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CHAPTER I

EXECUTIVE SUMMARY

A. The Nature and Function of a Cold Foods Handling System

The rational Processing, storage, and transport of foods of animal 
origin, such as meats, fish, eggs, and milk products, which are highly 
perishable, requires an adequate cold foods handling system. Moreover, 
highly perishable foods of vegetable origin, such as many fruits and 
vegetables and some moderately perishable foods, such as onions and pota- 
toes, keep better and much longer when cooled during storage and transporta- 
tion. An effective foods handling system, which should include facilities 
for controlled low temperature storage and transport, must be efficiently 
operated, must be capable of maintaining necessary quality standards and 
must be able to extend the shelf life of perishable foods from the sources 
of production to final consumption.

The adequacy of such a system depends on how well it extends uninter- 
rupted from the place of production to final consumption; how effectively 
it reduces food losses due to deterioration; the extent to which it serves 
the industrial and conimercial producers of foods requiring cold handling; 
and the way it upgrades the nutrition and health of the consumers. If 
these conditions are not satisfactorily met, large losses to the economy 
are inevitable.

The cold foods handling system should be initiated at the source of 
food production, i.e., in slaughter houses, on fishing boats, at dairy 
and poultry farms and at receiving and packing centers for fruits and 
vegetables.

Furthermore, the system should be integrated, with links between ice 
makers, shippers, truckers, other transporters having equipment for con- 
servation of cold foods, cold storage facilities, processors, distributors 
and marketers of perishable products requiring cold storage and/or handling. 
Whblesalers, retailers and large institutional feeding operations, such as 
hotels, restaurants, luncheonettes, bars, and universities, must be equipped 
with refrigerators and freezers to handle cold foods. In addition, if the 
system is to be fully successful, single family units should be equipped 
with refrigerators and freezers as well.

B. The Scópe, Objectives and Appróach of this Study

Recognizing that Brazil must ultimately develop a cold foods handling 
system capable of processing, storing, conserving and transporting perish— 
able food products at a technically high levei of performance, the : 
Ministry of Planning in early 1972: contracted with Arthur D. Little, 
Limitada, to make a preliminary assessment of the existing system in Brazil 
and to outline a work program for producing an implementable plan for ex- 
panding and improving it. .
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The conclusions and recommendations of the assessment are presented 
in this report.

The field work of the study was carried out in Brazil in July, 1972, 
by an interdisciplinary team of five members of the ADL professional staff 
who interviewed a wide array of knowledgeable people in the public and 
private sectors, studied the technical and economic features of existing 
units in the various cold food handling systems, analyzed the overall 
systems in the context of total supply, demand, and relevant public econo
mic development" goals, and gathered and reviewed relevant data. The same 
team, while in Brazil, designed a work plan for improving and expanding 
the cold food handling systems for meat, fish, fruits and vegetables.

C. Principal Findings
• There is a substantial, but quantitatively and qualita- 

tively inadequate amount of cold storage capacity in 
Brazil. A small amount of low temperature processing 
facilities exists. Relative to the need and to cold 
storage capacity, the number of refrigerated transporta- 
tion facilities is insufficient. Thus^it can be said 
that there is no cold chain food system for handling 
meats, fish, and fruits and vegetables in Brazil. However, 
isolated components of a cold chain food system for these 
commodities, including a few cold chain-segments 
(especially for meats), do exist. As a result, at the 
present time, these commodities do not move through a 
cold chain system from immediately after harvest, 
slaughter or catch to the final consumer.

• The existing cold chain food system is inadequate as an 
overall system because it handles so little of present 
production. Much more of the meat, fish, and fruits 
and vegetables produced in Brazil should benefit from 
a cold chain. This would reduce losses of already 
produced commodities, would sustain quality, and would 
contribute to the attainment of other important govern- 
ment objectives such as price control, evening out of 
income distribution, agricultural development, and ef- 
ficient food distribution. A well developed cold chain 
food system would also significantly reduce public health 
hazards stemming from improper control of the temperature 
of meat, fish, fruits and vegetables and would raise the 
nutritional levei of the diet of much of the Brazilian 
population.

^See Chapter II for definition of a Cold Chain Food System (CCFS)
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• With a few exceptions, most of the cold chain units in 
Brazíl are small and are not able to realize available 
economies of scale.

• Many public cold storage units are old and some are 
partly or entirely closed down; some private cold chain 
units are new, but many of them are also old and some 
are also partly or entirely closed down. Considering their 
age, the state of maintenance of some of the very old units 
is quite remarkable.

• The existing cold chain food system is generally inade- 
quate to enable efficient and effective utilization 
of existing supplies of meat, fish, fruits and vegetables. 
Serious fruit and vegetables losses have occurred, for 
example, because no cold chain capacity was available to 
handle jbumber^crops. Some fish losses also have occurred 
because ofinadequate cold chain capacity. Finally, 
the recent requirement for beef stocks to be developed 
from quantities intended for export are likely to put 
serious pressure on available chilling and freezing 
storage capacity. For example, the largest public sec- 
tor frozen storage facility in Rio de Janeiro (built in 
1911) is nearly filled with beef alone, and during our 
inspection visit in late July, officials were attempting 
to make room for additional 2,000 metric tons of beef 
seeking frozen storage. Moreover, a day or so after we 
visited, all beef exports from Brazíl were halted, 
creating an even greater need for chilled and frozen 
storage areas for beef.

• The existing cold chain food system is not adequate 
to provide many of the kinds of form, place and time 
utility that consumers desire. The general inadequacy 
of the system, as it exists, results in many sales to 
consumers of low quality meat, fish, fruit and vegetable 
Products, both those that have been chilled or frozen, 
as well as those that have not. An expanded and improved 
system would improve quality, new food product develop- 
ment and expand the place and time utility of many 
chilled and frozen meat, fish, fruit and vegetable 
Products. This would enable expansion of production, 
Processing and marketing activities for these products 
and would contribute to consumer satisfaction.

• The general State of maintenance and operational 
adequacy of a large portion of the existing cold chain 
food system is poor. Adequate temperature control is 
sometimes not attained in these facilities. Control 
equipment is often not operational or does not exist. 
For example, meat products requiring temperatures of 

-3-



ArthurD Little Limitada

at least -18°C are being stored at -10°C or higher in 
many facilities. Such temperature conditions allow 
product deterioration, e.g., through mold growth. Other 
factors reflecting this general condition include freezer 
doors that do not close completely, deteriorated insulation, 
small evaporators compared to storage room size, and frozen 
compressor suction lines.

• There are large gaps in the cold chain food system in 
Brazil for meats, fish, and fruits and vegetables. For 
example, a large proportion of meats do not move through 
any kind of cold chain unit during the processing and 
distribution phases. Fish may enter a cold chain unit 
at the catching end of the system, but exit the cold 
chain when peddlers for the most part purchase them for 
distribution from house to house. Only a very limited 
portion of fruits and vegetables for domestic consumption 
enter any cold chain unit, but a significant portion 
of those being imported and exported do enter a cold 
chain unit at dockside.

• The transportation links in the existing cold chain 
food system are severely inadequate. Partially thawed 
meats, for example, were observed entering frozen storage 
units. This results in quality deterioration that can- 
not be recovered. Despite this general finding, a few 
larger, very modern, and highly effective mechanical 
refrigeration trucks are operating in Brazil. Large and 
technically very sophisticated trucks are operated to 
hau]? fruits and vegetables between Brazil and Argentina. 
Smaller vehicles of various types and with differing degrees 
of effectiveness are also used throughout Brazil to handle 
cold and frozen foods.

• The existing cold chain food system is not adequate at the 
retail and consumer leveis. Much of the meat, fish, 
fruits and vegetables purchased by consumers has not 
passed through any cold chain unit. Many retailers have 
no chilling or freezing capacity. Most consumers do not 
have refrigeration or freezer capacity to maintain the 
quality of food products and to retard them from spoiling. 
As a consequence, they do not demand frozen or other food 
products with characteristics that can best be enjoyed 
if they are refrigerated or frozen in the home, or they 
demand them only for immediate consumption.

• The cold storage capacity in Brazil is highly concentrated 
in certain regions, especially the Sudeste and Sul regions. 
This concentration tends to spur agricultural development 
of commodities requiring or benefitting from a cold-chain 
in the Sudeste and Sul regions, but to constrain such 
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development in the other regions. As such, this 
concentration conflicts with agricultural production 
and other development goals for regions other than the 
Sudeste and Sul. In the north, where temperatures are 
highest and the need for cold storage is.greatest, 
there is, in fact, the smallest cold storage capacity.

• The existing cold chain food system is inadequate to 
handle even the export requirements of the future. Reali- 
zation, for example, of the goal of 500,000 metric tons 
per annum of beef exports will substantially increase the 
proportiõri of the existing cold chain food system used for 
beef exports. Additional exports of other meat, such as 
horse meat, and of fish, fruits and vegetables, would take 
up even more of existing capacity. Moreover, the presert 
cold chain food system is not adequately located, organized, 
and technically capable of handling future exports ef- 
ficiently and maintaining the high quality and sanitary 
condition of exported products necessary to permit Brazil 
to compete effectively with other nations in International 
markets.

• A maintenance capability and supply of technicians neces
sary to operate the existing cold chain food system ef
fectively does not exist. Much of the equipment in 
existing cold-chain units is old and of foreign manufac- 
ture, thus being difficult to maintain. Moreover, the 
equipment, especially the control facilities, is complex 
and not easily mastered by maintenance personnel without 
substantial experience or training. To date, this type 
of experience and training of personnel has not reached 
the levei necessary to assure that existing and future 
cold-chain units will be well maintained and operated.

• A substantial effort is required to educate future and 
current users of cold chain facilities on the concepts 
and benefits of properly used refrigeration systems. 
Many misconceptions and misunderstandings exist at all 
leveis of users of cold chain facilities, from the farmer 
up to the final consumer. Care should be taken not to 
establish mistrust and a bad image for refrigerated and 
frozen food with the final consumer.
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D. How Developing a Cold Chain Food System Would Contribute to Brazíl'^ 
Development Program

• It would increase productivity in agriculture

.. by increasing capacity to store surplus products 
until market conditions are favorable;

.. by extending the geographical .boundaries of markets;

.. by increasing the demand for goods and Services re- 
quired for building and operating a cold chain food 
system;

.. by reducing waste in storage and transit;

.. by demonstrating to producers the value of improved 
technology and efficient management of resources.

• Xt would improve the national balance of trade

.. by facilitating the entry of Brazilian agricultural 
products (especially meat, fish, and processed 
fruits) into wider export markets;

.. by reducing domestic demand for imported food products.

• It would contribute to price stabilization in an important 
sector of the economy

.. by levelling off supply peaks and valleys;

.. probably also by effecting long term price reduction 
in some foods through more efficient handling.

• It would stimulate wide distribution of income and other 
other economic and social benefits

.. by bringing regions of Brazil now virtually 
outside the market economy directly into the 
economy;

. .. by enlarging the opportunities of farm people
' to sell their products in distant markets;

.. by improving nutrition in the national diet; .

.. by reducing public health hazards posed by spoiled 
or infested foodstuffs.
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E. The Scope of a Work Program for Developing an Implementable CCFS Plan

Development of an implementable plan for an expanded cold chain food 
system will require 12 to 14 months of effort by a team competent in de
velopment planning, familiar with the technology and economics of the food 
industry, and knowledgeable about Brazil. The analysis should proceed 
through three successive cycles, each of which makes adjustments in and 
adds to the overall concept, thus converging on the ultimate detailed system 
design and cost/benefit analysis. An additional step would design the de
tailed program of implementation of the plan. This program is outlined 
schematically in Figure 7 and is described more fully in Chapter V.
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CHAPTER II 

KEY TERMS AND CONCEPTS

A. The Cold Chain

Broadly speaking, the refrigerated and frozen food industry is made up 
of cold chains which include two basic operations, temperature reduction 
and temperature maintenance. Temperature reduction, which should normally 
occur as soon as possible after harvest, slaughter, or catch, may be to a 
chilling or to a freezing temperature. Once the temperature of a product 
is so reduced, the remainder of the cold-chain is designed to maintain the 
reduced temperature during transport, storage, marketing, and other acti- 
vities until it is finally consumed (Figure 1).

B. The Cold Chain Food System

In analyzing and developing the refrigerated and frozen food industry, 
it is helpful to view it as a system. There are two primary reasons for 
this.

First, the industry is, in fact, composed of: (1) units, (2) net-
works, and (3) flows. The units are items such as freezing tunnels, chilled 
storage warehouses, refrigerated trucks, transport links, and so on. The 
simplest network is the cold-chain. To adequately reduce the temperature 
of a product and to maintain such a temperature from post-harvest/slaughter/ 
catch to consumer requires a complete cold-chain, one that connects farm 
production to the consumer. A complete cold-chain for one specific food 
product such as beef roasts, for example, would be composed of a series of 
units, such as chilled Wholesale storage areas, refrigerated trucks, and 
chilled retail display counters. The next most complex network would be 
the commodity cold-chains system, such as for all beef products. Finally, 
when all perishable commodity cold-chain systems are simultaneously con- 
sidered, an overall cold-chain food system (CCFS) emerges.

The flows in each network are from producer to consumer. Such flows 
will be over varying distances and at different rates, depending on the 
geographical locations, supply and demand, market conditions, the capacity 
of the cold-chain system, and other factors.

C. The Agribusiness System

A second reason for viewing the development of the frozen and refriger
ated food infrastructure as a system is the fact that it is a subsystem in 
the larger agribusiness (or agri-industrial) system. As such, it represents 
a vital component (or subsystem) that must be developed and expanded if the 
entire agribusiness system is to expand. Thus, it is a subsystem which can
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be utilized as an effective planning tool by the government in support of 
many of Brazil's major social and economic goals (e.g., growth of the agri- 
business sector, increased exports, regional development).

The concept of agribusiness as a system is shown in the diagram in 
Figure 2. In broad terms this system is composed of production, processing, 
and marketing segments, each of which is supported by input supply industries 
and infrastructure capacity. The CCFS is basically a part of the processing 
and marketing blocks of the agribusiness system. The efficient production, 
processing, and marketing of food products requires that all aspects of 
this agribusiness system be meshed together, that the links be sized ade- 
quately to eliminate criticai constraints, and that the system be highly 
flexible so as to grow and/or adapt to a wide range of changes and condi- 
tions.

