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L INTRODUCTION

To meer the echnelogy tequired for food plants in the 1990s. one must control what phase
moisture appears in the plant. If moistere appears as a solid (ice}, the plant owner will
experience lost production and the inability to fresze a continuous, high quality product. [f
maisture appears in a hiquid form (water} in a food plant, problems with qualitv contrel, poor
sheif iife, and governmental inspecrions are sure to fellow . If moisure appears in a vapor form,

the plant will invariably produce a high guality product with cesultant high profitabiliy,

For the purpose of this presentation, we shall consider lhe three most comrmon areas in food

processing plants:
L The Freezers
i Caolers, Processing and Production Areas
. Special Marerial Holding Coolers

. SPRAYED GLYCOQIL S5VSTEM

Smee oo one has yer invented intelligent air, it soll flows the path of least resistance,

and since water always freazes at 32°F, the best way to handle freezing applications is with a
sprayed system. A sprayed svstem 1S ong i which the evapotator ¢oil 1s continwousty (or
sometimes intermittently) sprayed with a liquid, preventing frost from forming on the coil. Some

peopie have attempted 10 use a salt solution, usueally a salt of sodium chloride, calcmm chloride
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or lithium chloride, With sodium chloride, temperatures are limited o atound -6°F, but its use
is permitted around an edible food product. As for caleium and lithium chloride, there is no
talerance for either one of thess méterials in an edible food product. The biggest problem with
any of the inorganic salt solutions, however, 15 that they are highly corrosive, increasing
mainienance cost and they bave a tendency 10 salt out, thus making them difficult wo operate in

low temperature situations.

Ill. FREEZERS

The simplest and most economical way 10 handle the requirements of a Treezer is with a
continuous glycol sprayed sysiem. The plycol icself is a stable, organic higuid which 1s non-
sorrosive, and, depending upon the operation, has USDA approval for use around open food

preducts. (See Appendix A, A-0}.

Spiral Fraezer applications or continuous bell freezer applications provide ideal sewings for &
glyeol sprayed system., In both cases, they require a constant air temperature leaving the
avaporator and a constant airflow (CEM} to ensure the uniform Freezing conditions necessary 10
produce a high quality producr, Since both systems invalve a constant infeed and outfeed of the
product, there is a continuous moisture load in the freezer due to infiltration as welk as duz 10
maisture lass from the product. The amount of moisture given up by the product depends upon
the nroduct and the rapidity by which it is frozen, while the amount of moismre due 10

infiltration depands upon the conditions outside the freezer box itsel?,



Each 1 degree drop the compressor is below 0°F costs the system a minunum of 2

percent in 1ost compressor capacily:

2 x 0.02 = 0.04, the percant of capacity lost
150 tons x 0.04 = & lost tons per hour
A tons x 2.51 kw/tant x 0.03 kwhr x 22 hrs x 250 days = $4.142
savings by not using hot gas defrost.
1. Miscellaneous Defrosting Costs
Typical installations involving spiral freezers. such as were proposed for the pie line,
have shown that approximatecly every 5 vears major repairs must De made on the
insulated freezer hox and the floor. as well as the spiral freezer mechanism. Similar
installations using a spiral freezer have indicatad thar while using an ntermuttent defrost
methad such as hot gas. an average of 320,000 in maintenance bills are mvolved in
keeping the spiral freezer in operation and the insulated box in good conditien. This
information was noted from & numtber of peaple operating under similar smuariens and
was documented in an article from Bakery Equipment. {Sec Appendix A, A-5). Neither
of these cosrs ($20.000) were noted at plants using glycol defrost methods. This is
obviously becausc no frosting or defrosting occurs. [ know of one installation which has
run 11 straight years withoul any shurdown for maintenance on either the spiral freezer
or on the insulated enclosure,
E. Plant and Product Safery
It is becoming increasingly prevalert for leaks, either of the pinhole or major leak

variety, 1o occur eventually in refrigerarion systerms using an intermitent defrost mechod.

These leaks occur in the coils, piping and finings. This is due to the wemendous shock



ind stress caused when a small amount of liquid s rapped during the hot gas defrost
orocess. A munber of articles have been published by the [IAR which desciibe s
nhenomenon and explain why it occurs. Needless 10 sav, a givcol spraved syseem which
requires no defrosting eliminates this potential hazard. The value of obtaining this safety
faature is undersrmined. (See Appendix A, A-6).

t Sanitation

in the last year or ¢o, thers has been a tendency in many food plams for the local FDA
or USDA inspectors to take swab tests of cvaporator cotls in freezer installations. [
organisms are found on the coils, they require the operator o perntadically clean and
sanitize rhese coils. In any freezer mstallation this is a major underaking because the
freezer mnust be shut down, the evaporator coil must be cleaned of all debris amd then
washed thoroughly with a strong enough hvpochlarite solution 1o ensure the elimination
of the organisms. Chlorides of this strength will most assuredly pit alumioum cols and
will do a rapid job of removing the zinc from standard hot dipped galvanized coils.
Staindess steel coils are not 2 good solution either. The surface of stainless steel 15 very
irregular and the organisms tend o pile up one on top of the other. making 1t possible

to remove only the top layers when cleaning. (8ee Appendix A. A-7).

