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Reliable data on heat and moisture loads in broiler production units are necessary for the design of effective, energy-
efficient, environmental control systems appropriate to Canadian conditions. The primary objective of this study was
to determine these loads in the broiler environment throughout the production cycle under commercial conditions Two
broiler barns near Edmonton, Alberta, were monitored for a24-h period during each week of their production cycle
Adata acquisition system was used to collect the necessary data required to cany out a complete heat and moisture
balance on each unit. The total heat production ofthe broilers ranged from 3.6 to 61.6 kJ/(h-bird), while the moisture
removed from the barns by ventilation ranged from 0.8 to 10.7 kg/(h-1000 birds), over the entire production cycle
Regression equations were developed to predict total heat and moisture production rates ofthe broilers as a function of
their age. The major proportion of the latent heat removed from the barns arose from the litter. In addition, approximately
one-half of the total heat produced was in the latent form.
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INTRODUCTION
The major energy inputs in commer

cial-scale broiler production are those as
sociated with heating and ventilation. In
orderto determine heating and ventilation
requirements for confined broiler facili
ties, reliable data are requiredon heat and
moisture production of the birds under
commercial conditions. Ventilation is a
critical factor in raising broilers. In colder
weather, its primary function is to remove
moisture. However, excessive ventilation
results in excessive supplemental heat
usage while inadequate ventilation results
in poor litter conditions and stale ambient
air, and can lead to reduced chick per
formance (Reece and Lott 1982).

To determine the optimum ventilation
rate for moisture removal under fall-
winter-spring conditions, an accurate
assessment of the total amount of moisture
produced by the chicksand by evaporation
from the litter and waterers is necessary.
During warmer weather, the removal of
heat is the primary function of ventilation
and an accurate assessment of heat pro
duction is required. Heat production rates
increase as the age of the bird increases.
Reece and Lott (1982) found that the latent
heat removed by ventilation is high rela
tive to the sensible heat removed during
the first week of brooding, whereas, by
the fourth week, the quantities of latent
and sensible heat removed are similar.
This would suggest that, to optimize the
ventilation rate for a broilerhouse during
the entire production cycle, the heat and
moisture production rates within the unit
must be known throughout the cycle, i.e.,
from day 1 until the birds are marketed.

Heat and moisture production data from

calorimetric studies havebeenreportedby
Davies (1951), Colbyet al. (1967), Long-
house et al. (1968), and Denbow and
Kuenzel (1981). According to Reece and
Lott (1982) use of these data in ventilation
rate calculations for broilers is of limited
value because they do not include the
moisture component from the litter. Ef
forts have been made in the past to correct
the calorimetric data by estimating the fe
cal moisture content, but these have led to
unsatisfactory results (Reece and Lott
1982). The correction procedures did not
consider the sensible heat required to
evaporate the moisture removed from the
litter. This shift from sensible to latent heat
can be accounted for only if both heat and
moisture balances are carried out simul

taneously on the broiler environment. In
addition, calorimetric data do not consider
accurately the effect of large numbers of
birds and of typical management prac
tices. Heat and moisture production data
for broilers grown on litter under winter
conditions were first reported by Deaton
et al. (1969). Sensible and latent heat pro
duction rates were obtained for a 3- to 8-
wk growth period. Subsequent to this
work, Reece and Lott (1982) obtained heat
and moisture production data for broiler
chickens over the first 4 wk. The primary
objective of the study reported here was to
establish heat and moisture loads in broiler
houses under commercial conditions, in
Alberta, during the entire production
cycle.

EXPERIMENTAL FACILITIES

The study was conducted during the pe
riod from 1 Sept. 1981 to 31 May 1982.
Two broiler houses were selected for mon
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itoring on thebasisof accessibility andco
operation of the farmer, as well as being
representative of the majority of the broiler
houses in the Province. Each barn meas
ured 12 x 46 m with a ceiling height of
approximately 3 m. Barn A was located
north of St. Albert, Alberta, while Barn B
was located at Riviere Que Barre, Alberta.
Both barns used exhaust fans for ventila
tion, the fans being located along the lee
ward side of each building. A continuous-
slot, fresh air inlet was situated under the
eaves along the opposite side of the build
ing from the fans. In Barn A, seven two-
speed fans were spaced equally along the
length of the building while, in Barn B,
six variable-speed fans were used, again
being equally spaced along the length of
the barn. Two of the fans in Barn B were
not operated during the winter, and so
were sealed to minimize air leakage. Two
additional fans were mounted on the ceil
ing of each barn to facilitate air mixing
within the unit. These were located at each
end of the building, 1.5 m from the inlet,
with the air being directed parallel to the
wall towards the center of the barn.

