
SUMMER TIME ENVIRONMENTAL CONTROL

IN THE CAGE LAYER HOUSE

INTRODUCTION

Many researchers have spent con
siderable time establishing limits to
place on environmental components
to get maximum returns from inputs.
While there are other environmental
factors which may affect egg produc
tion, this discussion will be restricted
to air quality factors which affect the
environment. These are: (1) moisture
content (relative humidity); (2) tem
perature; (3) carbon dioxide content;
and (4) other gases, primarily ammonia
and sulphuretted hydrogens.

According to Prosser*1 relative
humidities (R.H.) of 45% to 75% are
acceptable for most livestock. Cloud b
suggests a maamum R.H. of 80% for
laying houses. Work done by Driggersc
indicates that respired moisture from
a laying hen makes up only about one-
third of the total moisture produced.
The remaining moisture must be
removed from the feces if the litter is
to be kept dry. For winter conditions
with a house temperature of 50°F
(10°C) and relative humidity of 76%,
0.0077 lb. (3.5g) of respired moisture
per hen per hour must be removed as
compared to 0.013 lb. (5.9 g) of fecal
moisture.

Data used by Cloud b indicates
that laying house temperatures should
be kept between 55°F (13°C) and 65°F
(18°C) for maximum feed efficiency
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and egg production. No problems should
be encountered in maintaining the
minimum temperature with a well
insulated building and the addition
of supplemental heat as necessary.
However, summer cooling usually
entails more complex and expensive
equipment. Two possible methods of
depressing the air temperatures are:

1. evaporative cooling, and

2. the use of regrigeration equip
ment.

These two methods will be discussed

in detail in this paper.

With conventional forced air ven
tilation equipment, sufficient fan
capacity is usually installed to limit
the summer temperature rise to 4 or
5F° (2 or 3°C) above outside air tem
perature. Thus, when the outside air
temperature is 85°F (29°C) the tem
perature in the poultry house may be
89 to 90°F (31 to 32°C). This is well
above the 65°F (18°C) maximum
suggested.

JacksonJ suggests a chicken
"panting line" above which chickens
pant in an attempt to maintain body
temperature at the normal level of
106°F (41°C). He locates the "panting
line" on a psychrometric chart as a
straight line joining 80°F (26.7°C) at
100% R.H. to 102°F (38.9°C) at0% R.H.

Other gases as well as moisture
are produced in the poultry house,
such as carbon dioxide (C02), ammo
nia (NH3) and sulpheretted hydrogen,
primarily (H2S); According to Prosser<>
if the relative humidity and C02 levels
are kept within acceptable limits the
other gases can be ignored. Relative
humidity levels have been discussed
earlier. Prosser o suggests that the
C02 concentration should not exceed
0,2% by volume. Since C02 cannot be
determined by smell it is difficult to
ascertain the level. However, if ammo
nia has built up, it is reasonably cer
tain that the C02 level has exceeded
the specified limit of 0.2%. "In winter
the minimum ventilation rate per pound
will vary with the age of the poultry,

maximum requirements being required
by birds weighing about Vi lb live
weight (approximately 0.35 cfm/lb.),
after about 2 lb. weight 0.25 cfm/lb.
is sufficient to keep C02 under 0.2%"
stated ProsserQ. This ventilation
rate is higher than the requirements
for control of respired moisture only,
but compares favourably with recom
mended ventilation rates for removal
of respired and fecal moisture (2).

EVAPORATIVE COOLING

This system is being used
successfully in some areas of the
United States and will work most
successfully in areas where the rela
tive humidities in the summer are low.

For evaporative cooling to be effec
tive, the relative humidity of the hot
incoming air must be low enough to
allow the air to take on sufficient
moisture, thus depressing the air
temperature by utilizing sensible heat
to evaporate moisture without increa
sing the relative humidity above an
acceptable level, probably 75% R.H.
If the relative humidity exceeds the
acceptable level the sensible bird
heat may reduce the humidity a small
amount; for example, a 4°F (2°C)
temperature rise will reduce the R.H.
less than 10%.

