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1. General

Buildings are used for storing crops for varying periods
and at differing times of the year, either as an aid to
marketing or in order to condition crops prior to sale or
storage. The environments maintained inside such
buildings vary widely, being closely related to the variety
of the crop and the purpose of storage.

Whilst storage and conditioning buildings are designed to
limit biological processes, i.e. to control ripening and
maintain crops in a ‘fresh’ condition for as long as possible,
processing buildings are designed to promote and control
specific biological processes in crops, so as to bring about
a change of condition.

Clauses 3 to 7 deal with storage and conditioning buildings
of four different types and give the recommended
environmental conditions for individual crops appropriate
to each type. Clauses 8 and 9 deal with processing
buildings.

2. Types of store

Crop storage buildings may be classlfled according to the
type of building and the type of crop stored in it,
as follows.

Type of building

(a) Storage and
conditioning buildings

{1) Ventilated stores
{i} Bulk stores

Type of crop

Potatoes, onions, carrots,

(see 3.2} ted beet
(ii) Pallet stores Farm crops generally
(see 3.3) (e.g. vegetables)

(2) Cool stores
(see clause 4)

Horticultural crops generally
(e.g. vegetables, soft fruit,
flowers)

(3) Controlled Apples, pears
atmosphere stores
{see clause 5)

(4) Grain stores
(see clause 7)

(b) Processing buildings ,
(1) Silage stores Grass and some other leaf
(see clause 8) crops
{2} Chitting houses Seed potatoes
(see clause 9)

Cereals and other seeds

3. Ventilated stores

3.1 General. In ventilated stores cooling and conditioning
is effected by ambient air being drawn from outside the
building and passed through the stored crop, either
naturally by convective flow from the respiration of the
crop, or forced by intake/extract fans. Ventilated stores
are generally used for those crops not needing close
environmental control {i.e, in bins, pallets or trays) and
for bulk storage (e.g. of potatoes and onions) with the
incorporation of ducts beneath the stacks. Insulation and
draught sealing are usually needed to maintain optimum
temperatures and prevent contact freezing.

3.2 Bulk stores

3.2.1 Dimensions. The dimensions of bulk stores should
be determined by criteria that include avoidance of crop
damage due to internal pressures, achievement of a uniform
ventilation rate throughout the stack, and general
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managemenit techniques. Recommended maximum heights
for bulk storage are given in table 1. These figures are a
general guide: the use of greater storage heights necessitates
calculation of the airflow to be produced by ventilation
equipment, and management considerations of crop
quality. A clear height above the stack should be allowed
for inspection and for access of loading machinery.
3.2.2 Airflow rates. Stored crops need air movement
chiefly for the following purposes:

(a) to remove field heat;

{b) to remove heat produced by the crop in store;

{c) to dry or condition the crop;

(d) to equalize temperature throughout the store;

(e) to maintain a partiéular temperature,
The airflow rate may therefore vary considerably during
the storage period, but, as a guide, some typical values
are given in table 1.
3.2.3 Store ductwork. Forced air ventilation is generally
based on a main duct and lateral duct grid, with on/off
controls to the laterals. Duct sizes and layout and the
design and positioning of inlets and outlets should be
chosen to give the desired airflow rate.
Air speeds in the ducts should not exceed 10 m/s.

Main ducts may be free standing or sited adjacent to,

or incorporated in, external wall structures, or set

beneath the floor slab. Sizes should be determined by the
desired airflow rates, but a minimum of 1.3 m high X 0.8 m
wide should be allowed for the access of a man,

Lateral duct sizing and positioning are also dependent
on airflow rates and the type and condition of the crop.
Recommended spacings of laterals are given in table 1.

Table 1. Recommended maximum storage heights
and spacing of duct laterals, and typical airflow
rates, for bulk stored crops

Crop Maximum | Spacing Typical airflow
storage of duct rates per tonne
height laterals of crop
m m m3 /s

Carrots | 3.0 2.0 0.025 to 0.050

Onions 3.0 1.0 0.045 t0 0.120

Potatoes | 4.0 2.0 0.005 to 0.020

Red beet | 3.0 1.6 0.055 to 0.070

3.2.4 Supplementary equipment. Depending upon the
range of storage conditions to be achieved, consideration
should be given to the provision in the fan duct of heaters,
cooling coils, humidifiers, applicators for sprout
suppressant, etc.