The two barns were of wood-frame con
struction. Barn A was 10 yr old while Barn
B had been completed only 2 yr before the
start of this research. The thermal resis
tances of the ceiling and walls in Barn A
were calculated to be RSI 5.8 and 2.1, re
spectively, while the corresponding val
ues in Barn B were RSI 3.8 and 3.7, re
spectively. Barn floors in both instances
were earthen, with short straw being used
as litter. No perimeter insulation was used
in either barn. In Barn A, soil was placed
against the outside face of the concrete
foundation wall, while in Barn B approx-
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imately 10cm of foundation were exposed
to the outside.

Each bam was heated by a boiler lo
cated in a separately sealed room within
the broiler unit. Hot water was circulated
through 51-mm i.d. black-iron pipes
mounted horizontally on the walls along
the length of the unit. The clear spacings
between the pipe and the wall were 6 mm
and 44 mm for Bams A and B, respec
tively. The lengths of black-iron pipe used
in Bams A and B were 465 and 380 m,
respectively. Five loops of pipe running
the length of the unit were used in Bam A
and four in Bam B. The vertical spacings
between pipes in Bams A and B were 165
mm and 146 mm on center, respectively.

The number of birds housed, liveweight
gains, feed intake, water consumption,
mean ambient temperatures, and exposure
factors of the buildings are shown in Table
I. The broilers in both bams were fed ad
libitum using automatic feeders. The hop
per-type feeders in Bam A were connected
to three 40-m augers that operated when a
paddle-actuated microswitch, located in
the last feeder, sensed that the feeder was
empty. In Bam B, the feeder was a 100-
m, continuous, feed-chain type that op
erated every 2 h under the control of a time
clock. Drinking water was provided in
both bams in standard fountain waterers.

Artificial (electric) lighting in each unit
was provided on a continuous basis.

The ambient air temperature in both
bams was controlled at 31-33°C when the

chicks were introduced at the start of the

production cycle. Over the 7-wk period,
the inside ambient air temperature was de

creased gradually to approximately 21°C.
In both bams, full-house brooding was
used. After the broilers were marketed, the
litter was removed, the bam disinfected,
and fresh straw introduced for the next

batch of birds. The normal ''resting pe
riod" between successive batches was ap
proximately 2 wk.

The ventilation and heating control sys
tems of both bams were similar. The op
eration of each exhaust fan and of the
boiler were controlled by separate ther
mostats. However, there was no interlock
between the fan controls and the boiler

control in either bam. Minimum ventila

tion requirements were satisfied by the op
erator in each instance by manually setting
thermostats to ensure continuous opera
tion of the required fans to maintain rea
sonably dry litter and good air quality.
These conditions were determined subjec
tively by the operators.

EXPERIMENTAL PROCEDURES

AND EQUIPMENT
The thermal parameters of the two

broiler houses were monitored with the in

strumentation and data acquisition system
described by Feddes and McQuitty (1977,
1981), all housed in a 6-m x 3-m air-
conditioned mobile laboratory. The pa
rameters were those that defined the heat

and moisture balance for the broiler house,
i.e., temperature, relative humidity, air
flow rates and conductive heat flow. The

heat and moisture balance included heat

losses due to ventilation, and through the
structure, and heat gains from the broilers
and the supplemental heating units.

TABLE I. EXPERIMENTAL DATA SUMMARY

Barn A BarnB

No of birds (initial/final) 7937/7535 6810/6635

Mortality (%) 5.0 2.6

Bird density (birds/m2; initial final) 14.2/13.5 12.2/11.9

Final bird weight (kg) 1.71 1.71

Days to market 44 46

Feed consumption (kg/(bird-cycle_1)) 3.68 3.47

Water consumption (kg/(day-1000 birds" '))

bird age bird age
week 1 day 2 0.0 day 5 26.7

week 2 9 57.7 12 67.0

week 3 16 99.0 19 116.0

week 4 23 145.7 26 169.5

week 5 30 189.7 33 204.5

week 6 37 239.2 40 217.9

week 7 44 264.8

Average ambient air temperatures (°C)
week 1 day 2 33 day 5 31

week 2 9 28 12 28

week 3 16 27 19 26

week 4 23 24 26 25

week 5 30 23 33 24

week 6 37 22 40 21

week 7 44 22

Building exposure factor (J/(h-°C bird)) 281 162

Heat and moisture balance calculations

for most confined livestock facilities un

der winter conditions indicate that the ma

jor component of the total heat loss is the
heat lost in the air exhausted by ventila
tion. Consequently, the accuracy of ven
tilation rate measurement is of critical im

portance in carrying out a heat balance.
Several methods of measuring the venti
lation rates were considered in this study.