Figure 1 shows the effect of
outside air relative humidity on eva
porative cooling. If the ai r is at 85°F
(29,5°C) and 40% R.H. (A, Figure 1),
by adding moisture adiabatically the
air should easily reach 73°F (23°C)
and 75% R.H. (B, Figure 1). The dry
bulb temperature is depressed 12°F
(6.5°C). However, if the outside air is
at 85°F (29.5°C) and 60% R.H. (C,
Figure 1), the air will reach 80°F
(26.5°C) and 75% R.H. (D, Figure 1),
yielding only a temperature depression
of 5°F (3°C). Thus, the temperature of
the air entering is only reduced to
80°F (26.5°C) which is well above the
desirable temperature of 65°F (18°C)
and only slightly below Jackson's
panting line.
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Figure 1 Evaporative cooling performance.

Evaporative Cooling Experiment

To evaluate evaporative cooling,
an experiment was attempted using
the fogging method in a poultry house
at the Ridgetown College of Agricul
tural Technology on July 17, 1968.
On that particular day the outside air
relative humidity was 75%. A 3%
relative humidity increase was ob
tained, but the result was wet litter
in the poultry house and a temperature
depression that was offset by the bird
heat. Thus the experiment was con
sidered unsuccessful and terminated
immediately.

A recording therm o-hydrograph
set up at the site did not indicate any
days with favourable conditions for
evaporative cooling between July 17
and August 29, 1968. In order to
support the theory that evaporative
cooling will not work effectively in
Southwestern Ontario, five years of
weather records were obtained from
the London Ontario Weather Office.

Analysis of weather data from
London, Ontario.

Since 65PF (18°C) should be the
maximum temperature in the poultry
house, and a 10°F (5.5°C) depression
should be possible, the average num
ber of days per year with maximum
temperatures of 65°F (24°C) or over
were tabulated. The R.H. values on

the 75°F (24°C) and over days were
grouped as indicated in Table I. All
R.H. values are those recorded at
1 p.m. (1300 hours) giving values as
close as possible to the time when
the maximum temperature occurred.

From Table I it is evident that
during periods of hot weather, maxi
mum temperature of 75° (24 C) or over,
evaporative cooling would be effective

about 10% (9.4 + 0.5) of the time. It
might be of limited value 36.0%
(26.1 + 9.4 + 0.5) of that time.

TABLE 1. RELATIVE HUMIDITY AT

LONDON, ONTARIO WHEN
TEMPERATURES EXCEEDED

75°F (24°C)/ 1963-1968
AVERAGE

Range in No. of
% R.H. Days

Percent of

Total Days

60 and over 27.0 36.0

50 - 59 21.0 28.0

40 - 49 19.6 26.1

30' - 39 7.0 9.4

Less than 30 0.4 0.5

Totals 75 100.0

When the outside air relative
humidity exceeds 50% and particularly
when it exceeds 60% which would be
on about 36.0% of the hot days, the
evaporative cooling will be of very
limited value, particularly if a 65°F
(18°C) inside temperature is desired.

Under ideal conditions of high
temperature with low relative humidi
ties, evaporative cooling would pro
vide an economical means of tempera
ture control. The initial investment
in equipment would be 25 to 30 cents
per bird at current prices for a unit
type evaporative cooler. The operating
costs would be negligible for a pad
system. However, climatic conditions
in Southwestern Ontario do not make
the outlook for effective, dependable
evaporative cooling very promising.

COOLING BY REFRIGERATION

For this method, mechanical
equipment can be used to pump heat
from the inside air of the poultry house
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to the outside air. Extensive detail
of the mechanical equipment is well
covered by Cloudb and Campbell and
Lucas (1), but a few comments from
their conclusions are in order. Camp
bell and Lucas stated: "If cooling is
to be continuous, there must be two
cooling systems capable of indepen
dent operation, and each more than
one-half the total required capacity,
or similar multiple arrangement." This
is a very sound approach but adds
substantially to the capital invest
ment. They also suggested that by
not recirculating air, the high main
tenance associated with air cleaning
can be eliminated. This means that
the refrigeration equipment can be
used to condition the incoming fresh
air only, as it represents a high per
centage of the total cooling load.

