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Abstract. A study of the environmental control practices and problems for poultry was conducted in Riyadh
area of Saudi Arabia. Information was obtained on the building size, labor, material of construction, cooling
and heating systems, and automatic control for fifteen commercial poultry buildings. Ventilation rates to
control temperature, moisture and ammonia were estimated and evaluated for every building. Also,
supplemental heat capacities to maintain the desired indoor temperature were determined. The results showed
that the floor space for chickens ranged from 0.052 to 0.061 m?bird. Walls and roofs were constructed with metal
panels, concrete blocks and insulating materials. Cooling was accomplished by fan and pad evaporative
cooling systems. The result obtained from this study indicated that summer ventilation rates were between
0.80-1.51 air exchanges per minute, and between 0.31-0.46 air exchanges per minute for winter. It was
predicted that ventilation rates during summer could control moisture and ammonia in all farms, while could not
control temperature in 33% of farms. The results indicated that ventilation was necessary during winter to control
temperature, moisture and ammonia. During winter days, estimated ventilation rates for temperature control were
higher than those required for ammonia and moisture control. However, during winter nights, predicted
ventilation rates for ammonia control were higher than those required for temperature and moisture control.
Therefore, ventilation rates for ammonia control were considered to be minimum ventilation rates, and to be
continuous during night. In such a condition, supplemental heat was required to maintain the building at the desired
air temperature. Winter ventilation rates were much higher than those required for moisture and ammonia control.
This increased mixing of cold outside air with warm inside air. Therefore, indoor temperature could not be
maintained at the desired level during winter season even though thermal outputs for heaters were higher than
the predicted supplemental heat capacity. Heat was distributed in the building by discharging hot air directly or
through perforated polyethylene duct. Some major problems of environment control were salt precipitation
and dust accumulation in the cooling pad, non-uniform temperature in the building, and low efficiency of
cooling and heating systems. Some recommendations to improve the performance of the environmental control
systems for poultry buildings in Saudi Arabia were presented.

Introduction
Central regions of Saudi Arabia have a desert climate where agricultural buildings require

environmental modifications to create a favorable environment that is essential for animal
comfort and health. Under a less stressful environment, animals can utilize food more
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efficiently. The common farm buildings in Saudi Arabia include poultry and dairy houses,
and greenhouses. The poultry industry plays an important role in the economy of Saudi
Arabia because a huge consumption of chicken is in demand. The poultry industry
development represents a main strategic objective of the Saudi government because it
increases the income resources and insures food security. As a result, the poultry
industry has flourished and large capitals have been invested on it. Poultry industry in
Saudi Arabia includes productions of eggs, broilers and chicks. Table 1 shows poultry
productions by specialized projects for the period from 1995 to 1998 [1, p. 242-250]. More
than 30% of the poultry projects were located in central region of Saudi Arabia [1, p. 242-
250].

Table 1. Poultry production by specialized projects in Saudi Arabia for the period from 1995 to 1998 [1, p.

242-250]

Year No. of eggs* No. of broilers* No. of chicks (broilers No. of chicks (layer
parents or hatcheries)* parents hatcheries)*

1995 2391.797 299.9141 347.128437 12.518353

1996 2269.788 304.745177 352.906643 10.849367

1997 2389.550 375.955761 451.332331 18.680110

1998 2475.055 312.052459 401.080900 15.570704

* In million.