To monitor the ventilation rates of the

broiler houses under study, insulated dis
charge ducts were constructed down
stream from each exhaust fan. The sizing
of the ducts and the monitoring locations
of the air flows in each duct were as pre
scribed by Jorgenson (1961). Air-flow
rates in the ducts were monitored at 4-min

intervals by thermistor anemometers that
were designed, constructed, and cali
brated within the Department of Agricul
tural Engineering (Feddes and McQuitty
1980). These sensors also were calibrated
against a hot-wire anemometer (Sierra In
struments, Redlands, Calif.) during the
course of the study. This anemometer was
also used to measure air velocities at 25

locations in each duct cross-section. The

average of the 25 measurements was com
pared and related to that measured by each
thermistor anemometer, thus accounting
for any lack of uniformity in the air-flow
profile within the duct.

The speed of each fan also was moni
tored at 4-min intervals by a Hall-effect
sensor activated by a magnet attached to
the fan shaft. The pulses obtained were in
tegrated and the output voltage was asso
ciated with a fan air-flow rate. The output
voltages from the sensors in Barn A in
dicated whether each fan was in operation
or not, since the fan speeds were consid
ered 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
measured simultaneously. From these
data, a calibration function was developed
for each fan involving these two parame
ters. The negative pressures within the
barns were very small and were assumed
to have a negligible effect on the perform
ance of the fans.

A further check on the ventilation rates

was carried out with a detector chroma-

tograph (Al Industrial, Cambridge, Eng
land). This chromatograph utilizes sul
phur hexafloride(SF6) as a non-toxic tracer
gas. From the mobile laboratory, SF6sup
ply and sample lines were extended to each
fan discharge duct. The supply line was
situated immediately upstream from the
fan and the sample line was situated near
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the end of the duct. The flow of SF6 to
each discharge duct was controlled by a
valve and monitoredby a soap film meter
and a stop-watch. The valve was adjusted
to provide the desired flow. The flow rates
to each fan were based on the limits of the
calibration curve for the detector chro-
matograph. Each sample line was con
nected to the automatic sequencer in the
mobile laboratory which enabled fast cou
pling betweeneach sampling line and the
detector chromatograph.

The heat and moisture content of the air
entering and leaving each barn was cal
culated from the dewpoints and the dry-
bulb temperatures of the outside and ex
haust air, respectively. Dewpoints were
measured by a dewpoint hygrometer
(Model 880, Cambridge Systems, Water-
town, Mass.) twice hourly at three loca
tions inside the broiler barn 1.5 m from
the floor. The monitoring locations were
in the center of three sections, each of
which corresponded to one-third of the
building area. To obtain a dry-bulb tem
perature representative of the broiler en
vironment, each barn was divided into six
sections, thirds by length and halves by
width. Dry-bulb temperatures were meas
ured every 20 min at 0.5 and 1.5 m from
the floor in the center of each section by
means of thermistors (Fenwal Electronics,
Framingham, Mass.).

To measure supplemental heat input to
each building, thermistors were placed on
the inlet and outlet pipe near the boiler and
wrapped in thermal insulation. The flow
rate of heating water was measured with
an ultrasonic Doppler flow-meter (Poly
somes Flowmeter, Houston, Tx). This
meter was calibrated previously against a
magnetohydrodynamic flow-meter (Type
1803 SANS-CA, Foxborough Co. Ltd.,
Le Salle, Que.) in the Civil Engineering
Hydraulics Laboratory, University of Al
berta. The flow-meter sensor was placed
in excess of 20 diameters downstream

from any constriction, elbow, or junction
in the pipe. From the flow and the water
temperature differential across the boiler,
the heat input to the hot water system was
calculated. The change in the thermal
mass of the heating system was considered
in determining the energy dissipated by the
heating pipes to the broiler environment.
The water temperatures and flow rates
were recorded every 4 min.