Cloudb on the other hand did not
allow for any ventilation air. He con
sidered recirculating air within the
building. If this can be done, the capa
city of the refrigeration equipment
required is reduced significantly.
However, as mentioned earlier, even
if relative humidity can be controlled
by dehumidifying the air, fresh air
must be supplied for the birds and to
control the level of gases, particu
larly C02. According to Prosser, a a
ventilation rate of 1 fts/min (28.3
1/min) per bird will take care of birds
weighing up to 4 lb. (1.8 kg).

Cloudb suggests that a 3-horse-
power refrigeration unit (heat pump)
would be sufficient for a 500-bird
cage layer house. He does not allow
for any ventilation air, and only recir
culates inside air. Campbell and
Lucas (1) in designing research faci
lities for 600 birds in cages at
Beltsville, Maryland, used two 10-
horsepower refrigeration units and
allowed for 1800 to 2000 ftVmin
(50.9 to 56.6 ms/min) ofI ventilation
air. This is at least 3 ftVmin
(85 1/min) per bird. Their design did
not allow for any recirculation. Elec
tric resistance-type of 3-phase heaters
were used to reheat and hence to lower
the relative humidity in the air after
it passed through cooling coils, and
to heat the incoming air during cold
weather. They did not design for buil
ding and bird cooling load, but
obtained reasonable system perfor
mance, probably due to the high venti
lation rate ofover 3 ftVmin (85 1/min)
per bird. As mentioned earlier, the
ventilation air represents a high per
centage of the cooling load. In their
case 55,300 Btu/hr (13,800 kg-cal/hr)
was used for buildings, bird and solar
heat, as compared to 233,000 Btu/hr
(58,700 kg-cal/hr) for the 2000 ftVmin
(56.6 mVmin) ventilation rate when
outside air is 95°F (35°C) and 60%
R.H.
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Costs for Refrigeration Cooling
Some calculations were made to

confirm other published information
and to establish costs per bird to pur
chase and operate refrigeration equip
ment. Assuming a 500-bird unit for
convenience, the cooling load (Table
II) was approximated to be 56,700 Btu/
hr (14,300 kg-cal/hr).

The cooling load is based on the
assumption that the incoming ventila
tion air is cooled to 57°F (14°C) and
100% R.H. and then heated to 65°F
(18°C) utilizing condenser heat so the
air can be delivered to the bird area

at65°F (18°C) and 75% R.H. To main
tain these conditions throughout the
building, some air must be recirculated
through the cooling equipment to
remove the bird heat and die building
heat gain. This procedure would
necessitate filters and add to the
capital and maintenance costs. While
the alternative of cooling incoming
air only and utilizing sensible bird
heat and building heat gain to reheat
the ventilation air would require a
lower refrigeration capacity, the
desired environmental conditions
would only occur near the exhaust
fans.

Assuming that one hp of refrig
eration capacity can transfer 12,000
Btu/hr (3,024 kg-cal/hr) (5), a
56,700 + 12,000 = 4.3 or 5 hp unit
would be required to remove all the
heat. A 5 hp refrigeration unit designed
to use condenser heat for reheating
would cost about $2,300 installed.
This represents an initial investment
of about 2300 -r 500 = $4.60 per bird.
Undoubtedly larger refrigeration units
will reduce the per-bird cost in larger
poultry houses.

The cost of electrical power to
operate the 5-hp refrigeration unit is
easily calculated. Assuming a power
cost of one cent per kwh, the cost of
operating the unit will be 5 cents per
hour. With 75 days of operation (Table
I), the maximum power cost would be
0.05 x 75 x 24 = $90.00 per year, or
$90,00 * 500 = 18 cents per bird-year.