When one of the segments in the agribusiness system, or a linkage be- 
tween two segments, is inadequate the outputs of the system are not suffi- 
cient and the system is less than optimum for meeting consumér demands, for 
attaining desired rates of growth of productivity or production, or for 
meeting other selected objectives.

When one segment of a balanced agribusiness system expands, it is 
necessary for many other segments of the system to expand also. Otherwise, 
the expansion of the one segment soon meets bottlenecks in other parts of 
the system so that its growth is not effective in terms of efficiency or 
additional output from the system as a whole, and much of the effort spent 
in expanding the one segment is lost. For example, in order to increase 
beef production in a particular underdeveloped region, it may be a neces
sary but not sufficient requirement to improve, forage, breeding, disease . 
control,' and management practices. However, in considering the entire beef 
production, processing and marketing system, one might find that improved 
local slaughtering facilities and an adequate cold-chain were also required 
to enable the increased beef production to be of maximum benefit to pro- 
ducers, distributors, and consumers. Also, if the system is not balanced, 
even more work on the weak segments and linkages in the system must be 
done to enable the growth in other, stronger segments to be effective.

The conceptual characteristics of each cold chain and the overall . 
CCFS are the same as those for the overall agribusiness system. The seg
ments in each system are tightly woven together so that changes in one part 
of the system affect many other parts of the system. Gaps anywhere in the 
system cause the performance of the rest of the system to be less than op
timum. Growth in any part of the system usually requires growth in many 
other parts of the system. Moreover, Cold Chain Food Systems tend to 
parallel the entire agribusiness system as a part of the infrastructure 
and to act to support or constrain the overall growth of the entire system 
or significant sectors of the agribusiness system, such as livestock produc
tion, processing and marketing.

As part of the agribusiness system, the CCFS must be integrated into a 
broad range of activities concerned with the efficient movement of products
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FIGURE 2 A SIMPLE SCHEMATIC OF THE AGRIBUSINESS SYSTEM



Arthur D Little Limitada

from the end of the production line to the consumers and/or the movement of 
raw materiais from the source of supply to the beginning of the production 
line. This is usually referred to as physical distribution, the objective 
of physical distribution being to provide good form, time, and place utility; 
that is to provide the right product for the right price, at the right place 
and time. Physical distribution includes protective packaging, inventory 
control, warehouse site selection, market forecasting, order processing, 
customer Service, material handling, warehousing and freight transportation. 
Physical distribution also includes timely and accurate dissemination and 
feedback of distribution related Information. Thus, it is the key link 
between growing ánd marketing. By definition, then, physical distribution 
is far more than the refrigeration or freezing of foods; rather, it is an 
integrated coherent whole of which the CCFS is only a part. Only a totally 
optimized physical distribution system from grower to consumer can best 
serve an expanding agribusiness system.

In addition to being a part of the agribusiness system, the overall 
CCFS is a part of other larger Systems. It particularly interfaces with 
the International market, and with the durable and non-durable Service sec- 
tors of the general economy. For example, imported refrigerated and frozen 
food items enter the CCFS at many points in the system and exported refri
gerated and frozen foods leave the CCFS from many points in the system. It 
also absorbs compressors and refrigerated trucks from the industrial sector 
as well as maintenance supplies. It takes in truck driving, legal, accounting, 
and other Services from the service sector.

An understanding of the CCFS concept and the relationships between the 
overall CCFS, the agribusiness system, and the rest of the economy is neces- 
sary to effectively assess the existing refrigerated and frozen food in- 
dustry and to adequately plan for its future development. For example, the 
CCFS concept, when well defined, enables the ready Identification of in- 
adequacies, such as missing units which cause products to leave the cold- 
chain, only to reenter it later as they move further toward the consumer. 
More specifically, in order to appraise the adequacy of a cold-chain in the 
CCFS, one would begin by determining the capacity of the nodes (i.e., faci- 
lities) and links (i.e., transportation) and then estimate the expected 
demand called for at the end of the system as well as the supply available 
at the beginning of it. The next step would be to test whether the system 
could physically and economically carry the load called for. In this way, 
bottlenecks within the system would be identified. This type of analysis 
is most effectively performed through the application of a simulation model, 
an abstract representation of the nodes and links making up the system. A 
model of this kind can vary in form from a map with pegs and strings re- 
presenting the system to a set of mathematical or symbolic statements pro- 
grammed for an electronic Computer.

In order to plan for the development of a well-balanced, efficient and 
effective refrigerated and frozen food industry, a systems approach is 
necessary. Thus, by identifying the geographical location and the quanti- 
ties of commodities to be supplied that require temperature reduction and 
maintenance, the demand for such commodities, and the geographical flows of 
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these commodities, one can set out the scale and location of the complete 
cold-chains and commodity cold-chain food systems necessary to complete 
or expand the existing facilities so as to adequately handle the commodity 
loads from post-harvest/slaughter/catch to the consumer.

D. Key Working Definitions

Tó effectively use the systems approach, boundaries must be set for 
the cold-chains and for the cold-chain food system concepts. Consequently, 
the following working definitions have been adopted for use in this report:

1. A cold-chain food system (CCFS); that portion of the 
food distribution process and infrastructure which 
reduces and maintains perishable commodities at 
lower than ambient temperatures from production up to 
and including storage with the final consumer. A 
CCFS can theoretically exist for each commodity, and 
an overall CCFS can theoretically exist for all perishable 
commodities.

2. The cold-chain; that portion of a CCFS which reduces 
and maintains the temperature of a specific food 
product below ambient temperature during the 
movement of the products from producer to consumer. 
For example, a cold-chain would be the geographical 
array of freezing tunnels, Wholesale frozen storage 
warehouses, retail frozen storage areas, and frozen 
transport means used to move half beef carcasses 
(a single beef product). Another cold-chain would move 
beef viscera, and another would move kosher beef quar- 
ters. The beef CCFS would include all of these, and 
other individual beef product cold-chains. Finally, the 
overall CCFS includes the beef CCFS and other com
modity CCFS’s, such as the pork CCFS, the chicken CCFS, 
the strawberry CCFS, the shrimp CCFS, and so on.

E. Cold Chain Food Systems for Meat, Fish, Fruits, and Vegetables

, Very, simple concepts of cold-chain food systems for meat, fish, and 
fruits and vegetables are presented and discussed below. These systems, 
as schematically presented, include most of the steps that would occur in 
a complex cold chain for each commodity type. However, the cold chain food 
system for poultry will be somewhat different from that for beef. Moreover, 
the simple schematic presented, even if for beef alone, would be replicated 
many times in Brazil. Finally, a significant amount of interaction between 
all the individual units in the replicated cold chain schematic would.occur, 
making the total system for each commodity very complex indeed. The total 
CCFS would be even more complex.

Despite this complexity in reality, the explanation of the various 
elements and linkages in each commodity cold chain food system is helpful 
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for understanding the method of analysis and the type of integrated plan- 
' hing that must be carried forward to support and accelerate the develop
ment of a modern cold chain food system for meat, fish, fruits and vege
tables. .

. The schematic for the meat cold chain food system and the steps be- 
fore and after are presented in Figure 3. This schematic basically repre- 
sents a cold-chain for beef, but is very similar to the cold chain food 
system that would be required for pork, mutton, goats, rabbits, and poultry. 
The flow of beef from the farm to the consumer begins with several pre- 
cold chain steps:

(a) Beef cattle, produced at the farm levei, is transported 
live to a slaughtering facility. This transport haul 
may be long or short, depending on several factors. If 
a terminal market concept is being developed, the haul may 
be from a distant produclng area to the terminal market 
where all the processing and marketing activities take 
place. In many developed countries, this concept has 
given way to the location of slaughtering facilities in 
the producing areas to save transport costs and to pre
serve weight and meat quality.

(b) After slaughter, the animal is dressed and halved or 
quartered.

(c) The carcasses are then transported to either a chilling 
or a freezing unit.

(d) They may be further stored in chilling or freezing 
storage units or transported (after cooling) without 
being chilled or frozen to a breaking facility. Stored 
chilled or frozen beef can also be moved into the 
breaking facility for further processing. ,

From the breaking unit, the meat portions can move in several direc- 
tions:

(a) Most prominent would be movements down the cold 
chain toward the consumer and into a further proces
sing step. This further processing would include 
making steaks, roasts, sausage and other meat cuts 
or products from larger portions. These cuts would 
then be chilled or frozen, perhaps stored, and sold 
to the consumer directly or through a hotel, restaurant 
or institution (HRI) outlet.

(b) Alternately, the meat portions could move into a chil
ling or freezing cold chain unit, then into the appropriate 
cold chain storage unit and finally on to the consumer 
or an HRI outlet.
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(c) Finally, the meat portions could move into a processed 
meat facility to be canned, smoked, dried, etc., and 
sold to a consumer or an HRI outlet. These products 
do not require refrigeration and are therefore no 
longer within the CCFS. .

A simple schematic of the fish cold chain food system is also indicated 
in Figure 3. In this system, the pre-cold chain step is the catch of the 
fish. Once caught, the fish enters the cold chain immediately by being 
chilled on the fishing vessel until it arrives at a processing factory, 
shipbound or at dockside. Once dressed, the fish moves in several direc- 
tions:

(a) Mostly, it is chilled and moves directly to the 
consumer or an HRI outlet, or

(b) It may be frozen, then stored until it is sold to 
the consumer or an HRI outlet in frozen form.

(c) Dressed fish can move into a further processing faci
lity and then be:

i. Chilled, stored, and sold, or

li. Frozen, stored, and sold. Fish frozen directly 
after being dressed, can also move into this 
further processing unit and be chilled, stored, 
and then sold.

(d) Finally, dressed fish can move into a processed fish unit .
to be canned, smoked, dried, etc. Fish frozen im
mediately after being dressed can also be moved into 
the processed fish unit. The end products of these 
processes, because they require no cold chain facilities, 
leave the cold chain upon movement into the processing 
unit. Such products also are sold to consumers or 
HRI outlets.

A simple schematic of the cold chain food system for fruits and vege- 
tables is also set out in Figure 3. The pre-cold chain step for fruits and 
vegetables, is their harvest. Once harvestêd, fruits and vegetables may or 
may not be chilled during their transport to a cleaning and sorting faci
lity. If so, they enter the cold chain food system at that point. If not, 
once cleaned and sorted, fruits and vegetables customarily move as follows:

(a) They are packed in appropriate containers and either 
stored and sold to consumers or HRI outlets (in which case 
they leave the cold chain) or, once packed, they are 
chilled, stored, and sold to consumers or HRI outlets.
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(b) Other fruits and vegetables are frozen, stored, 
and sold to consumers or HRI outlets. Once frozen, 
they can also be moved into further processing (such 
as canning) stored and sold to consumers. In this 
case, they also leave the cold chain food system. 
Or, frozen fruits and vegetables may be further 
processed, chilled or frozen and stored, then sold 
to consumers or HRI outlets.

(d) Finally, cleaned and sorted fruits and vegetables may 
move directly into further processing, after which 
they are either chilled or frozen, stored, and sold 
to consumers or HRI outlets.
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CHAPTER III

PRELIMINARY ASSESSMENT OF 
COLD CHAIN FOOD SYSTEMS IN BRAZIL

A. MEAT

I. Conclusions

(a) Brazil does not have commodity CCFS's for meat as 
such. There are storage capacity units, transport 
units, and some other cold-chain segments, but these 
are scattered and do not compose a system.

(b) Brazil's cold storage capacity for meat is not ade- 
quate. Even today, it should handle a much larger 
proportion of the meat and meat products consumed 
domestically.

(c) Brazil's cold storage for meat and meat products is 
rudimentary, and has many gaps.

(d) Brazil's cold storage for meat and meat products has 
insufficient capacity to serve adequately for storing 
meat as a means of damping supply and price fluctuations.

(e) Brazil's cold storage for meat is not adequate to 
handle even the export requirements in the future. 
To compete, large, more modem facilities will be 
required, as well as more total capacity.

(f) Brazil*s cold storage is highly regional and as such, 
hinders the development of meat production.(especially 
for export) in regions with a minimal cold-chain infra
structure.

(g) Brazil's cold-chain system for meat and meat products 
is not adequate to provide form, place and time utility 
desired by consumers. Much of what moves through 
existing capacity now is of low quality.

2. Location

The bulk of the cold-chain facilities for meat and meat products is 
located in the Sudeste and Sul regions. These are the regions where live- 
stock production is most concentrated in Brazil and where most livestock 
slaughtering and further processing as well as marketing occurs. For 
example, approximately 50% of the total beef slaughtering capacity in
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Brazil is in the Sudeste region and about 25% is in the Sul region. Not 
only is most of the livestock raised and slaughtered in these regions, but 
most export and domestic consumption of livestock products is also con
centra ted in these same regions. As a result, cold-chain capacity sup- 
porting the slaughtering, further processing, and Wholesale and retail mar
keting of meat and meat products can be mostly found in Southern Brazil. 
Of course, cold-chain capacity for meat also exists in the Norte, Nordeste 
and Centro-Oeste regions. However, the extent of this capacity is much less 
than that of the Sudeste and Sul regions. For example, studies of slaughter
ing facilities carried out by CONDEPE for the 1967/69 period in the States 
of Sao Paulo and Bahia indicate that the Sào Paulo slaughtering industry 
has over 30 times as much freezing capacity and 100 times as much frozen 
storage capacity as the Bahia slaughtering industry. This ratio is probably 
even more disproportionate for Other States which have significant potential 
as livestock producing areas.

3. . Capacity .

Total cold-chain capacity in Brazil is about 100,000 metric tons. Ap
proximately 70% of this total capacity is used for meats and meat products, 
most of the rest being used for fish, with a very small amount being used 
for fruits and vegetables.

Th^ cold-chain for meat and meat products is composed mostly of small 
captive refrigeration and freezing units in the private sector. However, 
some large cold-chain capacity is operated by private meat processors, es- 
pecially in major producing and marketing areas. Most of the large and 
small units of cold-chain capacity are owned and operated by private entre- 
preneurs as an adjunct to a slaughtering and breaking business or other 
further processing enterprises.