The conductive heat losses from each

broiler house were measured by heat flux
plates (DeShazer et al. 1982). These were
fabricated and calibrated in the Depart
ment of Agricultural Engineering. A heat
flux plate was placed on a representative
section of each structural component of the

building, i.e., walls, foundation, and ceil
ing. An infrared pyrometer (Omega En
gineering, Stamford, Conn.), which
measures surface temperatures, was used
to scan the surface temperatures of each
structural component to find a location
whose temperature was representative of
that section. The conductive heat losses
also werecalculated usingthe temperature
data and the known thermal characteristics
of the building components. The calcu
lated values servedas a check against the
measured values. In addition, a commer
cially-available heat-flow meter(Concept
Engineering, Old Saybrook, Conn.) was
usedto checkheatflows fromthe building
components as measured by the heat flux
plates. The calculated building exposure
factors were 281 and 162 J/(h-0C-K
bird-1) for Barns A and B, respectively
(Table I).

An attempt was made to measure the
heat losses from the earthen floors in both
barns by measuring soil temperatures 900,
600, and 300 mm below the floor surface,
at the surface immediately below the
broiler litter, and at points 0.3, 0.6, 1.2,
3.3, and 6.1m from the center of the foun
dation. Soil temperatures also were meas
ured at similar depths outside the building
at a plane 100 mm from the center of the
foundation. This represented 24 tempera
ture locations at the mid-length of the
barn. A fine soil auger was used to drill
holes 1.0 m in depth, the thermistors then
being placed at the various depths and
packed in with sand. This procedure at
tempted to leave the soil as undisturbed as
possible.

The thermal characteristics of the soil

were assumed to be those for "heavy
damp soil" (American Society of Heat
ing, Refrigeration and Air-conditioning
1977) for which the thermal conductance
is 4.7 kJ/(h-m2-°C) for a flow path length
of 1.0 m, and the specific heat is 3.5 kJ/
(h-kg_1-0C_1). Heat losses through or to
the soil were assumed to occur in three

ways: (a) heat flow through the vertical
layer at the perimeter of the building, (b)
heat flow through the horizontal soil layer
located 600-900 mm beneath the litter,
and (c) heat that is stored in the top 600
mm of soil. These were assumed to occur

throughout the ground below the entire
broiler house. Since these temperatures
were only measured in Barn B subsequent
to the regular monitoring of the barns, the
heat losses from the earthen floor were ex

pressed in terms of the differential dry-
bulb temperature between the ambient and
outside air. The floor heat losses during
the monitoring periods in Barns A and B
then were calculated on the basis of the
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mean temperature differential measured.
Several parameters that were related in

directly to the heat and moisture balance
were also monitored. These included static
pressure differential between the inside
and outside of each building, water con
sumption by the birds, wind speed, and
wind direction. Water consumption rates
were measured by a commercially-avail
able water meter (Neptune Meters, To
ronto, Ont.) whose contacts open and
close every 5 L. An electronic counter was
used to count the litres and convert the
counts to corresponding voltages. Pres
sure differential, measured by a low-range
differential pressure transducer (Vali-
dyne, Model DP45, Sierra Instruments,
Carvel Valley, Calif.) indicated the effec
tiveness of the air-inlet system. Wind
speed and wind direction were measured
respectively by a three-cup wind anemo
meter and a wind-direction vane mounted
on a 10-m pole.

The broiler units were monitored con

tinuously over a complete 24-h period in
each week of a full production cycle. The
two units also were monitored continu
ously over a 1-day period immediately
after the broilers were marketed. This pro
vided certain background data to those
collected during each cycle for analysis
purposes As a result, Barn A was moni
tored for a total of eight complete days and
Barn B for seven days. The time of the
week that the birds entered the broiler

house accounted for the different number

of monitoring periods since monitoring
took place during the Tuesday-Wednes
day period of each week. Table I shows
the age of the bird for each monitoring pe
riod in each barn.

DATA RECORDING AND

PROCESSING

All the instrumentation used to measure

the thermal parameters was situated in the
mobile laboratory. The output signals
from each instrument was received di

rectly by a data logger (Feddes and
McQuitty 1977). The thermistors were
connected directly via extension cables to
the logger, which multiplexes each ther
mistor into a constant current circuit. From

the design of the internal circuitry and the
output voltage, the corresponding resis
tance of the thermistor was calculated.