Increase of poultry production in Saudi Arabia can be attributed to the development
of poultry medicines, vaccines, and feed supplements as well as the use of environmental
control devices that provide a suitable environment for poultry growth, production, and
health. Poultry buildings in Saudi Arabia have environmental modifications that are
essentially used for cooling, ventilating and heating. Fan ventilation system is
essentially used to regulate inside conditions including humidity, temperature and
ammonia (NHs) concentration in the building. In buildings during summer, water
evaporative cooling systems are used to reduce indoor temperature and increase relative
humidity to acceptable levels. Also, during cold months, heat is added to the buildings.
Poor ventilation would quickly let to unhealthy conditions in poultry housing. This
adversely affects bird performance such as growth rate, feed efficiency, carcass quality,
and susceptibility to disease challenge [2]. If ventilation is adequate to control
temperature during hot weather, it is adequate to control moisture and other aerial
contaminants [3, p. 176]. It was stated that 1.0 air exchange per minute would remove
excess heat [4]. Humidity and other air contaminants may increase when the ventilation
rate is too low to the point where they dictate minimum ventilation rate. This happens
during cold weather when air temperature is far below the optimum level for long period
of time. To maintain air temperature at the desired level, supplemental heat is needed.
To maintain a safe ammonia level of <25 ppm during the first week for flocks grown on
old litter requires ventilation rates 10 times the normal rates needed for moisture control
[5]. Minimum ventilation rate for broiler houses to maintain indoor aerial ammonia to
within 25 to 30 ppm for growout raised on old litter averaged nine times the normal
ventilation rates needed for moisture control on day one, and declined exponentially with
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bird age during the first two weeks [6].

Poultry producers indicated that environmental control systems have some problems
that would increase operational cost and energy consumption.  Generally, the
environment control problems can be observed in ventilation, cooling and heating
systems, and automatic control systems.  There is limited information about
environmental control practices and problems in poultry buildings in Saudi Arabia. The
objectives of this study were to:

1) Discuss and investigate environmental control practices and problems in Riyadh
area of Saudi Arabia.

2) Predict day and night ventilation rates for summer and winter seasons based on
temperature, humidity and ammonia control.

3) Predict supplemental heat capacity required to maintain the building at the desired
indoor temperature.

4) Compare the predicted summer and winter ventilation rates, and supplemental heat
capacity with those used in buildings.

The results of this paper can be used to help poultry producers improve bird
performance and conserve energy, and to help researchers to find priorities for future
research studies. Also, the results included problems facing poultry production in Saudi
Arabia.

Methods

A survey of the environmental control for poultry was conducted in Riyadh area of
Saudi Arabia. Fifteen randomly selected farms were surveyed during the period of 1999-
2000. Information was obtained on the building size, labor, material of construction,
automatic control, and cooling, ventilation and heating systems.

The required ventilation rates for temperature control (VRt) was obtained for the
building based on steady-state energy balance assuming heat from mechanical sources
(light, motors) is small enough to be ignored. Therefore, Abright [3, p. 159] proposed the
following equation to determine VRy, m*/s:

ds — Y UA(T; - T,
CpP(Ti -To)

VR7 = 1)

Where:
gs = sensible heat gain from chickens (W)
U = overall building heat transfer coefficient (W/m?°C)
A = area of the building walls and ceilling (m?)
p = density of air (kg/m°)
C,, = specific heat of air (J/kg °C)
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T;and T, = temperatures inside and outside the building, respectively

(°C).
The overall coefficient of heat transfer was determined as follows:
1
U= @

t
Where R, was total unit area thermal resistance (m?°C/W) and was calculated as follows.

RERs+ R+ R+ ... + Rgs 3)
Where:

R;s = inside surface unit area thermal resistance (m”°C/W)

Ros = outside surface unit area thermal resistance (m?°C/W)

Ry, = unit area thermal resistance of each layer making up the building (m?
°C/W).

The unit area thermal resistance of each layer was determined as follows:

X12....
R _ 212,
b Kyo,.. @)

Where:

ki ,,... = thermal conductivity of each layer (W/m ° C)

X1, = thickness of each layer of material building (m)

The required summer ventilation rates when the fan-pad evaporative cooling
system is used (VRy) was obtained by changing ventilation air temperature to the
temperature of air leaving the cooling pad (T.. ). Then, the calculation of ventialtion rate
changed to:

s _ZUA(Ti _To)

VR, = ®)
Cpp(Ti = Tee)
The temperature of the air leaving the pad was expressed as:
Toe = To=M(To-Tun) (6)

Where:
n = effecincy of the pad cooling system (%)
Tws = Wet-bulb temperature of outside air (°C).

