
 

INTRODUCTION 
Innovations in lighting technologies have 

greatly improved the efficiency of lighting fixtures 
in transforming electricity into visible light.  Energy 
savings in lighting are further facilitated by a 
growing body of knowledge about the effects of 
light intensity and quality on plants, animals and 
humans. In 2005, electricity consumption by US 
agricultural operations was approximately 0.14 
quadrillion BTU (6), driven chiefly by lighting- and 
ventilation-related energy expenditures in the 
livestock and greenhouse sectors. As these sectors 
comprise a comparatively large proportion of New 
Jersey agriculture, conservation of energy in 
lighting is an excellent way for New Jersey farmers 
to save energy. 

This document presents an overview of how 
energy is consumed in lighting and ways to 
minimize its consumption. The most important 
opportunity for energy savings in lighting, however, 
is the maximal use of ambient natural light, which 
has little to no associated energy use. As discussed 
below, specific lighting needs must be identified for 
different crops and products, and plans to meet 
these needs should make use of natural light 
wherever possible. Energy consumption as a result 
of the use of natural light is limited to reduced 
insulation value of transparent materials – the Fact 
Sheet “Conserving Energy in Greenhouse 
Operations” in this series provides a more detailed 
background on the energy-related properties of 
transparent materials used in agricultural structures. 
 

LIGHTING APPLICATIONS 
Artificial lights are used in different ways for 

different agricultural applications.  The most 
generic use of lights is for area lighting, to provide 
sufficient illumination for basic needs.  Task 

lighting is needed in specific areas of agricultural 
operations, including offices and packing and 
processing areas.  Lighting used to supplement or 
replace natural light for plant growth has very 
specific requirements and is typically the most 
intensive use of energy for lighting in agriculture. 
 

LIGHTING TYPES 
There are many types of lighting.  The most 

commonly used lamps are incandescent, fluorescent 
and a variety of high intensity discharge lights.  
Halogen lamps are a type of incandescent lighting 
that is slightly more efficient than incandescent 
lamps, but typically more expensive to purchase.  
Fluorescent lamps may be linear or curved tubes or 
small diameter compact bulbs (CFLs).  High 
intensity discharge (HID) lamps include low-
pressure sodium (LPS), high-pressure sodium 
(HPS), mercury vapor and metal halide.  As light 
emitting diode (LED) technologies evolve, LEDs 
are used more frequently in a variety of 
applications.  With the exception of incandescent 
and halogen lamps, most other lighting types 
require additional components (such as ballasts) to 
regulate electrical voltage, current, and frequency. 
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Different lighting sources have different 
characteristics.  Luminous efficacy, often expressed 
as lumens per watt, is a measure of how efficiently 
a lighting device converts electricity into visible 
light.  In terms of energy use, this may be the most 
important characteristic of lighting fixtures, but 
there are many other factors affecting selection of 
lighting equipment.  Among these are the life of the 
bulb and other components, spectral quality and 
color rendering, color temperature, available 
wattages, minimum starting temperatures, light loss 
factor, disposal, noise, flicker and other 
considerations. Appendix 1 lists the characteristics 
of a variety of lighting sources. 

The foot-candle (commonly abbreviated “fc”) is 
a unit of measurement often used to characterize 
different forms of lighting. A foot-candle is “the 
level of lighting at a working surface. One foot-
candle (fc) is defined as the amount of illumination 
from a candle falling on a surface at a distance of 
one foot. A bright sunny day might have a light 
level outdoors of 8000 fc while a brightly lit 
desktop may be about 100 fc” (2). 
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Color Rendering Index (CRI) is an attempt to 

evaluate how accurately colors are rendered when 
illuminated by a specific type of light. Wherever 
differentiation between colors is important, lights 
should have a CRI of 80 or higher. 

Color temperature correlates to the hue of the 
light that a fixture produces and is measured in 

Kelvins (K).  Higher temperatures (daylight, 
5,000K) are described as “cool” and lower 
temperatures (incandescent lights, 2,700K) are 
described as “warm”. 

Light loss factor is a measure of the declining 
light output of a lamp over a period of time.   

Average bulb life refers to the amount of 
operating hours at which half of the bulbs will no 
longer work. 

Dimmability may be desirable in certain 
applications.  In general, incandescent and halogen 
bulbs are fully dimmable.  LEDs are partially to 
fully dimmable, depending on the electronics of the 
lamp and the dimmer.  Most types of fluorescent 
lamps can be configured to be partially dimmed.  
HID lights are generally not dimmable. 

LED lights differ from many other light sources 
in various respects, and often cannot be accurately 
described using existing standards.  LEDs generate 
light in a narrow range of wavelengths.  Light 
fixtures that use LEDs may use phosphors or a 
mixture of LEDs of different colors to produce 
white light and other hues. In general, LED lights 
are long-lasting (greater than 35,000 hours), have 
high luminous efficacy (up to 200 lumens per watt) 
and operate in a wide range of environmental 
conditions.  The performance of a specific LED 
fixture and its applicability to specific uses, depends 
on the design of the fixture, the quality of 
manufacture, and the particular LEDs and 
controlling circuit technologies that it includes.  
 

AREA AND TASK LIGHTING 
Lighting operators’ activities is one of the most 

common uses of light fixtures on farms.  Lights are 
used to illuminate specific areas or to provide 
illumination for specific tasks.  Lighting may also 
be used in animal housing to provide illumination 
for livestock and poultry.  Table 1 lists 
recommended light levels for a range of agricultural 
facilities. 