While monitoring the broiler houses, the
outputs of the instruments and those of the
thermistors were monitored every 4 min
except that the thermistors measuring heat
fluxes, inside, outside, and attic dry-bulb
temperatures were monitored every 20
min.
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The output from the data logger could
be transmitted to a paper-tape punch, a
portable terminal, or a two-pen chart re
corder. The recorder was useful in the cal

ibration of fans and instruments. The port
able terminal was used to monitor data

acquisition and the paper punch operated
during the entire sampling period. The pa
per tape was read by a paper-tape reader
at the Computing Services Centre, Uni
versity of Alberta. The raw voltage data
were processed, utilizing a computer pro
gram, into their real units such as °C, litres
per second or metres per second. The pro
gram also tabulated the data with respect
to time, along with hourly and daily av
erages. From these data, hourly ventila
tion rates, supplemental heat input, con
ductive heat losses, heat output from the
broilers, and moisture output from the
broiler house, were calculated and tabu
lated.

All raw data were processed and plotted
within 1 day of being recorded. This short
turn-around time was considered to be es

sential to insure that good data were col
lected for that week. If a failure occurred

in the instrumentation or sensors, the run
could be restarted immediately, thus min
imizing the chance of recording incom
plete or faulty data.

RESULTS AND DISCUSSION

To maintain a constant thermal envi

ronment within a broiler house, heat losses
must equal heat gains. The losses in this
study were considered to be those due to
air exchange or ventilation and the con
ductive heat flow through the structural
components of the building. The gains
were considered to be those arising from
the supplemental heating system and from
the birds. Since the heat losses and the

supplemental heat gain were measured in
this study, the unknown term or the heat
output of the birds could be determined.
This term also represents all heat losses
and gains associated with lights, motors,
and the heat generated within the litter.
These sources were considered to be neg
ligible, thus the entire term was assumed
to be the heat output of the birds.

Typical hourly values of supplemental
heating, building and ventilation heat
losses, and heat production from the birds
at the beginning and end of the production
cycle are illustrated in Figs. 1 and 2, re
spectively. The hourly fluctuations were
considered to be due to variations in the
thermal mass of the air and, more partic
ularly, of the heating system. In addition,
the heat removed by the exhaust fans prob
ably was at times in excess of, or less than,
that required to achieve an energy equilib-
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TABLE II. DAILY AVERAGE HEAT BALANCE VALUES FOR EACH WEEK DURING THE

BROILER PRODUCTION CYCLES IN BARNS A AND B

Bird age
(days)

Temp (°C) Avg vent Supplemental Ventilation Bird Ventilation

Week In Out rate heat input heat loss heat loss/

(L/(sec.lOC
birds))

)0
kT/fh-hirdl

total

heat loss

Barn A

1 2 33.2 7.5 95 14.4 14.0 5.4 0.71

2 9 27.7 6.8 92 9.7 11.9 7.9 0.67

3 16 26.6 8.1 170 13.0 19.8 12.6 0.77

4 23 24.3 5.6 304 15.5 33.5 23.4 0.86

5 30 22.6 -1.2 382 20.2 54.4 40.3 0.90

6 37 21.8 0.0 301 6.8 44.6 43.2 0.89

7 44 21.6 2.2 575 18.4

BarnB

70.2 57.2 0.93

1 5 30.4 -12.9 39 14.4 8.6 3.6 0.48

2 12 28.2 -8.0 104 15.5 19.4 13.0 0.68

3 19 25.7 -26.0 108 17.3 30.2 23.4 0.74

4 26 25.1 -28.0 182 28.1 52.9 35.6 0.83

5 33 24.1 -16.2 257 17.6 61.9 53.6 0.87

6 40 21.1 -35.4 252 27.7 78.1 61.6 0.88

rium. Figure 2 illustrates the high propor
tion of the total heat loss that is removed

by the ventilation system. The daily av
erage values over the full production
cycles of inside and outside air tempera
tures, heat gains and losses, and ratios of
heat loss due to ventilation to the total heat

loss are given in Table II.
The ratio of heat loss through ventila

tion to the total heat loss from the building
ranged from 0.67 to 0.93 for Barn A and
0.48 to 0.88 for Barn B. The high ratios
indicate the minor proportion of total heat
loss from the broiler environment through
the building shell. The highest supple
mental heating requirement was 28.1 kJ/
(h-bird) in Barn B under extremely cold
conditions. Of interest was the fact that the

supplemental heating requirements per
bird increased with age even though their
own heat production also increased with
age. This illustrates that the increased heat
production of the broilers was not suffi
cient to heat the increased exchange of air
supplied as the broilers matured.