3.2.5 Design data. Loading and storage data are given in
clause 12 of BS 56502 : Section 1.2 : 1980 and in table 4
of this Section, respectively. Practical storage conditions
for bulk stored crops and recommended thermal trans-
mittances for stores are given in table 2. The rates of
production of heat by particular crops at a range of
storage temperatures are given in table 9 and suggested
design cooling times in table 10.

3.3 Pallet and container stores

3.3.1 General. Container and pallet sizes deterD@@u ments

module and ruling dimensions. Stackin: fie/ghts and
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densities vary with containers, and the minimum free air
space for ventilation between containers should be
determined by the capacity of the conditioning control
equipment. Information on pallets for materials handling
is given in BS 2629.

Table 2. Practical storage conditions for bulk
stored crops and recommended maximum
thermal transmittances for stores

Crop Storage conditions Maximal thermal
transmittance, U
Tempera- Relative
ture humidity Walls Roof
°c % W/(m? K) [ W/(m? K)
Carrots "Oto2 95 to 100 | 0.4 1.0
Onions -1to 0 70t0 80 | 0.4 1.0
Potatoes
Ware,
canning®| 4to7 90t0 95 | 0.6 1.0
Crisping®| 7t010 {95to 100| 0.6 1.0
Redbeet | 1t03 95 to 100 | 0.4 1.0

*Sprout suppressant necessary.

NOTE. For crops harvested in-a wet condition it may be necessary
to raise store temperatures for an initial drying period. Potatoes
inevitably suffer some degree of mechanical damage during
harvesting and transport to the store, and to seal these wounds

the crop is usually subjected to a ‘curing’ period of 10 days to

14 days at 10 °C to 15°C and 90 % to 95 % relative humidity.

Pallet stores differ from bulk stores in-that their walls need
not be thrust-resisting, and on-floor or under-floor duct-
work is not required. Air is circulated around boxes or
containers to control crop temperature, and not blown
through the crop as in bulk storage. Air-conditioning
equipment should be provided to suit the storage conditions
of the crop concerned. Ventilation systems usually allow
for considerable re-circulation of internal air, and should
provide precise control over the inflow of external air.
Wide access doors should be provided to facilitate loading
and unloading.

3.3.2 Design data. Loading and storage data are given in
clause 12 of BS 56502 : Section 1.2 : 1980 and in table 4
of this Section respectively. Recommended storage
conditions are given in table 5. Wall and roof constructions
should have thermal transmittances not exceeding

1.0 W/(m? K). The rates of production of heat by
particular crops at a range of storage temperatures are
given in table 9 and suggested design cooling times in

table 10.

4, Cool stores

4.1 General. In cool stores cooling rates and storage
temperatures are controlled by the incorporation of
refrigeration into a forced air system. Ventilation inlet
and extract ductwork is arranged so that all or some of
the air inside the store can be recirculated. Cool stores
are generally used for those crops requiring special treat-
ment or close environmental control {e.g. soft fruit).
The store design, selection of equipment, insulation and
monitoring devices are all critical in achieving these
conditions. Recommended maximum thermal trans-
mittances for the floor, walls and roofs at various
operating temperatures are given in table 3. These are
average values for the complete element taking into
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account losses through doors, floor edges, etc.

Heating elements may be incorporated for use in special
treatment processes (e.g. for bulbs) (see table 8).

Table 3. Recommended maximum thermal
transmittances for cool stores

Store operating temperature Maximum thermal
transmittance, U
Walls/ceiling/roof Floor

°c W/(m? K) W/(m? K)

Above 4,5 10 N/A

3.6t04.b 0.6 N/A

Below 3.5 0.4 0.8

Below 3.5, where critical

limits of 0.6 are essential | 0.3 04

NOTE. At temperatures below -6 °C precautions should be taken
to prevent freezing of soil below floors and consideration should
be given to the effect of this on the overall load-carrying capacity

9f the floor.

Ny

4.2 Storage of vegetables and fruit. The storage life of
most vegetables and fruit is largely dependent on their
rate of respiration: the higher the rate, the shorter the
storage life. Respiration rates decrease with decreasing
temperature, so most vegetables and fruits should be
cooled as quickly as possible immediately after harvest
and stored at 1 °C to 2 °C. Further, as they usually lose
moisture rapidly to air that is not saturated with water
vapour, most vegetables and fruit should be stored in
air that has a high relative humidity.

