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Astudy was carried out with the objective of establishing heat and moisture loads in three commercial egg laying units
in Alberta under winter conditions. The units studied were typical of triple-deck, deep-pit, and shallow-gutter, caged
systems. Each unit was monitored for six 24-h periods over 4 mo. Adata acquisition system was used tocollect the data
necessary to carry outa complete heat and moisture balance oneach unit. The total heat production rates of theWhite
Leghorn layers ranged from 33.2 to 34.6 kJ/(h.bird) during the light period and from 24.9 to 31.0 kJ/(h.bird) during the
dark period, the daily means ranging from 29.5 to 33.2 kJ/(h.bird) for the three barns. Moisture production rates ranged
from 3.3 to 3.9 g/(g.bird) and from 2.6 to 2.7 g/(h.bird) during the light and dark periods, respectively, the daily means
ranging from 3.1 to 3.3 g/(h.bird) for the three barns.

INTRODUCTION

For almost a quarter of a century, the
results of studies by Ota and McNally
(1961)on heat and moistureproduction for
laying hens have served as a bench-mark
for the design of environmental control
systems of egg production facilities. Their
data are cited, for example, in the Cana
dian Farm Building Code (1977) and the
ASAE Yearbook of Standards (1983) and
thus are used extensively as design crite
ria. Other researchers have reported heat
and moisture data of hens under various

conditions. DeShazer et al. (1970), for
instance, investigated the effect of high
temperature acclimation on heat loss parti
tioning by the hen, while Olsen et al.
(1974) measured heat losses of layers at
different bird densities per cage. Heat loss
data of layers maintained under various
intermittent lighting schedules have been
reported by Riskowski et al. (1977).

These studies, and others cited by the
above authors, were based on calorimetry,
either direct or indirect. Housing and man
agement practices, however, coupled with
wide diurnal and seasonal variations in

environmental conditions, might be
expected to influence bird behaviour and
heat losses. Bottcher and Timmons (1982)
have suggested that additional data on
poultry heat losses under field conditions
are required to determine if the data from
calorimetric studies are representative of
those conditions. Studies of this nature,
that is, whole-house calorimetry, would
seem to have particular relevance in Can
ada under winter conditions. Accordingly,
a study was undertaken over the
1982-1983 winter period with the objec
tive of establishing heat and moisture loads
in typical poultry laying houses under
commercial conditions in Alberta. The
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Figure 1. Plan and cross-section view of Barn A and sensor locations.

CANADIAN AGRICULTURAL ENGINEERING, VOL. 27, NO. 1, SPRING 1985 21



Continuous
Slot Inlet

Section A-A

j) Operating Exhaust Fan

• Thermistor

® Dewpoint Sampling
Location

t

Flat-deck Cages
with Automatic

Egg Collection

Stored Manure

-Cages

t

Figure 2. Plan and cross-section view of Barn B and sensor locations.

1.73kg (Shires 1984,perscommun.). The
average ageof thebirds in Barns A, B, and
C duringthe studywere 33, 56 and53 wk.
respectively. Theirestimated body weights
for these ages were 1.5, 1.7 and 1.6 kg,
respectively. The feeding systems in each
unit were automatic. Barns B and C had
chain-in-trough type feeders while BarnA
utilized a moving feed dispenser. The lay
ing hens were all fed wheat-based rations
(16-18% protein, 11.7 MJ/kg ME). The
water in each barn was provided by low-
pressure drinking cups. The lighting sys
tems in each unit were similar in that the
lights were controlled by a time-clock
while the spacing and wattage of the lamps
were in accordance with normal, recom
mended standards, that is, approximately
10.8 lx of light at bird level (Winchell
1982). The egg-collection systems in
Barns A and B consisted of an endless
conveyorbelt for each deck ofcages, while
in Bam C the eggs were gathered man
ually.

The three bams were all of insulated

wood-frame construction, with interior
plywood and exterior metal cladding. A
standard truss roof with an insulated ceil

ing covered each unit. The floors in Barns
A and C were concrete, while the floor in
Bam B was earthen. No perimeter insula
tion was used in any of the three bams,
although soil was placed against the out
side face of the concrete foundation walls

in A and C. An exposure factor expressed
as kJ/(h.°C.bird) (Table 1) was calculated
from the thermal resistances for each of the

structural components of the bams, based
on data from The American Society of
Heating Refrigeration and Air-Con-
ditioning Engineers (1981) and their
respective areas.

Environmental control in each laying
unit was provided by an exhaust-type,
cross-flow ventilation system. The exhaust
fans were located along the leeward side of
each building. A continuous-slot, fresh-air
inlet was situated under the eaves along the
opposite side of the building from the fans,
with the incoming air being drawn directly
from outside in each case. The center of

the exhaust fan openings in Bams A and C
was located about 1.5 m above floor level.

In Bam B, the fans were located in the
lower wall below the bird floor level.

In Bam A, seven 46-cm diameter con
stant-speed fans were spaced equally along
the length of the building. During the
study period, only four fans were in opera
tion. One 91-cm diameter and one 35-cm

diameter constant-speed fans were in oper
ation in Bam C. Bam B had nine 46-cm

diameter variable-speed fans spaced
equally along the length of the building.

results of this work are reported here.

