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The use of refrigeration equipment
for controlling temperature and hu
midity in potato storages is not widely
used at present. Experimental stor
age of small lots and observations
in a commercial refrigerated storage
confirm, however, that reductions in
shrinkage from 5 or 6 per cent to as
low as 1.7 per cent can be achieved
with temperature controlled at 40°
F. and relative humidity at 85 to 90
per cent.

In areas experiencing mild winters
and warm spring weather, the ex
tended storage life can permit the
marketing ol quality potatoes well
into the normal season for early po
tatoes. When the storage of seed po
tatoes is considered, refrigerated stor
age has a distinct advantage since
sprouting can be prevented without
the use of inhibitors. This allows the
grower to dispose of his crop at peak
prices. Obviously, all growers in an
area could not benefit from an ex
tended marketing period but at least
some growers could do well to have
a portion of their crop stored under
retrigeration. For a 500 ton storage
unit annual maintenance and oper
ating costs for the refrigeration equip
ment will be between $1.50 and $2.00
per ton. The cost of insulation is not
chargeable to refrigeration since an
ordinary potato storage must also be
adequately insulated. Design and con
struction features requiring special
attention for refrigerated storages are
outlined in more detail and experi
mental data on ventilating air press
ure drops and the relationship be
tween ventilating rates and cooling
rates are presented.

GENERAL REQUIREMENTS
Space requirements, wall, floor and

roof construction, and structural loads
are the same as those used for venti
lated storages. Talburt and Smith (4)
discuss various construction require
ments for modern ventilated storages.
Special attention should be given the
iollowing construction and design
factors.

Layout

Any insulated storage room could
serve for a refrigerated storage. For
efficient handling and economical
operation, however, the storage should

be divided into two or three compart
ments which are easily accessible irom
tne outside by truck and loading con
veyor. Oividing the storage area into
separate compartments makes it pos
sible to refrigerate only that volume
occupied by potatoes, i he result is a
saving in size of refrigeration equip
ment required. Arranging the com
partments to extend tne lull length
of the building with entrance doors
at one or botn ends appears to be
the most eificient layout but placing
the entrance doors in the side wall
and extending the bins acros the
width of the building also would be
satisfactory.

Regardless of the type of layout,
doors wide enough to handle stan
dard unloading conveyors (usually 20
or 24 inches wide) should be placed
in the floor parallel to the longti-
tudinal axis of the bin. Layer and
Boyd (3) recommend that ventilation
ducts be placed from 8 to 12 feet
apart. This spacing reduces the
amount of potatoes that must be
moved out by hand and if the duct
is used for ventilation more uniform
air distribution throughout the po-
ttato pile will result.

Doors , i

Refrigerator type doors at least 8
feet by 10 feet, sturdily built and in
sulated are essential. The doors
should be provided with gaskets or
weather stripping and heavy hinges
to minimize air leakage.

Insulation

Insulation is required to prevent
condensation on inside building sur
faces during cold weather, freezing of
the potato pile during extreme
weather and to reduce the infiltered
heat load during warm weather. The
amount of insulation depends on the
local ambient temperatures and the
degree of quality control required. In
general, the more insulation that is
provided the more stable are humidi
ties and temperatures within the stor
age.

If the storage is to be held at 40°
F. and 90 per cent relative humidity
condensation is likely to occur when
wall and ceiling surfaces drop to the
dew point temperature of 37° F.
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Safe outside air temperature can be
calculated from the equation

R Ks ti - t, (1)

ti - ts

where R = total wall resistance
Rs = surface film resistance

ti—to = temperature difference
between storage tem
perature and ambient.

ti—ts = temperature drop ac
ross surface film

It is assumed in equation (1) that
the amount of heat transferred
through each section of a wall is con
stant. Using the inside film coefficient
ti = 1.6 then the surface film re
sistance Rs = 1 — 0.625. The value

1.6

of R will depend on the type of con
struction and thickness of insulation.
When ti - ts = 3° F. the overall
temperature differential ti — to will
be 43° F. for most standard wall and
ceiling construction containing 2
inches of insulation (R = 9.1) (2).
Therefore, provided outside tempera
tures remain above —3° F. condensa
tion is not expected when there is at
least 2 inches of insulation. This cal
culation has considered only the effect
of insulation on condensation control.
The effect of insulation on refrigera
tion capacity is discussed later.