The ventilation rate for moisture control (VR., m*/sec ) was calculated based on
steady-state moisture balance as follows [3, p. 165]:

VR Mp
ESVYYERYYE 7
m P(Wi _Wo )

Where:
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my, = moisture production rate (kg/s)
W, and W, = humidity ratios at the inlet and outlet, respectively (KQuater/KQair)-

The ventilation rate for ammonia control during the two-week brooding period was
related to bird age by the following regression equation (R? = 0.97) [6]:

VRyys = 134 + 0.2474 (13-D)° (8)

Where:
VRyus = ventilation rate for ammonia (m*/h/1000 birds)
D= bird age (day)

A sensible energy balance was used to calculate supplemental heat capacity (Osuppl.)
required to maintain the building at required T; for cold winter night and when minimum
ventilation rate VRpin (M*/sec) is used:

Gsuppl. = Cp P VRuin (Ti-To) + ZUA(T:-To) - 05 )
The minimum ventilation rate (VRyi,) was the highest of VR, and VRy;z.

Energy and mass balance models required some numerical values as input values.
Table 2 shows input values for the models with their dimensions. The data of outside air
temperatures and relative humidities were collected from the solar village in Uuaina, Riyadh
area. The values of desired indoor temperature were obtained from the survey. The indoor
relative humidity were assumed to be no more than 70%. Thermal conductivity of each
layer, and inside and outside surface thermal resistance values were obtained from [8].
Sensible heat gain and moisture production from chickens were obtained from [4].

In this study, the predicted summer and winter ventilation rates, and supplemental
heat capacity were compared with those used in buildings. Rated ventilation rates for fans
were obtained from the survey results. Then, ventilation rate for a building was found by
multiplying the number of fans in each building by rated ventilation rates for each fan. Air
exchange rates was found by dividing the volume of air that passed through a unit volume
of building in a minute to determine air changes per minute. Required winter ventilation
rates for temperature control were calculated using Equation 1. While in summer, Equation
5 was used to calculate required ventilation rates when the fan-pad evaporative cooling
system was used. Evaporative cooling effeciency was chosen to be 77% [9]. Equation 7
was used to estimate ventilation rates for moisture control. Ventilation rates for ammonia
control were estimated using Equation 8. Supplemental heat for buildings was calculated by
applying Equation 9.

Results and Discussion

Labor and structure
In every surveyed farm, there was one or more owner, and a general manager.
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It was uncommon to find the owner to be a laborer or a manager of the farm. On most
farms, a veterinarian always held the responsibilities of the general manager who was
responsible for all employees and business. The number of employees ranged from 4 to
17 individuals depending on the farm size. About 50% of the employees were laborers,
15% were veterinarians, and 12% were electricians. All producers indicated that there
was no need to hire agricultural engineers. The results of the survey showed that farms
that have greater than 10 employees had an accountant who held the responsibilities for
purchasing materials, handling billing and payments, and bookkeeping.

Table 2. Input parameters used in the simulation models
Parameters Numerical value Dimensions
Summer conditions

Outside air temperature

Day 452 °c

Night 30.0 °C
Outside relative humidity

Day 43 %

Night 30 %
Inside air temperature 26 °C
Inside relative humidity 70 %

Winter conditions
Outside air temperatures

Day 15 °C
Night 4.0 °C
Outside relative humidity
Day 15 %
Night 70 %
Inside air temperature 34 °C
Outside relative humidity 70 %
Inside surface thermal resistance 0.12 m2.C/W
Outside surface thermal resistance 0.044 m2.C/W
Evaporative cooling efficiency 77 %
Sensible heat gain from chickens 3.6 Wikg
Moisture production rate 10 OMuate/kg.Nr

Results showed that the number of poultry buildings per farm varied from 3 to 16
buildings. The width of the buildings varied from 11.4m to 15m, and the length varied from
100 m to 150 m. The area of each building ranged from 1140 to 2250 m*. About 40% of
the surveyed farms had poultry buildings with areas greater than 10000 m?. Chickens were
grown in each building for 5 to 6 weeks before marketing. The confined floor space for
chickens was varied from 0.052 to 0.061 m%bird. It has been recommended by [7, p. 515.1]
that chickens require 0.093 m%bird for 4 to 10 week-old birds.