EXPERIMENTAL FACILITIES

Three laying bams were selected for the
study on the basis of accessibility and co
operation of the producers, as well as
being representative of the majority of
types of egg production facilities in the
Province. All three barns were located

within 4 km of Beaumont, Alberta.
Bam A was a single-storey unit measur

ing 13 x 49 m (Fig. 1). The laying hens
were confined in four rows of triple-deck
vertical cage units. Endless belts were situ
ated beneath each deck of cages to facili
tate manure handling. Once a week, the
manure was conveyed to one end of the
bam, dumped into a cross-conveyor and
elevated outside to a manure spreader.

Bam B was a deep pit, or double-storey,
unit measuring 9 x 68 m (Fig. 2). The
lower half of the building was utilized for
manure storage. The walls consisted of
3.4-m-high wood framing above a con
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crete foundation wall that was 15 cm thick

and 1.5 m above grade. The manure in this
unit accumulates for a year and is removed
by tractor and front-end loader. The hens
were confined in three double-row, flat-
deck cages.

Bam C was a single-storey structure
measuring 9 x 50 m (Fig. 3). The hens
were housed in three rows of stair-step
cage units. Shallow concrete droppings
pits, some 15-20 cm in depth, were situ
ated below the cage rows. Once a month
the manure was scraped by a gas-powered
scraper to the end of the bam into a cross-
conveyor and elevated outside into a
manure spreader.

All three bams had a horizontal ceiling
height of approximately 2.5 m. The
number of birds housed, egg production,
bird age, cage area per bird, and the build
ing bird-densities for the bams are tabu
lated in Table I. The birds in each operation
were of the White Leghorn type, with an
estimated range in body weight of 1.40 -
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Figure 3. Plan and cross-section viewof Barn C and sensor locations.

TABLE I. SUMMARY OF MANAGEMENT DATA FOR THE THREE BARNS

Barn A Barn B BarnC

Mean number of.birds 10480 9220 5150

Birds per cage 6 4 3

Size of cage (cm x cm) 51x51 30x46 41x30

Cage area (cm2/bird) 430 343 406

Bird density (birds/m2 floor area) 16.5 15.1 11.4

Egg collection mode Automatic Automatic Manual

Collection time (h) 11.00, 17.00 11.00, 17.00 16.00

Minimum ventilation (L/(sec.bird)) 0.09 0.11 0.15

Minimum outside temperature (°C) -20 -15 -15

Building exposure factor(kJ/(h.°C.bird)) 0.19 0.33 0.41

Manure handling method Continuous Deep pit Shallow gutter
/removal frequency ^belt/weekly /yearly /monthly

Only two of these fans were in operation
during the study. In all the barns, the non-
operating fan openings were sealed for the
study to prevent them from acting as inlets
due to the negative pressures prevailing in

each barn.

The ambient temperature in each barn
was controlled by a number of thermostats
that activated the operation of the exhaust
fans. For minimum ventilation require
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ments, one thermostat would be set well
below the desired minimum temperature
to ensure that the related fan operated con
tinuously. When the ambient temperature
in each barn exceeded approximately
12°C, additional fans would come into
operation in an effort to maintain constant
conditions.

During the course of the study, every
effort was made to minimize any possible
interference with the normal operation of
each unit. The owners continued to man

age their respective facility in their cus
tomary manner and exercised full control
over all aspects of it, including the ventila
tion system.

EXPERIMENTAL PROCEDURES

AND EQUIPMENT
The thermal environmental parameters

of the three laying barns were monitored
with the instrumentation and data acquisi
tion system described by Feddes and
McQuitty (1977, 1981), all housed in a
3-m x 6-m air-conditioned mobile labora

tory. The thermal parameters were those
that defined the heat and moisture balance

for the laying units, that is, dry-bulb tem
peratures, dewpoints, air-flow rates and
conductive heat flows. The heat and

moisture balances included heat losses due

to ventilation and through the structure,
and the heat gains from the laying birds.

To monitor the ventilation rates in each

of the three barns, insulated discharge
ducts were constructed downstream from

each exhaust fan. The sizing of the ducts
and the monitoring locations of the air
flows in each duct were as prescribed by
Jorgenson (1961). Air-flow rates from the
exhaust fans were determined once or

twice during each 24-h monitoring period
using a hot-wire anemometer (Kurz Instru
ments, Redlands, Calif.). Air velocities
were measured at 25 locations in each duct

cross section. The average of these mea
surements was related to the fan speed.
The speed of each fan was monitored at 4-
min intervals by a Hall-effect sensor acti
vated by a magnet attached to the fan shaft.
The pulses obtained were integrated and
the output voltage associated with a fan air
flow rate. The output voltages from the
sensors in Barns A and C indicated

whether each fan was in operation or not,
since the fan speeds were considered to be
constant. To relate shaft speeds and air
flow rates of the variable-speed fans in
Barn B, the shaft speeds were adjusted
manually throughout their range and the
output voltages and the air-flow rates mea
sured simultaneously. From these data, a
function was developed for each fan relat
ing air-flow rate to output voltage and,
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hence, to speed.
Fan capacities were found to change

during the course of the study. The main
causes for this were considered to be the
size of inlet opening, the position of the
inlets with respect to wind direction, and/
or the numbers of fans in operation. These
would influence the negative pressure dif
ferential across the inlet and, hence, fan
performance. The fan capacities recorded
during the study are tabulated in Table II.
The capacities for Bam B are those at
maximum shaft speed. The air flow from
Fan 1 in Bam C was very low while the
large fan (Fan 2) was in operation, due to
the increase in negative pressure created
by the large fan.

