were not as acceptable as the frozen prod-
uct. According to the authors even though the taste of pouched vege-
tables was recognized to be better than frozen vegetables, the overall
acceptability was less due to the fact the frozen products had superior
color.

Although the market tests appeared to support the claims of
higher quality products and desirability when compared to the can, the
issue of acceptability is still open to some question. Initially,
retort pouches will be viewed as a unique product rather than as a
direct competitor against either canned or frozen goods. It is ex-
pected that the pouch product may be sold at a premium price above com-
parable canned items that will reflect the superior sensory quality of
the product. However, if production and distribution cost advantages
are significant for the retort pouches, their market price may be

quite competitive with canned products.

The Pouch and Regulatory Agencies

Two agencies, the Food and Drug Administration (FDA) and U. S.

Department of Agriculture (USDA) have been involved in regulating
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pouch use. The basic requirements for pouch use have been reported by
Chughatta (1979). These include: _
1. Identification of all materials used in the pouch.

2. Materials must meet the FDA regulation regarding migration
of substances into the food product.

3. The pouch must be able to withstand exposure to 250°F water.

4., The sealed package must be resistant to bacterial penetra-
tion.

5. Additionally the pouch must preserve the food product for
at least six months at 100°F and two years at 70°F.

A11 products currently being marketed meet and surpass these re-
quirements.

For distribution of retail size pouches the USDA has dictated
that an overwrap must protect the pouch. The pouch is generally mar-
keted in a small carton which guarantees pouch integrity during ship-
ment from processor to supermarket. Some industry people feel this
may not be necessary. For example, an official representing American
Can Company feels that if the transportation packing is adequate,
overwrap cartons are not needed. From the standpoint of package de-
sign and display, an overwrap is unnecessary, since the pouch can have
multi-color printing and can be displayed without overwrap from racks
or even on shelves (Pinto, 1978). Currently there are no overwrap
regulations for institutional size containers moving to institutional

markets.

Benefits of the Retort Pouch

The retort pouch has many advantages when compared to canned and
frozen products throughout the various stages necessary to deliver

processed foods to the consumer.
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Production and distribution of containers:

1. Currently a retail size pouch which measures 6" x 8" and
its protective carton costs less than a comparable size
retail can, (303 x 406). The pouch, including carton,
would be approximately 10.5¢ while the comparable can
would be 12¢. The difference in cost between larger
pouches and cans is even greater. An institutional
pouch with the capacity of .8 gallons would cost 12¢
while a number 10 can with the same capacity would cost
42¢ (Beverly, 1980).

2. A comparison of the energy requirements for comparable 8
oz. containers shows that retort pouches require less
energy to produce, (Table 2.1).

3. Retort pouches require less energy and cost less to trans-
port than cans because they generally weigh less than
cans. For example, 1,000 pouches with dimensions of
5-1/2" x 7" weigh 12.5 1bs. and 1,000, 211 x 304 cans of
the same capacity, 8 oz., weigh 109 1bs. (Hoddinott,
1975). Additionally, 1,000 6" x 8" pouches would weigh
15.6 1bs. while 1,000, 303 x 406 cans of comparable capac-
ity would weigh 168 pounds. '

The cost to transport pouches would be less because empty pouches
take up considerably less space than empty cans. The area required
for shipping 1000 empty 303 x 406 cans is approximately 25.72 cu. ft.
while 1000 empty 6" x 8" x 0.1" pouches need only approximately .28 cu.
ft., (appendix A.2). A shipment of one million pouches of this size
requires only one 45 foot long trailer truck. However, a shipment of
one million cans requires approximately 10 trailer trucks. This dis-
parity is even greater for number 10 cans and institutional size
pouches. Approximately 36 truckloads of number 10 cans are equivalent
to one truckload of institutional size pouches (Silverman, 1979). Con-
sequently, the amount of storage space for empty containers is much

less for the pouch than the can.
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Table 2-1--Energy Intensiveness of Food Containers (8 oz. Capacity)

