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CENEFAL TRENLS

Despi%e the importance of refrigeration to the food industry, It Is esti-
mated that even today only 25 to 3C per cent of all verishable Zcedstulfs ucder-
g0 cold processing during their production. As 3 result losses — amounting =C

20 to 3C per cent on a world scale — are still aigh. 3ecause of ~here aas

this

teen intense develorment of refrigeraticn during the last decade.

In practice the development and the application of refrigeration in zhe
fcod industry festures two main trends:

(a) Accelerated intrcduction of "technological cold" into the different
tranches of the food industry. Often this goes hand in hand with cther prccess
innovations as & means of achieving optimum technological cond-‘icns Jcr produc-
tion of perishable foodstuffs. In this case ccld is an integral part of the
whole technological process and has to fulfiil its specific requirements;

(v) Systematic restructuring of the food industry and the whole cold chain
¢f a given country asround the ides of refrigeration. OCn the basis of the indi-
vidual elements of the cold chains in some countries, stable or variaple cold
chains can be linked or a world tasis, thus opening ur the zossibilisy for
intensive international exchange of fcod products.

The fact that the fcod industry can under+take cold trocessing and subse-
juent storing at the aporovriate low temperature in continuocusly increasing
amounts 1s due to:

(a) Refrigeration processing and storage of tae Tcodstuffs emerging as the
test protection against spoiling - preserving simultaneously and to the greatest
extent the food preducts' initicl natural prcrerties and qualities;

(b) Cooling and freezing teing lass axpensive in =erms of 2nergy
consumption than other known ilethods for storing food products.

In some countries the food industry relies on specialized enterprises
both for cold processing (preparation, cocling and freezing) a wide range of
verishable focd products, and also for their sutseguent long-term storage at
low te.mperatures and appropriate humidities. In countries with develored re-
frigeration economiés, the range of the frozen food products already numbers
more than 500 different kinds; this number dcubles every five years. Irozen
food products, in fact, have shcwn the biggest growth of all btranches of the

2004 industry in the past decade.

Tor example, between 1573 and 1377, %he cconsumption of frozen foods in

the Tederal Republic of Germany increased oy SO per cent,reaching 368,720 to

3
w

)

-

~ . . . P N -
‘. “onsumnticn increased again to reack 406,200 tons in 137%. Almost 235 zer

" t
b A

&

cent of all fcodstuf®s availaple in the Jnited States of America in 1379 were
‘rozen foods. The future evolution of the main xinds of frozen focods in that

market is presented in +<he +able.
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Frozen foc? production in the United States
{thousaads of toas)

Year Trait Jegetables Reaig;;gokeq Fruit syrups Total
1370 187 1 946 1770 365 L3262
1974 343 2 Lss L 506 1 000 5 3¢
1380 L0o 3 133 2 500 1 20¢ 7 293
1985 Loc £ 360 10 200 1 3ceC 18 sé¢

In general two trends are evident in world markets:

(a) Production of frozen foods is actively promoted in countries having
a developed canning iadustry;

(b) Frozen vegetables and frozen ready-cocked fcods dominate the Srozen
foods range structure.

Tae forecasts shcw this second trerd will continue in the future. In mest
of the developed countries, production of {rozen vegetables iIs considerably
higher than that of rozen fruit, often accounting for 7C to 3C per zent c¢f

output.

On the other .nand, the range of these prolucts is limited to a few basic
varieties (e.g., spinach, peas, French teans) required by caterers. Zowever,
for some time past, production of frozen vegetable mixtures and frozen opioa

slices and pieces - replacing dried onicn - 2as deen iIncreasing also.

In the last few years production of processed potatoes has shown sutstan-

tial increases. Tor example, in 1375, 49 rer cent of the United States crop

was processed; in 1980 it was forecast to increase up o 76 ter cent. This

(e ]

trend,reflected in production increases of 15 to 30 per cent per year, could
also be observed in many other countries. It is also typical that arproximately
2 per cent of all processed potatoes in the United States found theilr way into

the many varieties of frozen products.

For many years now,centralized production of ready-cocked fcods con an
industrial basis has been carried out world-wide. In many countries (Austria,
Bulgaria, Czechoslovakia, Germany, Federal Republic of Japan, Poland, Sweden,

Union of Scviet Socialist Revublics, United States) the leading role in this already
belongs to frozen ready-cocked foods and is forecast %this <rend will intensi=
5till further. DZevelored West Zuropean countries, in particular, are =xperien-

cing very nigh nroduction zrowths in shese foods (1 %o 20 per cent ser rear)
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and they are accompanied by a considerable broadening of the range of products
offered. Similarly in the United States, some SC per cent of all ready-cooked
focds are frozen.