A further check on the ventilation rates

was carried out using a non-toxic gas, sul
phur hexafluoride (SF6) and a detector
chromatograph (Al Industrial,
Cambridge, England) in conjunction with
the fan-duct, constant-flow technique as
described by Leonard et al. (1984). From
the mobile laboratory, SF6 supply and
sample lines were extended to each fan
discharge duct. A supply line was situated
immediately upstream from a fan and a
sample line near the end of the duct. Each
sample line was connected to the auto
matic sequencer in the mobile laboratory.
This enabled fast coupling between each
line and the detector chromatograph.

The heat and moisture contents of the

air entering and leaving each bam were
calculated from the dewpoints and the dry-
bulb temperatures of the outside and
exhaust air, respectively. Dewpoints were
measured by a dewpoint hygrometer
(Model 880, Cambridge Systems, Water-
down, Mass.) twice hourly at each operat
ing exhaust fan location. Dry-bulb
temperatures were measured every 20 min
at the fan locations by means of ther
mistors (Fenwal Electronics, Fra-
mingham, Mass.).

Dry-bulb temperatures and dewpoints
were also measured inside the laying units
(Table III) to provide datarepresentative of
the laying bird environment. The dew-
points were monitored at mid-height in the
center of two sections, each of which cor
responded to one-halfof the building area.
In Bam A, inside dewpoints were not mea
sured since all sample lines were com
mitted to sampling air at the exhaust fans.
To obtain representative dry-bulb tem
peratures, each bam was divided into three
sections or thirds of the length. A ther
mistor was placed at the average height of
the birds in the center of each aisle. The

average temperature at these locations was
considered to be the ambient temperature
of the laying house. In addition, dry-bulb
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TABLE II. PERFORMANCE DATA OF OPERATIONAL FANS FOR THE THREE BARNS

Barn A Barn B BarnC

Fan 1 Rin2 Fan 3 Rm4 Fan 1 Fan 2 Fan 1 Fan 2

(Fan output (L/sec))

Run 1 1010 1275 0 0 1240 1070 820 0

Run 2 1010 1275 0 0 1240 1070 820 0

Run 3 1010 1275 0 0 1080 960 800 0

Run 4 1010 1275 0 0 1080 960 120 2360

Run 5 960 1210 850 900 105Q 890 130 2370

Run 6 960 1210 850 900 1050 890 130 2370

TABLE III. A SUMMARY OF THE PRIMARY SENSORS, THEIR LOCATIONS AND
SCANNING RATE, FOR EACH OF THE THREE BARNS MONITORED

Number of sensors
Sensor type and
sampling rate Location Barn A Barn B Barn C

Thermistors Outside 1 1 1

(20 min) Vertical section 10 8 8

At mid-height 10 8 8

Wet-bulb 1 1 1

Exhaust 4 2 2

Total 26 20 20

Heat-flux plates Ceiling 1 1 1

(20-min) Floor 1 0 1

Walls 4 4 4

Foundation 1 1 1

Total 7 6 7

Thermistors (4-min) Downstream from fan 4 2 2

Sequential dewpoint sampling Exhaust 4 2 2

(30-min) Ambient 0 2 2

Outside 1 1 1

Pressure differential (4-min) 1 1 1

RPM sensor (4-min) 4 2 2

Water consumption (4-min) 1

(daily) 1 1

TABLE IV. SUMMARY OF OPERATING DATA DURING EXPERIMENTAL RUNS FOR BARN A

Run Code

LA 1 LA 2 LA 3 LA 4 LA 5 LA 6

Run date 6 Dec. 9 Dec. lFeb. 2 Feb. 29 Mar. 30 Mar.

Start time (h) 15.00 13.00 15.00 15.00 13.00 13.00

Number of birds 10800 10800 10440 10440 10200 10200
Daily egg production (%) 82 82 89 89 86 86

Bird age (days) 176 179 233 234 288 289
Daily water consumption,

(L/day.bird)) 0.17 0.15 0.20 0.20 0.22 0.22

Lights on (h) 08.00 07.00 06.00 06.00 05.30 05.30

Lights off (h) 19.30 18.30 20.00 20.00 20.00 20.00

Mean ambient temperature (°C) 12 14 15 14 16 16

(range) (9/14) (13/16) (13/16) (13/16) (15/17) (16/18)
Mean outside temperature (°C) -20 -11 -8 -11 1 1

(range) (-25/-15) (- 14/-1) (-9/-7H--13/-8) (-1/6) (0/5)
Last date of barn cleaning 30 Nov. 7 Dec. lFeb. 1 Feb. 29 Mar. 29 Mar.

