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Man's oldest enemy - hunger - is still to be conquered. A
large proportion of the worl''s population qoes to sleep
hungry and an even larger gircnortior suffer from bad mal-
nutrition. Today the situation 18 growing w«orse 1u many peris
of the world, Aue to the lack of rain, where this is most
essential. The world's shortaye or tood can be noticed all
over the alobe. ‘fhare are a number c¢f investigations, which
all show a catastrophic picture for ihe years to come.

It is alarming to note that theoreticallv., the fcod production
{8 sufficient enough to give all of us o satiszfactory diet.
Even if the main problems ~ those of distribution between
areas of over production and those of shortace - sesn inssluble
there is place for great improvement of the existing
gituation.

In countries which suffer most from focd shortage, it is
commonly found that wastage of foods is in the order of
25-40%. Locally even higher figures are found. The wastage
is to a large extent caused by pests, rodents and climate
conditions. A little less than 50% of the food production
can be classified as highly perishable products, whereas

most foods must be regarded as periszhable products. It is
essential that those classified as hichly perishable products
are preserved in an adequate way. In countries with tropical
climate, the traditional ways of preservation, sun drying

and smoking, very often chande the nutritionai value of the
product in a drastic way. As an exsmyle (i can be mentioned that
during sun drvying of fish, infestation from insects is
reported to lead to 50% change of the original protein content.

Refrigeraticon technolngy ho- a1 vital role ¢»n play iu the
struggle tc solve those problems. The highly perishable
protein rich products shculd be stored and transported under
controlled temperature. Figure 1, clearly illustrates the
benefits of low temperature storage and frozen storage for
such products.

In the shadow of the energy crisis, which recently hit most
countries in the world, it is interesting to note that
refrigeration is one of the cheaper methods of food
preservation. This provided that the aim of the preservation
is to preserve the original quality of the product, with
regard to nutritional value and sensory properties. One

of the main consuming parts of the preservation when comparing
different methods is the packaging material. The energy
needed for the packaging material only when processing a

250 gram pack of peos is illustrated in figure 2.




A comparison between canning and freering taking into

acconrt only the special Frocess ing operatiors (Figpire 3) shows
that canning 1e #lmost ihree t.meu more eXpentive lian Ureezing,

There is very litele doubt  that refrigeration can offer
several advantages in she wWar agjainst waste. This has also
beer realizeq in a nunbey of seantries Yighting this war.

In the first place onn hasg concentrated the avplication of
refrigeration to highly vaivacie preducts, inteaded for axport.,
However, an inerease 1n the use of refriveration »oth for
chilled and frozen rroducts for domestic use czn be noted,

The main problems in the domestic use of refrigeration is
that of the infrastructure,mainly lack ¢f éistribution and
retail equipment. It is tnerefore essential to make a clear
distinction between the use of refrigeration for export and

for domestic use in the initial stage of introducing this
Preservation method.

With regard to the export application, {t is essential to
meet the quality standards, as well as other standards, set
by the importing market demands. This means €.9. that
In-Line Individual Quick 'reezing (IQF) is essential, as

this will give a high quality product, which is more valuable
on the export market. This part of the apolication of
refrigeration thercfore calls for Gophiiticated freezing
methods.,

For the domestic market, where in the initial stage the
distribution ang marketing of the frezen product are leas
developed, there :g no need for a highly Roapnisticated freezing
method to preduce IQF preducts.

It 18 furtheirmore of utmest importance that time igs allowed
for the Planning of the application of refrigeration on new
domestic markets, Therifore 'n trort e Flommng,

freezing ang frozen storace should be used, in order to
Prolong the life of the product and to mike distribution
over longer distances LOSsible. Tro rroduct mav well be
801d in a thawed state. It is alse evident that the frozen
Product can be used for furthey Procensing like, sinoking,
drying and canning. The freezing wil} then ensure a3 aigh
quality raw material for Proc2ssing,  The main ajm to start
with is t¢ fight wastage, ttking care of and utilizing

the protein resources available. During the initial Btage
there will be time to develop the important infrastructure
to a nationwide coverage from the embryos now existing in
the morc urbanized parts e.g. nmajor Cities,




In the following, different types of freezing equipment, as
well as some economic fundamentals will be discussed. Also
some fundamentals on cold storage lay-out and localization,
as well as recent trends in EBurope will be covered.

ELEEZING _METHODS

The development of food freezing during the last 20 years,
has shown a need for standards and definitions for frozen
foods. Such standards ard definitions have been set in a

number of countries and work is carried ocut on an international
basis as well.

In the first place, it is esgsential to distinguish between
freezing and frozen storage. Freezing refers to the actual
freezing process during which the water content of the product
is transferred to ice,the temperature of the product decreasing
from ambient to the storage temperature in question. Frozen
storage is the storage at the constant temperature chosen.

Frozen food must be subjected to a freezing process specially
designed to preserve the quality of the product by minimizing
physical, biochenmical and microbiclogical changes both in the
freezing process and during subsequent storage. The freezing
Process should be carried out in such a way that the zone of
maximum crystallization (~1 - ~597) is passed through rapidly
and the freezing is completed only when the equilibrium
temperature reaches~-18°C. The equilibrium temperature or
levelling out temperature is the temperature cbtained after

thermal stabilization has been achieved under adiabatic
conditions.