Container Weight BTU/LB. BTU/Container
Pouch
Mylar .0005" 1.86 1b./1000 21,850 41
Thermoplastic adhesive .36 1b./1000 21,850 8
— Foil 00035" 2.42 1b./1000 124,800 302
Thermgplastic adhesive .36 1b./1000 21,850 8
<Modified Polypropylene 7 45 1b./1000 21,850 163
Inks® .11 1b./1000 21,850 _2
(Single Pouch) 12.56 1b. /1000 Sub Total 524
Carton 84.26 1b./1000 16,700 1,410

TOTAL 1,934
Frozen Food Dishes

Aluminum 14.78 1b./1000 124,480 1,840
Organic Coatings 1 1b./1000 20,927 21
Plug 1id: 1 1b./1000
Foil .825 1b./1000 124,800 103
Paper 10.175 1b. /1000 16,700 170
Carton 41 1b./1000 16,700 685

TOTAL 2,819
Glass Jars - Wide Mouth

Jar 4-5/8 oz. 10,440 3,020

Lid (Steel) 10 gms. (est) 32,100 7

Seal Compound 1 gm. (est) 20,927 46

Label & Glue 1 gm. 16,700 37
TOTAL 3,174

Three-Piece Steel (Tinplate Cans - 211 x 303)

Steel (1) 109 1b./1000 32,100 3,500

Tin 605 gm./1000

Organic Coatings 0.5 gm./can 20,927 23

Label & Glue 1 gm./can 16,700 37

TOTAL 3,560

Source: Hoddinott, 1975.
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Processing and packaging:

1.

Because the pouch has a thinner profile than cans or jars
it takes about 30-50 percent less time to reach sterili-
zing temperatures at the center of the food in the pouch
than in cans or jars. In addition, the product near the
surface of the container is not overcooked, as it may be
with cans and jars. Most products' quality is generally
maintained--the product is truer in color, firmer in tex-
ture, fresher in flavor, and there is likely less nutrient
loss (Mermelstein, 1978). It is expected that certain
products will be more suitable for processing in pouches
than others.

Some products such as vegetables and fruits can be proc-
essed with less brine or syrup than is required with cans.
This advantage becomes more significant as the package
size becomes larger.

Because of the previously mentioned items, :the pouch
product should require less energy to process than the
canned product.

Distribution, marketing and preparation:

1.

The pouched product prepared for distribution weighs
less and takes up less room than the comparable canned
product. A case of twenty-four 303 x 406 cans weighs
approximately 31 1bs. while a case of 24 retort pouch
products weighs approximately 23 1bs. (Appendix A.1).

As a result, distribution costs for the pouch should be -
less.

The pouch product after processing is commercially sterile,
and shelf stable. Refrigeration or freezing are not re-
quired.

Retail size pouched foods can be heated quickly by placing
the pouch in boiling water for 3-5 minutes, substantially
less preparation time than for frozen foods. Therefore,
less energy is used in the home when compared to frozen
foods.

There is little need for pots and pans and cleanup is rela-
tively simple. Pouches take up less disposal space than
cans and should contribute to less costly refuse removal
and incineration.

Additionally, the pouch can be opened easily by tearing
across the top of the pouch before or after preparation.
There are no sharp edges for injuries and a can opener is
not necessary.



31

Retort pouches could also be used for portion control

for people on strict diets and could also be advantageous
for elderly persons. Single-serving portions individu-
ally packaged could be of use to many groups such as
single persons or hospitals.

The potential for packaging larger quantities of product
with less brine than is necessary in cans is particu-
larly advantageous for institutional markets.

Mermelstein (1978) reports that from harvesting to con-
sumption the total energy required is about 60% less for
vegetables packaged in retort pouches when compared to
frozen vegetables. When compared to canned vegetables
the result is approximately 15 percent lower.

For retail sizes the label display area on pouches is
greater than that of cans.

Disadvantages of Retort Pouches

1.

Currently, the biggest difficulty and the main impediment
to retort pouch sales growth is the lack of high speed
pouch filling and sealing equipment. Most equipment cur-
rently available is only capable of handling up to sixty
pouches per minute while canning equipment is many times
faster.

Retort pouches are not as standardized in sizes as cans,
mainly because the technical processing relationship of
certain size pouches with various products are still some-
what uncertain.

The most appropriate way to ship the pouch has still not
been determined. It is not totally clear whether cartons
are actually beneficial or detrimental to pouch protection.
Further recommendations concerning appropriate shipping
containers for institutional size pouches are virtually
non-existent.