Feeders on (h) 08.00, 09.00, 10.00, 11.00, 13.00 , 14.00, 15.00, 17.00, 18.00

temperatures were measured at the lower
and an upper level across the center of the
building to evaluate the degree of tem
perature stratification (Figs. 1, 2 and 3). In
Barn A (Fig. 1), the upper and lower levels
corresponded to the mid-heights of the top
and bottom tiers of birds, respectively. In
Barn B (Fig. 2), the upper level tem
peratures were measured 2 m above the

floor and the lower at the mid-height of the
cages. In Barn C, the upper and lower level
temperatures were measured at the mid-
heights of the upper and lower cages,
respectively (Fig. 3). The difference in
height between the two levels in Barns A
and B was 1200 mm while in Barn C it was

600 mm.

Wet-bulb temperatures were recorded
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in the centerof eachbarn at mid-heightto
provide a check of the measured dew-
points. These were measured by a ther
mistor placed in a "sock" moistened from
a water reservoir. A fan drew air past the
sensor which was installed in a 100-mm-

diameter plexiglass tube. A bag filter was
placed over the end of the tube to minimize
dust entering the tube and soiling the sen
sor. The filters were cleaned daily.

The conductive heat losses from each

laying unit were measured by heat flux
plates (DeShazer et al. 1982). A heat flux
plate was placed on a representative sec
tion of each structural component of the
building (Table III). An infrared pyrometer
(Omega Engineerig, Stanford, Conn.) was
used to scan the surface of each structural

component to find a location whose tem
perature was representativeof that section.
In addition, a commercial heat-flow meter
(Concept Engineering, Old Saybrook,
Conn.) was used at the start of each trial
run to check heat flows through the build
ing components as measured by the heat-
flux plates. This was considered necessary
to ensure that these plates had maintained
their calibrated performance between
runs. The conductive heat losses were also

calculated using the temperature data and
the known thermal characteristics of the

building components. These values served
as a check against the measured values.
The building exposure factors were multi
plied by the temperature differential
between barn and outside air and by the
number of birds (Table I).

The floor heat loss from each of the

barns was calculated from pyrometer and
heat flux measurements. The heat flows

from concrete floors in Barns A and C
were based on manual measurements

taken during each run. The surface tem
perature and the heat fluxes of the floor
were checked with the pyrometer and the
heat-flow meter, respectively. These were

TABLE V. SUMMARY OF OPERATING DATA DURING EXPERIMENTAL RUNS FOR BARN B

Run Code

LB 1 LB 2 LB 3 LB 4 LB 5 LB 6

Run date 12 Jan. 14 Jan. 8 Feb. 9 Feb. 22 Mar. 23 Mar.
Start time (h) 14.00 18.00 11.00 11.00 15.00 15.00
Number of birds 9300 9300 9250 9250 9120 9120
Daily egg production (%) 74 74 71 71 60 60
Bird age (days) 360 362 387 388 429 430
Daily water consumption,

(L/day.bird)) 0.25 0.33 0.29 0.33 0.27 0.27
Lights on (h) 05.00 05.00 05.00 05.00 05.00 05.00
Lights off (h) 20.00 20.00 20.00 20.00 20.00 20.00
Mean ambient temperature (°C) 20 17 14 13 14 15
(range) (18/22) (16/20) (14/15) (13/14) (11/19) (13/19)
Mean outside temperature (°C) -1 -6 -14 -13 -9 -7

(range) (-5/4) (-13/3) (- 17/-10) (- -16/-12) (- -15/-2M--10/-3)
Last date of barn cleaning June 1982

Feeders on (h) 06.15,06.30, 08.00, 11.00i, 11.15, 13.00, 16.15, 16.45, 19.15, 19.30

measured at selected locations according
to a pre-selected floor grid. From these
data, the heat flow from the floors was
calculated as a function of the temperature
differential between outside and ambient.

In Barn B, the floor heat loss was assumed
to be negligible since measured manure
temperatures were similar to the ambient
temperature in the pit space (Fig. 3).

Several parameters that were related
indirectly to the heat and moisture balance
were also monitored. These included static

pressure differential between the inside
and outside of each building, and water
consumption by the birds (Table III). Water
consumption rates were measured by a
commercial water meter (Neptune Meters,
Toronto, Ont.) whose contacts open and
close every 5 L. An electronic counter was
used to count the pulses and convert the
counts to corresponding voltages. Pres
sure differential between the inside and
outside of each barn, measured by a low-
range differential pressure transducer
(Validyne, Model DP45, Sierra Instru
ments, Calif.), indicated the effectiveness
of the air-inlet system. These parameters
were measured every 4 min.

The air-sampling lines used to monitor
dewpoints, SF6, and pressure differen
tials, were brought from each sampling
location into the mobile laboratory. The
lines were placed inside a 100-mm internal
diameter electrically-heated pipe between
the building and the laboratory to elimi
nate any risk of condensing moisture out of
the sample air. Each sampling line was
connected to a programmed automatic-
sequencing sampler (Feddes and
McQuitty 1977). This sampler drew an air
sample from each sampling location and
distributed it to the analyzers used to mea
sure dewpoints and concentrations of SF6.