Regardless of the depreciation
method considered, it is impossible to
reduce the fixed costs to a reasonable
level using a ten-year period. Depre
ciation alone would amount to 46 cents
per bird-year using the straight line
method, without considering interest
or maintenance. Five percent of the
initial cost per year would probably
be a minimum allowance for interest
and maintenance (interest at 6% on
average value, or 3%, plus 2% for
maintenance). This would amount to
23 cents per bird-year.

Thus the total cost of owning and
operating the refrigeration cooling unit
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TABLE II. APPROXIMATE COOLING LOAD REQUIRED

FOR 500-BIRD HOUSING UNIT

Assumptions

500 Birds at 35 Btu/hr per Bird

R* of 15 for Walls and 20 for Ceiling

Heat

Btu/hr

17,500

3,000

36,200

56,700**

Ventilation air One ft /min per Bird (Outside air at
90OF, 60% R.H. cooled to 57<>F, 100%
R.H.).

Total Cooling Load

* R is * . **Solar Heat Load Not Included
Btu/hr-ft^-OF '

could be (18 + 46 + 23) = 87 cents per
bird-year. Since a layer normally pro
duces 20 dozen eggs (240) per year,
at least 87 -r 20 = 4.3 cents per dozen
must be realized to recover cost. This
must be recovered by (1) an increase
in egg production and (2) an increase
in or maintenance of egg size, to
maintain egg grades.

CONSTANT VERSUS CYCLING

TEMPERATURES

According to the supporting data
used by Cloudb egg production is
decreased by at least 20% when envi
ronmental temperature is increased
from 55 to 85°F (13 to 29°C). At first
glance this makes refrigeration cooling
look profitable. However, it must be
remembered that the temperatures used
(55 and 85°F) (13 and 29°C) were
constant 24 hours a day.

In initial experiments, Mueller (3)
kept a control group of single comb
white leghorns in an uncontrolled en
vironment while test groups were held
in 55 and 85°F (13 and 29°C) tempera
ture environments. He reported his
findings as follows: "It was observed
that pullets kept in an uncontrolled
environment laid more eggs than pullets
kept at constant temperatures of 55°F
and 85°F respectively''. These findings
encouraged him to design an experi
ment including a cycling temperature
to approximate normal diurnal tempera
tures. The temperature cycle went
from 55 to 90°F (13 to 32°C) and back
to 55°F (13°C) every 24 hours. In com
paring results of the cycling tempera
ture environment with constant tem
perature environments of 90 and 55°F,
(32 and 13°C) Mueller (3) reported the
following in his summary: "A constant
temperature of 90°F increased morta
lity and depressed egg production,
feed intake, egg weight and shell
quality as compared with a constant
temperature of 55°F. Pullets kept in
an environment where temperature
cycled from 55°F to 90°F and back to

55°F every 24 hours produced more
eggs than pullets kept at a constant
temperature of 55°F. Egg weight and
shell quality in the cycling environ
ment were significantly lower than in
the constant 55°F environment, but
significantly better than in the
constant 90°F environment".

This information stating that
egg production was better in the
cycling temperature environment than
in the 55°F (13°C) environment
creates some concern. It appears that
installation of refrigeration equipment
to depress high nightime temperatures
when necessary, might reduce cooling
costs and increase egg production
even more than holding a constant
temperature in the laying house. The
immediate question that arises is:
How large a diurnal temperature cycle
is actually required to induce the
higher egg production? The author was
unable to find any answer to this
question.

