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Foreword

To comply with stringent animal welfare requirements, caged egg producers have invested
in new sheds or retrofitted older sheds that are fully environmentally controlled. These
sheds are fitted with ventilation fans at one end of the shed, with air inlets along the length
of the shed and cooling pads at the opposite end of the shed, to provide optimal
environmental conditions for the hens. These sheds are more energy intensive than natural
ventilated sheds. With rising energy prices, energy efficiency is an important focus area for
the Australian egg industry. Electricity consumption dominates energy usage for
environmentally controlled sheds. Electricity is required for running fans and lighting, and
for running feed and water lines.

Additionally, technology within environmentally controlled sheds has generally been
imported from overseas (particularly Europe), with different climatic conditions. There is
limited data on the energy efficiency and ventilation performance of environmentally
controlled sheds operating under Australian conditions.

This study provides factual data on energy use of a representative Australian caged egg
farm and energy use and ventilation performance of an environmentally controlled shed at
that farm.

This project was funded from industry revenue which is matched by funds provided by the
Australian Government.

This report is an addition to AECLGO6s range of
output of our R&D program, which aims to support improved efficiency, sustainability,
product quality, education and technology transfer in the Australian egg industry.

Most of our publications are available for viewing or downloading through our website
http://aecl.org/r-and-d/.

Printed copies of this report are available for a nominal postage and handling fee and can
be requested by phoning (02) 9409 6999 or emailing research@aecl.org.

Dr Angus Crossan
Program Manager i R&D
Australian Egg Corporation Limited
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Executive Summary

The Australian egg industry faces a number of key challenges including increasing
competition, pressures on operating margins and profitability, increasing costs of business
inputsand higher expectations by consumers and the community in general (particularly in
the areas of environmental management and animal welfare). To remain competitive and
meet the demand for eggs, the industry recognises the need for it to continue to make
significant gains in areas of technical and cost efficiency. Whilst agriculture is excluded
from the carbon tax, egg producers will still likely experience increased input costs (energy
and transport) via those sectors included in it. Increasing the efficiency and profitability of
egg production systems and ensuring hen welfare are key outcomes for the Australian Egg
Corporation Limited (AECL).

Cage egg production represents about 55% of egg production in Australia (AECL 2012).
This is currently the most cost-effective system and most consumers purchase their eggs
based on price. Modern cage systems produce superior bird performance and reduce
overall labour requirements compared to the older high-rise caged systems. However, they
require a higher capital investment cost per bird.

Layer sheds fitted with welfare compliant cages are thermal, environmentally controlled
facilities that require ventilation systems to exchange air and maintain acceptable indoor
thermal conditions all year round. Tunnel ventilation systems are typically designed to
achieve a specific minimum air velocity at maximum ventilation.

Caged egg producers have invested in new sheds or retrofitted older sheds to operate in
tunnel ventilation mode. Shed design and tunnel ventilation technologies have been
imported from overseas manufacturers and adapted to Australian conditions. There is
limited data available on the performance of these tunnel ventilated sheds in Australia.

Energy usage is a key input to egg production that is under increasing cost pressure.
Energy cost pressure and increasing regulation affects feed production efficiency, breeding,
rearing, egg production, grading and transportation i all having the effect of increasing
production costs and seriously impacting upon the economic sustainability of the industry.

Electricity consumption dominates energy usage for environmentally controlled sheds. Life
Cycle Assessment studies by the authors showed total farm energy usage varied by 66%.
This suggests that there may be scope for improvements in electricity energy efficiency.

This study investigated the energy usage and ventilation performance of a modern tunnel
ventilated layer production system. Short-term energy monitoring was conducted on key
farm activities, including feed preparation, individual sheds and the total farm energy use.
Long term energy use was recorded for the total farm, an individual shed and key
components within an individual shed (ventilation fans, manure belts, lighting and cooling
system). The performance of the ventilation under cold (minimum ventilation conditions)
and hot (maximum ventilation conditions) was assessed.