The floor heat losses from the broiler
environment were based on the measured

soil temperatures, and assumed values for
thermal conductivity and specific heat of
the soil (Table III). These losses, based on
the measured temperatures at the mid-
lengthof the building, were assumed to be
the same throughout the broiler barn. The
heat loss through the horizontal layer and
loss to thermal storage were assumed to
be similar during each production cycle
since the inside temperatures were very
similar. The vertical layer appeared to be
most influenced by the outside tempera
tures. The floor heat losses from Barns A

and B were 192 and 276 kJ/h for each

metre of perimeter, respectively (Table
III). Considering the magnitude of the

Vertical layer (MJ/h)
Horizontal layer (MJ/h)
Heat storage (MJ/h)

Total heat loss (MJ/h)
Total heat loss* (kJ/(h-m))
Temperature difference§ (°C)

tMonitored during subsequent production cycle.
$Heat loss in terms of barn perimeter.
§Mean temperaturedifference, inside and outside.
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floor heat loss relative to the total, the as
sumption that floor heat losses were con
stant for each barn was considered to be

valid.

The total heat production values due to
the broilers for both barns are shown in

Fig. 3. As may be seen, there was close
agreement between the total heat produc
tion values for both units. An equation for
the data in Fig. 3 was developed to relate
heat production with bird age. The cor
relation coefficient between the two vari

ables was considered to be high
(R2 = 0.96). The equation is as follows:

H = 6.38-0.782A + 0.109A2-0.00146A3. (1)

where H = total heat production per
broiler (kJ/(h-bird)), and A = age of birds
in days.

16 24 32

Bird Age (days)

Figure 3. Total heat production of broiler chickens in Barns A and B during complete pro
duction cycles.

TABLE III. ESTIMATED FLOOR HEAT LOSSES IN BARNS A AND B

Barn A

8.3

9.7

4.3

22.3

192

22

BarnB

18.0

9.7

4.3

32.0

276

47

BarnBt

12.2

9.7

4.3

26.2

226

32



A sigmoid curve similar to a normal
growth curve for a broiler was expected
since heat production and growth rate are
related. The prediction equation appears
incorrect when bird age is less than 5 days.
The heat production value measured dur
ing day 2 in Barn A appears to be much
too high. The reason for the high discrep
ancy in this value was due to the difficulty
in measuring infiltration rates since none
of the fans was in operation during the first
week. When considering the variation be
tween the predicted values in Eq. 1 and
those observed, the predicted value of H
can be expected to vary as much as plus
or minus 5%. This would indicate that the

higher value of H would be used for de
signing a ventilation system, whereas the
lower predicted H would be used in de
signing a supplemental heating system.

A comparison of the total heat produc
tion data with those reported by other re
searchers is presented in Table IV. Re
ported data were in general agreement
with those obtained in this study up to an
age of 4 wk, especially those of Reece and
Lott (1982). Between 4 wk and market
age, however, there was a large discrep
ancy between some of the total heat pro
duction data presented in Table II and
those obtained by other researchers (Table
IV). The production values obtained in
this study were almost 50% higher than
those found by the other researchers dur
ing thisperiod.Thereasons for theselarge
differences could be due to the difference
in existing ambient temperature or relative
humidity. Relative humidities in excess of
65% were reported in most of the facilities
used in these other studies. In this study
and in that reported by Reece and Lott
(1982), relative humidities were approxi
mately 55% or lower, a level that ensures
relatively dry litter conditions. When rel
ative humidities exceed 55% wet litter
conditions begin to occur (Reece and Lott
1982). Thus, the litter appears to act as a
moisture sink, and hence lower the appar
ent moisture or total heat production of the
birds.

The average ventilation rates for the 24-
h monitoring period within each week of
the production cycles are shown in Table
II. These data illustrate that ventilation
rates can differ widely between broiler
houses. The marked decrease in the mean
ventilation rate in Barn A during the sixth
weekof monitoring was a result of the op
erator being overly concerned about his
high energy costs. The authors recom
mended that the ventilation rate be ad
justed to that necessary for relative hu
midity control. However, after a few days
his traditional method of fan control was
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TABLE IV. COMPARISON OF BROILER TOTAL HEAT PRODUCTION VALUES