To achieve the gcals aporopriate $o a perticular ccuntry, the focd industry
should include in its structure different xinds of refrigeration rlant that
allow the establishment of a complete closed cold chain. The following main
types of refrigeration systems - differing in volume, storage capacity etc. =~
can be distinguished:

Preparatory refrigerators. For initial cold processing of food droducts
and usually locatedq in the area where the raw product originates.

Industrial refrigerators. Tc supply the coid regquirements of fcod industry
enterprises, including short-term product storage.

Basic refrigerators. For long-term storage of the foecd products Trom
the preceding two refrigerators. Usually located in consumer aress.

Transit refrigerators. For short-term sto:iage and accumulation of fcod
oroducts during transfer from one type of refrigerated transpor+t to
another. Located at large transport centres such as sea ports ancé river
narbours, railway {functions.

Distribution refrigerators. For regular supply of large counsumpticn
centres requiring food products at all seasons of the year. Zs3tatlished
at user centres.

Commercial refrigerators. ror short-term storage of the’perishahle food-
stuffs in commercial networks and catering establishments.

-

Refrigerated vehicles. Refrigerated wheel-, sea-, river- and air transrvors.
Intended to provide crt--'m low temperature conditions for transporting
perishable foodstuff: ~..-.n areas of the above-menticned stationary
refrigerators. The iImi.r*:nze of these refrigerated vehicles for estab-
lishing and operating a com..ete cold chain carrot ce cverestimated.

Household refrigerators. ZFor short-term storage of fcod rroducts in
domestic conditions. Together with catering department refrigerators,
acts as the final link in the ¢old chain.

Three further cuaracteristics of refrigerators may also be noted:

(2) In most cases separate refrigerators accomplish <wo or more functions
due to their ability to perform different operations;

(o) Each refrigerator can be adjusted to maintain one .r more temperatures,
i.e., food products may be stored under one or more temperatures. At the same
time, tine number and the relation between the capacities of the different systems
depend on the function of the pariicular refrigerator;

(¢) Depending on the type of refrigeration plant, ecuirment of different
tyres can ve installed in it for preliminary preparation of the food droducts,
oreceding their cold processing.

Running an enterprise for cold processing and storing of fruit, vegetables and
foodstuffs involves five main activities - preliiminary research, lesizn, erec-

tion,and maintenance and aperation.




II. FPRELIMINARY RESEARCH

The research stag> is the initial 2ad most important activity. Cn it
depeud the final structure and effectiveness of the enterprise. It is realized

in several sub-stages: technical incuiry, quotation and the working design.

A. The technical inquiry

This initial document is the responsibility of the investor andi provides the
basis on which quotations and working designs are maie. The techrnical inquiry
should therefore reflect the real and prospective raw materials supply, the
transport system, the utility supply facilities such as elec*ricity and water,

and the maapower available.

The raw materials base should as far as possidble be described in detail,
specifying the kind of the fruit and vegetables, their quantity and seasonal

arzilability.

If a plant location is defined (at the raw material base or st the point
of consuaption), data should be provided on the state of the transport system,

the type of vehicles, the type of processing and the packaging envisaged.

To determine refrigeration capacity, there should be data referring ts:

(a) The seasonal flow of product to he processed, the type ol cold proces-
sing, the duration of storage at the 2nterprise and where production will be
shipped (within the country or abroad);

(o) Available electric energy; this determines the energy economy end the
eventual need for ar in-plant diesel generator set;

{(¢) Available water sources; this influences the ty.e of water pretreat-
ment needed (mechanical, chemical etc.) as well as its efficient utilizaticn;

(d) Available manpower and its costs; this determines the level of *he
mechanization of the operation.

The above %technical and economic data could also be prepared by a

separate organization autpbcrized by the investor.