The three laying units were monitored
during the period between 6 Dec. 1982and
1 Apr. 1983. Each unit was monitored
continuously over a complete 24-h period
six times during the study period. The
monitoring dates for Barns A, B and C are
given in Tables IV, V andVI, respectively.
Between runs 1 and 2, 3 and 4, and 5 and 6
for each barn, the mobile laboratory was
moved to one of the alternate barn loca

tions. All the sensors, extension wire, and
sampling tubing were installed perma
nently into each barn for this period.

TABLE VI. SUMMARY OF OPERATING DATA DURING EXPERIMENTAL RUNS FOR BARN C

Run code

LCI LC2 LC3 LC4 LC5 LC6

Run date 27 Jan. 28 Jan. 10 Mar. 15 Mar. 17 Mar. 18 Mar.

Start time (h) 14.00 14.00 10.00 09.00 09.00 09.00

Number of birds 5180 5180 5130 5130 5130 5130

Daily egg production (%) 83 83 75 74 74 74

Bird age (days) 336 337 381 386 388 389

Daily waterconsumption (L/(day.bird)) 0.29 0.29 0.22 0.22 0.18 0.20

Lights on (h) 06.00 06.00 06.00 06.00 06.00 06.00

Lights off (h) 20.30 20.30 20.30 20.30 20.30 20.30

Mean ambient temperature (°C) 12 13 20 16 16 16

(range) (9/16) (10/16) (16/23) (14/17) (14/17) (13/18)

Mean outside temperature (°C) -12 -10 -1 0 -5 -10

(range) (-16/-5) (-17/-4) (-5/4) (-4/4) (-11/0) (-14/-6)

Last date of barn cleaning 19 Jan. 19 Jan. 19 Jan. 15 Mar. 15 Mar. 15 Mar.

Feeders on (h) 08.00, 13.00, 18.00
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TABLE VII. SUMMARY OF EXPERIMENTAL DATA FOR THE LAYING BARNS, MEAN MEASURED VALUES

Barn A Barn B Barn C

Light Dark Daily Light Dark Daily Light Dark Daily

Total heat production
(kJ/(h.bird)) 33.2 24.9 29.5 34.3 28.7 32.2 34.6 31.0 33.2

(Range: maximum/ 36.5 27.8 36.5 39.6 31.6 39.6 42.2 36.3 42.2

minimum)t 29.9 23.0 23.0 30.6 24.5 24.5 30.3 24.3 24.3

Moisture production
(g/(h.bird)) 3.9 2.7 3.3 3.5 2.6 3.1 3.3 2.7 3.1

(Range: maximum/ 4.5 3.1 4.5 4.1 2.9 4.1 4.1 3.2 4.1

minimum)t 3.3 2.1 2.1 2.9 2.1 2.1 2.5 2.2 2.2

Ventilation rate (L/(sec.bird)) 0.25 0.17 0.22 0.16 0.20 0.16

(Range: maximum/ 0.35 0.23 0.25 0.19 0.28 0.16

minimum)! 0.15 0.12 0.19 0.11 0.16 0.15

Water consumption (g/(h.bird)) 7.8 8.8 9.6

Relative humidity (%) 61 49 58

(range) (56/65) (40/55) (55/60)
Exhaust temperature (°C) 14.2 13.3 13.4 12.2 18.1 15.1

Ambient temperature (°C) 14.9 13.8 16.4 14.4 16.2 13.8

Upper level temperature (°C) 16.5 15.2 17.1 15.0 16.9 14.5

Lower level temperature (°C) 13.6 12.6 14.9 13.3 14.2 12.2

Outside temperature (°C) -7.1 -8.8 -7.1 -10.3 -4.9 -8.7

Pressure differential (mm H20) 3.3 0.5 1.0 0.5 2.5 0.8

t Based on overall average per run.

Though multi-pin connectors and fittings,
the extension wires and tubing could be
uncoupled easily to facilitate moving the
mobile laboratory from one site to another.
In this way, each of the barns was
monitored over the same 4-mo period.
Tables IV, V and VI summarize the experi
mental data for Barns A, B, and C, respec
tively.

DATA RECORDING AND

PROCESSING

All the instrumentation used to measure
the thermal and non-thermal parameters
was situated in the mobile laboratory. The
output signals from each instrument were
received directly by a microprocessor-con
trolled data logger (Feddes and McQuitty
1981). The thermistors were connected
directly via extensioncables to the logger,
which multiplexed each thermistor into a
constant current circuit. From the design
of the internalcircuitry and theoutputvolt
age, the corresponding thermistor resis
tance and temperature were calculated.
While monitoring the laying units, the out
puts of the instruments and thermistors
were monitored every 4 min, except for
those thermistors measuring heat fluxes,
and inside and outside temperatures,
which were monitored every 20 min (Table
III).

The output from the data logger was
transmitted to a paper-tapepunch, a porta
ble terminal, or a two-pen chart recorder.
A computer program tabulated the data
with respect to time, along with hourly and
daily averages. From these data, hourly
ventilation rates, conductive heat losses,
heat output from the laying hens, and
moisture output from the laying house
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Figure 4.Typical mean hourly ventilation and building heat losses, and bird total heat gains (Barn
A, Run 2).

13

were calculated and tabulated. All the raw
data were processed and plotted within 1
day of being recorded. This short turn
around time was considered to be essential
to insure that good data were collected for
that run. If a failure occurred in the instru
mentation or sensors, the run could be
restarted immediately, thus minimizing
the chance of recording incomplete or
faulty data.