Buildings were constructed from footing, foundations, walls and roofs. The
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foundation was the link between the building and the ground, and was set on a poured
concrete footing. A concrete footing was set to a minimum depth of 1m below ground
surface to provide a level surface for a concrete masonry (block) foundation wall that was 1
m above ground surface. Walls with a width of 0.2 m were built of two metal boards
connected by metal ties and separated by 0.14 m of an insulating material. Walls height
varied from 2 to 3 m. The type of roof framing was a gable roof with a ridge height varied
from3to5m.

Ventilation and cooling

Growing poultry under only ventilated buildings in an arid climate throughout
summer poses problems such as high temperature and low relative humidity. For this
reason, producers in all surveyed farms used mechanical fan ventilation and pad evaporative
cooling system for summer cooling. Hot outside air was drawn in through a wet pad. The
type of pad materials used for evaporating water were cross-fluted cellulose pads. They
were installed vertically so that the pad was wetted by distributing water over the pad top.
There were different designs for the placement of fans, cooling pads and heaters as shown in
Fig. 1. Fans and pads were located on side-walls.

The total area of pads ranged from 40 to 60 m?, and their heights ranged from 0.5
m to 2m. The distance between the ground and fans was 0.6 m. One square meter of pad
was required for an average of 0.056 m%s of ventilation. Water was delivered to the top of
pads by a pump, and returned to the water return tank. In all farms, no filter was installed
for controlling salt and dust buildup in the cooling pads.

The desired air temperature inside the building was varied between 26 and 34°C
according to the age of birds. Table 3 shows desired indoor temperatures from week one
until the completion of growing period (week six).

Measurements of air temperatures in the building were accomplished hourly on
56% of farms and daily on 44% of farms either manually by a dry bulb thermometer or
automatically by a temperature sensor and a computer. On about 15% of the surveyed
farms, the indoor relative humidity was measured daily in the building and was between
30% and 40% during summer, and between 50% and 90% in winter. No measurements
were made for carbon dioxide and ammonia concentrations inside the buildings.

Table 3. Set point temperatures inside the building
Age, week Indoor temperature, °C

32-34

30-32

28-30

26-28

26

26

OO WN PP

Table 4 shows number of fans, rated ventilation rate for each fan, summer and
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winter ventilation rates for all farms, and predicted ventilation rate for temperature, moisture
and ammonia control. The number of fans in each building varied between 6 and 14 fans.
There were two types of fans used for ventilation; small fans (24 inches in diameter) had a
rated ventilation rate of 6.67 m*/s, and larger fans (36 and 48 inches) had rated ventilation
rates of 9.72 to 11.39 m%s. About 80% of the surveyed farms used large fans for
ventilation, while only 20% used small fans.
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Fig.1. Different designs for the placement of fans, cooling pads and heaters for poultry buildings in the
surveyed farms.

Fans were run at their full capacities during summer months to remove excessive heat
from the building. Lower ventilation rates were used throughout winter to introduce fresh
outside air into the building to remove moisture, gases and odors. As shown in Table 4,
summer air exchange rates were ranged from 0.8 to 1.51 air exchanges per minute, while
during winter they were ranged from 0.31 to 0.46 air exchanges per minute. Winter
ventilation rates were based on 2.67 m%hr per kg of body weight, which was 48% higher
than the recommended rate of 1.4 m*hr per kg [10, p. 97]. It can be seen in Table 4 that
winter ventilation rates were much higher than predicted ventilation rates for temperature,
humidity and ammonia control. High winter ventilation rates can increase mixing of cold
outside air with warm inside air, thus indoor temperature cannot be maintained at the
desired level.

Table 4 shows clearly that fan-ventilation systems were capable of controlling
moisture and ammonia during summer in all farms. This was simply because ventilation
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rates required for controlling moisture and ammonia were less than rated ventilation rates
for fans. Inside air temperature during summer days can be controlled by fan-pad systems
in 67% of farms, while in 33% of farms, rated ventilation rates for fans were lower than the
required rates for temperature control. This could reduce the efficiency of cooling system,
which in turn reduces the differences between outside and inside temperatures.