B. The guotation

This is a full elaboration of the project, divided into separate rarts:
architecture, building, process, refrigeration, heating and ventilation, water
supply and sewerage, and electrical reguirements. In addition +o the technical

decisions, each of these parts requires couplete specification of the egquipment,
the erection materials and wanp er.
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All parts are rutually connected and are co-ordinated. Special attention

LA e b s 1
incs the profitsbility of

is given to the final tecuno~econdmic S&C
tre refrigeration enterprise. This part is ¢lso worked out by the investor’s
owvn experts on the basis of the preliminary project and concerns the basic
economic factors:
(a) Coumodity production:
(i) To prolong the consumption season at home and abroad;
(ii) To prolong tine running period of the processing lines;

(v) Raw materials value and energy requirement. For the electricity, the
installed plant capacities and the respective yearly expenses, should be givens
for water, the size of the expenditures and the respective annual expenses;

(¢c) Manpover end wages. The operating staff per shif and average yearly
pay; all social charges should be included;

(d) Iavestment cost. This includes:

(i) Building works necessary for the whole enterprise - including
insulation work. To this should be a2dded and the cost of
the land, vertical planning and inter-plant roads;

(ii) The machinery and the eguipment including their transport and
.nsurance;

(iii) The erectiorn works, including the inter-plant traunspert,
rigging and technical assistarnce;

(iv) Research and design;

(v) Other expenditures such as interest on credits, insurance and
administrative or management expenses;

(e) Production cost. The general economic statement should also evaluate
the following:

(1) Plant expenditures, including those for raw materials, energy
consumption, labour and depre-iation allowances;

(ii) Cold processing cost and the final production cost of the
stored product:

(iii) Yearly profit of the refrigeration enterprise; profitability
may be calculated as:

annual profit
plant expenditures

(iv) The payback period:

investment
annual profit

The techno~-economic section should alszo show whether the entervprise

would e economically advantageous and effective.

The complete juotation is subjected %o discussion at a council of experts

consisting of the investor's technicians and economists. When solving new




troblems (such as those concerning process or building questions), it is batter
if the relevant parts of the project are subtmitted for written comment to

specialists in the field, e.g. ar institute or a promirent expert.

Where there are several quotations it is necessary to prepare a techno-
economic comparison showing the advantages of each. On the basis of this, the

mcst suitable and efficient offer for the buyer is selected.

C. The working design

The final stage of the design includes ell nctes for modifications aad
additions recorded in the council of experts' written statements and the

technicel appendixes accompanying the signed supply agreement.

The working design is completed with detailed specifications of the pro-
posed machines, equipment and erection materials. The ~orking project must
also contain ard all instructions for mount.ing, maintenance and repair of the

machinery and equipment as well as the labour prctection requirements.

Besides this, the working desigr also contains general operating instruc-
tions covering the normal and efficient operation of the plant. Special atten-

tion is given to measures for envirommental protection.




I'I. TRENDS IN DESZGXH

The design task can be simplified with the essistance of:
(a) Extensive technical information, already collected and classified;
(b) Handing over problem questions to experts having knowledge and experience;

(¢) Preliminary study of all conventional ecuipment and utilization of as
many standerdized parts for mounting foundations, supports etc. as possible;

(d) Use of computers for calculating certzin technical provlems;

(e) Use of up-to~date techniques for makirg copies and photographs.

In designing the structure, the trend is tkat they should be light and
easily mountable. The production premises should be provided without inte:ual
columns to allow more efficient and progressive technologies to be introduced
in the future. A metal framework - galvanized cr treated with anticorrosive
coating for protection against hizh humidity (especially for countries with

tropical climates) ~ is preferable.

The structure should also be designed bearing in mind that its depreciation
allowances are significantly smaller than those of the process and erectiom
equipment. Sandwich type panels, comsisting of zinc-coated steel sheets on
both sides, are preferred for the insulated structures. The panels facing the
interior of the refrigeration chamber are additiorally covered with a plastic
coating selected for resistance to the open foods:tuffs passing through the plant.
Panel interiors are pclyurethane foam, the thickness of which corresponds to the
temperature difference. (This is optimally defined with reference to the encrgy
consumption and depreciation allowances for a given plant). The insulation

panels must also provide the required vapour resistance.

To reduce the influence of direct radiatior from the sun, i.e. to reduce
energy consumption (especially in southern countries), external cladding of the
refrigeration building roof and walls is foreseea. By this measure, natural
air circulation in the intermediate space between the cladding and the panels

eliminates the additional heat gain from the racdiztion.