Table 4. Storage volumes of fruit and vegetables

Crop Volume of crop Typical stored
in bulk volume
m? /t m3 /t
Fruit
Apples 1.90 3.70 (b)
4.40 (bb)
Blackcurrants — 6.40 (t)
Cherries, sweet 2.46 -
Gooseberries 2.05 —
Pears 1.59 3.10 (b)
Raspberries - 7.60 (t)
Strawberries 2,18 8.81 (t)
Tomatoes 244 5.92 (c)
Vegetables
Cabbages, savoy 3.67 t0 4.18 —
Cabbages, spring 6.3 -
Cabbages, winter
white 2.65 4.07 (b)
Carrots 1.70 to 1.84 2.63 (b)
Cauliflowers 2.25 10 4.50 —
Lettuces 4.03 to 5,68 10.69 (c)
Onions 1.8 to02.83 3.85 (b)
Peppers 4.88 11.84 (c)
Potatoes 1.42 to 1.69 2.26 to 2.54 (b}
Red beet (baby) 1.46 -
Red beet (mature} | 1.70 2,69 to 3.00 (b)
Sprouts 2.27 D mm_e_n.tﬁ
(b) = bulk bins {c) caitong
{bb) = bushel boxes (t} = trays

"_—“——‘
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4.3 Design data, Loading and storage data are given in
clause 12 of BS 55602 : Section 1.2 ;: 1980 and in table 4
of this Section,.respectively. Recommended storage
conditions for fruit and vegetables are given in table 5.
Typical storage data for cut flowers, nursery stock and
bulbs are given in tables 6, 7 and 8, respectively.

The rates of production of heat by particular crops at a
range of storage temperatures are given in table 9

and suggested design cooling times in table 10. The rates
of production of carbon dioxide by some crops in air
are given in table 13.

Table 5. Recommended storage conditions for
fruit and vegetables

Table 8. Typical storage data for bulbs

SECx2.3 41 WM 1kL24bb9 0012471 2 N

Crop Tempera- Relative
ture humidity
°c %

Onions, bulb -1to0 70 to 80

Asparagus, broad beans, cabbages, | ’

carrots, cauliflowers, celery, leeks,

lettuces, salad onions, parsnips,

peas, rhubarb, spinach, sprouts,

sweet corn, water cress; soft fruit

{strawberries, raspberries, etc.) 0to 2 95 to 100

Red beet 3 95 to 100

Beans, runner and dwarf 4107 95 to 100

Potatoes, canning and main crop®| 7 90 to 95

Tomatoes _ 8 85

Cucumbers, melons, peppers,

courgettes, marrows 71010 | 95 to 100

Potatoes, crisping® 10 95 to 100

*Sprout suppressant necessary.

Table 6. Typical storage data for cut flowers

during June to November

Crop Tempera- | Relative Store life

ture humidity

°c %
Anemones 7 90to 95 | 1 day to 2 days
Chrysanthemums 0 to 2 90 to 95 | 3 weeks to 6 weeks
Narcissi 0 90 to 95 | 10 days to 21 days
Tulips 0 90 to 95 | 4 weeks to 8 weeks

Table 7. Typical storage data for nursery stock

Crop Temperature Relative Store life
humidity
°c % months
Shrubs 0 90 to 95 4t05
Cuttings 0 90 to 95 5t06

|£LI|| document details: B§-5502-2-2.3:1981

(planting stock)
Crop Temperature "Relative ) Store lifé
humidity
°c %

Gladioli

For 7 days

after lifting | 2b — September

Thereafter | 10 t0.13 75 September

' . to March

Irises (see note 1) | (see note 1) | {see note 1}
Narcissi 18 75 August
Tulips, 20 (see 75 June
normal notes 3 to November
varieties and 4)
(see note 2)

NOTE 1. The storage procedure for irises is com'plex: specialist
advice should be sought.

NOTE 2. Varieties that divide excessively {splitters) are stored at
temperatures down to 17 °C in September. Varieties that produce
few and overlarge bulbs {bulkers) are stored at temperatures up to
25°C to 27 °C in September.