RESULTS AND DISCUSSION
Total Heat Production

The total heat production of the birds
was calculated from the summation of the
heat losses due to ventilation and the con
ductive heat flow through the structural
components of the building. The produc
tion rates also represented heat losses or
gains associated with lights, motors, and
any heat generated from the stored drop-
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pings. These sources were considered to
be negligible and, thus, the entire heat
production rate was assumed to be the heat
output of the birds.

Typical hourly heat losses over a trial
run from a laying hen environment and the
heat production rates of the birds are illus
trated in Fig. 4 for Bam A. The diurnal
fluctuations in the total heat production
were very similar in all three bams. The
hourly heat production rates were less dur
ing the dark than during the light periods.
This is in agreement with data presented
by Ota and McNally (1961) and Riskowski
et al. (1977). The hourly fluctuations also
were due in part to variations in the thermal
mass of the airand the activity of the laying
birds. A drastic change in bird activity was
observed when the feeders were activated,
when a producer checked the birds and
equipment, swept the floors or, as in Bam
C, manually collected the eggs. Figure 4
also illustrates the high proportion of the
total heat loss that is removed by the ven
tilation air compared to that lost through
the shell of the building. The ratio of heat
loss through ventilation to the total heat
loss ranged 0.81 to 0.90,0.71 to 0.77 and
0.70 to 0.78 over the study period for
Bams A, B and C, respectively.

The hourly total heat production rates
for each bam were averaged over each
production run for the light anddark peri
ods and for the full 24-h period. These
values were averaged further to mean total
heat production rates for light, dark and
daily periods for each respective laying
bam (Table VII).

The overall mean production values
varied between 33.2 and 34.6 kJ(h.bird)
during the light hours and between 24.9
and 31.0 kJ(h.bird) during the dark hours
for the three laying bams. The mean daily
production rates were29.5, 32.2 and 33.2
kJ/(h.bird) for Bams A, B, and C, respec
tively. The mean hourly values for the
light, dark and daily periods for each run
fluctuated appreciablyin each case as seen
from the ranges given in Table VII. The
reasons for these fluctuations could be due
in part to the level of activity of the birds.
In this regard, the hens were observed to
be more flighty during some runs than
others. The changes in ambient tem
peratures from run to run for each bam
(Tables IV, V and VI) did not appear to be
related to the total heat production rates
recorded in this study.

The mean daily total heat production
♦rates were compared with those measured
in previous studies. This comparison was
of interest since the cited measurements

were carried out in calorimetric studies.

One difficulty in such a comparison is that

the birds in each of the studies were of
different ages. By expressing the produc
tion rates on the basis of body weight, the
comparison was considered to be more
meaningful. On a weight basis, the values
cited by Riskowski et al. (1977), Olson et
al. (1974), Ota and McNally (1961),
DeShazer et al. (1970), DeShazer et al.
(1969) were 20.7, 22.2, 21.2, 20.5, and
18.0 kJ(h.kg), respectively. The values for
Bams A, B and C were 19.7, 18.9 and
20.8 kJ(h.kg), respectively. When com
paring mean values for the dark and light
hours, good agreement was found between
data presented by Riskowski et al. (1977)
and those in this study. The values reported
in the former study were 17.7 and 22.8
kJ(h.kg) for the dark and light periods,
respectively, with the corresponding
values for Bams A, B and C being 16.6
and 22.1, 16.9 and 20.2, and 19.4 and
21.6 kJ(h.kg), respectively.

The reduction in total heat production
during the dark hours compared with that
for the light hours was 25,16, and 10% for
Barns A, B, and C, respectively. This
reduction can be attributed to the fact that
the birds were sitting or inactive at night.
DeShazer et al. (1969, 1970) have
reported thatthe heatloss from chickensis
2(M0% higher in a standingas compared
to a sitting position. The variation in the
percentage reductions between the three
bams would suggest a variationin the abil
ity of the birds in each bam to conserve
heat during their non-activehours. In this
regard, Wathes and Clark (1981) found
thatthe peltthermal resistance coulddiffer
by a factor of five betweenpoor-feathered
and well-feathered birds, while Olson et
al. (1974) noted that the feather condition
of hens at more than one per cage is influ
enced by the number of months the hens
are caged together. Therefore, the older
birds in Bams B and C most probably were
able to conserve less body heat when sit
ting or huddling with their cage compan
ions during the dark hours than those in
Bam A. The metabolic costs of poor feath
ering, however, were not examined.

Although feather condition of the birds
may have accounted for most of the dif
ferences measured in the reduction of the
total heat productions between the three
bams, other factors may also have contrib
uted. Mean ambient temperatures, for
example, for light anddark periods (Table
VII) differed by 1.1, 2.0 and 2.4°C for
Bams A, B and C, respectively, a trend in
approximate reverse proportion to the per
centage reductions. Again, the exposure
factors for the three barns (Table I)
increased in approximate reverse propor
tion to the percentagereductions. The ther
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mal response of the birds in each bam
might be expected to exhibit some varia
tion to differences in their environments
under the respective conditions pertaining
to the light and dark periods. While dif
ferences existed in the length of light peri
ods in the three bams, these were small
(Tables IV, V and VI) and, based on the
work of Riskowski et al. (1977), would not
have had significant effects on bird heat
production.