Tae number of doors for each refrigerating c-amber is determined according
to its capacity and either the arrangement of the pallets or the transport
passages within the chamber. To ensure free traffic flow in the corridors

and easy handling, sliding doors with open areas - giving ample clearance for
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transport vehicles, is preferred. To reduce ccld losses, suc. doors should be

automatically as well as manuelly operated, and provided with air curtains.

The trend in the number and size of the refrigerating chambers is in %he

direction of consolidation in order to achieve good load factors.

The main trends in process design are to maximize mechanization of the
loading-unloading area znd to maximize utilization not only of the refrigerated
area but aiso of the refrigerated volume. As a result it is advisable to
extend the height of refrigerating chambers, which for each separate project

has to be determined with reference to the means of transport used.

Another clear tendency in the design of refrigeration installations is to
provide small capacity cold stores with their own cooling, but giving larger

ones a centralized refrigeration system.

In the first case each of the reirigerating chambers Is cooled hy a separate
vackaged air cooling unit. Using a modular principle cold stores can thus be
built up with capacities ranging from 6C to 3,200 tons (figure I). Air cooling
urits operate with freon as refrigerant and are often provided with air cooled

condensers. An example is shown in Pigure II.

The modular primciple can also be used for refrigerating chambers with
centralized cooling. This permits cold stores with capacities up to 16,CCO tons
(figure III). The refrigerant here is ammonia (R 717), which, as shown in the

following table, is the refrigerant with the best thermodynamic properties.

Refrigerant Yolumetric cooling;ganac1§y§/ (kcal/ma)
Ammonia RT1T7 517.6
Freon R12 305.6
Freon R22 Lok.0o
Freon RS02 512.3

o/ t /[t, = -15/+30°C.

Following better safeguards against leaks at flange connexions and fittings,

use of ammonia,the least expensive refrigerant, is now preferred.

The evaporating temperatures (i.e., the number of cooling cycles) should
comply with the operating requirements. Preferred technical conditions are those

that reduce foodstuff losses during storage and that give small temperature




Figure I. Cold stores with sepurate cooling system
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Figure II. Refrigerating chumber provided with separate air cooling unit
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Figure III.

Cold stores with centralized cooling system
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dif<erences, e.g. with increased area of evaporative surface. The increased
initisl investment costs (depreciation allowances) are orfset by the reducea
cost of the stored products (reduced losses) and by the reduced operating
energy concumption: every 1% reduce§ electric pcwer consumption by about

L per cent.

In the refrigerating chambers for storing fruit, vegetables and other food
proiucts, the tendency is to provide also the mecessary mechanicel appliaaces for
maintaining relative humidity and the other optimum conditions needed to ernsure laong-

serm qualitative storage in addition to the equioment to maintain low temperatures.

It is also advisable for tne rroduction preﬁises to be air-conditicned
or at least tomperature controlled, both from a process and a comfort point of

view.

The problem of how many and what type of refrigerating compressors turns
on the need to ensure process continuity. The individual coolinyg capacity of
the compressors can be optimized in accordance with availahle work time (16
hours/dey ), operation under full load, and the number of cycles per hour.
Refrigeration compressors should at all times be rrotacted agairst unallowably
high condensing and low suction pressures, poor lubrication, overheating of
of the hot vapours and electrical faults. Compressors should also be provided

with a means for easy starting and automstic capacity regulation.

The latest requirements for evaporators used in refrigeration chamters
means they should be designed with forced air circulation. Tt is advisable
that the evaporator fans be operahle at two speeds. This allows switching in
accordance with the process demand and/or storage of fruit, vegetables and
ocher foodstuffs. The air coolers should be compact, with f£in spacing oprtimized
for the temperature of the air in the refrigeration chamber but adjustable for

automatic defrosting with hot refrigerant vapours.

The choice of condenser type should be determined bearing in mind the
world-wide energy crisis and the general lack of industrial water supply. It
is preferable to use a condenser with a4s small as possible water consumption
and with the possihility for applying the heat-pump principle allcwing use of
waste heat of condensation. One use of this heat of condensaticn, given a

suitable heat exchanger, is hot water for domestic and process heating. In this
nergy received
energy inout

. . . . a
realization the coefficient of *ransformation (- } i3 more than

double that of a refrigeration system only.




The heat-pump process, moreover, is fully automeatic and it has good per-

formance and nigh economic efficiency.

In a modern refrigeration plant, electrical installations include: lighting,
power, emergency light system, telephone exchange, earthing, lightning conductors,

fire warning, emergency "man in refrigerator” and remote temperature control.

