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Lighting Systems for Agricultural Facilities
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ASAE R332, Poultry Industry Lighting, developed by the joint Illuminating Engineering Society—ASAE Farm
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1 Purpose and Scope

1.1 This Engineering Practice is intended to guide those responsible for or concerned with the design of
lighting installations on or within agricultural facilities.

1.2 This Engineering Practice applies to the effective performance of workers as they accomplish specific
tasks requiring various levels of illuminance and it applies to lighting installations used to change the
physiological or biological properties of livestock, birds, fish and plants to alter their production capabilities.

1.3 The lighting recommendations are based on information obtained from search of current literature, from
people and organizations active in this field, and from field measurements of lighting requirements for difficult
seeing tasks. This document is in accordance with the latest knowledge and practice of the lighting field, and
conforms to all official IESNA reports. However, future progress in agriculture and lighting will undoubtedly
make revisions desirable.

1.4 Lighting systems must be installed safely. In all cases, the National Electrical Code and Building Codes,

plus local codes, will take precedence. This document is primarily for effective, efficient production in
agriculture.

2 Definitions
2.1 diffuser: A device used to redirect the illumination by the process of diffuse transmission.

2.2 candela: The Sl unit of luminous intensity. One candela is one lumen per steradian. Formerly known as
Candle. For more information on this term, see the IESNA Lighting Handbook Reference Volume.

2.3 footcandle (fc): The unit of illuminance when the foot is the unit of length. It is the illuminance on a
surface one square foot in area on which is uniformly distributed a flux of one lumen. It equals one lumen per
square foot.

2.4 general lighting: Lighting designed to provide a uniform level of illuminance throughout the area involved.

2.5 glare: The effect of brightness or brightness differences within the visual field sufficiently high to cause
annoyance, discomfort, or loss in visual performance.
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2.6 illuminance: The density of the luminous flux incident on a surface; it is the quotient of the luminous flux
by the area of the surface when the latter is uniformly illuminated.

2.7 local lighting: llluminance provided over a relatively small area or confined space without any
surrounding general lighting.

2.8 louver: A series of baffles used to shield a source from direct view at certain angles or to absorb
unwanted light.

2.9 lumen (Im): The unit of the time rate of flow of light (luminous energy) equal to the energy emitted through
a unit solid angle (one steradian) from a uniform point source of one candela.

2.10 luminaire: A complete lighting unit consisting of a lamp or lamps together with the parts designed to
distribute the light, to position and protect the lamps, and to connect the lamps to the power supply.

2.11 lux (Ix): The unit of illuminance when the meter is the unit of length. It is the illuminance on a surface one
square meter in area on which is uniformly distributed a flux of one lumen. It equals one lumen per square
meter.

2.12 Photosynthetically Active Radiation (PAR): the equivalent of illuminance when lighting for plant growth,
equal to the number of micromoles of photons in the 400—700 nm wavelength range reaching a 1 m? target per
second (umol m?s™)

2.13 reflector: A device used to redirect the light from a source primarily by the process of reflection.

2.14 refractor: A device used to redirect the illuminance primarily by the process of refraction. (The bending of
a ray of light as it passes obliquely from one medium to another in which its velocity is different.)

2.15 shielding angle (of a luminaire): The angle between a horizontal line through the light center and the line
of sight at which the base source first becomes visible.

2.16 supplemental lighting: Lighting used to provide a specific amount or quality of illuminance which cannot
be readily obtained by the general lighting system, and which supplements the general lighting system.

2.17 visual task: Conventionally designates those details and objects that must be seen for the performance of
a given activity, and includes the immediate background of the details or objects.

2.18 work plane: The plane at which work is done, and on which, illuminance is specified and measured.
Unless otherwise indicated, this is assumed to be a horizontal plane 0.75 m (2.5 ft) above the floor.
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4 Introduction
41 Lighting equipment

411 Lamps. Light sources available for agriculture lighting applications include incandescent, fluorescent,
low pressure sodium and high intensity discharge (HID). HID sources include mercury, metal halide and high-
pressure sodium lamps. HID lamps are more efficient, have longer rated lives, and generate 2 to 5 times more
light than the incandescent filament for the same amount of electrical energy. Refer to IESNA Lighting
Handbook, Part Il Lighting Engineering, Chapter 6 Light Sources.

Incandescent Lamps. These lamps come in a variety of types and sizes. They are a high brightness source
and should be used in appropriate luminaire to minimize glare. No auxiliary electrical equipment is required.
These lamps can be dimmed.

Fluorescent Lamps. These lamps provide a large light source. Even though surface brightness is relatively
low, fluorescent lamps should always be housed in a suitable luminaire to minimize glare. In high humidity
environments or areas subject to wash down, gasketed or weatherproof housings are required to prevent
corrosion and premature failure of the light system. Fluorescent lamps are available in different sizes, types,
and colors, which can provide good color rendering, cool or warm colors. Light output is highly dependent on
operating temperature.

At very high or extremely low ambient temperatures, light output drops. Cold start or low temperature starting
ballasts along with an enclosure to maintain to temperature should be used in cold areas. Refer to IESNA
Lighting Handbook, Part Il Lighting Engineering, Chapter 6 Light Sources.

High Intensity Discharge Lamps. HID lamps are used both outdoors and indoors. Ballasts are required for
their operation. HID lamps differ in their color rendering ability, generally being lower than fluorescent or
incandescent lamps. These lamps are not suited to applications where lights operate intermittently for a short
duration due to their slow warm up time.