At the start of the study, the selected farm operated with five tunnel ventilated egg
production (layer) sheds, feedmill, one tunnel ventilated rearing shed, water supply and
treatment facility, egg processing and grading complex and office. During the course of the
study, an additional rearing shed was constructed at the site. Key characteristics of the
selected farm are Hyline Brown genetics; 160,000 layers birds in five tunnel ventilated
sheds; two tunnel ventilated rearer sheds housing 80,000 rearer birds; and on-farm feed
preparation.




Total farm electrical energy use ranged from an average of 1500 kWh/d in winter to 2500
kWh/d in summer. Peak loads of between 140 and 185 kW were recorded during warmer
periods of the day. The electricity energy consumption of a single tunnel ventilated shed
varied between averages of 280 kWh/d in winter to 350 kWh/d in summer. This
represented approximately 15% of the total farm electrical energy use.

The electrical energy usage was expressed per kilogram of eggs produced and per bird
place basis. The electrical energy efficiency of the single layer shed was on average 0.15
kWh per kg of total eggs produced. When rearing and grading activities are included, the
energy usage increased to 0.25 kWh per kg of total eggs produced. This increase is a
result of the grading floor and rearing shed, which require electrical energy, but do not
produce eggs. Feedmill energy use was not included in total farm energy use.

The total farm energy usage was higher for both egg weight produced and per bird when
compared against data from tunnel ventilated layer farms collected in Australian LCA
studies. High temperatures during the summer monitoring period may have contributed to a
high demand in electrical energy use to operate the ventilation system. Direct comparison
over the same time periods would be required to provide any definitive comparison of
energy efficiency between different farms.

Ventilation performance of one layer shed was assessed under minimum ventilation (cold)
and maximum ventilation (hot) conditions. During the minimum ventilation assessment, the
shed was functioning with a single fan and mini-vents. During the maximum ventilation
assessment all fans and cool pads were functioning. In both assessments temperatures
increased towards the fan end of the shed due to the fans drawing the warm air generated
by the heat of the birds. There was also a variation in temperature at different heights in the
shed. The bottom of the shed was several degrees cooler than the top, likely due to warm
air rising and becoming trapped by the roof.

Shed temperature in winter fell below the minimum recommended set point for optimum
layer production of 21°C. This only occurred at the inlet end of the shed. Reducing air leaks
at this point of the shed would be the first step in improving bird comfort and productivity
before additional heating (via gas heaters) is considered. On a hot summer day (ambient
temp 40°C) the shed apparent temperature (ambient shed temperature with wind chill
effect) reached approximately 30°C, this is several degrees above the fan contoller set
point of 26.5°C but still within the recommended temperature for healthy bird conditions
provided exposure is not sustained. Ensuring the cooling pads and fans are operating
efficiently may improve shed cooling under extreme summer conditions.

The apparent temperature was also calculated for the shed under maximum (tunnel)
ventilation conditions. Wind chill effects reduced the temperature felt by the birds by
approximately 2-3°C and keep them well within the recommended climate conditionsfor
optimum layer production.

Total shed ventilation performance under maximum ventilation conditions (tunnel
ventilation) was assessed and was found to be below
requiring maintenance. However, more detailed monitoring of individual fan performance
would be required to obtain accurate perfiormance variability between the fans. The test
method used could be improved by taking more spot measurements at designated points
over the cross sectional area of the individual fans.

manuf ac




Overall Conclusions

Electrical energy monitoring at the selected farm showed that electrical energy use ranged
from an average of 1500 kWh/d in winter to 2500 kWh/d in summer. Peak loads of between
140 and 185 kW were recorded during warmer periods of the day. A single tunnel
ventilated layer shed (Shed 5) was assessed; electrical use was 280 kWh/d in winter and
350kWh/d in summer. Operating ventilation fans required 60-70% of the total energy while
lighting required 17%.

Intensive energy monitoring on the farm for two weeks revealed an acceptable power factor
of 0.8 for both the whole farm and the test layer shed averaged. During the intense
monitoring period, the feedmill power factor dropped to an undesirable ratio of 0.2. This
may be a result of the motors being over-specified or if they are running with no load.

The electrical energy efficiency of egg production was analysed by calculating energy use
(kwh) per kilogram of egg produced and by the energy used per bird. The test shed alone
had an average energy efficiency of 0.15 kWh per kg of eggs produced. Average energy
use for the total farm was 0.25 kWh per kg of eggs produced. The total farm result is
skewed as the electricity consumpltion monitored also includes external components such
as the grading floor and rearing shed. As expected, electrical efficiency in winter was better
due to lower cooling requirements.