Control measuring instruments and automatic devices for providing normal
operation of the refrigeration system and all othe- installations are alsoc
needed. These instruments and devices ensure:

(a) Automatic protection against emergency situaticns:

(t) Automatic controi of temperatures, relative humidities, pressures,
liquid levels, cooling capacity etc.;

(c) Display of all parameters;

(d) Recording of temperatures or remote temperature control using suit-
able measurement and recording devices.




IV. ZRECTICH REGUIREMENTS

The modern trend in erecting of refrigerating plants involves quick and

inexpensive ~onstruction.

The quick erection obligation requires priority in utilizing prefatricated
elements needed for: building comstruction, insulating vanels and rcof and
wall cladding.

Only trained specialists should work on the building site. This shortens

the erection pericd and reduces the number of the working personnel many times.

Only single-storey refrigeration plants are generally erected. This gives
the highest efficiency in relation to investment, the building and the opera-

ting conditions.

Eow cost building construction can e realized by buildirg on the mcdular
principle. This permits catering for larger throughputs by adding Zurther
modules.

Many refrigerating plants are built under turn-key delivery terms. This
avoids tbe investor having to negotiate with many suppliers, and ke is still

orovided with a full guarantee by the general contractor.




[
(€Y
)

V. MAINTENANCE

Cold processing and storege of food products in a given refrigerator can
only be achieved when its main couponents - the insulated refrigeration uilding,
the refrigerating instaliation itself and the rrocess equipment - operate

properly. Efficient processing thus depends on efficient maintenance.

Technical maintenance

Maintenance aims at keeping all machines and equipment of the refrigeration
plant in good working order. The required temperature and humidity conditions
can only be guarantieed if the state of insulation is comtinuously monitored
and in the event of failures, measures are taken in good time. Snecial atten-
tion must be given to keeping the doors, process equipmert and transport faciii-
ties in good working order. They should not be allowed to become sources of
additional heat gains, due to which the temperature-humidity ccnditions would

deteriorate.

The heat exchangers must be regularly inspected and zleaned of any

contamination.

The refrigeration system shouid also be constantly inspected and even the

smallest leakage attended to immediately.

Control instrumentation should aiways be kept in order and regularly

subtmitted for checking to the appropriate authorities.

Most complicated and yet among the most important are the requirements for
maintaining compressors. To ensure reliable and safe operation, running repairs
should be carried cul tc remove any faults and damage. Scheduled overhaul repairs
are generally verformed at a time most suitable for the refrigeration system,
when the latter is less loaded.

The technical equipment intended for transportation, sorting, mechanical
and thermal processing and packaging of food products is very varied and because
of this shauld be controlled and maintained every day. After the close of the

season, it should be subject to scheduled overhaul and repair.

t is also rery important that technically obsolete and worn out equipment

ve replaced in good time.
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VI. PLANT OPERATION

A. Storage 02 cucled pruducts

With cooled products - as opposed to frozen (see below) - storage is carried
out at near zero temperatures but never below the cryoscopic temperature of a
given product. This usually ranges fraom 0°C down to minus 1°C. In this case
the preserving effect results from the fact that decreasing product temperature
by 10°C reduces the rate of the different chemical and biological processing
going on in it by two to three times. Thus the period during which the product
remains unspoiled is signific=ntly extended. Products can also te spoiled due
to the action of micro-organisms, wihich at lower temperatures also less active-
ly influence the product. A vital factor for the microbiological processec on
the surface of the oroduct is the relative bumidity of the air where the
product is being stored. The relative humidity should correspond to the
temperature, e.g. at high temperature is should be small, while at low tempera-
ture, it should be higher. Losses due to evaporation of product moisture depend

on the relative humidity value; high humidity is therefore an advantage.

Besides temperature conditions and tae duration of storage, specific product
properties exert a substantial influence on the system. That is why different
products can be stored under cooled conditions for different periods - ranging
from a few days or hours (ready-cookei foods, minced meat) up %o a few months
(some fruit and vegetables, some dairy products). It me;r be noted that, Zor
their storage under cooled conditions, fruit and vegetaples are treated like
living organisms. Because of this they should be kept under optimum temperature-
humidity conditions, where the temperature varies from o’c up to 6° or 8°C and

relative humidity is within the limits of 80 to 90 per cent.