Vapor Barriers

High storage humidities and insu
lated walls require suitable vapor bar
riers for condensation control. The
vapor barrier must be on the warm
side of the wall to be effective. During
the normal storage season in Cana
dian potato growing areas the warm
side of the wall changes from outside
to inside the storage and then to out
side again in the spring. An obvious
solution might be to place a vapor
barrier on both sides. If this is done,
extraordinary care is required for its
installation since the vapor barrier
must be perfect when used in this
way. This means that metal foils or
sheet metals sealed at the joints and
to any wall opening would be re
quired. Unless this is done moisture
accumulation within the wall could
result. The Canadian Division of
Building Research advises, that to
control vapor movement in a wall,
the permeability of the vapor barrier



on the warm side should be one quar
ter the permeability of the material
used on the cold side of the wall.

Another possibility but also expen
sive is the construction of a double
wrall with an air space between. The
air space is heated to a temperature
about 5 degrees above the storage
temperature. The warm side contain
ing the vapor barrier is now the out
side of the inside storage wall.

A compromise solution is probably
more satisfactory. This involves a
study of vapor pressure differences
and their duration.

The most probable temperature
and humidities for the entire storage
season are obtained from weather rec

ords of the area in which the storage
is to be located. The vapor pressures
are plotted on graph paper for each
month of storage which will probably
be from September or October to
April or May. The storage vapor
pressure will remain essentially con
stant while average ambient vapor
pressures vary from month to month.
When the cumulative ambient vapor
pressure is greater than the storage
pressure, the vapor barrier is placed
on the inside of the wall.
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Figure I. Average Ambient Pressure During Storage
Season.

Figure 1. shows conditions for a
storage in the Lower Fraser Valley
and in the Maritimes. If the storage
season is longer than November to
April the graph indicates that the
vapor barrier should be placed on the
outside of the storage for the Lower
Fraser Valley and on the inside for
the Maritimes and other Canadian

areas. Storage seasons of shorter dura
tion are not practical from a refriger
ation standpoint.

To protect the continuity of the
vapor barrier electrical conduit
should be fastened to the wall sur

face. Ordinary cladding materials
such as siding, shiplap or plywood
have considerable moisture storage
capacity. This provides inertia to
vapor transfer and unless a reversal

of expected conditions occurs for an
extended time period, condensation
within the wall should not be trouble
some.

DESIGN REQUIREMENTS

Effective design of a refrigeration
system for any particular storage in
volves the estimation of a number of

operating conditions. The following
topics are a lew important relation
ships affecting the system.

Field Heal

The quantity of heat stored in the
potatoes above the final storage tem
perature is called the field heat. This
heat will vary with the locality and
the time of year in which potatoes
are placed in storage. Since the
specific heat of potatoes is approxi
mately 0.77 this creates a high initial
load on the refrigeration system. Ar
ranging the ventilating system so that
cool night air is drawn into the stor
age is one way of reducing the refrig
eration load. Special care is required
to avoid reheating the storage when
the limit of night time cooling is
reached. Dividing the storage into
compartments is also an advantage
since the total volume of the storage
need not be cooled at the same time.

Heat of Respiration

The heat of respiration produces a
continuing load on the refrigeration
system. The rate of respiration is a
function of temperature of the pro
duct. At 70° F. the average rate is
2850 BTU per ton per day while at
40° F. the average is 1430 BTU per
ton per day (8). If the refrigeration
system is not sized to remove the re
spired heat at the high rate, cooling
of the storage will be impossible.

Storage Environment

It has already been shown that re
ducing the temperature of the potato
depresses the respiration rate thus in
creasing the storage life. At 40° F.
and 85 to 90 per cent relative humid
ity, sprouting has been prevented for
as long as 12 months and weight
losses held at 1.7 per cent in 6 months
of storage (6). Temperatures below
50° F., however, promote the conver
sion of starch into sugars. While this
has no effect on quality for seed or
table stock it does cause an objection
able darkening of potato chips. For
this reason refrigerated storages are
not likely to gain acceptance where
the bulk of the potato crop is util
ized by the chipping industry. Some
varieties such as Kennebec when held

at 70° F. for two or three weeks will

recover their frying quality.
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To maintain high humidities in a
refrigerated storage, the temperature
differential between coil surface and
storage air must be kept small to pre
vent excessive condensation and dry
ing of the air. To compensate for this
small temperature differential rela
tively large cooling coils are needed
to effect the required heat transfer.