In the early days the freezing process took place in the
storage room or in rooms equipped with a surplus of
refrigeration capacity. Very soon specially designed
equipment was introduced - freezing tunnels. Up till now
the freezing process has been carried out batchwise on
racks or trolleys. The development of more sophisticated
methods in the food processing industry have led to an
integration of the freezing process into tne production
line i.e. In-Line Freezing. This concept has become
essential not only from a processing point of view, but
also from a quality as well as an economic point of view.

Besides the In-Line Freezing, recent developments have

given Individually Quick Frozen products. Individual Quick
Freezing (IQF) has given a number of advantages to the
industry as well as to the consumer. A number of products
&re packed prior to freezing. However, this is quite a
disadvantage especiaily when dealing with products with a
short harvesting or processing season.




If those products are to we consumer packed after freezing,
the necessary capacity of the packaging equipment will have
to be very high. In this case products are instead bulk
packed in big palletainers or bags. Then packaging into
retail packages is done off-seasor according to sales.

There are also other advantages like inaependence ¢ changes
in size of packages and the need for different packages on
different markets. A prognosis with regarc to the need for
different Packages on differet markets for a whole year must
be regarded ss almost imposeible.

EBREZING EQuIRMENT

The freezing equipment may be divided .nto the following
groups with regard to the medium of heat transfer:

1. Air - Blast Freezers
2. Metal - Plate Freezers
3. Liquid - Immersion Freezers
4. Boiling Liquid - Liquid Nitrogen ~

Liquid Fluorocarbon Equipment
5. Gas - Carbon Dioxide Freezers

Blast free:zers are used for ail kinds of products, packed
Or unpacked, blocks or IGF products; the plate freezers and
immersion freezers accept only nacked products,and boiling
1iquid freezers are used mainly for IQF products.

All those methods are today used in the food industry, however,
with some concentration o equiprment, which can be !
operated In-Line like autoratic tunnels, belt freezers and !
fluidized bed freezers., Tn a brief summing up, the following

can be said of the basic {undamentals of the different pieces *-
of equipment, :

dr

Because air is the most common freezing medium, a large

range of equipment designs exists, The following main types
can be distinguished:




Storage Room

Blast Room
Stationary Tunnel
Push Thrcugh Tunnel
Automatic Tunnel

°  Belt Freezer

Fluidized bed Freezer

Even if a storage room should not be considered as freezing
equipment, it is sometimes used for this purpose. However,
freezing in a storage room involves so many disadvantages
that it should be used only in exceptional cases. The
freezing is so slow that the quality of almost all products
will suffer. If products are already stored in the room,
their quality ia jeopardized becense flavours may be -
transferred from the warm products to the frozen. Furthermore,

the temperature of the already frozen products may rise
considerably.

As a storage room is not designed for freezing, the evaporators
may frost up so quickly that the total refrigeration capacity
is reduced to belowwhat is required to maintain the storage
temperature. In total this will result in a more expensive

freezing, as compared to freezing utilizing especially
designed equipment.

A blast room usually consists of a storage room in which a
surplus of air coolers have been installed. The air coolers
are equipped with fans, which create some turbulence in the
alr. As there is no control of the air circulation, the
result is a fairly ineffective hcat transfer from the surface
of the product. Consequently, a blast room should not be
used for products with small Ccross sections as during

the slow freezing thev will he exposed tc excessive dehydration
losses.

The stationary freezing tunnel is the simplegt type of
freezer, which can be designed to produce satisfactory
results for the majority of products. It is built up of
an insulated enclosure equipped with refrigeration coils
and fans, which circulate the air in a controlled way over
the products. (Figure 4).




The producte are placed on trays, which are then placed into
& rack in such a4 way that sn air Space is left between every
layer of trays. The racks are moved in and out of the tunnel
manually, 71 ;g important that the racks are Placed in such
A way that the ajir CANNOt Dypass tien.

The stationary freezing +unpey I® an nniversal instrument as
Practically alg products car be frozen by vsing this
eguipment. Whole, sliced or diced veqetables may be frozen

in cartons o unpacked in a 30-40 rm thick laver on the trays.
The slabsg formed when freezing unpacked products are broken

in a Ccluster-bugter and a reasonabla free flowing product

is obtained, Spinach, breceoli, reat patties, fiash fillets,

Prepared foods etc., are tsually frozen packed in this type
of equipment,

By using different types of racks rather thick packages may

frozen ang also whole meat carcases can be handled. 1t
must, however, be cbserved that when changirg from unpacked
to packed products or to a thicker rackage, the freezing
time will increase, which means that the capacity of the
equipment wij) decrease, The design ang construction of the
tunnel is important, in order to obtain as fast freezing as
possible ang t¢ minimize weight losses.

The flexibility of this tyse of freezer makes it very suitable :
during the initial stage of the dcvelopment of a new frozen ;
food market, as broadly sketched above, However, the
flexibility is balanceg % high man power requirements and
considerable weight losses if 1mproper1y used,

s it

A certain degree of nechanization ig achieved in a push-through
tunnel where the racks are fiting With rastors or wheels.