(KJ/h-bird-"'))
Age (days) 3 7 14 21 28 35 42

Sourcet 5.0 5.7 12.8 24.5 37.9 49.9 57.6

Source^ 3.1 5.8 11.3 16.7 23.9 33.3 36.3

Source§ — — — 24.7 33.0 42.9 47.0

Sourcel — — — — 23.4 30.4 36.8

Source|| 2.6 4.7 8.9 13.3 19.8 26.3 29.7

Sourcett 2.1 7.7 15.7 22.7 34.6
— —

tEquation 1.
tLonghouseetal. (1968)
§Figures 42 and 43: ASAE Yearbook (1982)
UDeaton et al. (1969)
||Denbow and Kuenzel (1981)
ttReece and Lott (1982)
—No data

resumed, that is, the fans were used to
control temperature rather than allowing
the furnace thermostat to control temper
ature when only minimum ventilation rates
were required. Both operators, particu
larly the more experienced one (Barn A),
used their subjective impression of air
quality as the primary consideration in the
environmental control of their units, and
manipulated the ventilation rates accord
ingly while maintaining satisfactory am
bient temperatures. Bird health appeared
to be the motivating reason for this em
phasis on air quality.

The amount of moisture released into

the barn air by the broilers and the litter
was derived from the difference in mois

ture content of the air entering and leaving
the broiler house through the ventilation
system. The average moisture production
data for both barns over the production
cycle are given in Table V and Fig. 4.
Again the moisture production rates in
Barns A and B agree closely, while a high
correlation existed between moisture pro
duction and age (R2 = 0.97). The equation

that best fits these data points is as fol
lows:

M= 1.34-0.0872A + 0.0148A2-0.000189A3 (2)

where M = moisture production rate (kg/
(h-1000 birds)), and A = age of the birds
in days.
As expected, this curve is similar to that
for heat production and growth. Again the
predicted values should be considered to
range between plus or minus 5% of that
predicted by Eq. 2.

The moisture removal rates were antic

ipated to be similar in both barns since a
high relative humidity and low ventilation
rate would be expected to result in re
moval rates similar to those in a barn with

low relative humidity and high ventilation
rates. The mean relative humidities for

both barns are shown in Table V. Relative
humidities ranged from 23 to 58%, and
were considered to be low. Although no
measurements were made, the litter in
Barn B appeared to contain more moisture
than that in Barn A, but both were con
sidered dry. In the vicinity of the water

TABLE V. DAILYAVERAGE MOISTURE PRODUCTION VALUES FOR EACH WEEK DURING
THE BROILER PRODUCTION CYCLES IN BARNS A AND B

Week Bird age Moisture Water
production consumption

(days) (kg/(h-1000 birds))

Moisture production/ RH
water consumption

(%) (%)

Barn A
1 2 1.5 0.0 30
2 9 1.9 2.4 79 41

3 16 3.1 4.1 76 38
4 23 4.X 6.1 79 43
5 30 7.3 7.9 92 41

6 37 7.7 10.0 77 58
7 44 10.7 11.0

BarnB

97 48

1 5 0.8 1.1 73 23
2 12 2.0 2.8 71 28
3 19 3.3 4.8 69 37
4 26 5.9 7.1 83 42

5 33 8.9 8.5 104 50

6 40 8.8 9.1 97 53
7
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Y= 1.34 - 0.0872X + 0.0148X2 - 0.000189X3

o Barn A

• Barn B

—I
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Bird Age (days)

Figure 4. Moisture production ofbroiler chickens inBarns Aand Bduring complete production
cycles.

fountains, the litter was damp in both
barns.

Latent heat production rates that were
measured by Reece and Lott (1982) were
used as a comparison since their relative
humidities were similar to those measured
in thisstudy. In generaltheir moisturepro
duction values were 20% higher than those
measuredin this study. However, the total
heat production datainbothstudies agreed
fairly well. The discrepancy in moisture
production rates between the two studies
could be due to the difference in the
amounts of broiler moisture being stored
in the litter as a consequence of differ
ences in properties of the litter.

The water consumption values as pre
sented in Table V were found to be very
similar to the moisture removal rates. The
percentage of the water consumed re
moved by the ventilation system ranged
between 71 and 97%. The moisture re
moval rate measured during Week 5 in
Barn B appears to be too high since more
moisture was removed than consumed. A
probable explanation for this is thatthe lit
ter wasdrying out or, in other words, more
moisturewas being lost from the litter than
was being added.