Public cold-chain capacity of approximately 18,000 metric tons static 
storage capacity is operated by CIBRAZEM. Much of this capacity is used 
for meats and meat products. For example, the largest public cold-chain 
facility, which is located in Rio with a capacity of 14,000 metric tons, 
is used almost exclusively to store meat. (A small amount of fish and 
some other products, such as cheese, is customarily also stored in this 
facility). Most of the meat is beef, but some mutton and other meats 
are also stored. This public cold-chain capacity constitutes only a small 
portion of the total cold-chain capacity in Brazil, approximately 20%. 
Much of the capacity operated by CIBRAZEM is in very small units, 15 to 
60 tons. However, these units are not captive, as are most private units, 
but are available to entrepreneurs in the distribution system. Consequently, 
this capacity fills a special role for entrepreneurs who operate without 

Captive - the units are part of a 
or processing facility

larger integrated meat handling
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the use of substantial amounts of fixed capital by making cold-chain 
capacity available to them at rates reflecting economies of scale, and 
provides a means of accomplishing public economic objectives such as 
damping the effects of supply fluctuations, enabling stockpiling of cer- 
tain commodities, and Increasing flexibility of fixed processing and cold 
storage capacity.

The cold-chain capacity is especially important for the export of 
meat and meat products. Most of these products that are exported without 
substantial further processing must be chilled or frozen and thus require 
use of existing cold-chain capacity. At present, about 5-10% of total 
cold-chain capacity is utilized for meat exports. Figure 4 sets out 
the estimated flow of 1969 beef production through fresh, chiTIed, and 
frozen distribution channels to export and domestic markets.

The largest part of the cold-chain capacity for meat is used for 
beef; the next largest shares are used for poultry and pork products. A 
smaller portion of the total cold-chain capacity for meat and meat products 
is used, in order of magnitude, for horse, mutton, rabbit, and goat meat. f

Additional capacity for meat products is planned as a part of re
gional economic development programs (e.g., PRODOESTE) and as part of the 
National Central Market Terminal development program. Some of this ter
minal market cold-chain capacity is under construction (e.g., Brasília) 
at the present time.

4. Volume

The total volume of meat that moved through the Brazilian cold-chain 
in 1969 was about 500,000 metric tons (Figure 5).* Of this total, beef con- 
stituted about 85%, poultry 8*, and pork 7%.

5. Exports and Imports

Meat exports for the 1968-1970 period are set out in Table 1. Total 
meat exports were 75,309 metric tons in 1968 and 142,987 metric tons in 1970. 
Fresh, frozen and refrigerated meat exports were 54,937 metric tons in 1968 
and 125,210 metric tons~iiT"I970. Of this total, frozen beef accounted for 
26,031 metric tons in 1968 and 92,908 metric tons in 1970, and chilled_beef< 
for 2,037 metric tons in 1968 and 4,336 metric tons in 1970. About 19,600 
metric tons of horse meat was exported in 1969. .

The quantity of meat and meat products imported into Brazil is small 
compared to the amounts exported and consists mostly of low value animal 
products, such as intestines and other primary materiais of animal origin.

Excluding horse meat
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1,637,500

116,800 1,518,700

Source: Arthur D. Little, inc. estimates based on data from 
AnuSrio Estatístico do Brasil, 1971.

FIGURE 4 ESTIMATED DISPOSITION OF BEEF PRODUCED 
1N BRAZIL, 1969 (METRIC TONS)
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502,819 1,403,516 232,458

Chilled and 
Frozen Fresh Other

Total Meat Production

SA 
2,138,793

1,637,537 
Beef

380,957 
Pork

33,374 
Mutton

63,3^8 

Poultry

21,942?

Goats
42 -

Rabbit
1,573 
Other

i 426,273 ' 33,489 i 799 | 42,212 115 31 ! «oi

T

Source: Anuário Estatístico do Brasil, 1971.

FIGURE 5 MEAT PRODUCTION IN BRAZIL BY TYPE OF MEAT AND 
METHOD OF HANDLING, 1969 (METRIC TONS)
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BRAZIL:MEAT EXPORTS, 1968-1970 
(Metric Tons)

TABLE 1

Slaughtered and Hunted

1968

75,309

1969

123,404

1970

142,983

1. Fresh, chilled or frozen meat 54,937 102,833 125,210

a. Beef, frozen 26,031 50,686 92,908
b. Beef, chilled 2,037 6,732. 4,336.
c. Veal 11,178 20,146 1,065.
d. Mutton - 26 218
e. Pork 243 789 2,129-
f. Horse and Mule
g. Viscera and other intestines.

12,566 18,644 19,583

excluding domesticated birds 
h. Other meat, fresh, chilled, or

2,866 5,809 4,728 .

frozen 16 1 189
2. Dried, salted, or smoked meat 5,079 4,453 476
3. Canned meat and meat preparations 14,720 15,400 16,704
4. Extracts and meat juices 573 718 593

So ur c e: Anuário Estatístico do Brasil, 1971
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Ê. Assessment of Cold Storage for Meat

At present in Brazíl there is not a complete CCFS for any meat com- 
modity. There are segments of cold-chains for specific meat products, such 
as beef carcasses intended for export, but even these, as complete cold- 
chains, are limited. Thus, there is not a cold-chain food system as such for 
meat.

There is, however, a substantial amount of chilled and frozen meat 
storage capacity. There is also some chilled and frozen meat transport 
capacity. However, even this total capacity is inadequate to meet the re- 
quirements of the normal flow of meats and meat products to consumers. In 
1969, for example, about 80% of the meat produced in Brazil was consumed 
without going through any cold chain unit. Even under the most carefully 
controlled conditions, this results in deterioration in meat quality, un- 
sanitary meat and meat products, inability to store meat, losses of meat 
through spoilage and shrinkage, and public health problems. When condi
tions, such as distance to market, sanítation of the further breaking, 
storage, and display areas, and other factors cannot be carefully controlled, 
these problems become even more severe. As a result, farmers and ranchers, 
wholesalers, retailers, and consumers all suffer. Ranchers who work to de- 
velop a high quality hog, for example, cannot sell it for a premium because 
the distribution system cannot carry the premium quality forward to the con
sumer with certainty, because of lack of an adequate cold chain food system. 
The wholesaler and retailer suffer losses because incomíng product has 
been subject to variable temperatures resulting in deterioration of color 
and texture, or even spoilage. The consumer must pay more for even the low 
quality meat to offset the losses suffered by those in the distribution 
system who paid for 100 kilos but can sell only 80 or 85 kilos due to the 
lack of an adequate cold chain food system. Moreover, the consumer has 
difficulty in obtaining a high quality meat at a reasonable price, espec- 
ially when meat supplies are seasonally or abnormally low. He is also con- 
stantly subject to public health problems because of the unsanitary and 
uncontrolled environment for meat and meat products in the classical phy- 
sícal distribution chain.

A substantial pprtion of existing slaughtering and further processing 
operations has a limited cold storage capacity. For example, frigoríficos 
and many general and special matadouros have cold storage areas. Some 
other.types of enterprises have cold storage capacity too, and others 
moved their product into or through existing cold storage capacity. These 
cold storage operations, however, are often rudimentary and not well- 
managed. Sometimes they are not sufficient even for the needs of the enter- 
prise operating them. Many of these units are old, but some are modernized 
and others are relatively new.

Many meat slaughtering and processing establishments do not have cold- 
chain facilities at the present time, although strenuous efforts are being 
made by a substantial number of firms to add these facilities. A recent 
study of over 1,000 beef slaughtering houses indicated that less than 10% 
had refrigeration and other modern facilities. Such findíngs are not sur- 
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prising; the average size of these slaughtering units was 22 head per day, 
and over 56% of the units slaughtered less than 10 head per day. Only 12% 
had the capacity to slaughter over 100 animais per day. Such small busi- 
nesses cannot readily afford the fixed investment necessary to provide 
adequate chilling or freezing facilities; in the absence of legal action 
by the governments, they would seldom consider such an investment.

The technical and management aspects of much of the meat cold storage 
capacity in Brazil are rudimentary compared to the need. This situation 
reduces the effectiveness and efficiency of the existing capacity, so that 
it does not realize its complete potential in contributing cold storage 
Services for meat and meat products. There are also many geographical and 
capacity gaps in the cold storage capacity which now exists. Some geo
graphical areas along a potential product cold-chain have no cold storage 
capacity, while other areas have some capacity but not enough to meet the 
needs. In some areas existing capacity is not fully ütilized because of 
mechanical failures.

The existing meat cold storage capacity in Brazil is not only inade- 
quate to meet requirements for a normal flow of product. It is also in- 
adequate to provide emergency capacity to store meat and meat products as 
a means of damping supply fluctuations. At times, all meat cold storage 
capacity in major consuming centers is ütilized and there is still need 
for additional area to stockpile meat for periods of decreased supply. 
This lack of cold storage capacity requires other, often less desirable, 
policy means for controlling meat prices and regulating supplies. It 
also has the effect of creating pressures to disregard certain regulations 
by meat handlers and others. Finally, it reduces the ability of produced 
meat supplies to meet consumer demand and public policy goals over time.

Existing meat cold storage capacity is not adequate to handle future 
export requirements. The goal for near future beef exports is 300,000 
metric tons and this is expected to increase to 500,000 metric tons shortly 
thereafter. At present, somewhat over 100,000 metric tons of chilled and 
frozen beef is being exported. If the export goal of 300,000 metric tons 
of beef is reached, a significant proportion of the available cold storage 
capacity will be taken up by exports. As a result, without significant 
expansion of existing capacity, more and more domestic beef will be excluded 
from cold storage facilities with attendant sanitation, public health, and 
quality problems for consumers.

Moreover, existing cold storage capacity is not adequate to enable 
Brazil to go^fo.r.ward with a well organized export proeram that provides 
world markets with high quality beef. Particularly, it is not properly 
located or organized to do so. To compete in the best markets in the 
future, Brazil should have a complete beef CCFS that maintains quality 
from producer to the International consumer and enables high sanitation, 
temperature and environmental control standards and fast product flows. 
Such a system is not now possible, given existing facilities.
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Brazil’s existing cold storage capacity is highly regional, centered 
mostly in the Sudeste and Sul regions. Traditionally, such locations 
were adequate because they contained major supply and market areas. The 
rapidly changing conditions in Brazil, however, and the development needs 
of the nation now require changes in this traditional pattern. As region- 
ally concentrated, the existing cold storage capacity hinders the expansion 
of livestock production (especially for export) in regions with a minimal 
cold storage capacity.

As Brazil expands its livestock production, especially in the PRODOESTE, 
SUDENE and SUDAM areas, but also In the traditional producing areas, an 
adequate cold-chain will become more and more criticai. Improved production 
practices will enhance meat quality. This quality will need to be protected 
by an adequate distribution system, including a CCFS. Moreover, the move- 
ment and expansion of livestock production away from major consuming centers 
will also require an adequate cold chain to allow long distance movement to 
these centers. This interaction also works in reverse, because, as cold- 
chains are established that enable^ for example, beef produced in the Amazon 
region to be easily exported or sold in Recife or Rio, it will provide a 
strong impetus for high technology cattle production in areas more removed 
from consuming centers.

Further, because a CCFS does not exist, there are very f ew.complete 
cold chains for meats produced in these new production areas. Thus, meat 
produced in such regions, if not marketed locally, is now subject to sig- 
nificant environmentál hazards in moving to major market areas. If sub- 
stantial livestock production is to occuí in these regions destined for 
markets outsidé the regions, a CCFS for such production areas will be 
necessary both as an incentive to such production efforts and to assure 
that the results of such efforts are fully captured by producers, wholesalers, 
consumers and the entire economy.

The existing meat cold storage capacity in Brazil is not adequate to 
provide many of the kinds of form, place, and time utility that consumers 
desire. The relatively simple nature of existing storage and lack of a 
complete CCFS with its attendant capability to expedite physical distri
bution of new high quality chilled and frozen products to appropriate mar
ket outlets and at appropriate times, hinders new food product development 
and the exploitation of latent demand for agricultural products. As such, 
the CCFS bottleneck has significant repercussions on much of the agri
business system. Producers cannot realize increased demand for their raw 
materiais; processors do not expand as fast as they could otherwise and re- 
main focused on primary processing operations; input suppliers such as 
package manufacturers are not able to realize additional business; mar
keting remains simple, and even supermercados cannot become attractive to 
many consumers because they- cannot offer a wide array of high quality, at- 
tractively priced, new chilled and frozen food items.
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B. FISH

1, Conclusions

(a) Freezing techniques are adequate for shrimp and 
lobster.

(b) There is substantial lack of adequate refrigeration 
for handling the fish catch. This condition, plus 
poor handling, results in substantial fish losses and 
very pbor quality fish being regularly sold to 
consumers. Sharply increased fish consumption 
would result if high quality fish were offered to 
consumers.

(c) Fish is customarily sold to consumers in the round 
(without viscera removed). This traditional practice 
results in much more rapid bacterial and enzymatic 
deterioration of fish and makes adequate refrigera
tion and handling of the catch even more crucial.

(d) Icing and/or refrigeration of fish on many fishing 
vessels- is not adequate. Only some artesanal ,f isher- 
men use ice. However, some industrial fishing 
vessels have very good refrigeration capacity and 
others even process and freeze on board.

2■ Production

Fish production depends upon the availability of fish in accessible 
waters as well as on the demand for fish. In Brazil, fish production re
sults from harvesting operations in both sea and fresh waters, including 
brackish estuaries. Over 80% of the total catch is from the sea.

The total catch has been increasing rapidly. It was about 500,000 
tons in 1968 and has increased to over 600,000 tons today. This rapid rise 
can be expected to increase even further as a result of the priority ac
cess gíven to Brazilían fishermen for the 200 mile offshore fishing area. 
The total value of the fish catch is indicated in Table 2.