It is obvious from Table 4 that ventilation rates for temperature control were
predicted to be positive during day and cold night because sensible heat production from
birds was high enough to heat air in the building. Table 4 shows that day ventilation rates
for temperature control were higher than those required during night. This was because air
during winter nights enters at cooler temperature. Also, it can be seen from table 4 that
even when it was cold outdoor, ventilation was necessary to control moisture and ammonia.
During winter days, estimated ventilation rates for temperature control were higher than
those required for ammonia and moisture control. However, during winter nights,
predicted ventilation rates for ammonia control were higher than those required for
temperature and moisture control. Therefore, ventilation rates for ammonia control were
considered to be minimum ventilation rates, and to be continuous during night. In such a
condition, supplemental heat was required to maintain the building at the desired air
temperature.

Heating systems

In all surveyed farms, heaters were used during winter. Heating system was made
up of a fuel burner, heat exchanger, distribution system and controls. Fuel can be Diesel,
Gas and Kerosene. The survey showed that in 55% of farms, heat was distributed by
discharging hot air directly into the building, and in 45% of farms, heat was distributed
through perforated polyethylene duct as shown in Figure 1. There were two types of
heaters in terms of thermal output; one had a rated thermal output of 93 kW, and other had a
rated thermal output of 116 kW. The number of unit heaters varied from 1 to 3 units per
building. About 40% of producers used heaters with a thermal output of 116 kW, and
60% used heaters with a thermal output of 93 kW. In 50% of farms, heaters were
indirect fired air heaters where fuel and the air stream were totally separated. The
exhaust gases did not go into the building, as they were exhausted out through the flues.
On 50% of farms, the exhaust gases went into the building, which increased levels of
contaminant. Although increasing ventilation rates removed exhausted gases from the
building, heating efficiency was decreased and energy consumption was increased.

A summary of the predicted supplemental heat and thermal output from heating
systems for all farms are shown in Table 5. The results showed that all farms had
heaters with a thermal output higher than the predicted supplemental heat capacity to
maintain the building at the desired air temperature of 34°C.

Table 5. The predicted supplemental heat during winter to maintain the inside air temperature at
34°C, and thermal output from heating systems for all farms
Farm No. Predicted supplemental heat (KW) Thermal output from heating systems (kW)
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1 45.2 93.0
2 51.8 93.0
3 55.6 93.0
4 47.8 93.0
5 43.9 116
6 45.9 93.0
7 58.5 93.0
8 88 116
9 46.5 93.0
10 44.6 93.0
1 89.3 116
12 67.4 93.0
13 94.1 116
14 67.4 116
15 90.2 116

Automatic control systems

Automatic control systems were used for ventilation, cooling and heating. The
control system consisted of a temperature sensor and a controller. A thermocouple was used
to sense air temperature deviations. The sensed change produces a switching action to
activate fans, the cooling pad pump and heaters. The control systems provided on/off
control, meaning that equipment was operating at a rated output or was not operating at all.
About 30% of farms used computers for operation of fans and heaters, and wet pad.

Environmental control problems

The survey showed that there were essential problems in cooling, heating and
automatic control systems that could result in reducing poultry production in Saudi Arabia.
The problems included low efficiency of the cooling and heating systems, non-uniform
temperature distribution, clogging of cellulose pads, and the breakdowns of fans, heaters
and controllers.

Ground water (well water) was commonly used for evaporative cooling system to
wet cooling pads. The common problem of ground water besides its deficiency was that of
salinity. The salt content in the water ranged between 700-1200 ppm. As water evaporates
from the pad surface, salts in the water were left behind. Salt build up and dust
accumulation destroyed the cellulose and plugged passages in the pad reducing the cooling
efficiency. As a sequence of this problem, maintenance became necessary in order to
sustain the system capability. Such frequent maintenance damaged the cooling pad. The
replacement of the pad increased the maintenance costs for the system. In all surveyed
farms, salt build up problems occurred after two or three years of use. Also, the water
evaporation rate by the pad was very high because of the low ambient relative humidity that
increases the vapor pressure differential.