The actual proportion of the sensible
heat loss by the broilers that was being

ers under normal housing conditions may
appear to produce less sensible and more
latent heat than those in calorimeter stud

ies. To estimate the latent heat evaporated
from the litter, moisture production data
cited by Scott et al. (1983) were used. The
calorimetric data presented by these au
thors was averaged to a value of 2.44 g
moisture/(h-kg) or 6.2 kJ/(h-kg of live-
weight). This value was subtracted from
the total latent heat measured to give an
approximation of the amount of sensible
heat used to convert the moisture in the

litter to latent heat (Table VI). The ratio
of latent heat produced by the litter to the
total heat indicated the proportion of the
total heat used to evaporate moisture from
the litter.

In Barn A, the ratios during the pro
duction cycle were found to be higher than
their respective values for Barn B. This
suggests that more moisture was removed
from Barn A. This was substantiated by
the litter appearing drier in Barn A than in
Barn B. In Barn A, there also was a grad
ual decrease in the proportion of sensible
heat being used for evaporation (0.67 to
0.33). In Barn B, this decrease was not so
apparent. Table V also indicates the high
proportion of latent to total heat arising
within these broiler units. If the moisture
deposited in the litter by the broilers and
water fountains were to be removed from
the building immediately, the latent to to
tal heat ratio could be lowered to a range
of 0.10 to 0.15, with a subsequent reduc
tion in the minimum ventilation rate for
moisture control and hence a saving in en
ergy input.

CONCLUSIONS

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

converted to latent heat used in evapora
ting the moisture from the litter also was
of interest. This conversion of sensible to
latent heat could not be measured directly.
Total heat production of the broilers in
cludes both sensible and latent heat. How
ever, the sensible heat measured is only
the remaining fraction since some meta
bolic heat may be used to evaporate mois
ture from the litter. For this reason, broil-

TABLE VI. TOTAL, LATENT, AND SENSIBLE HEAT PRODUCTION OF THE BROILER
CHICKENS IN BARNS A AND B

Bird Total Sensible Total Broilert Litter Litter Total

age heat heat latent latent latent latent/ latent/

kJ/ (h-bird-1)) total heat total heat(days)

Barn A

2 5.4 1.6 3.8 0.2 3.6 0.67 0.70

9 7.9 3.1 4.8 1.0 3.8 0.48 0.61

16 12.6 4.7 7.9 1.9 6.0 0.48 0.63

23 23.4 11.2 12.2 3.2 9.0 0.38 0.52

30 40.3 21.6 18.6 5.0 13.6 0.34 0.46

37 43.2 23.6 19.6 6.7 12.9 0.30 0.45

44 57.2 30.0 27.2 8.4

BarnB

18.8 0.33 0.48

5 3.6 1.6 2.0 0.5 1.5 0.42 0.56

12 13.0 7.9 5.1 1.3 3.8 0.29 0.39

19 23.4 15.0 8.4 2.3 6.1 0.26 0.36

26 35.6 20.6 15.0 3.9 11.1 0.31 0.42

33 53.6 31.0 22.6 5.8 16.8 0.31 0.42

40 61.6 39.3 22.3 7.1 15.2 0.25 0.36

tEstimated from calorimetric data (Scott et al. 1983).
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(1) The total heat production rates due
to the broilers ranged from 3.6 to 61.6 kJ/
(h-bird) over the period of the production
cycles.

(2) Total heat production of broilers can
be predicted accurately under typical
broiler management conditions, using a
regression equation with bird age as the
only variable.

(3) As much as 93% of the total heat
loss from the broiler environment was due
to ventilation.

(4) The broiler barns were found to have
excessive ventilation rates for the prevail
ing conditions, resulting in low relative
humidities (23-58%).

(5) Moisture production rates ranged
from 0.8 to 10.7 kg/(h-1000 birds) over
the period of the production cycles.

(6) Moisture production rates through
out the broiler production cycle can be
predicted accurately under typical broiler
management conditions, using a regres
sion equation with bird age as the only
variable.

(7) The best-fit curves that related age
to rate of energy and moistureproduction
were similar to a typical broiler growth
curve.

(8) Approximately 40-70% of the total
heat produced in the broiler houses mon
itored was in the form of latent heat.

(9) The conversion of the broiler sen
sible to latent heat was found to range be
tween 25 and 67% of the total broiler heat
load.

(10)The latentheat arisingfrom the lit
ter was always more than approximately
twice that produced by the broilers at any
stage in the production cycle.
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(11) Earthen floor heat losses ranged
from 192 to 276 kJ/(h-m of building pe
rimeter), and were approximately 20% of
the total building heat loss.
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