3. Consumption

The market for fish harvested in Brazil is made up of domestic and 
export components. Fish destined for the domestic market is usually iced 
or refrigerated, but very little is frozen. The average annual consumption 
of fish in Brazil is only 3.7 kg. per capita. It ranged from a maximum of 
14.2 kg. per capita in the north to a minimum of 2.2 kg. in the south. The 
difference in per capita consumption between the north and south may in 
part be due to the fact that so much beef is raised in the south ancTTíence 
avãTtabTe^fo the consumer in lieu of fish. It is also highly probable that
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TABLE 2

BRAZIL: FISHERY PRODUCTION 1968/1970 
(Value in 1,000 Cr.)

Product Description Year Total . Sea Fresh 
Water

Fish 1968 219,575 160,851 58,724
1969 297,970 223,991 73,979
1970 349,878 267,370 82,508

Crustaceans 1968 76,321 69,062 7,259
1969 116,686 106,511 10,175
1970 140,973 128,050 12,923

Whales 1968 2,065 2,015 50
1969 2,953 2,900 53
1970 3,260 3,208 52

Shellfish 1968 2,555 2,555 —
1969 2,036 2,036 —
1970 2,861 2,861 —

Turtles 1968 234 73 161
1969 293 76 217
1970 638 88 550

Not specified 1968 2,079 * * * « * «
1969 1,537 • • • * * V
1970 1,001 • * • • • '

TOTAL ..... .. 1968 302,829 (2) 234,556 (2) 66,194
1969 421,475 (2) 335,514 (2) 84,424
1970 498,611 (2) 401,577 (2) 96,033

Source: Anuário Estatístico
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fish consumption is low throughout the country because of its low quality 
due to poor handling techniques and lack of adequate refrigeration.

Sharply higher consumption of fish is to be expected if a product of 
consistently high quality is made available to the consumer. This under- 
lines the urgent need to improve the handling and distribution facilities.

Because it is highly perishable, fish is nearly always frozen if it 
is to be exported. Since export demand is related to species, the present 
export market is almost entirely limited to shrimp and lobster. However, 
for Brazilian marine products, the world demand for shrimp and lobster ap- 
pears to be almost insatiable; since 1971, Brazil has exported almost 
$24 million of these products alone. The cold chain facilities for these 
products have been adequate in light of the huge-unsatisfied demand, but it 
is not clear what effect additional and more efficient facilities would 
have on the expansion of exports of these items.

4. Exports and Imports

In 1970, Brazil exported about $19 million of marine products, of 
which about $16 million were accounted for by shrimp and lobster (Table 3) . 
Brazil imported about $33 million of marine products in 1970, of which 
about $31 million was accounted for by dried cod fish (Table 4). The 
trade balance for all marine products for the 1968/1970 period is shown 
in Table 5, which indicates that imports of fishery products customarily 
exceed exports by $10 - 20 million per year in Brazil.

5. Assessment of Cold Storage for Fish

A typical Brazilian system for the handling of fresh fish is described 
below. Fish first enters the system when it is brought aboard a fishing 
vessel. At this point, it is necessary to immediately take precautions to 
preserve the quality of the fish and the value of the catch. However, good 
operational practices prevail on only a limited number of vessels. Con- 
sequently, a large portion of the catch is not properly iced or refrigerated 
on the vessel. In addition to the lack of proper refrigeration, many fish 
are not adequately handled aboard the vessel. For example, almost without 
exception, fish destined for domestic consumption in Brazil are handled in 
the round (without the removal of viscera). This is a very poor practice, 
since the microorganisms and the enzymes in the viscera are extremely active 
in deteriorating the quality of the fish. The importance of adequate re
frigeration under these conditions is crucial. The best practice, of course, 
would be to remove the viscera at sea and to properly refrigerate.

The importance of adequate handling and refrigeration aboard the ves
sel, as well as later in the distribution system, cannot be overemphasized. 
Fish begin to spoil immediately after death. The rate of spoilage is largely 
a function of temperature. Chilling a fish to a temperature of about 0°C, 
just above the freezing point for fish, does not stop the spoilage, but 
greatly retards it. This is because it reduces the bacterial and enzymatic 
activity that are the major sources of spoilage in fish.
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TABLE 3

BRAZIL; EXPORTS OF SELECTED MARINE PRODUCTS 1968/1970

Product Description 1968 1969 1970
Tons 1,000 us$ Tons 1,000 ÜS$ Tons 1,000 US$

Fish: fresh, frozen, 
salted and live 2,741 1,167 3,631 1,634 4,215 2,233

Shrimp: fresh, frozen 
salted 1,656 3,525 2,707 6,771 . 3,058 6,339

Lobster: fresh, 
frozen, salted 1,683 5,487 2,473 10,234 2,794 10,043

Other crustaceans 1 1 541 944 31 11

Other fish products 3 2 9 6 37 33

TOTAL VALUE 10,182 19,589 18,659

Source: Anuário Estatístico 1971 
Min Plan - Brazil 
JBGE
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TABLE 4

BRAZIL: IMPORTS OF SELECTED MARINE PRODUCTS 1968/1970

Product Desçrlption 1968 ______ • 1969 1970
Tons 1,000 US$ Tons 1,000 US$ Tons |l,000 US$ |

Dríed cod fish ' 
(bacalhau) 40,240 25,588

í
45,071 24,370 47,222 31,081 :

Inkfish, fresh, 
frozen and salted 721 261 771 281 468

1 } 
í
1

193

Fish conserves and 
other preparations 722 790 578 601 742 875

Other marine products 3,286 527 4,650 473 6,044 761 |

TOTAL VALUE 27,174 25,725 1 32,910 
—

z tf
Source: Anuário Estatístico 1971 

Min Plan - Brazíl 
JBGE

I
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TABLE 5 .

BRAZIL: TOTAL VALUE OF REPORTED IMPORTS AND 
EXPORTS OF MARINE FISHERY PRODUCTS 1967-1970

Year

1968

Exports

10,182

Importa

27,174

Exports-Imports

- 16,992

1969 19,589 25,725 - 6,136

1970 18,659 32,910 - 14,251

Source: Anuário Estatístico 
do Brazil, 1971
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Consequently, even in chilled fish, there is a certain amount of 
spoilage caused by bacterial, enzymatic and oxydative changes.

Enzymes are substances present in the flesh and intestines of the fish. 
They cause Chemical changes which, during the life but not after death, are 
ín the gut of the fish when it is caught and powerfui digestive enzymes are 
presentT-^The wall of the gut and the neighboring flesh are rapidly pene- 
trated and softened by the enzymes after death, even in chilled fish, and 
thus easily invaded by spoilage bactéria. Hence, it is good practice for 
fish to be gutted and washed immediately after catching. Enzymatic acti- 
vity is probably largély responsible for the flavor changes that take place 
in gutted fish during the early period of storage when there is no marked 
bacterial spoilage.

Bacterial action spurred by the changes caused by enzymes is by far the 
main cause of spoilage in^chilled fish. Bactéria in large numbers are con- 
fined to the surface of the gills and intestines of the fish. These bac
téria, often together with other bactéria introduced from externai sources, 
increase in number after death and eventually penetrate through the skin 
and invade the fish.

Bad odors and flavors are also produced when oxygen in the atmosphere 
combines with the fat in the fish. Oxidation does not have as marked an 
effect in lean fish, but it can cause a significant part of the spoilage 
of fatty fish. Figure 6 shows a typical deterioration pattern for fish 
at various temperatures.

The capture of fish in Brazil is carried out by industrial fishermen 
and artesanal fishermen. The industrial fishermen operate offshore in 
large more or less well equipped vessels. They usually use adequate ice 
or mechanical refrigeration. Indeed, some vessels fishing for shrimp off 
Belem actually process and freeze the product aboard. These fishermen 
have large investments in equipment and therefore attempt to protect their 
catch the best way possible to assure an adequate return on their invest- 
ment. .

The artesanal fishermen, on the other hand, use small boats usually t 
propelled by oar or sail (lèss than 10% of the total Brazilian fishing 
fleet is equipped with motors) and fish close to shore (see Table 7). 
These fishermen sometimes use ice in an attempt to comply with good opera- 
ting practices, but usually mishandle the fish aboard their boats. As a 
result, large quality losses occur at this stage that cannot be corrected 
in later stages of distribution. The fish are then brought ashore and re- 
packed with ice in boxes of either wooden or plastic construction. The 
cooling operation at this point is often inadequate as indicated by the 
high losses (for example, 40% at the Sao Paulo entrepostos) reported when 
the fish are handled at the next operation. At this subsequent operation, 
the fish are again repacked in boxes and the ice is replaced.* This re-

In Rio de Janeiro, the fish are landed directly at the entrepostos, so 
that the dockside icing operation is not required.
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Fresh

Usable

Spoiled

FIGURE 6 FISH QUALITY AS A FUNCTION OF STORAGE 
TIME AND TEMPERATURE
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TABLE 6

APPROXIMATE COMPOSITION OF 
BRAZILIAN FISHING FLEET (1971) 

(Number of Vessels)

Industrial Fleet 600

Artisanal - Oar Propelled 26,000

Artisanal - Sail Propelled 19,000

Artisanal - Motor Propelled 3,400

TOTAL 49,000

Source: Arthur D. Little, Inc. estimates.
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handling and inspection operation usually takes place in large urban cen- 
ters. As a result, the cooling is frequently better than that done at the 
dock, but probably is inadequate because of lack of cold storage and ice 
capacities at the entrepostos. From this point on, the distribution of 
fish is done in a rudimentary way. For example, 80% of the fish in Sao 
Paulo are sold to the consumer by individual peddlers or very small Stores. 
Much of the product is mistreated during this period. Even at large modern 
supermarkets, presently the most sophisticated levei of retailing, con- 
siderable improvements in the handling of fish can be accomplished.
W In excess of 60,000 toijs of fish per year move from Rio de Janeiro, 

Guanabara, Sao Paulo, Paraná, Santa Catarina and Rio Grande do Sul to the 
Northeast as well as between these States. Much of this transport is car- 
ried out in inadequately refrigerated trucks. Very few mechanically re
frigerated vehicles are used and icing is most often inadequate. This sit- 
uation results in serious deterioration of the fish and in great losses. 
The truck trip from Rio Grande do Sul to Recife takes almost a week. Much 
of the fish is certainly lost during this journey, and the remainder is of 
poor quality. This poor quality probably is a significant factor in de- 
termining Brazil*s present low per capita fish consumption. In turn, this 
problem of quality is mainly due to inadequate refrigeration and handling 
during distribution and perhaps to the peculiar infrastructure organization 
of the industry. The present fish production in Brazil overloads the exist
ing port refrigeration facilities and the facilities available- as a part 
of the larger distribution system. Together with improper handling prac- 
tices, this largely accounts for the poór quality of the fish sold in the 
domestic market. The impact of the inadequate refrigerated infrastructure 
will become even more serious if attempts are made to increase fish con
sumption to provide additional protein in the diet, especially in the north- 
eas t.
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C. FRUITS AND VEGETABLES

1. Conclusíons

(a) Facilities for handling fresh fruits and vegetables 
at reduced temperature are almost completely 
lacking.

(b) The only significant facility for processing or 
handling frozen fruit products are those of the 
frozen, concentrated citrus juice industry.

(c) The few facilities existing for storage and transport 
of fruits and vegetables are either geared to exports, 
e.g., citrus juices and bananas, or geared to imports, 
e.g., apples and pears. Little benefit is derived 
for entirely domestic production and distribution,

2. Production

Fruit and vegetable production has shown the largest increase of all 
Brazilian crop production in the last 15 years. This is true for abso- 
lute volume produced as well as for the value of the products. The total 
value of the 1970 crop production was approximately 15 billion cruzeiros. 
Fruits and vegetables accounted for slightly more than 15% of this total 
crop value. Fruit crops make up more than 75% of the category fruits and 
vegetables. Hence, a preliminary estimate of the current value of Brazil's 
fruit and vegetable crop at the farm levei is approximately two and one 
half billion cruzeiros.

Brazil*s fruit and vegetable production, with respect to approprlate- 
ness and need for refrigerated storage, is divided among three geographic 
areas. The extreme south, Rio Grande do Sul, is the area of deciduous 
fruits with an existing production of peaches, figs, strawberries, and a 
potential for increased apple and pear production. Rio Grande do Sul's 
production is harvested at a time that makes it profitable to look at 
European export markets. The development of a profitable export market, 
though, requires the guarantee of a constant quantity and a constant high 
quality of products. The development of long-term stable conditions in 
these export markets cannot be brought about without an appropriate 
Brazilian system which includes capacity for storage and handling of re
frigerated products.

The second major area is the States of Paraná and Sâo Paulo, where a 
large number of relatively small farmers are engaged in intensive fruit and 
vegetable cultivation. The overall distribution system in these States, 
for large part geared to the provision of the Sao Paulo market, is probably 
the bestdeveloped system in Brazil.

The third production area of fruits and vegetables is the tropical 
northeastern part of the country where typical tropical fruits are produced 
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that are not well known in many markets in temperate zones, mainly due to 
lack of proper refrigerated storage and handling capabilities.

The three production zones of fruits and vegetables in Brazil display. 
different products, different production methods, and different markets, 
in general terms. Hence, from the standpoint of product requirement, as 
well as from the standpoint of distribution systems, it appears logical to 
regard these three areas as separate but interrelated in a total system for 
fruit and vegetable refrigerated storage and handling in Brazil.

Scattered plantings, and the tendency for surplus production to be 
wasted because of lack of adequate marketing and refrigeration facilities, 
limit the accuracy and the usefulness of production statistics. Fruit is 
raised both in large commercial orchards, mostly in the south and east 
regions, and on small farms and garden patches throughout the country. A 
general lack of standardization and efficient Wholesale marketing facili- 
ties, with refrigerated storage capacity, restrains expansion of production, 
consumption, and exports of fresh fruits and vegetables.

A large number of tropical fruits exists, mainly produced in the 
northeastern part of the country, that might beneficially be marketed in 
the frozen State. The Food Technology Xnstitute in Campinas, ITAL, has 
done substantial development work on tropical fruits. Unfortunately, com- 
mercialization of these developments has been limited. Table 7 lists three- 
year production volumes of major fruit and vegetable crops. Frozen products 
have been developed for such fruits as avocado, cashew fruit pulp, mango, 
and various other fruits not listed in Table"7 since production volumes 

, are not reported yet.