The energy use per production unit was higher than other tunnel-ventilated farms in other
research. This may be due to electrical monitoring for the study farm including all facets of
the site. The study site was also located in a warm sub-tropical climate which requires
greater cooling during summer. A direct comparison of farms during the same time period
is recommended to compare energy efficiency between different production systems.

The ventilation performance of a single layer shed was during minimum ventilation (cold)
and maximum tunnel ventilation (hot). Results from both maximum and minimum ventilation
trials showed that the temperature increased by several degrees towards the exhaust fan
end of the shed. There was also a few degrees temperature difference at different heights
in the shed, with the bottom cooler than the top. These results are due to poor air flow
patterns. This is a problem for the design of the ventilation system, especially during
summer conditions. Air mixing can be improved by rectifying inlet placement, opening sizes
and airspeed at the inlet to achieve adequate mixing of cold and warm air.

During both trials the sheds ventilation control system was responding to a single
temperature sensor within the shed. The differences in temperature throughout the shed
highlight the difficulties and error created when this occurs. It is highly recommended that
the shed control system be programmed to operate on the average of several sensors
located throughout the shed.

The layer shed temperature in winter fell below the minimum recommended level for
optimum layer production of 21°C at the shed inlet. Reducing air leaks will improve bird
comfort and productivity, if results are not achieved, additional heating (via gas heaters)
should be considered. During hot conditions (ambient temperature 40°C), shed
temperature reached 30°C, this is several degrees above the controller set point of 26.5°C
but still within the recommended bird health temperature limits.

The apparent temperature (wind chill effect) was calculated for the shed under maximum
(tunnel) ventilation conditions. Wind chill effects reduced the temperature felt by the birds
by approximately 2-3°C and to within the recommended temperatures and climate
conditions for optimum layer production of between 21 and 26.5°C.




Total shed ventilation performance (air-flow volume) under maximum tunnel ventilation
conditions was assessed and found to perform bel
recommended to service and maintain the fans to improve ventilation rate.




1 Introduction

1.1 Background on the Industry

The Australian Egg Corporation estimated that over the past five years, the demand for
eggs has increased by 20 per cent. These eggs are produced mainly in cage housing
systems with barn laid (cage free) and free range systems making up the balance. In order
to meet more stringent animal welfare requirements, egg farmers have had to undertake
extensive capital reinvestments in larger cage sizes and subsequently new sheds. This has
led to a reduction in the number of egg producers.

Sheds fitted with modern environmental cages have computerised climate control with
tunnel ventilation. Most of these sheds also have automated feeding systems and many are
fitted with manure belts under the cages that collect the manure and automatically remove
it. These belts are also often fitted with a drying system that removes moisture from the
manure to optimise the shed environment and hence improve production. Cages are
designed to allow eggs to roll clear of the hens for daily collection. Collection is generally
done automatically via conveyor belts. The modern cages produce superior bird
performance and reduce overall labour requirements, compared to the older cage systems.

Free range systems comprise weatherproof buildings where hens can roost, lay, drink and
eat. Adjoining the shed is an open-aired outdoor range. The sheds protect the birds from
the elements and predators while the free-range area allows them access to open space
and vegetation. Barn laid systems generally comprise an automated nesting system, with
the hens group-housed in weatherproof sheds with litter and perches. Increasingly, free
range and barn laid systems have automated nesting, feeding and watering systems.

To remain competitive and meet the demand for eggs, the industry recognises the need for
it to continue to make significant gains in areas of technical and cost efficiency. Whilst
agriculture is excluded from the carbon tax, egg producers will still experience increased
input costs (energy and transport) via those sectors included in it. Increasing the efficiency
and maintaining profitability of egg production systems and ensuring bird welfare are key
outcomes for the Australian Egg Corporation Limited.

The key components of an egg production farm are the layer sheds and packing shed. A
farm may also include a feedmill, grading floor, office, workshop and rearing sheds.