The contamination of these evaporator coils located in the freezer is a nonmal progression
of the migration of micrcorganisms on asrasols and minute droplets of moisture. Where
the organism attaches itself 10 the dropiet of moisrure, the moisture then flows from an

arga of high vapor pressure to an area of low vapor pressure. which is obviously in the



freezer. Once in the fregzer, the organism has the moisture evaporated from it, becomes
airbarne and generzlly ends up on the wened coil of the evaparator. From this poine, the
organism stays dermant, recovering from the shock of being hydrated and dehydrared,
but ir 15 available for travel in the airstream (o the edible food product. This is why the

evaporator coils in a freezer et extra attention from GOVETMMENT NSPeCtors.

The glycol sprays the evaporatar coil continzously and in effect completely sanitizes the
coll. Over 98 percent of all airborne organisms are removed by the glyeol spray passing
through the sprayv chamber of the glycol cooler. Once in the glycol bath, the organisms
can never get out, never reproduce, and for all intents and purposes, arc inactivated ac
far as the plant sapitation procedurss are concernad. The extra added bepefit from this
self-sarutizing and cleaning procedure is undetermined. (Sge Appendix A, A-8).

(. Aithorne Contaminanon
Listeria monocylogenes cannot be tolerated m 2 food plant. This is both a USDA and
FDA regulation. Recent tests, which are emerging in industty literaure, have mdicated -
that the most overlooked problem in conrrailing Listeria is aicborne contaminanon. Since
the glycal sprayed unit removes 98 percent or more of all aithome microorganisms Irom
an airstream passing through the glycal spray cooler. this localized airbome
conaminarion problem 1= eliminated.

H. Cost Savings
When the above numbers are added up. the pivcol systern, as corppared to hot gas

defraost, offars a savings of $517,792, plus whalever value may be assigned to plant and



V.

product safety, plant samtabion and girborme contaminazion. These savings are certainly

significant ardd dramatically show the cost of frost.

The wetter the plant and the wetter the product. the greater the chance for comamination

to occur. Howaver, no one in a food processing plant can ignore the possibility that the
orgamsm will be found in the product and will cause the unwamed publicity of a recail.

The glycol svstem greatly mimmizes this risk, and this value i5 undetermined.

COOLERS, PROCESSING AND PRODUCTION AREAS

A Cooiers

A darry halding caoler is an 1deal example ot what a modern day cooler 15 all about. The
room must be as close w reezing as possible, let us say 33°F, and 1 must be a5 dry as
possible. There should be ne condensation oo the walls and ceiling, and minimmal
condensation on the floar depending upon the frequency of washdown which is currently
used. In order to obtain this condition, the dew point held in these areas should be
between 20°F and 253°F. When the room is held at this low a dew point, any moisture
which condenses on the floor, wall or ceiling will very rapidly vaporize back into the air
soream.  Since cold-loving organisms such as Listeria monoocyiogenes and Yersima
(salmonella as well} are definilely persona non grata in these areas. the maintenance of
an anvironment which 1s cold and dry will cetmainiy help to eliminare their presence. It
would be ditficult 10 maintain these areas at the 35°F dry bulb, 25°F dew poimt condition

with intermittent defrost systems because the rapid frosting of the coils makes a relatively



constant temperature almast impossible 1o achieve, and the vse of reheat in these areas
i5 definicely not satisfacrary becauss of the rapid gerowth of organisms should they deposit

on the reheat coil.

A comparisen of a typical milk cooler with glycol spray and hot gas defrost coils is

shown in Table &

TABLE 1
MILK COOLER
Glycol Spray
SH 72.2 on
LH 19.2 won DB Dp
7200 ctm m 35°F 24°F
ot 24 .%°F 18°F

reguires 99 ton, 20°F, llcoded NH3
590 #/hr stearn at maximum conditions

HG Deafrost
SH 72.3 ton
LH 19.2 ton DE DF
78,00 cfm 1o 35°F Z24°F
out I18°F 18°F
reheat 25°F

requires 140.4 wn, 12°F, NH3 x 1.25 frost
factor = 175.5 ton H600.6 #/hr steam

The sprayed elycol system's ability 1 control dry bulb and dew pomnt separately has a
definite advantape hare. With an 18°F refrigerant temperaturs, you can have air
discharging from the spray cooler at 25°F dry bulk and 15°F dew point if you carry a

higher concentration of vour glycol liguid. The ability to remove microorganisms from



af air stream passing through the spray chamber of the glycel unic is & big advantage in

this type of area.

It should be kepr 1 mind that even afier cleanup, traffic through an area such as this wiil
produce 1,300 percent more organisms. which are released in the air by the disturbance
on the floor. These erganisms arc picked up by aerosols or minute droplets of moistite
and quickly find their way to the evaporator coil of the glycol sprayed units. (See

Appendix A, A-9).