The three most important vegetable crops continue to be onions, toma- 
toes, and garlic.

3. Distribution and Consumption

One of the most efficient distribution systems for fruits and vege
tables in Brazil, the COTIA operation, reports an average loss of 30% be
tween the product received from the farmer and handed over to the whole- 
saler. On the basís of this figure, it appears reasonable to assume an 
average loss of 50% of all fruits and vegetables produced in Brazil in the 
total commercialization system from the farm up to the final consumer. In- 
cidentally, this figure is approximately 30% for the United States of 
America.

The proper management and control of the total commercialization sys
tem for fruits and vegetables, which would include cold storage and handl
ing facilities, could possibly reduce these losses to a levei below that 
from the United States, mainly due to shorter overall transport distances.

Consequently, the potential gains of proper system control and manage
ment, including refrigeration, are of the order of magnitude of 250 million 
cruzeiros for each 10% improvement in the amount of product wasted.

* . - -
Based on an approximate production value of two and one half billion cruzeiros.
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TABLE 7

BRAZIL; PRODUCTION OF SELECTED FRUITS AND VEGETABLES
1968-1970

FRUITS UNIT 1968 1969 1970

Grapes tons 539,036 483,443 598,016
Oranges tons 2,717,346 2,896,811 3,099,440
Lemons tons 50,355 53,258 54,233
Tangerines tons 215,718 229,331.. 244,485
Avocados ton's 112,199 115,082 122,539
Bananas tons 8,437,140 9,266,480 9,858,000
Cashew 1,000 fruits 4,540,038 4,477,173 4,057,622
Figs tons 16,464 17,593 17,679
Apples tons 13,035 14,432 15,425
Mangoes tons 653,003 669,224 651,062
Pears tons 54,202 55,602 56,972
Peaches tons 90,518 97,434 119,736
Persimmons 

(caki)
tons 20,428 20,849 21,659

Pineapples tons 321,630L 370,803 403,555

VEGETABLES

Sweet Potatoes tons 2,120,450 2,175,143 2,133,983 '
Garlic tons 37,321 37,563 36,377
Oníons tons 272,577 275,147 284,603
Tomatoes tons 775,262 700,438 764,119

Source: Anuário Estatístico do Brazil, 1971 - IBGE.
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It should be noted, however, that refrigeration alone is not the 
crucial factor in attaining drastic increases in the efficiency of fruits 
and vegetable distribution. It is the improvement of the entire system, 
including refrigeration, that eventually will bring about the substantial 
savings to the economy as indicated above.

As illustration of the current losses of mainly fruits, due to in- 
sufficiently developed commercialization infrastructure, ve can cite the 
40% loss of the grape harvest this year, amounting to approximately Cr.80 
million for that crop alone. Substantial losses were experienced for 
peaches and figs in Rio Grande do Sul, as well as for strawberries pro- 
duced in the central and Southern part of the country. These losses are 
mainly due to the fact that the current system has no capability to cope J 
with production peaks occurring as a result of unusually favorable agrlX 
cultural circumstances. Even relatively short storage periods of two to 
four weeks in refrigerated storage houses, can greatly even out these sup
ply peaks, can make the products available over longer time periods, and 
can even out prices at the farm levei as well as on the retail levei, due 
to more orderly market conditions, as a result of a more continuous sup
ply* '

A notable exception to the limited use of refrigerated or frozen 
fruits and vegetables is the domestic use of frozen citrus juices with 
institutional users for reasons of.convenience. A widespread use of frozen 
fruit juices by the Brazilian consumer has so far been severely restricted 
by the absence of domestic freezers in Brazilian households.

4. Imports and Exports

Tables 9, 10 and 11 present import and export figures of the most 
important fruits and vegetables Crossing Brazilian borders.

Imports are largely deciduous.fruits of temperate zones destined for 
the larger urban markets. Apples head the list with a strong lead over 
the combined other fruits. The bulk of apple imports is from Argentina 
in refrigerated transport means that take bananas and some p,inea'ppíes

-as return cargo. The refrigeration facilities handling these products 
are hy-and lar&e the only controlled temperature facilities in Brazil 
specifically built for the handling of fruits and vegetables. As we 
noted earlier, these facilities benefit, almost exclusively, the import/ 
export trade. '

The substantial imports of garlic are noteworthy^ This product lends 
itself very well for long term refrigerated storage. A combination of 
concentrated domestic production and proper refrigerated warehouses 
could conceivably reduce imports of these vegetables alone, now amounting 
to approximately 40 million cruzeiros yearly.

Fruit and vegetable exports are currently led by citrus juices, with 
Brazil nuts and bananas as a close second and third. A large part of the 
banana exports go to Argentina. The current economic situation of this 
major banana market may have unfavorable repercussions on the domestic 
banana producer.
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TABLE 8

BRAZIL; IMPORTS OF SELECTED FRESH FRUITS AND VEGETABLES 1968-1970

Product Description
1968 1969 1970

Tons 1000 US$ Tons 1000 US$ Tons 1000 US$

Apples 113,958 25,377 113,924 26,230 108,994 26,915
Pears 19,530 4,354 21,486 5,723 24,202 6,803
Grapes 4,727 1,914 6,015 2,654 5,474 2,450
Prunes 1,785 677 2,047 857 2,219 960
Melons 2,378 562 2,934 703 2,494 600
Peaches — — — — 953 405
Edible Nuts 8,240 3,505 8,922 3,563 7,962 3,455
Olives 11,599 5,230 14,128 5,745 15,280 6,226
Garlic 12,493 9,978 14,928 5,796 16,525 6,691

TOTAL VALUE 51,597 51,271 54,505

ArthurD
 Little Lim

itada

Source: Anuário Estatístico, 1971 
Min Plan - Brazil 
IBGE, p. 319.
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TABLE 9

BRAZIL: EXPORTS OF SELECTED FRESH FRUITS AND VEGETABLES AND ORANGE JUICE 1968-1970

Product Description
1968 1969 1970

Tons 1000 US$ Tons 1000 US$ Tons 1000 US$

0ranges - Fresh 2,072,526^ 3,104 1,627,1891 3,553 2,095,49o1 2,490
Bananas 2 8,006,131 5,615 8,138,764° 9,769 3 8,052,230 10,657
Pineapple 22,138 1,583 21,781 2,314 14,283 1,517
Brazil Nuts 36,172 14,969 24,115 12,076 32,267 13,638
Cashew Nuts 3,342 3,377 503 517 24 25
Orange Juice 30,096 11,631 23,245 10,910 33,468 14,736 .
Other Fruits 4,512 1,029 4,181 1,476 20,215 2,727
Tomatoes 1,953 239 13,181 2,750 11,493 1,856

TOTAL VALUE 41,547 43,365 47,646

ArthurD
 Little Lim

itada

In boxes, not tons.
2 Sacks.
3 Bunches.

í *Source: Anuário Estatístico, 1971 
Min Plan - Brazil 
JBGE, p. 308-309.
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TABLE 10

BRAZIL: TOTAL VALUE OF REPORTED IMPORTS AND EXPORTS OF 
FRUITS AND VEGETABLES, FRESH AND CONSERVED 1968-1970 

(1,000 U. S. $)

Year Exports Imports Exports-Imports

1968 46,553 75,615 - 29,062
1969 55,396 72,405 - 17,009
1970 60,706 79,254 - 18,548

z *Source: Anuário Estatístico do Brazil, 1971
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This is the more noteworthy in view of the figures presented in Table 
10. For each year, 1968, 1969 and 1970, the fruit and vegetable imports 
exceeded the exports, creating a partial balance of payments1 déficit. A 
partlal déficit, on one commodity class, is not alarming at all, were it 
not for the fact that it concerns an agricultural commodity class in which 
Brazil, without any doubt, has substantial production potential.

5» Assessment of the Cold Chain for Fruits and Vegetables

The absence of refrigerated storage capacity for Brazilian fruits and 
vegetables on the one hand and the slzeabXg economic value of these crops 
on the other hand, appear to make a development effort for refrigerated 
fruits and vegetables' storage most opportune.

Even the relatively well developed distribution system in the States 
of Sao Paulo and Paraná has no capability for the storage and handling of re
frigerated fruits and vegetables. This means that in times of oversupply, 
such as is the case with the current oversupply of strawberries, the farmer 
cannot get his products off the land. It also means that the distribution 
system between the farmer and wholesaler has no capability for storing 
produce for very short periods, for instance, from one day to the next mar
keting day. Products held over in the Wholesale market areas, such as in 
the CEASA market in Sao Paulo, from one night to the next, because they 
could not be sold, deteriorate very rapidly in the heat of the day. Daytime 
storage of these fruits and vegetables is economically attractive and could 
greatly reduce the 302 loss of produce within that part of the overall 
produce distribution system.

As we have noted elsewhere, the necessity for refrigerated storage 
and transport of fruits and vegetables arises out of the fact that we deal 
with living products, whose deterioration is partly due to their own meta- 
bolism. This metabolism now can be greatly reduced by lowering the tem
perature of the products. Owing to this necessity of a slowdown of the 
metabolism, proper refrigerated storage and handling requires a continuous 
system between the producer and the final consumer. Specifically, it should 
be noted that refrigeration is not some type of a cure that can be applied 
somewhere in the distribution system in order to heal damages done pre- 
viously. Once fruits and vegetables are damaged as a result of prolonged 
exposure to high temperatures, the damage is irreversible and subsequent 
short or long term refrigerated storage cannot repair it. The only thing 
one can then hope for is to slow the damaging processes down.

This absence of frozen storage capacity at the household levei, in 
other words, the non-existence of the last link in the frozen cold storage 
chain, is a major impediment for the development of a frozen fruit industry, 
catering to the ultimate consumer, in a frozen state. If worldwide ex- 
periencé can serve as a yardstlck, we expect that refrigerated and frozen 
storage and handling wilT^first be developed in the distribution chain up 
to and including wholesalers and institutional big users. Ultimately, a 
frozen fruit industry freezing retail packages of fruit will develop once 
household freezers are in widespread use.
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The major thrust in fruit and vegetable refrigerated and frozen stor
age and handling will initially be in the refrigerated State in large ware- 
houses, so as to preserve the quality of the fruits and hence their eco- 
nomic value for a period of time substantially longer than they could be 
preserved at ambient temperatures. This does not exclude the possible 
development of some specialized industries, for the bulk freezing of fruits 
for the institutional market, mainly in the period of top supply, the har- 
vesting period. An example of this could be strawberries, which are this 
year in oversupply, to the extent that the farmer lets them rot in the field 
and cannot get them delivered to the distribution system. Reportedly, a 
French mission is interested in buying large quantities cf frozen straw
berries for delivery in October. Frozen strawberries are used by the jam 
and jelly factories and by such institutional users as large bakeries. 
The diversion of excess supply of these types of fruit into freezing for 
institutional use is perfectly feasible, a market exists and an early de
velopment of these freezing capabilities in Brazil appears to be called for.

The vegetable crops, such as lettuce, will benefit substantially by 
relatively cheap and efficient evaporative cooling just before they are 
transported over long distances. The relatively wet léttuce when already 
packed and stacked on the truck or railroad car is subjected to a vacuum 
in large vacuum chambers. This vacuum provokes the rapid evaporation of 
part of the water adhering to the produce. This evaporation of part of 
the water results in a substantial reduction in temperature of the entire 
load, often sufficient to keep the produce at acceptable temperatures for 
long-time transport.

In relation to tomatoes, it can be noted that this crop can benefit 
substantially from refrigeration immediately after harvesting. Quick re- 
moval of the so-called field heat can substantially increase the keeping 
quality of tomatoes and many other fruits and vegetables. In major tomato 
producing areas, such as northern México, this is routinely done with the 
entire harvest.
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D. FROZEN FOODS

1. Conclusions

(a) A CCFS for frozen foods exists to a limited degree 
for export products such as citrus juice, shellfish 
and beef.

(b) The domestic market demand for frozen foods is just 
beginning to require a CCFS.

2, Assessment of the Cold Chain for Frozen Foods .

Frozen food can include practically everything we eat: vegetables, 
fruits, juices, poultry, meats, seafoods, and a number of prepared spec- 
ialties. These product categories, though, are not of equal importance : 
in the daily diet, nor will they be of equal economic importance in the 
frozen form. The major product categories already have started to make 
their appearance in the marketplace; frozen chickens and turkeys are 
being produced by a number of manufacturers. Prepared_meais such
as frozen juices and seafoods, are now appearing in the Brazilian economy. 
The initial introduction of these products into the institutional field, 
with hotels, hospitais, etc., will nave the way for other foods to follow 
when the institutional user recognizes tneir economic and convenience ad- 
vantages. It can be expected that when the manufacturing of frozen foods 
becomes profitable, the manufacturers will tend to explore the possibili- 
ties of increasing the domestic consumer market. This market is now limited 
by a number of constraints. such as the lack of domestic freezer space and 
the limited consumer accêptance. Both the increase in the use of home 
freezers and the increase in the use of frozen foods will stimulate each 
other. In addition to the domestic market for frozen foods, there exists 
a very great export market, part of which already is accessible to Brazil, 
namely the market for frozen citrus concentrate and the market for frozen 
beef and seafood. Large markets exist for frozen products that are cur- 
rently produced in Brazil but not yet frozen; for example, for frozen 
strawberries. This year in particular, there is a great surplus of straw- 
berries in Brazil that will go to waste in the fields because there are no 
facilities to handle them. This, in spite of specific export demand demon- 
strated for frozen strawberries.