At this time retail prices for pouched products are con-
siderably higher than both canned and frozen foods. This
is likely due to initial large food product development
costs associated with the pouch products.

General technical sophistication, knowledge and experience
with the pouch is less than alternative packages.

Considerable experimentation and testing is usually needed
to bring a retort pouch product on-line. Expenses re-
lated to product development will be significant.
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Consumers will need to be educated about the retort pouch
concept and its use. Costs associated with marketing the
new retort pouch may initially be substantial.

Retort pouches, as they are currently constructed, are not
suitable for microwave preparation because of the aluminum
layer. Some research is being conducted to develop pouch
materials which could be substituted for the aluminum foil
and allow for microwave cooking. The tradeoff which is
made when aluminum foil is removed from the pouch is one
of reduced shelf 1ife. However, the amount of energy
needed for home preparation may be further reduced.



CHAPTER III
CONCEPTUAL ISSUES

The methods and techniques applied in the analysis of the problem
are based on theoretical considerations. Several theoretical and con-
ceptual issues are involved in outlining and conducting an economic
feasibility study of a new technology. This chapter reviews the nec-
essary conceptual issues which include several aspects of the theory
of the firm. A firm's possible responses or adjustments to rising
input prices such as energy prices will also be reviewed. The neces-
sary issues concerning capital investment and replacement theory will
be dealt with in detail and a technique for applied replacement analy-
sis will be suggested. The specific assumptions and technique for

model construction and analysis will be discussed in chapter 4.

The Firm

In this study the major concern with the firm, a food processing
firm, involves its possible adjustments as a response to rising input
costs. Specifically, this concern involves the issue of how a firm
should evaluate the question of technological adjustment in an environ-
ment of rising real energy prices which would make its operating sys-
tem less energy intensive and less costly than would exist under the
current set of technology. A modification where technological change
is considered may involve the disinvestment of existing durable equip-

ment and investment in technologically advanced durable equipment.
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A procedure is needed to evaluate the question of whether or not the
firm should invest in new durable equipment and a more energy efficient
operating system. The procedure should be able to determine when and
under what conditions durable asset replacement should be made.
Secondly it should be able to select which durable assets should be
used as replacements from the possible replacement alternatives. Be-
fore examining such a procedure and other possible adjustments, a re-
view of some production economics theory is necessary.

A firm is defined as a "going concern" which produces one or
several economic goods. A firm must decide on what goods to produce
and how much of these goods to produce. To accomplish this, it is nec-
essary for the firm to select the best possible way to technically com-
bine various inputs such as labor, machinery, energy and other raw
materials in combination to derive a saleable product.

Firms involved in making such technical decisions are constrained
by the existing productive technology. Any productive process and its
relationship of rate of input use to rate of output of product can be
represented by a production function. In a simple single output pro-
ductive process the production function can be represented by equation
(3.1) where q represents the output per unit of time, while Xqeo X

(3.1) q-= f(x], Xos XgeooX xn+]...xm)
represent variable inputs per unit of time in the production process.
The Xn+1+ - Xy represent inputs which are not variable but have been
fixed at some predetermined level. The production function represents
the maximum output obtainable from the possible input combinations and

is determined by existing technology at a given point in time.
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Technology is defined as the available productive processes technically
feasible for producing an output. In the long run technological change
can occur. Therefore the production function of the firm may be alter-
ed by adjustments to its technological base.

To determine the best input combination for production of a parti-
cular output level, input price information needs to be included in the
analysis. Consider, for example, a two variable input production func-
tion, equation (3.2), in which all other inputs are held constant.

(3.2) q-= f(xl, Xo Xn+1"'xm)

The problem for the firm is to choose X1 and Xo levels so as to mini-
mize costs for each level of output. In order to minimize the cost of
producing a given level of output a firm should choose that point on
the isoquant or isoproduct curve for which the rate of technical sub-
stitution of inputs X to X, is equal to the ratio of prices Xq and
Xos (figure 3.1). The isoquant or isoproduct is defined as a curve
that illustrates all the possible combinations of inputs, (processes),
that can produce an equivalent level of output. The slope of the
isocost curve, the ratio of input prices, should be tangent to the
isoproduct curve in the production function. The isocost or total
cost line illustrates the combination of X and Xs which have equal-
cost. By equating equation (3.3) at every level of output that level
of output is obtained at minimum cost given the existing technology
which is in use in the production process. This occurs where the rate
of technical substitution of X and Xy is equal to the ratio of the
input prices and their marginal products.