It was also observed that some air leaked through cracks. This lowers the
performance of the evaporative cooler because hot ambient air passing through openings
without passing through the wet pads increased indoor temperatures. Dust particles were
observed inside buildings when fans were running during summer days.
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Some producers complained about the low efficiency of the heating system. This
resulted in air temperatures were below the optimum level for many hours per season and
non-uniform air temperature distribution. This could be because that location of units and
minimum ventilation rates were always determined by guesswork. Also, the air infiltration
through cracks reduced the heating system efficiency.

Producers who used design #4 for ventilation indicated that they had no essential
problems in cooling and heating. They indicated that this design was built by local
manufacturers and was modified based on experience to suite arid climate conditions. Some
producers indicated that the vertical distance between fans and ground needs to be adjusted
for better cooling performance.

It was observed that in some of the surveyed farms, control systems were out of
service, dirty or not calibrated periodically. Some sensors, especially in small farms, were
exposed directly to the building environment, which could result in worst control than if
placed in an aspirated box.

Conclusions
The following conclusions are drawn based on the results of this study:

The confined floor space for chickens (ranged between 0.052 and 0.061
m?/bird) was less than the recommended floor space of 0.093 m?/bird.

The type of roof framing for the poultry building was a gable roof. Walls with
a width of 0.2 m were built of two metal boards connected by metal ties and
separated by 0.14 m of insulation.

Ventilation rates for most of the buildings were between 0.31-0.46 air
exchanges per minute for winter, and between 0.80-1.51 air exchanges per minute
for summer. Winter ventilation rates were much higher than those required to control
moisture and ammonia. High winter ventilation rates can increase mixing of cold
outside air with warm inside air, thus indoor temperature cannot be maintained at the
desired level.

Fan-pad system was used for summer cooling. Fan-ventilation systems should
control moisture and ammonia during summer in all farms, and temperature in most
farms.

Heating systems were used during winter months. All farms had heaters with a
thermal output higher than the predicted supplemental heat capacity. Heat was
distributed in the building by discharging hot air directly to the building or through
perforated polyethylene duct.

Automatic control systems were used for ventilation, cooling and heating. Control
systems consisted of a temperature sensor and a controller.

Problems on farms included low efficiency of the cooling and heating systems,
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non-uniform temperature distribution, clogging of cellulose pads, and ventilation and
heating breakdown. The performance of the evaporative cooler during summer was
reported to be ineffective due to salt build up on the cooling pad.

Recommendations

Based on this study, some improvements in the performance of the
environmental control systems for poultry buildings in Saudi Arabia could be obtained
including:

1) Sealing the opening and cracks for more efficient cooling and heating systems.

2) The confined floor space for chickens should not exceed the recommended rates.

3) Cleaning of the pads used in the evaporative cooling system would result in lower
air temperatures in the building.

4) The house should be cleaned after each growout to reduce ammonia and conserve
energy.

5) Monitoring manure gas levels within poultry confinement buildings.

6) Fans and heaters should be maintained in good condition for reducing heat gain and
loss.

7) Sensors should be accurately calibrated periodically so that higher or lower than
desired temperatures are not maintained.

8) Environment sensors should be placed in an aspirated box for better control.

Further research and analysis are needed including:

Study the effects of fans and pad placement on air temperature and relative
humidity distributions, airflow patterns, dust mass and gases levels, and odors.

Evaluate the effects of ventilation rate on temperature and relative humidity inside
the building, and air quality in the ventilated airspace.

Study and analysis winter ventilation in terms of energy consumption and air
quality.

Evaluate the influence of indoor environment variations on body weight and
temperature.

Study the possibility of desalinating and treating water for more efficient
evaporative cooler.

Study different materials for pad that could be cheaper and easy to maintain.

Evaluate fog cooling as an alternative evaporative cooling system to the fan-and-
pad system.

Determine the heat requirement for buildings.

The required pad area should be studied.
10) Develop new controllers for temperature along with relative humidity.
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