Cage egg production represent about 55% of eggs sold in the retail market in Australia
(AECL 2012), as this is currently the most cost-effective system and most consumers
purchase their eggs based on price. Cages represent 69% of the laying facility (G. Runge,
pers. comms. 2013). Cages are designed to allow eggs to roll clear of the hens for daily
collection. Egg collection is either manually or automatically via conveyor belts. Modern
cages produce superior bird performance and reduce overall labour requirements.
However, they require a higher capital investment cost per bird.

The Model Code of Practice for the Welfare of Animals i Domestic Poultry 4th Edition
(2001) was introduced in 2001. It included new requirements for cage dimensions and
stocking densities. During the next nine years, the egg industry invested in new cage
facilities that met the new requirements.

84% percent of cage layer sheds fitted with welfare compliant cages are thermal,
environmentally controlled facilities that require ventilating systems to exchange air and




maintain acceptable indoor thermal conditions all year round (G. Runge, pers. comms.,
2013). The remainder are naturally ventilated. Tunnel ventilated sheds draw air through
evaporative cooling pads at one end of the shed and exhausted by large capacity fans at
the opposite end during hot weather. Tunnel ventilated houses also have a minimum
ventilation system for supplying ventilation during cold weather. One or more fans draw air
through small inlets mounted in the sidewalls. All sheds have automated feeding and
manure removal systems. Manure belts under each deck of cages collect the manure and
remove it from the sheds on a regular basis. In locations that experience cold wet winters
the cages above each belt are fitted with a drying system that removes moisture from the
manure to optimise the shed environment and hence improve production. Six percent of
the cage facility capacity in the southern states are cross flow ventilated rather than tunnel
ventilated (G. Runge, pers. comms. 2013).

There is 1.3 million hens capacity (7.9% of total capacity) from alternative production
system housed in tunnel ventilated sheds (G. Runge, pers. comms., 2013).

Tunnel ventilation systems are typically designed to achieve a specific minimum air velocity
down the shed at maximum ventilation. Exhaust fans are the key component of mechanical
ventilation systems. Exhaust fans are used to create both airflow and air exchange. The
fresh air conveyed by the fans supplies oxygen to the animals and removes heat, moisture,
and aerial contaminants from the shed. Exhaust fans are usually selected by a designer
based on a fan performance characteristic. Proper environmental control relies on the fan
capacity to supply the required volume of air as well as properly configured and operated
inlets for fresh air.

Egg producers have invested in new sheds or retrofitted older sheds to operate in tunnel
ventilation mode. Shed design and tunnel ventilation technologies have been imported from
overseas manufacturers and adapted to Australian conditions. There is limited data
available on the on-farm performance of tunnel ventilated sheds.

Energy is a key input to egg production that is under increasing price pressure. Energy cost
pressure and increasing food safety and environmental regulation affects feed production
efficiency, breeding, rearing, egg production and packing and grading; all having the effect
of increasing production costs and influencing upon the sustainability of the industry.

Electricity consumption dominates energy usage for environmentally controlled sheds.
Electricity is required for running fans and lighting, and for running feed and water lines.
Average electricity usage for the tunnel ventilated farms investigated by Wiedemann &
McGahan (2011) as part of a Life Cycle Assessment project for the Australian egg industry
is shown in Table 1-1. Energy usage varied by 66% between the highest and lowest user.
The range suggests that there may be scope for improvements in electricity efficiency.

Table 1-1 - Average electricity usage across three environmentally controlled egg production
operations

Production Units Farm A Farm B Farm C
system
Caged layer kwh / hen / yr 2.19 3.00 1.69
hens
Caged layer kwh / kg eggs 0.109 0.154 0.093
hens

To address these issues, a study has begun to increase the knowledge base of the egg
production sector on how energy usage affects their enterprise and the performance
efficiency of tunnel ventilated sheds. This will provide producers with information that will




enable them to achieve new ways of improving energy use and ventilation efficiency
leading to direct economic savings.

1.2 Project Description

The Australian egg industry faces a number of key challenges including increasing
competition; pressures on operating margins and profitability; increasing costs of business
inputs; and higher expectations by consumers and the community in general (particularly in
the areas of environmental management and animal welfare).