During the last two decades experiments have been carried out aiming at
decreasing the temperature at which the cooled food products, including some
fruit, should be stored, e.g. down to 3.h°C below zero. In this case some
partial freezing of the products is observed. Due to the fact ths. the transi-
tion from cooled to frozen condition is still not well understcod, and to the
fact that it is difficult to maintain the above temperature counstant, %this

method has still only limited application.

Some of the basic trends in the storage of cooled food products are as

follows:




(a) Only cooled procducts of high quaiity are subjected to further cooling
ana storage. The period coveriig the time of colliecting the product, e.g.
harvesting of fruit and vegetables, up to the time when cocling hegins, should
be as short as possible;

(b) 3efore being cooled and stored the products are prepared and packaged.
For some destinations fruit and vegetables should ke packaged separately;

(¢) Increasing large-scale use of palletization;

(d) Before being stored the products are cooled down to their storage
temperature. Depending on the kind of the product, this might involve inten-
sive or less intensive cooling;

(e) Products are cooled in up-to-date and efficient premises. As noted,
fruit and vegetables are considered as living organisms, their cocling for
lcng-term preservation in refrigerating chambers has to ne performed slowly
to enable them to adapt to the new conditions. To avoid disturbing the temperature-
humidity ccnditions, the quantity of the products imported into the refrigerating
chambers each day should not constitute more than 6 to 3 per cent of the chamber
capacity;

(£) Meny different additional ways to help extend the product storage
period are known. These can be divided in two groups:

(i) Where the aim is to suppress the process going on inside the
products;

(ii) Where there is additional suppression of the develorment of
microflcra.
A tyrical example of the first group is storage of fruit and vegetables
in a modified gas medium (i.e. & controliable atmosphere). Increasing the
carbon dioxide content up to 3 to 5 per cent and reducing oxygen content by

a similar amount but not less than 2 per cent, helps extend the storage perio

at reduced losses and gives fruit and vegetables of higher guality.

The ways to suppress development of micro-organisms are more varied:
irradiation with ultraviolet rays or radioisotopes, treatment with antiseptics

and antibiotics, electroantiseptic treatment, treatment with ionized gas.

Besides preparation of the products for storage, cooling as a technological
process may be also performed to create ovtimum conditions either to meet
specirfic processing requirements for the proauction of foodstuffs or to achieve
pleasant taste in the final product (e.g. cooling of beverages). In its turn,
cooling may have two purposes: cooling products for direct consumption and
storing of the raw materials and the semi-manufactured articles for further

vrocessing.

Despite the comparatively low cost of cooling and the fact that it dces rnot
affect the products at all, there remains one main disadvantage - the limited
storage life of most products. That is why the second method for food preserva-

tion is widely used: freezing.




B. TFreezing of foodstuffs

Freezing is achieved when temperatures are graduaily decreased down to
-20° o -30°C - the malority cf the water going Srom the liquid tc¢ the solid
state. Since the temperatures here are significsntly lower than those during
the cooling, they reduce the intensity of the processes going on in the product,
without stopping them entirely. At the same time, these temperatures exert
an vnfavourable influence on micro-organism activity, and at values 'ower than
-l2°C, the micro-organisms stop developing entirely. Moreover, a large part
of them perish during freezing and subsequent storage. The preserving effect
of decreased temperatures is further enharced by transition of the water Irom
liquid to soiid state - a condition which may be regarded as a kind of dehydra-
tion of product and therefore depriving the biochemical and microbiological
processes of their ligquid medium. Due to all these factors frozen and the stored
products are protected against spoiling for a prolonged period of time {from

2 to 12 months).

As compared to cooling, the freezing and storage of the frozen foods is
a more expensive. Besides this, it negatively influences the structural-

mechanical properties of the product ccmpared to other canning methods. Neverthe-

less, the major extension of the storage veriod during which the nutritive proverties

are almost entirely preserved has ensuredi this method of widespread acceptance.
A further factor favouring freezing is the fact that the pecularities of
individual products exert less influence compared to «coling. That is why
temperatures are held in a narrower range, e.g. -18° to -2¢°C. Since the danger
of micro-organism activity is eliminated,relative humidity can be increased up
to 95 per cent or more. In turn this allows frozen food products to be tightly

packed and the refrigerator'volume more efficiently used.