Comments have been made before on the success that Brazil has had in 
entering the frozen shrimp and lobster markets of the world. The world 
market demand is large for other frozen fishery products as well, and 
in the event that sufficient quantities of fish are available, this industry 
could expand to supply not only the International market but an increasing 
domestic demand too.
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The coordinated effort of many industries will be required to produce, 
process, package, store, transport, distribute, display and sell frozen 
foods in Brazil. New varieties of field crops will have to be developed 
for freezing. Equipment and methods for quick freezing, packaging materiais 
for meeting specific product and marketing requirements for frozen products, 
storage and transportation facilities for handling frozen foods all the way 
from the packer to the consumer will have to be developed and constantly im- 
proved. It can be expected that, as a result of these developments, impor- 
tant changes will occur in location of production of some commodities, and 
changes in the marketing system between the farmer and the consumer can be 
predicted. Some' of these changes have already begun, related to other food 
items, for instance, the growing importance of the supermarket in Brazil. 
It is also conceivable that changes in location and production of some 
fruits and vegetables may take place from farming areas near the point of 
consumption to points farther away from major markets, where these crops 
can be grown more efficiently. If production of certain fruits and vege
tables moves away from present locations, it can be expected that frozen 
food processing plants will be located near the source of supply because 
of the importance of receiving fresh products for freezing, and it can be 
seen from this chain of events that new agribusiness centers could develop 
where they do not now exist.

Frozen foods have become established products in many countries of the 
world. North American market statistics indicate that well over $6 billion 
per year of frozen foods are used by consumers and by the hotel, the res- 
taurant and institutional trades. These figures do not include ice-cream, 
a separate category amounting to more that a billion and a half dollars. 
Conservatively, one can infer that the Braziiian frozen food businesS^mi-ght 
approximate 10% of this within the next 20 years and it is prudent to plan 
now for the Tntegration of a useful system and to avoid the errors com- 
mitted by .other countries while developing their CCFS.

The frozen food industry has been a commercial success in developed 
countries for over 20 years; however, the industry is still relatively new 
compared to other food industries and has been beset by problems common to 
infant industries. In addition to the usual problems, the frozen food in
dustry, at the outset, also faced problems of entering a rapidly changing 
retail market system and attempting to operate in a system which had no 
facilities for the industry's unique requirements. As a result, the frozen 
food industry in the then developing countries attempted to apply and aug- 
ment what was available; a rudimentary ice-cream distribution system. At 
the time of frozen food introduction, though, ice-cream was not a major 
retail grocery item, and was distributed in Insulated trucks, sometimes 
cooled with a little solid carbon dioxide or "dry ice." In the retail 
grocery store, ice-cream was sold from crude home chest freezers. Frozen 
foods followed much the same pattern, being distributed in insulated 
trucks from the varlous warehouses to the grocery store, dry ice being 
used as the refrigerant. Mechanical refrigeration was virtually unused 
for small scale storage and transport when frozen foods were introduced 
at the retail levei.
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In the early days of thé frozen food industry, there was fear that the 
deterioration processes might lead to spoilage which would be harmful to 
the consumer. This fear dated from initial experiences with refrigerated 
perishable commodities, such as beef, and with canned foods. Both of these 
product categories had exhibited a propensity to spoil and to become toxic 
if processing and distribution were not performed under adequate conditions. 
This expérience, when scientists examined it more closely, appeared to be 
the result of deteriorative processes in frozen and processed foods. For- 
tunately, it soon became apparent that spoilage leading to toxicity was 
not a consequence of freezing, but rather a delayed process that devèlops 
the more rapidly* the higher the temperature of the food is. As a by-product 
of research, scientists and technologists were able to make qualitative 
measurements of the deteriorative processes, and their time/temperature 
dependence, that occur both in processing and distribution. In the 1950's 
the advent of the supermarket in Canada and in the United States led to 
more widespread acceptance of frozen foods. Coupled with the introduction 
of the domestic refxigerator/freezer and the domestic freezer, the sale of 
frozen foods rose dramatically. This situation "is now ín th& initial phase 
of its realization in Brazil. It should be recognized that frozen foods 
will become a significant part of the Brazilian diet as a logical conse
quence of current development and expansion. With this recognition in mind, 
industry and government leaders should now develop systems to protect the 
product, its processors and its distribution cycle so that they will gain 
on the basis of other countries’ experiences.

What is to be avoided in Brazil is the confusion of the 1950’s about 
the frozen food Business in some developed countries.

The future growth of the frozen food industry in Brazil will be in- 
fluenced by a number of economic and technological factors. Among those 
will be a growth in population, changes in its composition and location, 
growth in personal income, relative costs of frozen foods versus other 
forms of food, changes in food taste and preference, technology and methods 
of freezing as well as other methods of fòod preservation and consumer 
acceptance of new products. Intensive study and careful forecasting will 
be necessary to foresee what is likely to develop with respect to some of 
these factors, but trends in other countries can provide a guide to future 
developments regarding some of them and some logical assumptions can be 
made for guiding the impact of these developments on the future of the 
industry.
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E. REFRIGERATION FACILITIES

The total refrigerated storage capacity in Brazil does not surpass 
80,000 to 100,000 metric tons of storage. Of this total, CIBRAZEM accounts 
for approximately 20%. We estimate that approximately 60% is dedicated to 
meat storage, of which the storage facilities in Guanabara and Rio Grande 
do Sul take the major portion. Fish and dairy storage take by far the 
major part of the rest, with no specialized storage for fruits and vege
tables existing.

The general' State of maintenance and operational adequacy of the 
storage facilities can only be termed primitive. Most facilities indeed 
provide their basic Service, cold storage. However, adequate temperature 
control is absent and control equipment is either non-existant or not opera
tional. Although manual control of storage temperature is possible, es
pecially with large warehouses, this procedure was abandoned approximately 
40 years ago, in favor of the more satisfactorily operating automatic con
trol. The maintenance of the constant low temperature over prolonged 
periods of time by manual control is not really possible. On the other 
hand, currently available automatic control equipment is very reliable 
and operates to complete satisfaction.

We have the impression that many misconceptions exist, even among the 
operators of large storage houses such as the large CIBRAZEM meat storage 
in Guanabara, as to operational details of their storage facilities. The 
necessity of a maintenance of frozen meat storage at at least -18°C is 
not well understood. We observed storage temperatures of only -10°C and 
even higher. These temperature ranges are favorable for the growth of cer- 
tain types of mold, and hence the product can deteriorate very rapidly. 
Cold room doors de not close completely, which gives easy access to rats, 
and also to ambient air, taxing the refrigeration system with excess heat 
loads as well as with excess water vapor and forming ice on the cooling 
units in the cold rooms. The water vapor barrier of the insulation is 
often partially broken down, creating the possibility of penetration of 
humidity in the insulation and freezing of the insulation. This results 
in cracking and breakdown of the insulation, and increased heat flow into 
the room and hence an extra burden on the refrigeration system. This 
extra burden may eventualíy be larger than the total capacity of the in- 
stallation, and hence correct temperature maintenance at desired low leveis 
becomes impossible to reach.

We also observed renovation work that was not always carried out with 
a complete understanding of the function of modem refrigeration equip
ment. Specifically, liquid refrigerant lines in cold-storage rooms were 
not insulated. The evaporators in the cold rooms, the equipment where the 
cold is actually generated, appeared very small in the renovated instal- 
lations. For reasons of investment, a cheap small evaporator is often 
chosen instead of a larger and more expensive one. This appears a reason- 
able economy, but it is detrimental for the satisfactory operatioh of the 
equipment. A small evaporator requires a lower surface temperature in 
order to maintain a certain room, and hence product temperature. The lower 
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the surface temperature of the evaporator is, though, the faster the 
product dries out, the faster ice accumulation on the evaporator occurs, 
and hence the more complicated and çore often the defrosting of the 
evaporator. In other words, initial savings in installation will have to 
be paid for continuously later with high operating costs, and insufficient 
quality of the product stored. The suction lines of many compressors we 
observed were frozen up to a point very near to the compressor. This again 
indicates incorrect control of the entire installation. Unevaporated drops 
of liquid refrigerant are sucked by the compressor out of the evaporators. 
This is an inefficient operation as well as dangeròus, since excess liquid 
cannot be compressed by the compressor and it may cause severe damage to 
the compressor units.

, It should be noted that désign and operation of refrigeration units, 
jbftsg^for freezing operations or for cold storage rooms, requires a com- 
bination of complicated technical as well as economic understanding of 
the -installations in question. A correct design, and even a satisfactory 
operation, require the consideration of a large number of interrelated 
factors and their relative importance has to be judged.- It occurred to 
us that many decisions as to new equipment were made on the basis of single 
críteria. An example of this is the fact that Sulzer compressors are 
chosen because they are oil-free. Indeed, this can be an important con
sideration in certain installations. However, an oil-free compressor is not 
the panacea for all installations and should not be the overriding criterion 
of choice.

Another factor that appears to be a misunderstanding is the fact that 
cold storage should not be seen as a medicine to repair some harm done to 
the product as a result of excessively high temperature somewhere in the 
distribution channel. Any product entering a storage room under low tem
perature, will come out of that room at maximally the same quality it 
entered, never better. In other words, one should never expect that cold 
storage can have a qualitv-increasinE effect, but to the contrary. Much 
of the bad quality image that the Brazilian"consumer has of products that 
have been stored in a refrigerated or frozen State, such as beef, can be 
related to the fact that the product was already in precarious quality con
ditions when it entered the warehouse. Often, excessive time elanses 
before the product actually moves into cold storage or the product that 
moves into cold storage is the product that could not be sold in a certain 
marketing period. For quality products to come out of refrigerated storage, 
it is imperative that quality products enter. The necessity for a closed 
cold chain is directly coupled with this same criterion. If products are 
held at elevated temperatures between the slaughter house and the cold 
•storage room, rapid irreversible quality deterioration occurs. Partial 
^thawing and re-freezing of meat should be prevented at all cost.

In 1969, Brazil had reported approximately 800 so-calléd caminhões 
frigoríficos. It is not clear whether this is a combination of insulated 
trucks, as well as trucks with their own mechanical regrigeration. It is 
not clear either what the average size of these transport units is. We 
observed a number of cold transport means, small insulated pick-up trucks 
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for city. dellvery, as well as large 24 ton trucks that hauled apples from 
Buenos Aires to Sao Paulo and bananas as return cargo. The latter trucks, 
built in Porto Alegre, are of an advanced design, but employ a rather ex
perimental cooling unit on the basis of liquid carbon dioxide. It appears 
not wise to experlment, under current Brazilian conditions, with these kinds 
of sophisticated installations, not having proven themselves yet in other 
parts of the world. Speciflcally, the control equipment that has to main
tain the temperature in these trucks is still deficíent. As a matter of 
fact, the operator of these trucks had to agree that under summer conditions 
it was not possible to maintain desired temperatures during apple transport 
between Buenos Aires and Sao Paulo. A proven mechanically operated refri
geration unit would do this job in a most satisfactory way.

These and other experiences again point to the fact that basic miscon- 
ceptions and lack of understanding have to be overcome as far as cold stor
age and handling of perishable food products in Brazil is concerned. This 
is nothing exceptional or unexpected. Rather, it is indicative for a State 
of development of this particular technology, at a levei reached approxi
mately 40 to 45 years ago in Europe and in the United States. If we are 
able to learn from the experiences gained elsewhere in the world in the 
development of cold and frozen storage food handling, the learning, and 
hence development time, in Brazil could be drastically reduced. This, how
ever, requires a combined effort of education, government incentive, will- 
ingness of private industry to cooperate, and proper government action to 
alleviate bottlenecks in the system.

The current equipment manufacturers in the country have sufficient 
capacity and knowledge to satisfy domestic demand. Several companies pro
duce compressors, the most complicated part of the refrigeration system, 
up to the highest capacities that the domestic market requires. All other 
parts of refrigeration systems — hence also much auxilliary equipment such 
as freezing tunnels, plate freezers, water coolers, etc. — is domestically 
produced. The major equipment not domestically produced is the complete 
control equipment for the installation. This again is a normal situation, 
since only a few companies in the world are the major producers of this type 
of equipment. It appears not attractive for Brazil to invest now the sub
stantial sums and professional effort in the research necessary to develop 
this control equipment domestically. The amount and hence total value of 
control equipment required in Brazil for the foreseeable future are small, 
and do not justify build up of a domestic industry in this sector. The 
availability and product quality of the domestic machine industry provide 
a sufficient basis for an expectation that refrigeration equipment supply 
will not be the bottleneck in the development of a domestic frozen and re
frigerated storage and handling systemí What is required, though, is a 
proper understanding of the technology and the economics of a cold and fro
zen storage and handling system, so as to provide a correct basis for judg- 
ment as to what is domestically offered by different equipment suppliers.

A major user of ice in Brazil is the fishing industry. The 17 entre
postos of Cibrazem all have ice-producing capability. However, these 
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capabilities with a few exceptions, such as the on in Fortaleza, have freez- 
ing tanks where blocks of ice of 25 kg nominal weight are produced. Sub- 
sequently, these blocks of ice are chopped up and the ice chips are delivered 
aboard the fishing vessels. The production of ice blocks for ice chips is a 
rather inefficient way of producing these chips. Currently, equipment - 
exists that produces chips immediately, without first producing ice blocks. 
This produces chips at a lower cost per ton of ice than when ice blocks are 
produced. It is noteworthy that these advanced ice chip producing machines 
are already manufactured in Brazil.
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CHAPTER IV

IMPLICATIONS OF IMPROVING AND 
EXPANDING THE CCFS

A. Technical Implicatíons

1. Gontribution to Orderly Development

The cold chain food system in Brazil is developing and will continue 
to develop if there is a formal plan for that development or not. At this 
time, a number of entrepreneurs are planning the construction of segments 
of a CCFS. These individuais are to be commended for their aggressive 
business activities. It should be kept in mind, though, that their prime 
interest is the financial future of their enterprises; they have limited 
reason for concern about the technological coherence of the system as a 
whole. '

The improvement and expansion of the CCFS under a well designed im- 
plementable plan will allow for sequential additions to the system of the 
right size, at the right place, and at the right time. The establishment 
of a sound implementable plan will allow for the selection of optimum tech
nical Solutions for components of the system, in line with its overall lay- 
out. Such a plan will lead to the establishment of standards for faci
lities and uniform operating conditions. In short, planned improvement 
and expansion of the CCFS in Brazil will lead and guide the infant frozen 
and refrigerated food industry to grow in the most orderly way.

2. Nutritional Improvement

While it can be expected that the supply of all nutríents will be in- 
creased as a result of an improved and expanded cold chain, the most 
dramatic impact will be the more plentiful supply of protein.