(3.3) Ax, i MPx2 i sz
AX, MPx, Px]
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Figure 3-1--Imperfect substitute input combinations and expan-
sion paths under different relative input prices.

The locus of the tangencies is called the firm's expansion path.
It traces how input combinations change as output expands given con-
staht input prices. However as prices of inputs change the slope of
the isocost line changes and the combination of the inputs used in
production is altered if the production function has attributes of
substitutability.

The technology currently in use restricts the available combina-
tions in which the inputs can be combined to produce a given level of
output because it influences the positioning of the isoquants. As a
new technology becomes available additional combinations of inputs to

produce the previous level of output are a possibility. Therefore the
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expansion path can be effected by the technology changing the shape of
the isoquant as well as by the changing ratio of input prices.
Ferguson (1972), Lancaster (1974) and Herfindahl and Kneese (1974)
should provide a further detailed review of the theory of production

economics.

Firm Adjustments to Rising Energy Prices

The possible adjustments to rising energy prices a food proces-
sing firm can undertake are influenced by the production function or
the technical relationships dictated by existing technology. The
relationships can range from perfect substitutability to perfect com-
plementarity. The economic structure of the food processing industry
also has some influence on the possible adjustments.

In the short run when some inputs are fixed and the technology
is given, adjustments are limited. As the period of analysis becomes
longer the opportunities for other types of adjustment increase. In
the short run it may be possible in some circumstances to substitute
one energy input for another energy input. As the price of one of
the inputs of energy increases it may be cost effective to substitute
the cheaper energy input. For example, a BTU of natural gas may be
substitutable for a BTU of fuel oil in the process of producing steam
for use in food processing operations. What determines this substi-
tutability relationship is the technology in place. Figure 3-2 illus-
trates the possible adjustments under changing relative energy input
prices for a production function which exhibits the characteristics of

perfect substitutability. Natural gas is X and fuel oil is Xy
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Figure 3-2--Perfect substitute input combinatidns and expansion
paths under different relative input prices.
The diagram on the left in figure 3-2 illustrates the case where a BTU
of fuel o0il is cheaper than a BTU of natural gas. Thus the tangency
of the isocost and isoproduct line occurs on the Xy axis. The expan-
sion path is the Xo axis. If fuel oil were to increase in price to be
more expensive per BTU than natural gas then the expansion path and
isocost curves would be different. The diagram on the right of figure
3-2 shows the result. Natural gas is relatively less expensive than
fuel oil and the expansion path is the X axis. Because the ratio of
input prices is used in determining the optimal input combination and
not the absolute price of the input alone, the expansion path would
remain as it was originally if both energy input prices increased
equivalently so that the ratio was uneffected.

A production function exhibiting the case of imperfect substi-

tutes is illustrated in figure 3-1. For this case there would be some



39

substitution of inputs occurring as the ratio of the input prices change.
This substitution would not be a one to one or all or none switch. In
this case let X5 be energy input and X be labor. As the price of the
energy input Xo increases the slope of the isocost line changes and

the point of tangency of the isocost and isoproduct line change. More
labor and less energy is being used to produce every level of output
than before. There are likely some adjustment alternatives of this

type which can be used in a food processing plant. Some labor or a
combination of inputs may substitute for a small amount of energy in

the food processing operation.

Possibly the most interesting case in light of the study objec-
tives is the case where energy and other inputs are perfect complements
in production. Figure 3-3 illustrates that for all ratios of input
prices the cost minimizing input combination for a particular level of
output is always the same. There is no adjustment which takes place
in terms of the input combination to produce a given level of output
under changing input prices in the short run.

A good deal of the energy use in the food processing industry ex-
hibits technical relationships 1ike the latter. Energy needs to be
combined with other inputs such as machine hours and raw product at
very specific levels to arrive at a product given the existing technol-
ogy in use. In the short run there is little chance of reducing energy
use or making input substitutions for energy. Over a longer time
period the technology and, therefore, the production function may be
changed so that different and more cost effective input combinations
can be considered. If this is true, the economic evaluation of invest-

ments in technology which reduce energy use in the operating system
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Figure 3-3--Perfect complement input combinations and expansion
path under different relative input prices.

is important.