The racks or treolleys are Usually moved on rails hy a pushing
mechanism, which i8 often hydraulic bPowered. (Figure 5).

This type of freezer has gererally the same 2dvantages and
disadvantages as the Stationary tunnel, However, the lakour
Costs can be decreased, pyt the flexibility is somewhat less,

Products wish different (reezing times sheculd have separate
tracks.

The demand for automatic dperation of freezors has led %o

& great variety of desiqgns of freezing tunhels With a higher
degree of mechanizatjcn Buch ag;




The eliding iray freezer, travelling tray freezer, carrier
freezer and the raciprocating spiral freezer.

Basicully the siiding tray freezer consists of one great

rack accommodating many biqg trays on each tier. At one end

of the construction there is an elevating mechanism, which
lifts entering trays to the top tier, where it is pushed

in, forcing all tne other trays on this lier to advance

one step. The tray at the far end iz pushed ontc an elevetor,
which lowers it one tier where this tray is pushed in.

Thus on every odd tier the trays will be advancing and on
tiers with an even number they will be returning. For each
tray that enters all trays will advance one step.

In another version the trays move only on one tier at a
time, which gives almost the same result, This version is
sometimes equipped with a "plate freezer" arrangement on
the first 20-30% of each tier. This eliminates the bulging
of packages, but on the other hand it requires more space.

All mechanisms are usually hydraulically powered. Outside

the freezer enclosure, automatic loading and unloading of

the trays may be arranged. Each tray is exposed to considerable
mechanical stresses, which limits both width and length.

This freezer is therefore suitable for moderate capacities

of intermediate size packages only.

In the travelling tray freezer, the trays are connected to
tWO aturdy roller chains at each end. These are arranged to
move the trays forward to a set of sprockets, which elevate
the trays one tier whilst they maintain their horizontal
position. This type is built as large as those previnusly
mentioned, but require more space because the minimum pitch
between the tiers is decided hy the sprockets which are
200-300 mm dia.

The carrier freezer may be raocgarded as two push through
tunnels on top of rach other. In the top section a ruw of
carriers are pushed forward whilst they are returned in the
lower section. At both ends there are elevating mechanisms.
A carrier is similar to a book case, with shelf levels.

When it is indexed up at the loading end of the freezer,

the product on one shelf at the time is pushed off the shelf
onto a discharge conveyor. When the carrier is indexed up
next time, this shelf is in level with the loading belt
from which new products are transferred to the carrier.
(Figure 6). The carriers may be desgined for almost any
Pitch between the tiers and for any length and width.

This allows maximum compactness. The loading and unloading
may be manual or fully automatic. In the latter case speeds
around 200 packages a minute are achieved, which represents
the highest capacities presently used.



The Sonveying element in the reciprocating spiral freezer
eonsists of two parallel sets of rz1ls. The one set is

fixed. In between there is a set of movable rails. The
Products rese initially on the fixed set. The movable set
lifts the product clear of the fixed set, advances one stroke,
descends to leave the “rodusts resting on the fixed set again
and then returrs to the initial position.

Both sets are arranyed to form a big spiral, the fixed set
Supprorted from an external steel structure and the movable
Set fitted to a central cylinder. Thisg provides a
reciprocating motion arcundg the vertical axig as well as up
and down.

The infeed can be arranged very simply for a range of carton
sizes, Provided the utilization of the conveyor area is
limited, Small items must be placed on trays, which are to

be loagded, unloaded and transferred from outfeed to infeed
Separately,

As the total product load ig accelerated and decelerated
for each stroke, a relatively siow moticn is necessitated.

The freezer ig mainly suitable for intermediate ang large
pPackage sizeg,

Those automatic freecrer designs are Primarily intended for
Packed products. Attampts to freeze unpacked fish fillets,
Meat pattiog ete., 1nd1vidually on the trays invariably have

been only moderately Successful, becauge of a number of
problems,

The products will stick to the trays, causing damage and |
welght losses iy products are removed mechanically. An 1
alternative is (o heat the triys to release the products, :
which requires complicatnd “uipment and causes reduced 3
capacity. Furthermore the trays must be washed after 1
removal of the frozen Product if acceptable hygienic ;
conditions are -, 1, ovtzined, The handling of the trays

from outfeed to infeed of the freezer is Costly whether

it 18 manual or automatic,

There are some principal advantages of Awtomatic air blast
freczers, as compared to automatic plate freezers, which

are usually the alternative, Products of difterent

thickness may be frozen woithep simultaneously Oor in immediate
Succession after each ocher, Furthermore the product

shape does not necd to be square,

The first beit freezers vastically consisted of a megh belt
conveyor in a hlast room, which satisfjeg the need for a
contihuous product flow In-Line Freezing, 1np addition to
the disadvartage of the poor heat transfer in 4 blast room,
aany mechanien) Prodiems  agfag ATORS,




Modern belt freezers normally utilize vertical air flow
forcing the air through the product laver, which creates
good contact with alj} product particles. A condition is,
however, that the product is evenly distributed over the
whole belt area., Where the product layer is thin or non-
existent, there is less recistance to the air, which will
concentrate to these areas and by-pass the thicker product
layer. This phenomeon is =zolle? "chunelling" and may
result in poorly frozen products. Therefore it must be
avoided by careful even spreading ¢f the product across the
total belt width under all operating conditions.