Light Emitting Diodes. LED lamps are relatively new to the lighting market, and can provide either colored or
white light at efficacies exceeding those of incandescent lamps. As they are an emerging technology, their
performance characteristics continue to develop.

41.2 Luminaires. Light is emitted from most lamps in many directions. A luminaire is designed to control the
direction at which light is emitted so glare will be reduced and light directed more effectively on the objects to
be seen. In most cases, luminaires should direct light downward to minimize losses. In some applications, it is
desirable to have a portion of the light directed toward the ceiling. Some of the light striking a light-colored
ceiling is reflected back to the visual tasks.

Luminaires control light distribution with reflectors (enamel, aluminum, glass, or plastic), refractors (glass or
plastic diffusing lenses), or diffusers (glass or plastic diffusing shields). One or more of these devices might be
used in the same luminaire. Reflectors and refractors direct light for more efficient utilization. Reflectors,
refractors, and diffusing shields prevent glare. Refer to IESNA Lighting Handbook, Part Il Lighting Engineering,
Chapter 6 Light Sources.

A luminaire prevents water from striking hot lamps when used in damp locations, outdoor areas or areas which
are washed. Weatherproof or gasketed housings are available for lamps used in humid environments, areas
where water spray is a problem or when lamps are exposed to the weather.

4.1.3 Controls. Electric lighting systems in agricultural applications can be controlled electronically. There
are several reasons for equipping a lighting system with an electronic control.

e Visual and Production Performance: match light intensity to the application. Occupant visual
performance may depend on the quantity and quality of the light; for example, visually inspecting
livestock for health or produce for quality purposes is a demanding visual task. The application may be
specific to the reproductive, growth or behavioral needs of the plant or livestock.

e Energy Management: matches light application to demand; thereby, reducing unnecessary energy,
time of use and/or demand charges.
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A wide variety of controls are used in agricultural operations depending on the application. These controls
include switches, dimmers, photosensors, occupancy sensors, and timers. The information provided in this
section comes from IESNA Lighting Handbook, Part V Special Topics, Chapter 27 Lighting Controls. For details
on any of the areas discussed, please refer to the Handbook.

Switching. Switching control allows lights to be switched on and off manually with simple wall-box switches, or
remotely with relays, switchable circuit breakers, a control system, or occupancy sensors. The choice of
switching control will depend on the application. Local manual switching controls give control over light levels
according to their needs or the task are inexpensive.

Central switching controls are well suited to scheduled activities such as occupation of a space during
prescribed hours of the day and week. Control systems are ideal for applications with multiple zones and
changing lighting requirements over time. Greenhouse operations, for example, employ lighting control
systems to match light requirements to the crop being grown in a particular zone.

Occupancy or motion sensors are used in applications where lights are required only during occupancy of a
space. These sensors are ideally suited to walkways, hallways, entrances to buildings, or to spaces where the
user’s hands are not free to activate a switch.

Dimming. Dimming control allows the illuminance in an area to be adjusted smoothly and continuously to meet
the lighting requirements of the occupants. Dimming systems are employed in the poultry industry for example
to control daily light levels and light levels during the growout period of a crop of broiler chickens for instance.

Most incandescent lamp dimmers currently rely on solid-state switching components. These components can
generate electromagnetic and audible noise as well as harmonic distortion, which requires filtering. The light
output, life and color temperature of the lamp are affected by dimming. By reducing light output by 25%, lamp
life triples. The lamp color appears warmer with reduced voltage.

Fluorescent lamps can be controlled with dimmers. Dimming is not as simple as reducing the input voltage,
which eventually extinguishes the arc and reduces lamp life. Dimmers are available for lamps operated with
standard magnetic ballasts, magnetic dimming ballasts, or electronic dimming ballasts. There are many factors
affecting the reliability, stability and cost of dimming systems.

High intensity discharge lamps can be dimmed; however, the restrike delay, long warm-up, and color shift limit
their use in agricultural applications. Multi-level ballasts allow illuminance to be changed in steps. Continuous
d;imming to less than 20% full light output is available with certain equipment. Metal halide lamps shift color
toward blue-green, and high-pressure sodium to yellow. The color shifts become noticeable below 60% of rated
lamp power for metal halide and 40% for high-pressure sodium lamps.

Timing Devices. Timers control lighting based on known or scheduled events, ideal for poultry, swine and
dairy operations. They range from simple integral timers (spring-wound) to microprocessors. Microprocessors
can be programmed for a sequence of events or multiple events and lighting effects for years in advance. An
override is required in order to deviate from the preset schedule.

Sensing Devices. Sensing devices include photosensors and occupancy or motion sensors. A photosensor
transforms visible radiation (light) into an electrical signal, which controls a lighting system or lamp. The
photosensor generally does not respond to UV and IR radiation. Design, placement, and calibration of interior
photosensors are critical to ensure high quality lighting.

Occupancy or motion sensors provide local on-off control of luminaires automatically based on the presence or
absence of occupants. Energy consumption is reduced and demand may be reduced as well.

41.4 Energy Efficient Lighting. Energy efficiency varies with the type of light source. Table 1 shows the
approximate efficiency of a number of light sources compared to a regular life incandescent source.
Fluorescent, metal halide, and high-pressure sodium lighting systems have significantly higher first costs
compared to incandescent. However, the energy cost savings combined with longer lamp life offsets the higher
initial costs for energy efficient lighting systems. The energy efficient alternative will typically pay for itself in two
years or less in applications where the lights are operated 8 hours per day or more (Chastain, 1992).
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