Storage of food products in a frozen state may have twWo purposes:
storage for direct consumption, or preservation for subsequent processing.
Freezing may also be applied as preparation for other processes (e.g., freeze
drying or cryogenic concentration) or to receive a specific nroduct such as

ice cream.

Before freezing and storing,many products are subjected to preliminary
oreparation which in many cases may be ccmplicated and demanding of space.
Tegetables nave first to be sorted, washed, cut. blanched, metered out and

packaged, and then sent for freezing. All this work is carried out on specialized
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process lines, usually using the same equipment as that in the related branch
of the food industry. In these Jroduction lines, however, equipment is also

included specifically fcr refrig-ration.

Food products generully freeze at temperatures of the order {rom 3¢° <o
hSOC below zero. These are maintained in special freezing tunnels and ecuirment
that may be either convective or coanductive. The products to be frozen are
either in a packaged or bulk state. The construction, the level of mechanization,
the intensity of teat exchange vary with the freezing tunnels'design. Freezing

tunnels may also be either specialized or universal.

Some of the basic trends and requirements related to freezing and storing
of food products are as follows:

(a) Only products of high quality are accepted for freezing since this
vrocess fixes their initial state which canndt be corrected later;

(b) The period between product preparation (i.e. harvesting of Zruit and
vegetables) and initial freezing is kept &¢s short as possible;

(¢) The freezing process is performed at relatively high speed using
intensive methods. In recent years, there is growing interest in extending the
method using liguid cooling media, boiling refrigerants, and liguid nitrecgen;

(d) Fruit and vegetable varieties are grown specially for freezing;

(e} Freezing is taking over part of the chilled raw materials and semi-
manufactured articles destined for further processing. At the same time, strong
growth is evident in frozen, ready-to-cook and ready-cooked foods.

On the other hand *there is also a trend to lower storage temperatures of

- e}
some more valuable and less stable products, e.g. down to -30" and even %o
. 0 . . .
-10"C. Such storage is characterized by common requirements such as:

(a) Stability of temperature and relative humidity values. In all cases
variations in the storage temperature beyond sev limits unfavourably affect
th2 product structure and quality;

(b) Normal circulation of the air within the refrigerating chamber volume
in order to achieve upniform temperatures throughout;

(¢) Introduction of high capacity production lines having a high degree
of mechanization and automation;

(4) Continuity in the cold chain;

(e) Introduction of palletization.
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The characteristics of the refrigeration industry's plant and equipment -
their design, erection and maintenance - indicate the the need for specialists
in all areas. These also include specialists from imstitutions of higher
education that are well acquainted with refrigeration, refrigerating systems
and equipment, food products (their properties, processing methods and
variations), organization of work and the basic economics of a given refri-
geration plant. Their tasks include research, design, supervision and mana-

gement during msintenance of the different types of refrigerators.

Engineers, also trained in institutions of higher education, are needed
too. Usually these are people specially educated for refrigeration engineering
who can be used for design calculations, for supervising erection and for

managing and operating the plants.

Cepending on the type of refrigerator - i.e. its designation, capacity
etc. - the need for such specialists varies. For medium capacity plants, one
engineer could mansge the technical maintenance, a second engineer-techmologist
would supervise the whole plant. If a given enterprise is mainly intended for
processing and storing food products then at least orne zore technologist would
te needed. In the case of a production plant, their number must e Jurther

increased depending. on the type, oﬁiﬁﬁt and the orgsnization ¢f the plant.

In designing, erection and maintenance of a refrigerating plant, specialists
with secondary education, especially those trained in. special institutions of
secondary education, are also be needed. Their part is especially important
during plant maintenance since they are the skilled rersonnel responsible for
the technical side. TFor example, a medium capacity refrigeration plant needs at
least four to five technicians to be responsible for shifts in the machine rcom

and for equipment repair.

On principle, specialists with higher and secondary education should be
employed from the vory beginning of erection. This enables them to take part
in the erection process and become acquainted with the site. If necessary these
specialists should be sent for training in a similar plant or to a country with

a developed refrigeration industry.

Trom the atove, it i3 clear that a large organization and technical support
system (research, design, erection, commissioning and maintenance) have to e
created for a plant for processing and storing of fruit, vegetables and food-

stuffs.
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In the process of solving these complex tasks, two parties are invalved:
the investor - the owner of the plant - and the general contractor who is
responsible for many subcontractors. Continuous contact between the iavestor
and the general contractor are vital for efficient solving of problems arising

during the project.