The singie pe: treeser, the muily--tier gejr frevzer ano toe apllal

beltl freezer are ihe main groups af belt fraviers in use today.

The simploest type 1s the single belt freezer consisting
of a single belrt exposed to an updraft of air. It is
suited for relatively dry or deep fried products, which do
not tend to freeze to each other and form clumps, e.q.
fish sticks, french fried potatoes and bakery products.
Wat products tend to form clumps and ice buildsup, which
Jeopardizes the belt life.

For large through~-puts the single belt freezer will require
very large floor space. This is reduced by building several
tiers above each other. This arrangement has annther
advantage in that the product, after beiny surface frozen
on the first belt, may be stacked in a rather deep bed on
the lower belts. Thus the total belt area required is
reduced. (Fiqure 7).

This type of freezer is sui*able for IQF of deep fried fish
tticks, fish portions, bakery produnts etc., whilst the
longer freezing times for packed products in most cases
make them uneconomical to freeze. This s of course even
more pronounced for single bel: freezers.

By stacking up to 30 tiers of the belt above each other,

a minimum of floor space is occupied by the freezer.
(Figure 8). In the most advanced designs of the spiral

belt freezer , a special belt is used, which is wound around
one or more drums. The belt is supported by rails and
driven by the friction against the rotating drum. The belt
is continuous, which means it runs outside the enclosure

at the infeed and outfeed ends of the freezer. This is

an advantage as product transfer points are the most
likely causes of problems. Here the products are placed
on the belt outside the freezer where it can be supervised
and will stay on the same spot until leaving the freezer.
As there ic just one belt, this can be continucusly cleaned
during the freezing process.
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The flexibility 0f the bhelt allews for more than one inp- and
outfeed USing the came belt ang furthermore ip- and outfeed
may be arranged in any direction wanted.

Both uvnpackeq and packed products are fiozen, Typical Products
are neat Patties, fignp caxvs, figh fillets, bakery products,

Al a0 whyen nay te frozen yaw T conked.  Phig freezer gives

a8 very large flexibility with regqard te the product range to

be handleqd.

Fluidization occurs when Farticles of fairly uniforn shape
and size are subjecied to AL apvard aiv gty e, (Figure 9),

At a certain air velocity, the particles will float in the
air strean each oune Separated from the other, but surrcunded
by air ang free to move.

In this state the mass of pParticles can be compared to a fluiq,
If it is helq in a Container, which ig fed on one eng and the
Other engd ig lower, the mass (fluid) wil} move towards the ‘
lower end, as long as more products are added. The product :
is frozen ang siwultaneously conveycd by the same air :
without the aid of mechanical conveyor, (Figure 10).

The use of the fluidizatjor Principles, gives s number of ;
advantagas in comparison with the use of a bels freezer,
The product is always truly .n ividually quick frozen {IQF),

$ applies 3igo to products with 4 tendenay to stick
toqether 2.9. french style graen beans, sliced carrots ang
8liced Cucumbers, The freezer jg totally independent of
fluctuations in load. 1f partly ioaded), the air distribution
€an be the same as for a 7413 load, i.¢., no hazard of
chanelling. If overleoaded o products 73w on to the floor.

e T TEE R,

The reliability when freezing wet rroduces ig greatly
improved because the denp flofdized hag “an accept productsg
with more sirface water. Consequently, there 1s no hazard
of belt damage if 5 dewaterlnq SCreen hreuke 4wn
temporarily.

!
:é
:

The freezer i an In-line Freezer Suitable for vegetables,
fruit ang berries ard also for Procensgesd products,sudwae

french fri.g Potatoes, peeled Conkng shrimps, diced meat,
meat balls, etn,

Metal

In a plate freezer the Product ig Presszed between metal
Plates. fThe refrigerant jig circulated jin channels in the
Plates, which 2ensures 3 Very good heat transfer, This
reflects i, short freezing times, provided the Product
itself i; , qgocd heat conductor, a¢ in the case of figh
fillets oy chonpad 5pinach, However, i, is
that the Packaces are well filled and that p
are not distorteq,

also necessary
etal trays used
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The pressure from the Plater during the freezing eliminates
any "bulging" that may occur in air blast *unnels, Thus the
packages will be even and Square within close tolerances.

Three main types of Plate freezers can be distinguished:namepy
horizontal piate freezer, automatic plate freezer, and vertical
plate freezer.

The Horizontal plate freezer usually has 15-20 Plates. (Figure
11). The procduct is Placed on metal trays which are pushed

in between the plates manually. This means more handling

than is required even for the stationary tunnel. 1In both

cases the product is pPlaced on trays at the end of the
packaging line. The trays are loaded in a rack or on a
trolley, which is transported to the freezer. In the case

of a stationary tunnel, the product is frozen on the rack whilst
another reloading is required for the plate freezer,

In order to obtain automatic operation of a horizontal plate
freezer, the whole battery of plates are movable up and down

in an elevating system. At the level of a loading conveyor

the plates are Separated. Packages which have been accumulated
on the infeed conveyor are pushed in between the plates, thus
#¢® discharging a row of frozen packages at the opposite end

of the plates. This cycle is repeated until a1} frozen
packages have been replaced. Then the space between the

Plates is closed and all Plates are indexed upwards.