It is reasonable to expect that per capita consumption of fish might 
double from the present 3.7 kg. to 7.5 kg., if high quality refrigerated 
fish were available to large parts of the populatlon. If this increase 
were to benefit that part of the population that is presently under- 
nourished, great improvements in health can be expected. This reasoning 
can also be applied to meat. Although meat consumption is relatively high 
in Brazil, meat is not always available to large parts of the population, 
partly due to the absence of a complete and adequate meat CCFS.

3. Public Health Improvement

One of the severe problems in Brazil is high mortality due to enteric 
diseases. The problem is due in part to the consumption of severely con- 
taminated food. Although no food item is completely sterile, if properly 
handled and refrigerated, the levei of contaminatlon can be held low 
enough so as not to cause disease in man. However, the higher the tempera- 
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ture to which food is exposed and the poorer the CCFS through which it passes, 
the higher the levei of contamination and the greater the tendency to food 
poisoning.

It is interesting to note that the locations with the highest ambient 
temperatures (and therefore highest food temperatures andhighest levei of 
contamination in food) experience the highest mortality rate (see Table 
11).

TABLE 11

BRAZIL: MORTALITY DUE TQ ENTERIC DISEASES
Deaths per 100,000

Manaus 185
Belem 85
Rio 25
Porto Alegre 15

Enteric diseases are not usually fatal, and probably 100 to 1,000 
times as many people are debilitated for a day or more for every death re- 
corded.

It is certainly not true that adequate CCFS’s will prevent all enteric 
diseases, but the existence of such a system will greatly reduce the in- 
cidence of these diseases.

4. Effect on Imports and Exports

The world food markets are increasingly demanding food that meets 
rigorous sanitation standards. International organizations, particularly 
F.A.O. and W.H.O. establish standards that are being adopted by many , 
countries. Compliance with these specifications depends in large part upon 
the existence of an adequate CCFS. A well-planned, expanded and improved 
CCFS would thus greatly assist the promotion of export of Brazilian food 
products.

It should also be considered that non-compliance with internatiónal 
standards, though not always prohibiting exports, will nevertheless put . 
the Brazilian exporter at a competitive disadvantage and may close the 
most profitable and sophisticated markets to him in a way similar to the 
export position of Brazilian beef from foot and mouth disease infested 
areas. .

B. Economic Implications

There are many positive economic benefits to be obtained from a well- 
planned and well-executed expansion of Brazil's cold chain food system The 
scale and scope of these benefits can best be understood, however, in the 
broad context of present trends and policies in Brazil*s economic development. 
Therefore, before discussing the economic implications of expanding its cold 
chain food system, we will briefly summarize those aspects of Brazil's economic 
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development which we believe are most likely to be affected by expansion 
of the CCFS.

1. Achíevements and Problems of Brazil's Economic Development Program 
Relevant to Expansion of the CCFS

Brazil's economic progress in macro-economic measures has been spec- 
tacular since 1967: Gross Domestic Product in real terms has been in
creasing between 8.5% and 11.3% annually, one of the fastest rates in the 
world; industrial output which has been the leading contributor to Brazil's 
rapid growth, has been growing at rates of between 10% and 13%; agriculture, 
the largest sector, which has suffered some bad years has, nevertheless, 
grown at an average rate of around 5%; and the service sector, one of the 
fastest growing, has averaged about a 10% annual increase. (See Table 12); ‘ 
Export earnings grew at a rate of nearly 20% between 1967 and 1970, while 
imports grew at a slightly lower rate thereby resulting in trade surpluses 
and a build-up in foreign exchange reserves. In 1971, however, exports 
were surpassed by imports, largely as a result of a price drop for coffee.

Other notable strides made by Brazil during the recent development 
period, include a doubling of electric energy capacity between 1964 and 
1971 (another 50% increase over present capacity is planned for the next 
two years); substantial improvements in the country's infrastructure, in- 
cluding the beginning in 1970 of the 3,000 km Trans-Amazon Highway and the 
1,600 km Curabá-Santarém Highway; and improvements in telecommunications 
and education. ■

Finally, one of the greatest economic achíevements in the last five 
years has been a sharp reduction from the high inflation rates of the early 
and mid 1960's. Furthermore, new economic policies adopted in recent years 
have minimized the deleterious effects of inflation.

The formula used by Brazil for accomplishing these remarkable economic 
gains was not derived overnight, but has evolved over the last eight years, 
largely dependíng on experimentation. It began in 1964, with a program 
directed at monetary correction under which virtually every element of the 
macro-economic system is adjusted at least once a year to keep pace with 
increases in the Wholesale price Index. In late 1968, the same theory of 
monetary correction was applled to foreign exchange with the introduction 
of the system of flexible exchange rates with frequent minl-devaluations.

The concepts of living with inflation and monetary correction have 
been accompanied by programs for stimulating economic development in par
tícula rly backward sections of the country, such as the Amazon Basin and 
the Northeast Region.

Finally, the recent development program has been stimulated as a re
sult of Brazil's favorable policies regarding foreign investment which 
permit foreign capital participation in all but a few sectors of the 
economy. The result has been sizeable inflows of capital, amounting to 
$2.55 billion as of mid-1971.
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TABLE 12 

BRAZIL: NATIONAL ECONOMIC INDICATORS

1968 1969
Prelímínary

1970
Estimate 

1971

Gross Domestic Product 
(Cr. Millions, at 
current prices)

99,270 131,682 172,742 227,412

Population (1,000 
inhabitants)

87,003 89,317 91,693 94,007

GDP per capita 
(Cr., at current 
prices)

1,141 1,474 1,884 2,417

Implicit Deflator 
(percent variation)

28.1% 21.7% 19.6% 21.0%

Increase in GDP per 
capita (percent increase, 
in real terms)

5.7% 6.2% 6.8% 6.2%

GDP per capita (U.S.$, 
using av. annual 
exch. rate)

336.56 361.35 403.45 456.10

Exports (U.S.$
Million, F.O.B.)

1,881 2,311 2,711 2,900

Imports (U.S.$ 
Million, C.I.F.

2,132 2,265 2,866 3,440

Source: F, G. V. and Central Bank.
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A more criticai look at Brazil's recent economic developments, however, 
indicates that in spite of the rapid progress made on a macro levei, a 
number of traditional social welfare indicators have not reflected as much 
progress since 1967. A recent study of income distribution in Brazil bv 
Albert Fishlow^ indicates that the inequalities in income which existed in 
1960 have not improved. For example, the upper 3.2% of the labor force 
receíved 33.1% of the national income in 1970, compared to 27% in 1960, 
(note that this considers only the economically active population which is 
less than one-third of the total population). Comparisons between 1960 
and 1970 are shown in Table 13. Fishlow’s study points out that since the 
concentration of- income in 1970 was less in agriculture than in 1960, it 
has not meant greater welfare in rural areas. Rather, the sectoral dif- 
ferential appears to have widened. Even within the industrial sector, the 
leading participants in the expansion were producers of consumer durables 
such as automobiles, rather than non-durables, such as foodstuffs.

Fishlow's study also points out that the distribution of educational 
opportunities within the labor force were uneven in the past decade, with 
those persons receiving higher leveis of education being responsible for 
the increases in the average years of schooling.

Another important measurement to be looked at more closely is the 
cost-of-living Index. Although there, indeed, has been a highly signi- 
ficant reduction from previous rates of inflation, and in spite of the 
fact that Brazil*s "economic development formula" has made it easier to 
live with inflation, the constant quarterly increases in cost-of-living 
of 5 - 7% tend to diminish the country's economic progress. While it has 
not been documented, it would appear that inflation has a more severe ef- 
fect on lower income groups. For example, food, which constitutes a dis- 
proportionate share of a family's budget in lower income groups (as op- 
posed to housing which is fairly proportionate to family income) has 
generally experienced more rapid price rises than the total index. (See 
Table 14). The lower income earner whose adjustments are based on total 
cost-of-living indexes is, therefore, squeezed more than the higher income 
earner. Furthermore, those people who derive a part or all of their in
come from other than wages and salaries (i.e., interest, dividends, rents, 
etc.) are generally less affected by inflation, due to the nature of those 
earnings and tax "breaks" for other forms of income.

Regional differences in cost-of-living provide another example of the 
disparity in the effects of inflation. For example, as shown in Table 15, 
prices have increased at a substantially higher rate in Porto Alegre than 
in Sao Paulo. Measures have been taken in an attempt to halt inflation, 
particularly with regard to food, which constitutes a majõf^cbmponent of 
the basket of goods used in determining the price index. For example, in 
1970 the Government adopted certain restrictive policies regarding beef, 
including setting price ceilings on fat cattle, limitations on monthly

^"Brazilian Size Distribution of Income*' Albert Fishlow, American Economic 
Review, May 1972, pp. 391-462.
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TABLE 13

BRAZIL: DISTRIBUTION OF INCOME OF ECONOMICALLY ACTIVE POPULATION

1960 1970

Monthly Inc. 
In NCr $

% of 
Popul.

% of 
Income

Monthlv Inc. 
In NCr^

TOTAL AGR. NON-AGR.
% of 

Popul.
% of 
Income

% of 
Popul.

Z of 
Income

% of 
Popul.

Z of 
Income

None 14.7 0.0 None 11.7 0.0 20.1 0.0 5.1 0.0
0-2.1 22.3 5.2 0-100 31.7 8.0 46.8 28.4 19.7 3.4

2.1-3.3 14.4 7.0 101-150 12.8 6.2 15.3 17.8 10.7 3.6
3.3-4.5 10.5 7.4 151-200 15.6 10.6 10.0 16.3 20.0 9.3
4.5-6.0 13.1 12.3 201-250 4.5 3.9 1.7 3.7 6.6 3.9
6.0-10.0 13.8 20.0 251-500 14.6 21.2 4.6 16.0 22.7 22.6

10.0-20.0 8.2 22.2 501-1000 5.9 17.1 1.0 7.2 9.7 19.3
20.0-50.0 2.6 16.4 1001-2000 2.2 13.0 0.3 4.3 3.8 14.9

50.0 0.5 9.4 2001+ 1.0 20.1 0.1 6.4 1.7 23.0

MEAN: 5.52 MEAN: 679 282 992

ArthurD
 Little Lim

itada

Source: Fishlow (Ibid.).
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TABLE 14

BRAZIL; COST OF LIVING INDEX

1968 1969 1970
(Ist Quar.) 

1971

Food 17.7 30.9 20.9 7.0

Clothing 24.2 16.8 15.3 3.8

Housing 31.4 22.2 18.5 1.2

Household Goods 27.1 15.3 16.2 4.1

Health 30.1 16.6 26.1 3.6

Personal Services 32.9 19.3 22.3 7.5

Public Services 21.1 30.5 30.3 0.8

TOTAL 24.0 24.2 20.9 4.8

Source: F.G.V.
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TABLE 15

BRAZIL; COST OF LIVING INDEX (PERCENT INCREASE)

City
Total Increase Food Prices

1968 1969 1970 1968 1969 1970

Belo Horizonte 27.4 22.2 21.9 25.7 31.4 23.3

Curitiba 24.5 24,3 22.3 31.9 34.4 20.8

Rio de Janeiro 24.0 24.2 20.9 17.7 30.9 20.9

Porto Alegre 21.0 19.6 23.0 16.9 22.9 27.4

São Paulo 25.2 22.6 17.5 24.9 27.5 11.9

Source: Economics Departments at Universities of 
Minas Gerais, Paraná, and Rio Grande do Sul; 
Getulio Vargas Foundation; São Paulo City 
Government.
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slaughtering by packing plants, application of fines and plant closures 
for non-compllance, and imports of frozen beef, mainly for the Rio de 
Janeiro market. In 1971, Wholesale price ceilings were set on fore- 
quarters and hindquarters of beef sold in the Rio de Janeiro market 
and prohibitions were placed on products from packers who failed to comply 
with price measures. More recently, it was announced that all essential 
foodstuffs would be exempted from the tax on industrial products.

Another effort to control inflation has been in the field of monetary 
policy. Expansion in the money supply has declined steadily, from increases 
of 43% in 1968, -to 33% in 1969 and, as estimated, 25% in 1970.

In short, Brazil's economic success ih the past seven or eight years 
can be characterized as achievement of dual goals: rapid economic growth, 
and gradual reduction in inflation. While greater social welfare and wider 
regional distribution of economic prosperity have also been sought during 
this period, these objectives have, by necessity, had to receive lower 
priority as the nation turned its major attention and directed its principal 
resources in the dírection of industrial expansion. The achievements of 
this effort are now capturing attention around the world and Brazil is in 
an excellent position to consolidate its diverse industrial programs and 
aim at achieving a more balanced development, including engaging a larger 
number of people in the economy, both as producers and consumers. As we 
shall show, expansion of the CCFS can make substantial contributions to 
these goals.

2. Goals of National Development Plan, 1972-1974

The goals of the First National Development Plan of Brazil, 1972-1974, 
include, among others:

• Attainment of the rank of eighth place, in 
terms of GNP, among the leading world economic 
powers and surpassing US$500 annual per capita 
income;

• Achievement of national objectives of development 
and social transformation by means of a com- 
petitive process capable of ensuring International 
efficlency leveis at the public and private 
sectors;

• Harmonious cooperation between the Government and 
the private sector, as well as the Federation 
and the States; between the developed and developing 
regions; between business and labor;

• Introduction of new Instruments for modernizing the 
national enterprise, strengthening its competitive 
capability and eliminating the inequality of conditions 
under which it operates vis-a-vis the foreign enter
prise;
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• Implementation of a national technological policy, 
which will permit acceleration and direction of 
transfer of foreign technology to the nation, as- 
sociated with a strong component of creation of 
domestic technology;

• Expansion of emplqyment opportunities over and ,
above those in the increase in skilled labor supply 
and at income and productivity leveis above those of 
subsistence. Such opportunities are to be opened 
through accelerated growth with an adequate techno- 
logical policy and sectoral and regional priorities 
definition.

• Fulfillment of several large investment programs, each 
over one billion U.S. dollars, in accordance with the 
purpose of consolidating the economic infrastructure 
and the basic industries; .