All sectors of the Australian egg industry are reliant on a sustainable business environment
to ensure their future. Many factors impinge on this sustainability, with a key factor being
the environmental impact of their business. Optimising resource usage (energy) is one
method of improving both the economic and environmental sustainability of an egg
business. This will provide the general public and the consumers with additional confidence
that the egg industry is proactively addressing sustainability issues.

Energy usage is a key input to egg production that is under increasing price pressure.
Energy cost pressure and increasing regulation would affect feed production efficiency,
breeding, rearing, egg production, packaging, grading and transportation i all having the
effect of increasing production costs and seriously impacting upon the economic
sustainability of the industry. The key economic benefits of this study will be an increase in
the knowledge base of the egg production sector on how energy usage affects their
enterprise and the performance efficiency of tunnel ventilated sheds. This will provide
growers with information that will enable them to achieve new ways of improving energy
use and ventilation efficiency leading to direct economic savings.

Explicit economic benefits include:

A Optimisation of layer shed ventilation performance and energy efficiency
A Determine the feasibility/design of alternative on-farm energy systems

A Optimise whole system performance

A Identify the most cost effective options for shed environment management

Increased knowledge at the producer level on how resource use impacts on their enterprise
will provide producers with information that will enable them to achieve improvements in
resource use, leading to direct economic savings.

The community and market place demand that the egg industry demonstrates sustainable
natural resource management. To ensure the long-term sustainability of the industry and of
individual farms, the management of environmental issues has and continues to be, a high
priority. Hence, it is imperative that the egg industry be prepared for future questions about
its environmental sustainability in terms of resource efficiency.

Quantifying energy usage and developing cost-effective shedding that incorporate

environmental management and design strategies will enable egg producers to

demonstrate the sustainable management of resources from which energy is derived. The

shed environment and animal welfare will not be compromised to achieve energy

reductions; the two aspects will be implemented in tandem to achieve positive production

and economic outcomes. Therefore, the industry can demonstrate to the consumer the
production of high quality ffigientaadsostaiaabld gr eend pr c
production system. Ultimately, this will affect local consumption for Australian egg products.




1.3 Project Description

The objectives of the project are to:
A Quantify energy use and energy use profile for an egg production farm,
including the different layer-shed components and the variation in energy
use over one year (all seasons)

A Assess tunnel ventilated layer-shed design from a ventilation and energy
efficiency perspective and to compare performance data with manufacturer
specifications

A Provide actual segregated energy use data

The outcomes of the project include:

A Quantified resource usage (energy) of egg farms and standardised (e.g. per
bird, per weight of eggs)
Information to assist egg producers to reduce their energy usage.
I denti fication of O6hot spotsd where high
and within layer sheds
Proposed management / R&D options to reduce energy usage in a targeted,
efficient way
Evaluation of ventilation efficiency and fan performance in tunnel ventilated
layer sheds
Proposed management / R&D options to improve tunnel ventilation
efficiency and fan performance in a targeted, efficient way
Comparison of energy usage, ventilation efficiency and fan performance
from Australian egg production with international research for egg production
in the published literature
A Dissemination of results to the Egg Industry by conducting two workshops

o Do Do To  IoIw

The outcomes of this project will allow the Australian Egg Industry and individual producers
to develop a better understanding of the annual on-farm energy usage, and the relative
contributions that various on-farm components have on annual energy usage.

Characterising energy usage profiles within layer sheds will be used to improve shed
efficiency and operation. Evaluation of ventilation efficiency and fan performance in tunnel
ventilated layer sheds will provide an independent assessment against which producers
can compare design data. Evaluation of tunnel shed ventilation system performance will
provide the Australian Egg Industry with some rules of thumb for on-farm ventilation
efficiency, fan performance and peak energy demand.

2 Systems design and literature review

2.1 Total energy use

Energy is fundamental to an egg production farm, with a reliable energy supply required to

operate a range of equipment. Despite this, there has been little research into energy use

by egg production farms. Rather, the energy requirements of egg production farms have

been estimated from several studies undertaken i n Nort h America in the
In a 2012 study investigating the Life Cycle Assessment of Australian egg production,

Wiedemann & McGahan (2011) collected some data on total energy usage of Australian

egg production farms. They found that whilst total energy supply data was available it was

difficult to separate usage into activities.