The vertical plate freezer was developed in particular for
the purpose of freezing fish at sea. The equipment consists
of a number of vertical freezing plates forming partations
in a container with arn open top. The products are simply
fed from the top and the frozen block is discharged either
to the side, upwards or down through the bottom. Usually
this operation isg mechanized. 1In most cases whole unpacked
fish is frozen but also fillets are frozen. The block
thickness varies between 50~150 mm.

Liguid

For irregularly shaped products e.q. chicken, good heat
transfer can be achieved in an Immersion Freezer. This
equipment is built Up on a tank, containing a cooled brine
€.g. a glycol solution. The product is immersed in the
brine or sprayed whilst conveyed through the tank.




Immersion freczers are most commnonly used for surface
(colourset) freezing of poultry. The final freezing is made
in a separate blast tunnel or during cold storage. The later
alternative, however, involves quality hazards because of
slow freezing of the core,

The product must he brotected by an absolutely tight thick
quality Packaging material. The residue of the brine on the
Package is washed off with water ut the exit of the freezer,

High quality Products require double nandling, which is not
required when using modern al1r blast treezers. These are
most common alternatives as they nowadays have been improved
to satisfy the special demands with regard to the colour
setting of poultry.

Boiling_Liquid

Mainly two liquids or freezants are used, Liquid Nitrogen
(Lﬂz) and Liquid Freon Freezant (LPEY.

Liquid Nitrogen of -196%°% is sprayed into a small single
belt freezer. The nitrogen evaporates and is allowed to
eéscape to the atmosphere after the vapours have been used
for precooling of the products. (Figure 12).

The low temperature gives a fast freezing, whieh can be an
advantage from a quality poiut of view for some products,
but it may also result in cracking of the prroduct surface
if sufficient precautions are not taken.

LNz freezers are often used for surface freezing like the
immersion freezers. 1f final freezing is to be carried out,
the LN consumption is in the order of 1,2 = 2,0 kg per kg
of product, which makes the operaticn too expensive., In
spite of this, the low investment and simple operation makes
this freezer economical for small production rates with a
utilization of less than 500 hours/year.

The Freon freezart is a specialiy purified dichlordi fluor~
methane, which has a boiling point of -300C. The equipment
consists of a container into which the product ig fed and
dropped in a flowing stroeam of freezant. (Figure 13)., Due
to the extremely good heat transfer the surface is frozen
instantaneously so the product may be stacked on a horizontal
freezing belt, where it is sprayed with freezant untjil

completely frozen. A discharge conveyor krings the product
up and out of the freezer,
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On contact with the product, freezant evaporates. The vapours
are recovered by condensation on the surface of refrigerated
coils. Due to the largye difference in deasity between air
and freezant vapour, the later remains in the container with
only marginal losses to the atmosphere.

This freezer is used for products iike corn, beans, shrimps,
and berries. Also products like meat pattiies and fish
fillets may be frozen if sprayed already on the infeed belt,
instead of being dropped into flocwing freevarnt,

A positive separation of even slightly sticky particles when
dropped into the freezant, is one o the main advantages.
Another is the very rapid freezing as the product may be
exposed to freezant spray with programmed intervals. Tt

is possible to freeze faster than with LN;, as product
cracking limits the freezing rate in the later case. Due to
the instantanecusly freezing of the surface, there is no
measureable weight loss, due to dehydration. The operational
costs are close to those of air blast freezers, because the
freezant is recovercd,

Q8N

Also other gases than air (and liquid nitrogen) are used for
freezing. Only recently the carbon dioxide (COz} freezer
has been further developed.

The freezer can be considered a development of a liquid
nitrogen freezer. TInstead of liquid nitrogen, iiquid carbon
dioxide is used as freezant, which is injected directly into
the freezing chamber. Due to its extremely low evaporation
temperature at atmosphoric pressure, liquid nitrogen cannot
in practice be contained in pressure vessels so a certain
loss occurs during distribut.ion and storage. Over and above
what is consumed in: the freezer around 30% is required to
cover these losses. The corresponding loss is very low for
carbon dioxide because it can be contained in vessels at
moderate pressure.

The main difference 1s, however, that carbon dioxide can be
recovered and recondensed in ¢ compression cycle. (Figure
14). This has made large installations economically
possible. 1In order to avoid mixing in of air a slignt
positive pressure is maintained in the freezer chamber,
which means that there is a continuous loss of freezant
vapours, through product entry and exit openings. Thus

the total recovery normally is limited to 80% of the total
amount of carbon dioxide circulated.
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Another important difference is that ¢arbon dioxide does not
oxist am a |iind, but only &s & solid gas or a gas at
atmospheric Dressure, Consequently, the advantages of high
heat transfer due to direct contact berween the liquid
freezant and tire pProduct cannot be achieved,

EQONOMICS

Freezing equipment is at the same tirie the most expensive
and vhe leamt  expensive link of the modern processing chain.
Quite often the freezer represents the iargast 1nvestment

in a modern line, whilst .-: Gperat.ny cost usually is in
the order of only 3-5% of the total. This means that savings
that can ke made in any other Erocessing step often cut
away the totaj freezing cost. 1t is natural therefore that
the attention of management is concentrated on such parts
of the procegs once the freezer is instalilec. The freezer
is given und¢vided attent:ion only before the investment,
Often the main Ltopic is:  "How tn make it cheaper®. Very
often this results in the choice of quipment, which is
quite primitive in design,