NOTE 3. A storage temperature of 23 °C retards emergence and
averts winter damage.

NOTE 4. The storage temperature is lowered to 17 °C for one
month before planting.

5. Controlled atmosphere stores

5.1 General. The_quality of some stored crops ]
(e.g. varieties of apples and pears) is enhanced by control-

ling the concentration of certain atmospheric gases. In this
type of store the control equipment is incorporated within

the cool store installation. Complete gas-tlght sealing of
all elements of the store is essential.

- B.2 Gas seals. Walls, floors, roofs, doors, hatches and pipe

and cable entries in the structure of a controlled atmos-
phere chamber should be sealed against the passage of
atmospheric gases. For most purposes the quality of gas
sealing should be such that a pressure of 178 Pa created
inside the chamber does not fall below 127 Pa within a
period of 7 min.
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. Table 9. Maximum rates of production of heat due to respiration in air
Crop ) Maximum rate of production of heat Specific heat
at a temperature of
o°c 5°C 10°C |18°C | 20°C
W/t W/t W/t W/t W/t kJ/{kg K)
Fruit
Apples 10 19 30 39 46 | 3.64
Blackberries 63 94 177 214 444 | 3.68
Blackcurrants 45 77 111 257 372 | 3.68
Cherries, sweet 16 47 91 130 160 | 3.62
Grapefruit - 19 30 48 78 | 3.81
Gooseberries : 26 49 75 92 100 | 3.81
Oranges 14 23 38 63 103 | 3.77
Pears 11 39 73 110 156 | 3.60
Plums 18 36 63 105 165 | 3.73
Raspberries 69 158 202 389 | 576 | 3.56
Rhubarb, forced 40 60 100 126 165 | 4.02
’ Strawberries 43 80 147 245 374 | 3.85
4 Strawberry plants 34 — — — - —
Tomatoes : 17 26 43 66 86 | 3.98
Vegetables
Artichokes 100 140 212 330 533 | 3.64
Asparagus 80 126 180 300 363 | 3.94
Beans, broad .. 104 1656 259 357 432 | —
Beans, runner _ 63 83 107 161 269 | 3.81
Brussels sprouts b1 89 149 223 268 | 3.68
Cabbages, primo 33 77 89 110 119 | 3.94
Cabbages, January king 18 39 48 98 170 | 3.94
Cabbages, winter white 9 21 24 .39 60 | 3.94
Calabrese 125 173 313 596 715 | —
Carrots (without tops) 39 51 57 71 98 | 3.81 °
Carrots (immature with tops) 104 152 220 316 360 | 3.81
Cauliflowers 60 101 134 199 375 | 3.89
-Celery 21 27 36 44 98 | 3.98
Cucumbers 17 22 37 40 42 | 4.06
Green peppers 23 31 57 63 100 | 3.94
Leeks 60 83 149 223 328 | 3.68
. Lettuces, cabbage 48 71 92 149 | 238 | 4.02
Mushrooms 130 210 348 570 930 | 3.89
Onions, dry bulb 9 15 21 21 24 | 3.77
Onions, salad 54 105 176 276 410 | 3.81
Parsnips 21 33 77 98 146 | 3.48
Peas (in pod) 140 164 357 506 744 | 3.30
Peas (shelled) 217 290 460 1070 | 1600 | 3.31
Potatoes, main crop 18 9 12 15 18 | 3.43
Potatoes, early 30 45 60 89 119 | 3.66
Radishes {with tops) 49 62 107 207 405 | 4.02
Radishes (without tops) 27 40 65 109 183 | 4.02
Red beet {without tops) 12 21 33 51 67 | 3.77
Red beet {(with tops) 33 42 66 74 119 | 3.77
Spinach 149 208 238 357 447 | 3.94
Sprouting broccoli 229 357 506 819 | 1265 | —
Sweet corn 89 158 259 409 606 | 3.31
Turnips (with leaves) 45 51 89 128 155 | 3.89
Turnips (without leaves) 19 40 657 65 69 | 3.89
Watercress 52 104 230 392 597 | 3.98
’ Flowers
i . Carnations 28 45 86 190 690 | —
Narcissi 74 140 246 410 620 | —
Rose bushes 43 | = - - - - Documents
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