Egg production farms use energy to operate machinery and equipment, to heat or cool
buildings, lighting and office equipment and indirectly through incoming birds and eggs and
commodity delivery. Energy use is primarily electricity used in shed lighting and ventilation,
egg grading and processing equipment, feed preparation, cooling in offices and staff
amenities and water supply. Natural gas or Liquid Petroleum Gas (LPG) is also used for
shed heating (particularly rearing). Diesel is used to operate vehicles, trucks, tractors and
other mobile machinery for feed delivery, waste management, back-up generators,
administration and water supply.

Indirect energy is consumed off the farm for transport of chickens, spent hens, and eggs
and in the delivery of feed and commaodities.

2.2 Energy usein individual activities

2.2.1 Feed management

Feed management involves diet preparation and quality control, nutrient balancing, mixing
and delivery to the birds. Diet preparation includes unloading, movement, storage and
processing of grains and additives. The delivery component includes transport of the diet
from the on-site preparation area to the birds.

As with other intensive livestock production, layer and rearer birds require a diet that meets
both production and economic performance demands. Typical diets generally contain a
high proportion of cereal grains on a dry matter basis and hence, infrastructure associated
with grain processing is a predominant component of the feed preparation facility.

The feed preparation facility consists of a composite of simple components and processes.
The major components may include grain storage structures, handling equipment, grain
processing and feed mixing operations. Whilst many of the components are interactive,
component design, selection, maintenance and operation can influence the overall energy
efficiency of the feed preparation facility. Electricity is the predominant energy source. It is
utilised in the operation of electric motors in grain handling and processing activities. Gas
and diesel may also be used in boilers for heat/steam generation if pelleted feed are being
generated. Photographl illustrates a typical grain storage and distribution system.




Photograph 11 Typical grain storage and distribution system

In caged egg production systems, feed is generally delivered to a storage silo at each shed.
A conveyor system transfers feed from the silo to the birds via an automatic conveyor
system running along the front of the cages.

2.2.2 Water supply

Water is considered an essential nutrient for birds. It is important for a variety of bodily
functions that include but are not limited to nutrient transportation, body temperature
regulation, lubrication of joints and organs, enzymatic/chemical processes including those
related to feed digestion. A |l arge number
body and include environmental temperature, relative humidity, health status of the bird
(especially intestinal health), diet formulation, presence or absence of feed, and even
genetics (Czarick & Fairchild 2006).

Drinking water is generally reticulated through the cages by a water system delivering

water at controlled pressure to the nipples. Therefore, the birds drink from a clean nipple
rather than from an open water surface. The drinking water is supplied through lines of

ni pple drinkers that are positi wateeahdleakimgv e
(Houldcroft et al. 2008). A drinking water delivery system at a cage layer shed in shown in
Photograph 2.
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Photograph 2 - Drinking water delivery

2.2.3 Egg collection and grading

Modern caged layer production sheds have egg collection belts on each row of cages that
bring eggs to the main collection conveyor. The main egg collection conveyor then
connects each layer shed to a grading/packaging shed complex by running across the front
of each row of cages in each layer shed and between each layer shed to the grading shed
complex.

From the main egg collection conveyor, eggs are delivered to the grading/packaging shed
complex from the layer sheds. Alternatively, the eggs are packed onto flats for delivery to a
contract grading and packaging facility. This type of facility includes a cool room. Grading
and processing generally involves accumulating the eggs, egg washing, candling,
grading/sorting and packaging. After packaging eggs are stored in a cold room before
dispatch and distribution.

Egg collection, sorting and processing involves the use of electric motors to operate the
various equipment. Photograph 3 shows eggs being delivered from the cage egg collection
belt to the main conveyor that transports them to the packaging or grading floor.
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Photograph 3 - Egg collection belts

2.2.4 Shed energy use
2.2.4.1 Waste Management

In modern environmentally controlled sheds, manure is collected on belts that run directly
under each cage tier, similar to that shown in Photograph 4. These manure belts are driven
by electric motors and often fitted with dryers above to dry the manure before it leaves the
shed. Manure belts are generally operated one to three times per week, where the manure
is transferred to a cross conveyor at the fan end of the shed, where it is further transferred
to a collection vehicle or storage bay.