In this study, the total heat production
rates of the laying hens in all three bams
were similar during the light hours,
regardless of degree of feathering or age.
This was considered to be due to the laying
hens being active and consuming most of
their feed during this period. Since the
hens in each of the three barns were

assumed to be under thermally neutral
conditions, their heat losses were expected
to be similar. Differences in the number of

birds per cage (Table I) had no apparent
effect on total heat production, at least
during the light hours, in this study, a
finding similar to that obtained by Olson et
al. (1974).

The ambient temperature prevailing in
a bam was considered to be the mean of all
the temperatures recorded in that bam and
thus represented the temperature of the
bird environment. In all three bams, the
maximum diumal fluctuation in ambient
temperatures was approximately 2°C.
However, a temperature gradient of
approximately2.5°C was found to exist in
each bam between the upper and lower
levels, the latter being cooler than the for
mer (Table VII). In addition, the mean
exhaust temperatures in Bams A and B
were lower than those of the ambient air,
while in Bam C the reverse was the case
(Table VII).

Additional manual temperature mea
surements were made in each bam to fur
ther establish air-flow patterns. In Bam A,
these indicated that the incoming air
flowed both over and under, rather than
through the cages, as it flowed from inlet
to exhaust fans. In Bam B, the incoming
air seemed primarily to descend into the
pit spaceand flowhorizontally towards the
exhaust fans, with secondary flow currents
created by the temperature gradient
appearing to induce some air exchange at
bird level. This air-flow pattern was con
trary to what Esmay et al. (1979) had indi
cated, that is, the air was considered to
move down through the cages to the pit
spacebefore it was exhausted. In Bam C,
the incoming air appeared to flow across
the house as expected, its temperature
reaching a maximum as it was exhausted.
In general, the presence of temperature
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TABLE VIII. PARTITIONED LATENT HEAT AND TOTAL HEAT LOADS IN EACH OFTHE THREEBARNS

Barn A BarnB BarnC

Light

33.2

Dark

24.9

Daily

29.5

Light Dark Daily Light Dark Daily

Measured total heat

(kJ/(h.bird)) 34.3 28.7 32.2 34.6 31.0 33.2

Measured latent heat

(kJ/(h.bird)) 9.8 6.8 8.4 8.8 6.5 7.9 8.3 6.8 7.9

Latent heat removed

/total heat 0.30 0.27 0.28 0.26 0.23 0.25 0.24 0.22 0.24

Bird latent heatf
(kJ/(h.bird)) 6.6 5.0 5.9 6.9 5.7 6.4 6.9 6.2 6.6

Building latent heat
(kJ/(h.bird)) 3.2 1.8 2.5 1.9 0.8 1.5 1.4 0.6 1.3

Building latent heat
/total heat 0.10 0.07 0.08 0.06 0.03 0.05 0.04 0.02 0.04

t Total heat x 0.2 = bird latent heat (Charles and Spencer 1976).

gradients, and the nature and location of
these, suggested inadequate air mixing in
each of these three buildings, with some
zones over-ventilated and others under-

ventilated in accordance with the hypoth
esis advanced by Barber and Ogilvie
(1982) with respect to incomplete air mix
ing in confinement animal buildings.

The ventilation rates for each laying
unit and trial run were averaged as separate
means for the light and dark periods.
These values were averaged further for
these two periods over the six runs in each
barn (Table VII). Of interest was the find
ing that all the mean ventilation rates when
expressed as L/(sec.bird) were quite sim
ilar. The mean ventilation rates during the
light hours for all three barns ranged from
0.20 to 0.25 L/(sec.bird) while those dur
ing the dark hours ranged from 0.16 to
0.17 L/(sec.bird) (Table VII). The range of
mean values for the light and dark periods
for each run differed between barns. These
differences were a reflection of the outside
weather conditions prevailing during each
trial run and of the performance charac
teristics of the ventilation system in each
barn.

In the ventilation of livestock buildings,
a pressure differential between the inside
and outside of not less than 1.3 mm is

considered desirable for a continuous-slot
inlet system to work effectively (Munroe
et al. 1982; Turnbull and Bird 1981). The
mean pressure differentials in Barns A and
C met this criterion during the light hours.
During the dark period, the response of the
environmental control system in each barn
to reduced bird heat output and outside
night air temperatures resulted in
decreased ventilation rates without a cor

responding decrease in air inlet area and,
hence, in the large drop in the pressure
differentials (Table VII). In Barn B, the
mean pressure differential was low both
for the light and the dark periods. This

could partially explain why the ambient
temperatures were higher than those of the
exhaust air in this barn.

Moisture Production

The rate of moisture removed from each

laying house was derived from the dif
ference in the moisture content of the air

entering and leaving the house and the air
exchange rate. The moisture removed by
ventilation was assumed to be the total of

the moisture released by the hens through
respiration and that evaporated from the
stored droppings and wet surfaces. The
overall mean moisture production rates for
the three barns during both the light and
dark periods are shown in Table VII,
together with the range of overall mean
values obtained over the six trial runs.