In figure 15, it is clearly shown how important it is not

to fall intc this trap. In the diagram the variation in
totel freezing coszt with the number of hours it is utilized
per year is i1llustrated. In the freezing costs, the
investment of the treezer ang engine rnomn, all rower, labour
and maintenance costs are included. 7The weight loss of

the product is shown Separately. These costs are also
compared with the cost for packaging nroducts. 0Of course
the Packaging cose May vary within wide limits, but normally
it is severail times greatecr than the total freezing cost,

One essential factor when cho 'sing freezing equipment ig
that of weight loss,which oc.. .o during freez.ng,

Figure 15 also shows that the weight loss during the
freezing process aay be aimost of the same ovder, as the
cost of Operating the freezer. This applies t» 3 cheap
Product 1like peas. It is of course éven more important
for expensive Frosucte like meat and sea food,

Product losses may be “1vided inve the following categories:
Wastage, mechanical losses

Degrading

Dehydration




Wastage refers to products drcpped %o the fleor, sticking to
conveyor belts, juice dripping etc., all of which are very
specific for each plant. Usually one only needsto walk
along a processing line and watch carefuliy to estabiish
the cause of such losses. i modern freezer should have
almost no losses of this cwteygory,

The second category refers to damage to product, breakage
and similar, which renders the product ursaleable at a top
quality price or it will require cost for reprocessing,
This is usually carefully recorded and analysed in each
pPlant and therefore does not require further comment .

It is primarily the third category that has caused confusion.
The evaporation of water vapours from products during freezing
cannot be seen. 1t becomes evident as [rost on evaporator
surfaces but this may equally well be caused by excessive
ventilation of warm air into the freezer.

A lot of publication space is and has been used for reports
on the new super fast freezing methods, like liquid nitrogen,
liquid Freon and carbon dioxide freezing. These are
comparcd to “conventional air blast freezing" and savings
in weight losses in the order of 3~7% areoften claimed.

For most products such Claims simply disqualify cthe
comparison of being relevant. FEven in the simnles
"conventional air blast freezing equipnent® the above
described batch tunnel, the weight losses should only be in
the order of 1-3% if the freezer is properly designed and
properly operated. It is particularly the late development
towards IQF of hamburgers, fish fillets and similar thin
products, which is being carried out in old tunnels,

designed for cartoned products that create excessive weight
losses.

It should be noted that the still air inside & carton
diffusion-tight or not, often creates larger dehydration
losses than the unpacked products would have had. However,
the frost stays inside the carton. Modern air blast freezers
will give a weight loss in the order of 0,5 - 1,5%.

Many of the claims regarding guality improvements and reduced
weight losses in a cryongenic freezer can be related to the
fact that the modern air blast freezer is of a much more
advanced design than the cryogenic freezer. Every laboratory
can easily arrange freezing of samples in liquid nitrogen,
but there are very few scientific institutions in all of the
world that have equipment to be able to simulate the
conditions in e.g. a commercial fluidized bed freezer. Also
advanced belt freezers offer better heat transfer conditions
than those available in most laboratories.




Consequently, there is often no practical interest in
comparisons of new freezing methods to "conventional air
blast" because this later expression is not usually referring
to ioday's advancecd designs.

The ability of a freezer to produce higher product quality,.
higher product value, is of course, as important as lower
product losses. The freezing method may simply he a condition
for rendering the product saleable. Throughout the frozen
food era, the scientists have stressed the importance of a
fast freezing. However, this Is agair. one factor to which

& number of misconceptions adhere.

Palse economy very srten  impedes  wigdom when searching i
for a cheaper solution to the freezing problem. It must be
remembered that in one week only, a modern freezer will
Produce products of the sare value as the to*al investment
for the freezer. Only a few percent decrease in weight loss
or increase of the sales price of the product will

determine the profit. It is also apparent that one
cannot take any risks with regard to the reliability of the
freezing equipment or variations in capacity. Even very
small differences which cause trouble in production, will
compensate for the difference in pPrice between a primitive
and an advanced freezer design.

LONCLUSION

The selection of freezing equipment must be done with great
attention with regard to the design, way of operation, as
well as economics. Tt must be observed that economics are
not only a question of investment, but of Operation and
maintenance costs. The relial 1lity of the equipment {is

of utmost importance.

Among the equipment described above, some designs will
after further studies crystallize us superior to others.
It is, however, important that such an evaluation bedides
economics and reliability aleo takes the quality of the
finished product into account.

GOLR.ETQRES

The general design of a colgd store is determined by the
requirements of effective and safe handling of merchandized
and suitable storage climate for the products.

Cold stores can be divided jnto production stores and
distribution stores, or a combination of both.




It is very important to investigate the initial and future
role and desired function of the cold store, bzfore making
the lay-out and design. Besides the lay-out and design,
localization is an extremely important factor.