Refrigerant System Sizing

The variation of infiltered heat
load with different thickness of in
sulation for three different tempera
ture differentials (ambient minus
storage temperature) are shown in
Figure 2. The heat load values are
based on a 500 ton storage 40 feet by
70 feet with 12 foot high walls. Con
struction consists of °/g" plywood and

Figure 2. Refrigeration Load on 50.0 Ton Potato
Storage Dje to Infiltered Heat.

building paper exterior, the stud
space filled with various thicknesses
of insulation (K = 0.27) and lined
on the inside with a vapor barrier and
1/4" plywood. Roof construction is
similar except that asphalt roofing is
used in addition. Heat transmission

values are taken from the Division

of Building Research report number
7 (2). The different values of heat
conduction between wall and ceiling
are slight for similar quantities of in
sulation.

In addition to the infiltered heat

load it will be necessary to remove the
heat of respiration which amounts to
approximately 1430 BTU per ton per
day at 40° F. For a 500 ton storage
this heat load is 1430><500=716,000
BTU per day or is equivalent to 716,-
000 ~ 288,000 = 2.5 tons of refriger
ation. This is also equivalent to cool
ing one-half the storage from 70° F.

Freon 12, evaporating at 35° F. and
condensing at 80° F. uses approxi
mately 1.0 H.P. per ton of refrigera
tion (5). The usual practice is to
have the compressor operate only 16
hours a day. Therefore, the horse
power requirements for different am
bient conditions and insulation thick
ness can be determined from Figure 2.



Assuming ambient conditons of 70°
F. and 3 inches of insulation Figure 2
shows that lor At = 30° F. 1.2 tons
of refrigeration are required to re
move infiltered heat. Total power re

quired is (2.5 + 1.2) 1.0 /24\_
1.16/

5.5 H.P. This size of refrigeration
equipment has been used successfully
in the Fraser Valley.

Insulation requirements are 3
inches or more for economical sized
refrigeration units. At the same time
this thickness will prevent condensa
tion on wall and building surfaces.
It should be emphasized that this in
sulation cost is required whether the
storage is refrigerated or not. The
cost directly incurred for refrigeration
will be the refrigeration unit itself.

Current prices indicate that a 3
H.P. refrigeration system can be in
stalled for $2,500. In the example-
chosen the annual cost of the refrig
eration unit allowing a 13-year de
preciation period would be approxi
mately 75 cents per ton per year.
Power costs vary with the locality and
ambient temperatures but should ave
rage about 10 cents per ton per
month.

Pressure Drops

Ventilating air can be circulated
over the top of the potato pile and
cooling allowed to take place by nat
ural convection. A more efficient ar

rangement is to circulate the air
through floor ducts as in conven
tional potato storages. Figure 3. shows
the relationship of ventilating rates
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Figure 3. Resistance of Potatoes to Air Flow.

and pressure drops in potatoes (7).
The pressure drops in inches of water
per foot of depth are shown, with
ventilating rates given as cubic feet
per minute per square foot of storage

floor area. Ventilating rates can be
converted to c.f.m. per cwt. by the
following relationship.

/ (2)y
" .428 d

where V = volume per cwt.
v = c.f.m. /sq. ft.
d = depth of potato pile ft.

.428 = cwt./sq. ft. per foot depth

Pressure drops are similar to those
for ear corn which is reasonable since

the two products have similar shapes.
The relationship of pressure drop to
ventilating rate can be expressed in
equation form v = 345 p -562 (3)
where p = pressure drop, inches of

water per foot of depth,
and v as previously defined.

Cooling Rates

The time required to bring various
depths of potatoes to 90 per cent of
the potential cooling with different
ventilating rates are shown in Figure
4. (7). The potential cooling is the
difference between the initial potato
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Figure 4. lime Required to Utilize 90% of the
Cooling Potential at Various Rates of Air Flow
and Pile Depths.

temperature and the temperature of
the entering air. Experimental results
at the 4 inch, 2 foot and 4 foot depth
check very closely with values predict
ed by Schuamann's temperature his
tory of solids (1). Predicted values
lor the 8 foot and 12 foot depth are,
therefore, considered to be reasonable.
It should be noted that the region
where the curves change slope corres
ponds to the currently recommended
ventilating rates for potato storage.
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CONCLUSIONS

Refrigerated storages have certain
benefits but are not likely to gain
widespread acceptance for large stor
ages although the use of refrigeration
for small storages appears justifiable.

The type of building required for
ventilated storages will serve equally
well for refrigerated storage provided
insulation is adequate. Dividing the
storage into separated compartments
is desirable from the standpoint of
selecting smaller refrigeration units.

Experimental and calculated data
show how cooling rates at various
storage depths vary with rate of air
flow.'

Pressure drop per foot of depth
varies approximately as the square of
the ventilation rate.
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