Seme operatars of milk rooms have recorded an exrra added benefit for keeping their
rooms cold and dry. When lift trucks are operating within the area, thev do not do as
much damage to a dry floor as they do a wet floor. Some operators actually have found
that they can use & treated concrele floor, thereby incurring substantial savings over the
mstallation of a dairy brick flaor.
B. Processing and Production Areas

Any food processing area 15 an ideal application for controlling how meaisture appears in
packaging and production areas. USDA regulations far meat nlants now state that the
room temperature must he S0°F or below, hot water cleanup must occur avery & haurs,
and the room must be free frotn condensation in any form. Another way of saving this
is that the room must be below 50°F, the air must discharge from the evaporatars at a
temperature above the dew point temperature in the room, and the dew point temperaturs

in the room must be below the surface temperature of the product being processed or



packaged.

TABIE 2
Bologna Packing Area

Glycol Spray

SH = 85 won

LE = 7.7 ton DB DP

39000 ¢fm L1} 48°F 16°F
surface emp prod, 18°F out  25.3°F 9°F

requires 107 ton, 15.7°F NH3 L35 #/hr steam at max
conditions

With no P Depression

DB op
1 48°F 1h°F
oL 10°F 9°F
reheat 25 3°F

requires 152 ton, Q°, NI1I3 648 #/hr steam
The above companson 15 based on the assumption that no frost will appear an the coils. The
compensation far frosting would involve more units handling mere air, ele. A wetted coil and
reheat would rapidly increase the presence of organisms within the arez so it would be very

difficult 1o ohtain the desirad conditions without & sprayed coil.

Some companies have determined that since they camnot assure themselves that cross
comtamination will not occur and Bisteria will find its way imo their final packaging area. they
have aempted o make this area &t least as free from orpganisis as possible. The criteria for this
tvpe af final packaging area was selecred a1 40°F OB and 20°F DP. A comparison was made

between a refrigeration unit with filters, plus 2 desiccam wheel, as compared with a pivcol



sprayed dehumidification system. The results are shown in Table 3. (See Appendix A, A-10)

Summer Winter
Glycol spray system $ 187,000 5 35,008
Filier coils, dasiccant system $ 368,000 519,400

TABLE 3

C. Why Celd and Diry
The main task of the food producer is to ger their product o the consumer before
microorganisms can socll it, Therefore, they should process the produst in an
gnvironment which 15 not conducive o microorganism growth, Moisture 1s necessary for
an organism to assimilate its bodily functions, and the colder the environmernr, the less
chance the organism has 1o reproduce. Before the discovery of such cold-loving
argamisms as Listeria and Yersina, a 3°F room temperature was deemed sufficient 1o
retard the arowth of pathagems -::rganis:ﬁs and cerainly slow down the growth of
spoilage orgzoisms. Now the World Heal:h Organizanen (WHO) as well as other
responsible agencies, are supgesting that "cold and dry" mezns as close o freezing as
passible, say, 35°F, with dry meaning the dew paint in the arga should he below the

surface temperature of the product being processed. (See Appendix A, A-11).

V. SPECTAL MATERIAL HOLDING COOLERS

Most meat plants are very particular about how they stors their raw mararials prior

orocessing. A normal specification for such an area would be dry oulb temperatures between



28°F and 32°F, with a minimum relative humidity of 80 percenr, The higher the retative
humidity, the better from a shrinkage standpoint of the product. Since a sprayed glyeol sysiem
can be made to discharge the air at 96 percent relative humidity, one need oniy select the proper
glycol spray cooler at a 3°F or 4°F TI» to pick up the sensible heat load, and the air being
discharped wili be at a continucus 96 percent relative humidity, thus ensuring that you ¢an hoid
the area at the minimum relatve humidity desired. The ability of the glyveol system o conirod
the airborne organisms minimizes the chances that the product, while being hzld at the desired
condinens, will nol have problems with organism conamination. This is not rrue of an
intermittent defrost unit since the frosting an the coils would not onlv cause problems with
comrrolling the dry buib and dew point within the afﬂa, but would act as 2 home for any

organisms which find their way into the material halding cooler.

VI. COMNCLUSION

When moisture in & vapor phase appears in a food plant, the plant operazes smoothly, When
moisture appears as a solid, the plam pays a large penalty in lost production, high energy cost,
and oroblems with piant safery and saniaoen. When moisture apoears as a liguid, problems with

shelf life and microorganisms ultimately follow.

The only way 1o insure plant operation in the vapor phase is to eliminate moisture as a factor by
using a glvcol spray system which possesses the ability o obtain a dew point depression when

necessary. The ability ro conrrol dry hulb and dew point separately is a must.



Plant safaty must never be overiooked. The necessary steps to hot gas defrost a ¢oil properly
should be followed (See Appendix A, A-12) are named. The glycel spray methods are also

mentioned. Essennally, you have a choice: you can pray, Of Yol Can Spray.