With regard to localizatior the pattern of tonday's society
with an increasing urbanization taking place all over the
world, the agricultural parts of the world, in rost cases,
will be located away {rom the main large consumption areas.
The iatter areas are today to an increasing extent more and
more industrialized and the increase in environtiental
conditions do not allow fur cattle breeding or other
agricultural activities around the large cities.

This has called for the two types of stores - production

and distribution stores. It has become a rule to pnlace

a bulk store at both ends of the main trunk road {.e. in

the area of production as well as in the area of consumption.

Another important factor from a localization point of view
is that roads, railroads and sometimes waterways should be
close by. The production store does not necexsarily have to
be next door to the processor. The most important thing
is that the products can be transported in and out of the
store and that sufficient space is given for the handling
of the products at the premises.

The localization of the distribution store maybe more
debatable This type of store is normally situated in
a& rather large city. The question is, if it should be
placed within the city or on the perirhery of the city.
In many harbour cities of the world, a distribution cold
store has been placed in the harbour, in order to take
care of import and exports »s well.

Taking a clcser look at such a localization,. one can state
that in most cases the harbour is a part of the city.

This means that the traffic to the harbour has to pass
through the city. With the increase in traffic this creates
problems and furthermore large vehicles are to an increasing
extent forbidden in the inner parts ot large cities.

One must also remember that a boat to be unjoaded or
loaded cannot always be anchorsd right outside the harbour

Store, + i : exr . m
cargo uiuflogge'd ?’g%%lgge wﬁél’at bv?ill Dggst:‘gilechfed by a fork
lift truck, placed on a lorry, which will deliver the goods
to the cold store site, where another fork lift truck will
unload the lorry. As this is an expensive piece of
equipment, a fork-lift truck nst urloads

the cargo in the yard and another truck has to bring the
pProducts into the cold store later on.
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The number of lorries and fork 1i1ft trucks involved is heavily
increased as compared to the idzal situation where the boat

is anchored just outside the cold store. Furthermore, the
products may suffer from increase in temperature during
handling and transit outside the refrigerated area.

The alternative to the harbour store i3 a store in the :
periphery of the city. iIn this cese the fork lift truck
londs  on to a larger, preferably refrigerated, lorry,
which takeg the frczen products straight out to the
store through the city. Depending on distance and time for
the transport an insulated vehicle may be used.

i Al e s diieantkes . o

Considering in both cases that tne lorries spend most of
the time standing being loaded or unloaded even a rather
small improvement in the efficiency of the handling at a
more distant store, will compensate for the few minutes extra
it takes to cover the distance. (Figure 16).

In most cases the store will receive and dispatch as much
cargo by road and rail as by ship. The harbour localization
will be a disadvantage in those cases. (Figure 17). Also
another difference between the two localizations will
influence the efficiency of the handling and thereby the

quality, as well as the economics. This being the lay-out
of the store.

The lay-out of the cnld store is influenced not only by the
size and type of operation imt also ty the price of the land.
In the above example of a harbour store versi:s a siore on
the pheriphery of the city, it is likely that the land in
the harbour is more expensive than the land outside the
city. This will, no doubt, influence the lay-out of the
cold store e.g. the area set off for handling will be
smallexr in the harbour and propably one will go for a
multi-storey building. Decisions toth of which wil) infiuence
thea aofiiciency of the ~nld store in a negative way.

Single storey cold stores have proved to be superior to
multi-sioried. The normal arrangement is that rooms are built
side by side between road and railroad and loading ramps.
(Figure 18). Thus all rooms can communicate directly with
the loading barks. Extensions are maf2 by adding new rooms
sidewise and extending loading banks and traffic yards,

The engine room should be placed centrally also after
extensions, in order to avoid long pipe runs. Production
cold stores or bulk stores are today huilt in size of

20 000 - 50 000 m3, but there are some plants in Europe
which have reached the size of more than 200 000 m3. The 3
room size in such bulk stores varies between B00 - 2 000 m”.
In order to keep *“he investment cost down, the room size
should he as big as pessible, but fire risks eet an

upper limit.
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Also from a handling point of view a room can be too large.
The storage height varies from 7,25 m up to 9,25 m, the
latter figure is achieved thanks to be improved lifting
capacity of modern fork 1lif* trucks.

Distribution sto-es are normaily built fo the size of 500 -
10 000 nm®. The turn-over rate is norinally high, which has
great influencec on room sizeg, storage height and lay-out.
In order to keep handling costs down, the storage rooms

are sometimes equipped with special pallet racks and
break-up arrangements. The trend today in the distribution
stores is towards faster product movement, which has made
the handling technigue more and more important. There are
already a number of fully mechanized stores in operation.
The technical approach varies from rather simple equipment
to f:lly automated piant utilizing advanced data

techniques. However, cormon for them all is that they must
be economically justified. Figure 19, illustrates the
variation of operation costs with investment costcand turn-
over. Most of the mechanized stores seem to have a turn
over of at least 30-40 times a year. It is considered that
at least 20 times turn over must be reached before fully
mechanized stores should be considered.

The investment cost per cubic metre storage volume decrecases
with increasing total vdlume. A store of 50 000 m° has half
the investment per cubic metre of a store of 5 000 m3 and
more important approximately half the annual operation cost
per cubic metre. This means that merchandise should be
stored as long as possible in the big stores instead of
being spread out in small expensive depots.