The moisture production data for each
barn when averaged over the six runs
agreed closely (Table VII). The mean
values ranged from 3.3 to 3.9 g/(h.bird)
during the light hours and from 2.6 to 2.7
g/(h.bird) during the dark hours for all
three barns. The mean daily values were
3.3, 3.1 and 3.1 g/(h.bird) for Barns A, B
and C, respectively. As in the instance of
heat production rates, a comparison of
these mean values and published data were
made on a bodyweight basis. Values cited
by Riskowski et al. (1977), Olson et al.
(1974), DeShazer et al. (1969), and for
Barns A, B and C were 1.7, 2.2, 2.3, 2.2,
1.8 and 1.9 g/(h.kg), respectively. No data
were cited in these calorimetric studies on

the diurnal fluctuations occurring in latent
heat production from the layers. In this
study, the ratio of latent to total heat ranged
from 0.24 to 0.30 during the light hours
and from 0.22 to 0.27 during the dark
hours for all three barns (Table VIII). Both
of the higher ratios occurred in Barn A.
This could be due to higher manure tem
peratures since the droppings were not
subject to floor temperatures as in Barns B

and C. The more frequent manure removal
in Barn A may also have had some influ
ence on these higher ratios. Furthermore,
the birds in Barn A had the highest egg
production, thus consuming more feed and
voiding more droppings. In all barns, most
of the droppings would be voided during
the light hours resulting in higher ratios
than occurred during the dark periods. For
practical design purposes, a ratio of 0.26
might be used as a daily mean value for
barns maintained during the winter months
at around 15°C.

The mean hourly water consumption
rates of the laying hens in Barns A, B and
C were 7.8,8.8 and 9.6 g/(h.bird), respec
tively (Table VII). The differences were
observed to be due to water leakage from
the drinking cups. In Barn A, the leakage
was monitored closely by the operator to
minimize spillage directly onto the con
crete floor. In Barns B and C, leakage was
observed, but this was not of apparent con
cern to either producer. The percentage of
the consumed water removed by ventila
tion for Barns A, B and C was 44, 36, and
32%, respectively. The mean relative
humidities for all barns, ranging from 49
to 61% (Table VII), were well below the
maximum recommended by ASAE (1983)
or in the Canadian Code for Farm Build

ings (1977) under minimum winter ven
tilation rates. The relative humidities were

found to fluctuate very little during each
monitoring period.

The actual proportion of the sensible
heat produced by the layers that was con
verted to latent heat in evaporating
moisture from the stored droppings and
other wet surfaces was also of interest.

This conversion of sensible to latent heat

could not be measured directly. Total heat
production of the layers included both sen
sible and latent heat. However, the sensible
heat measured was only that remaining
after evaporation of moisture from the
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stored droppings and wet surfaces. For this
reason, laying hensundernormal housing
conditions would be expected to produce
less sensible and more latent heat than
those in calorimeter studies.

The ratiosof latentto total heat produc
tion ratescited by Riskowskiet al. (1977),
DeShazer et al. (1969, 1970) and Olson et
al. (1974) were found to agree with the
temperature versus latent to total heat pro
duction ratio relationship developed by
Charles and Spencer (1976). This rela
tionship would indicate that, for a mean
temperature of 14-16°C as found in Barns
A, B and C, the ratio of latent to total heat
production of the birds is approximately
0.20. The building latent heat, arising
from sources other than the birds, was
calculated as the difference between that
directlymeasuredand that produced by the
birds in calorimetry studies. For each
barn, this building latent heat was found to
be higher during the light period than dur
ing the dark period (TableVIII). This may
be due to greater water spillage and void
ing of droppings taking place during the
former period when the birds were active.
On a daily basis, the percentage of build
ing latent to total heat, or the sensible heat
conversion, was 8, 5 and 4% for Barns A,
B, and C, respectively. The higher percen
tage in Barn A may have been due to the
higher rate of drying of the droppings on
the individual manure belts.

CONCLUSIONS

Based on the results of this study, the
following conclusions are drawn:

(1) The total heat production rates from
the White Leghorn hens ranged from 33.2
to 34.6 kJ/(h.bird) during the light period
and from 24.9 to 31.0 kJ/(h.bird) during
the dark period, with daily values ranging
from 29.5 to 33.2 kJ/(h.bird).

(2) The younger, better feathered layers
in the triple-deck caged unit produced less
heat during the dark hours than the older
birds in the deep-pit and shallow-gutter
units.

(3) Moisture production rates ranged
from 3.3 to 3.9 g/(h.bird) during the light
period and from 2.6 to 2.7 g/(h.bird) dur
ing the dark period, with daily values rang
ing from 3.1 to 3.3 g/(h.bird).

(4) Latent heat removed by ventilation

represented from 22 to 30% of the bird
total heat production, with higher values
occurring during the light periods than
during the dark periods in all three barns.

(5) The conversion of bird sensible heat
to latent heat in evaporating moisture
within the building ranged from 4 to 8% of
their daily total heat production rates.

(6) The presence of temperature gra
dients and a general lackof adequate static
pressure differentials across air inlets indi
cated ineffective air distribution and mix
ing in all three barns studied.
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