Photograph 4 - Manure collection belts (left) and manure belt motor (right)




2.2.4.2 Lighting

Artificial lighting is required in total enclosed tunnel ventilated sheds to provide a constant
day length and at a uniform luminance or intensity to ensure their comfort and optimum
performance. Lighting is also required for workers performing management activities.

Lighting needs vary with production type and task. The amount and length of time light is
required by the birds is different from what the worker requirements. The luminance or
intensity of lighting is controlled by a dimming system. Clarke & Ward (2006) provide a
lighting guide for poultry production for light levels and photoperiod requirements directly
associated with production. They note that a properly designed, energy efficient light
system enhances productivity, and saves on maintenance and electrical operating costs.

While lighting costs vary across farms depending on the number of lights and type of
lighting system used, lighting can account for a significant proportion of electrical energy
use (DERM 2010). Farms have changed from high wattage incandescent lights as their
main light source to more energy efficient fluorescent lighting. Further savings may be
possible by implementing light-emitting diode (LED) lighting systems.

Modern electronic dimmers reduce light output by electronically reducing the voltage going
to the light bulbs. As the dimmer is turned down, the voltage going to the bulbs is reduced,
which in turn reduces both light intensity and power usage (Czarick & Lacy 1997). Dimmer
switches are now also available with LED lights.

2.2.4.3 Ventilation System

Layer sheds fitted with welfare compliant cages are thermal, environmentally controlled
facilities that require ventilating systems to exchange air and maintain acceptable indoor
thermal conditions all year. During hot weather conditions, sheds operate in tunnel
ventilation mode, in which air is drawn through evaporative cooling pads at one end of the
shed and exhausted by large capacity exhaust fans at the opposite end, as displayed in
Photograph 5.

Tunnel ventilation systems are typically designed to achieve a specific minimum air velocity
at maximum ventilation. Exhaust fans are the key component of mechanical ventilation
systems. Exhaust fans are used to create both airflow and air exchange. The fresh air
conveyed by the fans supplies oxygen to the birds and removes heat, moisture, and aerial
contaminants from the shed. Exhaust fan selection is based on the fan performance
characteristic. Proper environmental control relies on the fan capacity to supply the
required volume of air as well as properly configured and operated inlets for fresh air. The
operation of the exhaust fans represents the single largest energy use in tunnel-ventilated
sheds. A small number of sheds in the southern states are cross-flow ventilated, rather
than tunnel ventilated.




Photograph 5 - Tunnel ventilated shed - exhaust fans

2.3 Ventilation systems

Exhaust fans are key components of mechanical ventilation systems in confined animal
housing facilities for pigs and poultry (Casey et al. 2008). Properly operating exhaust fans
create an air pressure difference between the inside and outside. This air pressure
difference, known as static pressure, causes the airflow that produces the required air
exchange in facilities housing egg producing birds.

Depending on the type of ventilation system, there may be negative, positive or neutral
pressure inside the shed compared with the outside. The most common system is a
negative pressure or vacuum system. With this system, the exhaust fan(s) create a slight
negative pressure, which causes air to enter the shed through designed inlet structures.

Positive pressure systems do the opposite, where fans blow air into the shed to create a
positive pressure and air escapes through designed outlets. This system is not used in
poultry sheds as there is little control over air movement patterns in the shed and it often
causes building materials including insulation to deteriorate because of moisture ingress
into the building cladding.

Mechanical ventilation systems in environmentally controlled layer sheds in Australia
consist of three major components: fans, openings and controls. Fans and openings
control the amount of air exchange and impact on the air distribution and mixing. Controls
are needed to adjust the ventilation system as weather and bird numbers change (Dunlop
2011).

Runge (1999) describes the three modes of ventilation used in tunnel ventilated poultry
housing (i.e tunnel or hot weather ventilation, good weather ventilation and minimum or
cold weather ventilation):

Tunnel ventilation is the use of more than half the available fans to ventilate the
house. It is used when the outside temperature is greater than that required by
hens, usually at least 1-2°C above. It uses wind chill effect to cool the hens. If
house temperature rises above 28 °C - 30°C additional evaporative cooling is
required.









































































































































































