An analysis of five years of
weather data from the London Ontario,
Weather Station revealed the magni
tude and incidence of diurnal tempera
ture cycles in Fahrenheit degrees, as
compared to maximum air temperatupes.
To arrive at this, the minimum air
was subtracted from the maximum air
temperature for each day in May, June,
July, August or September that the
maximum temperature reached or
exceeded 75°F. The differences were
plotted in Figure 2 for all occurrences
in 1966 and 1967. The percentage of
cycles within the ranges of 1 to 10,
11 to 20, 21 to 30, 31 to 40, and over
40 Fahrenheit degrees (0.5 to 5.5, 6
to 11, 115 to 16.5, 17 to 22, and over
22 centigrade degrees) were calculated
from data recorded between August
1963 and July 1968 inclusive. For
days with maximum temperatures of
75°F (24°C) or over, 99.7% of the days
had a diurnal cycle greater than 10°F
(5.5°C), 73.2% had a diurnal cycle
greater than 20°F (11°C), and 15.3%
had a diurnal cycle greater than 30°F
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Figure 2 Diurnal Temperature cycle at London Ontario Weather Station.

(16.5°C). If these diurnal cycles are
great enough to create the same effect
produced by Mueller's 35°F (19°C)
cycle range of 55 to 90°F (13 to32°C),
no cooling should be required for
Southwestern Ontario climatic condi
tions to maintain egg production.

Some mention has been made of a
reduction in egg size brought on by
the higher temperatures. According to
the Canada grading standards, the
Medium size is at least 1% oz (49.5 g)
but less than 2 oz (56.5 g). The large
size is at least 2 oz (56.5 g) and the
Extra Large size is at least 2% oz
(63.5 g). Depending on location and
market conditions, a premium is not
"always available for Extra Large size
eggs; thus, many producers strive for
the Large and Medium sizes. Accord
ing to Cloudb, egg size goes down
as sustained temperature goes up but
the range is between 1.8 and 2 oz.

(51 and 56.5 g) per egg. This effect
then does not usually create a serious
marketing problem.

Other useful information concer
ning feed efficiency in particular is
given by Mueller (4): "As compared
with a constant temperature of 13°C
(55.4°F) continuous exposure to 32°C
(89.6°F) reduced egg production per
pullet housed 26%, feed intake 31%
and egg weight 13%. Egg production
in the cycling environment was about
the same as at constant temperature
of 13°C, while feed intake was 10%
lower. Feed conversion, both in terms
of kilogram feed per dozen eggs and
gram feed per gram egg, was best in
the cycling environment". (Cycling
was from 32°C at 2 p.m. to 13°C at
2 a.m.)

Again when feed efficiency is
considered, the cycling temperature
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appears to be a better solution than
sustained lower temperatures by refri
geration cooling. It is conceivable
that the percentage protein in the
ration can be adjusted upward to com
pensate for the 10% reduction in feed
intake.

It should be noted that in all of
Mueller's controlled environment work,
the relative humidity was held as
close as possible to 70%. This was
accomplished by introducing some
fresh air and recirculating additional
air through filters and cooling coils.

CONCLUSIONS

1. Evaporative cooling does not
appear to be an effective, depen
dable means of depressing high
air temperatures in Southwestern
Ontario. However, the initial
investment and operating costs
would be relatively low compared
to refrigerant cooling.

2. Refrigerant cooling to maintain
lower temperatures in the poultry
house is possible but the costs
of owning and operating the
equipment cannot be justified on
the basis of avail able information.

3. With refrigerant cooling and dehu-
midification, a ventilation rate of
1 ftVmin (28.3 1/min) per bird
should be maintained to provide
fresh air and control gas (C02)
levels.

4. Mueller's results at Pennsylvania
State University cast doubts on
the economic justification of
maintaining a constant low tem
perature (55°F) (13°C) in the poul
try house. Diurnal temperature
cycling may be a much more eco
nomical solution, particularly
where sufficient diurnal tempera
ture variation is obtained
naturally.

SUMMARY

Egg production from cage layer
flocks can be adversely affected by
high summer temperatures in southern
Ontario. Analysis of weather data
suggests that evaporative cooling will
only ease the problem on one third of
the hot days. Cooling by refrigeration
is shown to be impractical for econo-
nomic reasons if sufficient refrigera
tion capacity is provided to maintain
ideal conditions. It is suggested that
a more practical solution would be to
install smaller capacity coolingequip-
ment and permit the indoor temperature
to fluctuate in response to outdoor
conditions.
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