It has until recently been common to erect cold stores
using traditional building techniques using material of
conventional type, bricks and concrete. Today new
techniques with light constructions for storage and
industrial buildings are used. Almost 50% of the American
and 50% of the European new cold stores are built this way.

One example of the light construction building technique
weing nanels as a complete wail element

comprising external cladding, vapour barriar, insulation
and internal cladding. From a technical point of view,

it is a so called sandwich panel, where +he external
facing and vapouvr barriar is a special aluminium sheet
called Kal-Zip and the internal facing is very light
corrugated aluminium sheet. The core is polyurethane foam
with very good insulation and strength properties.
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The panel can be manufactured in one piece in a length up
to 20 metre, with a width of 1,2 metre. Thig means that
all Conventional cold sStores can be built without horizontal
Joints, Furthermore the Size and light weicht of the panels
makes it POsSsible to erect faster than with other panel
systems., 1The Panel can also be used for external roof
insulation without any additional roofing,

There are no wocoden frames or other heat bridges and the
Joints are filled with polyurethane foamed in situe after
erection of the panels. This peans thot the vapour barriar
and insulation are continuous and form a complete unbroken
envelope around the cold store.

Already ten yYears ago the first Screw compressors were used
in Europe for refrigecration arplications. The last years
an increasing number of those units have gone into operation
and a continuous intensive development Program in order to
make them Cempetitive also for emall capacities is ¢oing on,

Refrigeration units can today be purchased as packages ji.e,
Package engine room units containing compressors, vessels,
Controls and electric panels in One unit. After positioning
it is only connected to the condenser and the coolers in

the storage room, Both these units can also be delivered
a8 package units.

The air coolers must Le designed and located so that an even
temperature cap be maintained throughout the store even
under severe conditions and without generating high aiy
velocities in the chambers,

Large eévaporator surfaces, air distributinnp through aiy
ducts or falge cellings hormally ensure this, The air
coolers shonld be located so that they are easy to serve
and in such a way that they cannot he damaged by product
handling. Defrosting ig normally carried cut automatically
with timer oy semiautomdtically by bressing push buttong
when defrosting is desired. This carried out with hot gas
or electrical heaters anaq defrost water is drained away

in heated hoses through the wall Or pumped up on the roof.

In order to improve safety may control easjer ang cheaper
most modern refrigeration plants are automated. The degree
of automation may vary, but normally in the room temperature,
compressor capacity, lubrication, cooling water, defrosting
Pumps, fans, current and voltage of the main supplies are

controlled ang Supervised by central control panel ipn the
engine room.
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SQUSLUSION

Localization and lay-out are vital points in the investigations
to be carried out prior to the building of a cold store.

Modern light industrial constructions utilizing prefabricated

Panels are to be prefered to traditional building techniques
from an economic point of view.

Mechanized stores must work with a very high turn over and
should only be considered on highly developed warkets.




05y83

LIMITED

ID/WG.172/12 Add.1
5 June 1974 * ’

United Nations Industrial Development Organization ORIGINAL: ENGLISH

AFRIFOODS - Regional Consultation on i
Promotional and Technical Aspects of ia
Processing and Packaging Foods for Export ¥

Casablanca, Morocco, 23 - 28 June 1974

MODERN FREEZING METHODS AND
COLD STORE DESIGNl/

Goran LBndahl*

T T B g e

B, e

* Chief, Research and Development Department, Prigoscandia AB, Helsingborg, Sweden,

The views and opinions expressed in this paper are those of the aut
necessarily reflect the views of the Secretariat of UNIDO.
been reproduced without formal editing.

hor and do not
This document has

1d.74-4056









MODERN FREEZING METHODS AND COLD STORE DESIGN

Appendix I
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Fig. 1. Storage life for some perishable products

1. Chicken
2. Beef
3. Fish




Packaging material Energy ipdex
Tin can 7
Glas jar 12
Polyethene laminated paper 3
Polyethene bag 1

Fig. 2. Energy needed for packaging material for a
250 gr pea pack.

Energy index
S Canning Freezing

Freezing - 1
Sterilization 2 -
Cooling 2 -
Packaging 33 13-5
Storage 6 months 0,5 5
Transport 500 km 1 1.1
TOTAL | 385 | 20-12

Fig. J. FEnergy cost *Xpressal as index for canning
and freezing, speciag processsr anly.
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Fig. 5. Push Through Tunnel




Carrier freezer

6.

Fig.

Multi-tier Belt freozor

7.
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Fig. 8. Spiral Belt Freezer




Fluidization Principle.

Fig. 9.

Fluidized Bed Freezer

Fig. 10.
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Fig. 11. Horizontal Plate Freezer, Principle.

Fig. 12. Liquid Nitrogen Freezer, Principle.



Fig. 13, Liquid Freon Freezer, Principle.
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Fluidized Bed Preezer
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Fig. 15. Cost relationship.

A

Time

Fig. 16. Transport and handling time for harbour store
(-=-) and distant store (—).



Long Distance Distribution

Local Distribution

Fig. 17. Product flow for Distribution Store.

Fig. 18. Lay-out of modern single storey cold store.
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Fig. 19. variation of operation costs with investment
cost and turn over for automatic cold store.