In some instances illumination may be provided 
with natural light, obviating the need for energy use 
in providing artificial light.  Day-lighting 



techniques include the use of skylights, windows 
and translucent siding. 
 Energy use for lighting can be minimized by 
careful design and routine maintenance.    
 

 
 

Light fixtures should be specifically selected and 
located to provide appropriate illumination levels 
for each location and task.  The actual light levels 
obtained in a particular space are strongly affected 
by the reflective qualities of walls and ceilings, 
therefore, colors and materials should be selected 
accordingly. Lighting manufacturers and design 
professionals (architects and engineers) can help 
reduce energy use by specifying appropriate 
equipment, recommending wall and ceiling finishes 
and suggesting fixture layout patterns.  Various 
organizations such as the National Food and Energy 
Council also provide guidance on fixture selection 
and layouts.  

Maintenance helps keep light outputs from 
bulbs and fixtures at optimum levels.  Specific 
maintenance needs vary from operation to 
operation.  Lights in areas with more dust and dirt  
will require more frequent maintenance.  Generally, 
bulbs, reflectors, lenses and diffusers should be 

cleaned on a regular basis to maintain optimum 
light output.  Enclosed fixtures that prevent dust and 
dirt accumulation can reduce maintenance needs. 

Although most lighting for animal housing is 
designed to allow animals to see each other and find 
feed, and, where needed, to allow human operators 
to perform specific tasks, some animals benefit 
from specific lighting regimes. Dairy cows are 
sensitive to day length. A combination of 6 to 8 
hours of darkness with 16 to 18 hours of 
illumination between 10 and 20 foot-candles can 
increase milk production (4, 7).  Horses, swine, and 
poultry respond to daylight length in various ways, 
but photoperiod response occurs at relatively low 
intensities (typically 20 foot-candles or less). 
Replacing incandescent lights with fluorescent 
fixtures in these operations will reduce energy use.  
In larger facilities with high ceilings, consider using 
high pressure sodium or metal halide lamps. 

 

HORTICULTURAL LIGHTING 
Lights are used to enhance plant growth in 

several ways.  The most common uses are for 
photoperiod control and to supplement natural light 
to increase yields.  Lights may also be used in 
totally enclosed environments such as growth 
chambers.   
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Photoperiod control, using low intensity lighting 
to influence plant flowering, is not usually a major 
energy use.  Historically, incandescent lights have 
been used for photoperiod control, but compact 



fluorescent lights (CFLs) can perform the same 
function, with lower operating costs and longer bulb 
lives. 

Lighting to supplement natural light  to improve 
plant yields, accelerate plant growth, and control 
crop timing typically uses HPS fixtures.  Although 
plants respond well to the light spectrum of HPS 
lights used to supplement sunlight, when artificial 
lights are the only source of illumination, a mixture 
of metal halide and HPS lamps will provide a more 
complete spectrum. Fixtures intended specifically 
for greenhouse use have reflectors designed to 
provide uniform light levels when the lights are a 
moderate distance from the plants (3 to 6 feet).   
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LED lights have the potential to reduce energy 

consumption in greenhouse lighting.  The promising 
characteristics of LEDs include the potential for 
high luminous efficacy and the ability to provide 
light with spectral distributions that match plants’ 
needs.  Currently, high costs, requirements for 
fixture designs that provide good lighting 
uniformity, function in the greenhouse environment, 
and uncertainty about long term performance, tend 
to limit LED use to research greenhouses and 
similar facilities. 

Computerized control of high intensity 
greenhouse lighting can significantly reduce energy 
use and costs.  Simple strategies that adjust lighting 

times as day length changes will have some impact 
on energy use.  More sophisticated strategies, 
including the use of historical and projected weather 
data to provide optimum illumination levels 
throughout the crop cycle, can optimize energy use 
for greenhouse lighting. 
  

LIGHTING ENERGY CONSERVATION 
Regular maintenance, optimized operational 
strategies, and installation of efficient light fixtures, 
wiring and controls; can minimize energy use for 
lighting.  Specific recommendations include: 
 
 Replace inefficient lamps such as incandescent 

fixtures with more efficient lights (such as 
compact fluorescents).  Before replacing lamps, 
verify that replacement fixtures and bulbs will 
be compatible with the operating conditions. 

 Replace inefficient yard lights (incandescent or 
mercury vapor) with high efficiency fixtures 
(HPS or Metal Halide).  Use directed reflectors 
to shine light on the areas of concern. 

 Use occupancy sensors, motion detectors, 
photocells, half-night controls, timers and other 
control devices to ensure that lights are only on 
when needed.  Install control devices so that 
only those areas where lights are needed, are 
illuminated. 

 Implement a regular program for cleaning and 
maintaining light fixtures. 

 Follow manufacturers’ guidelines and 
recommendations from design professionals in 
selecting and installing lighting.  Use published 
recommended illumination levels to prevent 
using more lighting than needed. 

 For greenhouse lighting, use fixtures designed 
specifically for greenhouse use at the desired 
mounting height.  Follow the manufacturer’s 
recommendations for fixture layout.  Match 
lighting operation with plant needs, taking 
advantage of advanced control strategies 
whenever possible.  Staggering starting times 
and lighting periods may reduce costs by 
avoiding excessive demand charges. 
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