• Implementation of a regional strategy aimed at 
bringing about national integration. While the 
Central-Southern developed nucleus becomes con- 
solidated, new regional poles will be established, 
notably the agro-industrial region in the South, 
the industrial-agricultural region in the Northeast, 
and the agricultural and cattle raising region in the 
Central Plateau and Amazônia. The transfer of 
federal funds to the Northeast and Amazônia — 
through the PIN, PROTERRA, Fiscal Incentives, 
Participation Fund, Special Fund and Committed 
Funds, are a part of this strategy;

• Participation of all social leveis in the results 
of development as well as decentralization of economic 
power, with the creation of capitalism-for-the-many 
and the diffusion of opportunities; and

• Growth in export revenue of above 10% a year; and 
creation of two categories of exports (manufactured 
goods and mineral ores/non-traditional agricultural 
products) çapable of competing with coffee, and . 
further enhancing the nation*s active participation . 
in the general preferences system established by 
certain developed areas.

The specific targets set forth for 1974 are summarized in Table 16. 
While the time frame ofa proposed cold-chain system extends beyond this 
date, the targets are important in that they reflect the direction and 
magnitude of goals that can be expected in the remainder of the 1970's.

In the remainder of this section we indicate hpw expansion of the CCFS 
can support the foregoing targets of development.
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TABLE 16

BRAZIL: TARGETS OF FIRST NATIONAL
DEVELOPMENT PLAN 1972/74

1972 1974
increase in the
Period - %

GNP (Cr $Million)* 222,857 314,581 41

Population (Thousands) 93,204 104,130 12

Per Capita Income (Cr $)* 2,391 3,021 26

Industrial Product 53,384 78,160 46(Cr $Million)*

Gross Fixed Investment 
(Cr $Million)* 37,885 59,770 58

Rate of Gross Fixed 17 19Investment (%)

Consumption (Cr ÇMillion)* 185,015 251,224 36

Economically Active.
Population (Thousands) 29,195 32,987 13

*1972 Cruzeiros
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3. How an Expanded and Improved CCFS Will Support the National Develop
ment Plan

Expansion of Brazil’s cold-chain system, as described in the earlier 
sections of this report representa a potential program for helping the na- 
tion achieve its development goals. Very briefly, if properly planned and 
executed the creation of a major integrated cold-chain system could yield 
the following benefits:

Increased Production: This would result from a number of trends. 
To begin with, production would not be limited to supplying immediate 
demand ás cold storage and freezing facilities would allow agricultural 
goods with short growing seasons or goods subject to unfavorable growing 
seasons to be produced for storage and later consumption. Second, demand 
would not be limited to markets near production centers. THüs, oütput 
from traditional production areas could be moved over a larger market area 
and production for exports and domestic consumption could increase in areas 
further removed from traditional large Brazilian markets. ThircL, produc
tion of other industries, both as suppliers to and as further processors 
of agricultural production would increase and, in turn, create a chain of 
increased inter-industry output. For example, with increased beef produc
tion through the cold-chain system, sales would increase of other agri
cultural products such as feed, transportation, construction, machinery 
manufacturing, Steel, Services, Wholesale and retail trade, etc. As a 
consequence of these increased sales and employment, the increased beef 
sales would actually result in a multiple increase in national product. 
Fourth, productivity would be increased. Improved handling and storage 
of foodstuffs would reduce wastage and have a cost-reducing effect. Also, 
productivity would be increased through the "demonstration effect’1 which, 
by virtue of carrying modern technology further back in the production 
chain, would expose people to efficient handling techniques to which they 
are not now accustomed. Generally, technological exposure of this type 
tends to increase the productivity of other operations that tie into the 
part of the system which has been improved — a technological chain reaction. 
All of these trends could help Brazil in achieving its targeted agricul
tural growth rate of 7% per annum.

Improved Balance of Trade: This would be the result of both an in
crease in exports of agricultural products and a decrease in food imports. 
At present, exports of frozen or refrigerated foods are primarily beef, 
which already constitutes a respectable share of the country's exports, 
but is small compared to its potential. Furthermore, with expanded cold 
storage facilities, Brazil could cut down its imports of some food items 
which are projected to increase on the basis of existing capacity and 
demand. Both of these trends would help reduce the country's dependence 
on the movement of world coffee prices and in improving the trade déficit, 
which the IBRD recently projects would rise to $600 million annuaüy By..  
1975. . .

Stabilization and Possible Reduction of Food Prices: Stabilization
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levelled off. While it is possible that this could result in some prices 
being higher than they are now at certain times, the long run aggregate 
effect would be a reduction in prices as increased efficiency in handling 
and increased supply would most likely offset higher handling costs. Eow- 
ever, this question would have to be studied further before a conclusive 
answer could be reached.

Wider Distribution of Income and of Other Economic and Social 
Benefits: An important characteristic of the CCFS is its potential as
a development tool, which can be used by the Government for achieving both 
economic and âocial welfare goals, particularly as they relate to the 
distribution of benefits. For example, by extending the cold-chain system 
into the North and Northeast of Brazil, it would be possible to tie this 
part of the country into the economy and provide the people of that region 
with both markets for their agricultural products and goods and Ser
vices from the rest of the country. Such a step would fit very well into 
the long range development program outlined in PROTERRA. Other benefits 
from a CCFS include an increase, nationally, of average per capita nu- 
tritional intake and improved public health.

What we have just described, however, are only the gross benefits that 
a cold-chain system would yield in Brazil. In order to assess the net bene
fits of such a system or any project that formed a part of it, one would 
also have to examine the costs these projects would impose on the national 
or regional economics. For example, it was mentioned that increased nation
al product (or income) arising from a cold-chain system would be made up 
of increased sales of agricultural goods; increased sales of other directly 
or indirectly related industries; reduction of food losses; and increased 
productivity in input factors. However, these benefits would have to be 
measured against the "opportunity" costs Brazíl would be incurring by em- 
ploying its resources of capital,- labor, land and foreign exchange to 
produce, or purchase abroad, the equipment, power, materiais and tech- 
nical expertise required to create the system or components to effectuate 
the benefits.

It appears quite obvious that because a well-planned cold-chain food 
system could offer many more benefits in addition to increased production 
(i.e., improved balance of trade, price stabilization, and regional de
velopment) that, in general, it would have a very favorable benefit-cost 
ratio. However, since the system is composed of many sub-systems (i.e., 
projects) numerous variations of components, the permutations and combina- 
tions must be studied in an orderly fashion so as to maximize the total 
effectiveness of the system.

The need for such analysis is particularly important because of the 
magnitude of effort being considered here. Traditionally, the develop
ment of a CCFS has occurred through an evolutionary process taking place 
over a long period of time as a country develops economically. Brazil, 
it seems, does not care to wait the years or decades usually required for 
such a system to evolve. The country has made tremendous economic progress 
on many fronts in recent years, and its planners recognize the need for 
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making equally rapid progress in the areas which have had to be delegated 
lower priority initially. Thus, development of a nationwide CCFS will take 
place in Brazil through a revolutionary process. Nowhere in the world has 
such a significant program been undertaken in expanding the food industry 
and never, to our knowledge, have the potential opportunities for achieving 
other economic and social objectives from such a system been as broad or 
as great.
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CHAPTER V

WORK PROGRAM

A. Objectives

The objective of the work. program set out in Figure 7, is to develop 
an implementable plan for an improved and expanded CGFS in Brazil. This 
implementable plan would supply the types of projects necessary, their 
geographical locations, expected supply to and demand upon the system, 
commodity flows between the system components, technical and economic re- 
quirements, and the system’s economic impact on other parts of the economy. 
The plan would be accompanied by a detailed program for implementing the 
improved and expanded CCFS, including priority project selection, invest
ment phasing, a criticai scheduling path for implementing the entire set of 
projects, and Identification of exogenous constraints that must be dealt 
with to enable implementation to proceed, (e.g., International financing).

B, Method

The overall method used in the work program is to carry out several 
cycles of effort. Each cycle makes adjustments in and adds more precision 
to the overall system, to project specifications, to project locations, and 
to understanding of the economic impacts of the system, thus converging 
more and more upon the ultimate detailed system design and outputs. An 
additional phase, following the cycle that finalizes the detailed implement
able plan, would design the detailed program of implementation for the plan.

Throughout the successive cycles, the technical and economic aspects 
of the existing and planned CCFS would be simultaneously considered, thus 
guaranteeing to mesh the technical and economic considerations throughout 
the work prograSFTãncTmaking them a Consolidated and integral part of the 
final detailed implementable plan. This constant interaction of technical 
and economic expertise is criticai to the design of an appropriate CCFS 
and assures the development of a practical implementation program for the 
detailed CCFS. •

A program designed so as to pass through successive cycles also assists 
in identifying and further specifying the relationships between the planned 
CCFS and the remainder of the economic, social, and pólitical environment. 
In particular, such a procedure allows the team to cotiverge upon the speci- 
fic constraints exogenous to the CCFS that would affect its efficient, ef
fective operation or implementation. They also enable the team to specify 
more clearly the impacts of the CCFS on other economic sectors, such as the 
heavy machinery subsector, and upon the social and pólitical environment, 
such as the effect of opening interior regions to increased agricultural 
production for distant markets with such corollary effects as the diffusion 
of new ideas and values to such regions.
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Finally, this methodology generates timely decisions and useful out- 
puts much earlier in the study period than most other approaches. At the 
end of the first cycle, decisions about the overall system design and 
other factors must be made to develop the first approximation of the CCFS. 
These decisions tend to point up problem areas early and allow time for 
corrective research or other relevant activity. This effectively limits 
errors that could, if other approaches were used, be carried throughout 
the study period and discovered only near or at the end of the research 
effort. .

Equally important, the cycle methodology forces early decisions that 
produce useable outputs relatively early in the study period. These early 
decisions, for example, may clearly indícate the scale of a certain facility 
so that subsequent detailed design and financial analysis, as well as speci- 
fic planning by the client, can proceed for that facility with dispatch and 
even be completed well before the total research effort is finished.

C. Major Steps

With reference to Figure 7, the work program is designed in two phases. 
The first phase lasting approximately 48 weeks, is devoted to the design 
and analysis of the implementable CCFS. The subsequent phase, of approxi
mately 12 weeks elapsed time, is devoted to the detailed planning of the 
entire program as designed in the previous phase. The ultimate planning 
effort will specifically consider externai factors and constraints perti- 
nent to the implementation of the program.

It should be stfrèssed that the work program as presented here has' 
been elaborated on the basis of one overriding concern, viz., to be prag- 
matic and realistic, and hence to generate ultimately a truly implementable 
plan within the framework of present-day Brazilian reality.

Cycle 1 is a detailed stocktaking and inventorization effort of all 
existing components of controlled low temperature food handling in Brazil, 
as well as an in-depth analysis of domestic and foreign supply to and demand 
upon the future CCFS. Apart from Identification and evaluation of existing 
system components and the major system interfaces, cycle 1 will also evalu- 
ate and identify projects, programs and plans within the larger Brazilian 
economy that are directly relevant to the design of a CCFS. Finally, in 
cycle 1 we will gain an understanding of exogenous constraints upon the 
implementation or operation of the CCFS. Before entering the second cycle, 
the separate results of the major activities of cycle 1 will be synthesized 
and critically reviewed, so as .to build'a coherent and complete basis of 
factual Information for the subsequent design activities.

Guided by preliminary design çriteria established as a result of the 
criticai review of the first cycle activities, a strategy will be developed 
for the initial design of the actual system. The system's design will then 
be carried out as a major program activity partially parallel with three 
other activities: (1) a demand and supply analysis of relevant agriculture 
commodities, specific to the proposed system; (2) the design of economic 
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methodology to measure the costs and benefits to society of the proposed 
system as well as its expected regional impact; (3) a further analysis of 
constraints that might hangaej^implementation or operation of the system । 
as initially proposed.' Cycle 2 will then be concluded with a consolidation 
effort of its major design activities, coupled with a criticai evaluation 
of the feasibility and desirability of the system as proposed. If the 
system passes this test, we will immediately enter the third cycle of 
design and methodology refinement and Identification studies on the major 
components of the system. In the event the entire initially proposed 
system does not pass the crucial test of feasibility and desirability, we 
will make adjust-ments and improve upon the system. If the latter activity 
is necessary, it should be regarded as a partial redesign effort that can be 
performed effectively and efficiently at that stage of the program develop
ment, on the basis of the detailed knowledge and Information gained while 
performing the major activities of cycle 2. Specifically, it is not a 
complete redesign of cycle 2, but it could introduce a further time in- 
volvement of several weeks that will either have to be recovered later 
in the program or may cause the work to be extended.

It should be noted that the result of cycle 2, once the criticai test 
of feasibility and desirability has been passed, will indicate specifics 
of the final plan in a form allowing for initial action on the implementa- 
tion of major components of the final CCFS.

In cycle 3, then, the actual system is refined and its major compo
nents are identified in substantial detail. Again, three parallel acti
vities will be carried out on the system's demand and supply, on the final 
version of the economic costs and benefits methodology, and on the quanti- 
fication of the system's externai constraints.

Cycle 3 will be concluded with the final system evaluation of its 
feasibility for private as well as for government financing. The final 
program will be drawn ud and a final benefit/cost analysis, as well as 
regional economic impact analysis will be made.

This phase of the work will yield a detailed report on the proposed 
system, identifying all of its components, and giving detailed justifica- 
tion for the whole system as well as for its main components.

The last phase of the work, the planning phase, uses three different 
types of inputs. First, the information as to the physical characteristics 
of the proposed system components in a way and a format so as to allow the 
use of pre-programmed Computer planning models. Second, additional in
formation is put into the planning effort, such as required method of 
financing of different stages of development of the CCFS. Finally, externai 
constraints are entered, such as trained manpower availability, maximum 
available refrigerated truck sizes, consumer image of frozen foods, and 
similar information. .

The product of this planning phase, then, is a detailed schedule for 
the realization of the CCFS as developed in the previous phase, put into 
the reality of the Brazilian social and economic environment.
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FIGURE 7 BRAZIL: WORK PROGRAM - IMPLEMENTABLE PLAN (Phasos II and 111)
COLO CHAIN FOOD SYSTEM
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