When the price of energy inputs in production increase the level
of output can also be affected. The increased input price will affect
the marginal cost of production and therefore the level of output that
the firm chooses to maximize profits. This is illustrated in figure
3-4. As the price of energy rises the ratio of the input prices be-
comes larger and the slope of the isocost line becomes steeper. Less
units of energy input can be purchased for the same amount of money
as previously. Therefore, with the same dollar outlay for inputs,
less can be purchased and less output produced. The total cost to
produce the previous level of output has been increased. In the short
run a firm which exists in a perfectly competitive market with price
given would reduce output as the costs associated in production rise.

However, the level of output is a function of the price the product
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Figure 3-4--Short run marginal cost and output effect from an
increase in real energy prices.

receives in the market over the long run, as well as the influence of
input prices and marginal costs. As the market determined price of
the product changes the level of output can change. The optimizing
point is where marginal costs are equated with price or marginal
revenue.

Of course the firm could always attempt to pass higher input
costs on to consumers in the form of higher product prices. The suc-
cess of such an adjustment depends upon the structure of the industry
that the firm exists in. If there are a large number of firms in the
industry and there are many close substitutes and demand for the spe-
cific product or brand is elastic it is possible that a higher price
for the product would influence consumers to switch to substitutes or
other manufacturers' products which are cheaper. However, if all

firms in the industry have the same cost structure and are effected
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by rising energy prices similarly then the aggregate result may be a
rise in price along with some reduction in output. The actual level

of price in the market will be the result of aggregate supply and de-
mand adjustments. In general the more atomistic the industry and homo-
geneous the products, the less the individual firm can influence the
market price and the more important the level of costs are in influ-
encing the level of output.

Alternatively, if the number of firms in the industry are small,
close substitutes are nonexistent and demand for the product is in-
elastic, then the individual producer may have more influence on the
market price and therefore is somewhat more successful in passing in-
creased production costs along to consumers. However, even in this
case output would not remain at its original level.

The food processing industry is characterized by a large number
of firms of various size operating under different conditions of cost.
Greig, (1976) reports that firms involved in commodity processing par-
ticipate in an industry which is nearly atomistic. Further, this type
of processing results in production of fairly standard homogeneous
commodities. A substantial part of the canning and freezing industry
produce standard conmodities. Although brands may exist, in most cases
there are few distinguishing characteristics among commodities manu-
factured by different companies. Typically the cost of eniry into this
industry is not high. These firms tend to compete on efficiency of
operations and efficiency of distribution of relatively low margin
products (Greig, 1976). Under such circumstances the possibility to

pass increases in energy costs of production on to consumers are limited.
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Most producers would control a nonsufficient share of the industry to
influence price. As energy prices increase firms with different cost
structures will hold somewhat different competitive positions. Some
firms will fare better than others. If a firm has little ability to
influence the price it receives for its product then other types of
adjustments are particularly important.

Reducing the amount of energy used in the production process is
another alternative which firms have. The possibilities for doing such
are related to the shape of the production function as previously illus-
trated by super-imposing different combinations of relative input
prices on the isoquant surface. Before the firm can attempt to reduce
energy inputs it is essential to examine the forms and amounts of energy
used in the production process. Singh, (1979) has outlined a procedure
for accounting for energy inputs and flows in food processing firms
which appears to be receiving wide acceptance. It is also important
to identify how the inputs are combined in the process and the poten-
tial for substitution in the short run versus the long run.

In the short run the technology is fixed and therefore technology,
which generally exhibits input complementarity, has little potential
for input substitution. This appears to be the general case for many
food processing operations. Initially a food processing firm may be
able to substitute some cheaper fuel for a more expensive fuel and
make slight improvements in the efficiency of machinery which requires
energy in the plant. By improving in-plant housekeeping, energy use

can also be reduced. These possible adjustments include:
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1. Improve boiler and other processing machinery efficiency
with improved maintenance.

2. Eliminate excessive lighting.

3. Minimize idle time of equipment when product is not
being processed.

4. Repair leaks in steam <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>