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Technology Fact Sheet

Improved Lighting

Background

In the U.S. commercial sector, lighting accounts for approximately 26% of the electricity consumed in commercial buildings and represents approximately $22 billion in annual expenditures.  An additional 10% of electricity consumed in buildings is for air conditioning to counter the heat generated by electric lights.  

Energy efficient lighting requires only about one third the energy of standard incandescent lighting.  It represents the most cost-effective energy efficiency opportunity available to the commercial sector.  Converting to energy efficient lighting can reduce a company’s energy expenses for lighting by up to 70%, depending on the lighting technologies and practices being replaced.  The return on investment for lighting retrofits is typically greater than 30% with a simple payback within three years.  

Whether retrofitting, remodeling, or constructing a new building, good lighting design is the key to minimizing energy costs for lighting.  Besides incorporating efficient technology, effective lighting design considers the illumination needs based on different uses of floor space, incorporates natural lighting, and provides workspace occupants flexibility in controlling light levels.

Technologies

Conventional incandescent lamps are the least efficient lighting option.  They convert only about 10% of the energy into light while transforming the rest into heat.  Commercially available energy efficient lighting technologies include daylighting, fluorescent lamps, and high intensity discharge lamps.  Solid-state lighting is a promising advanced technology under development.  These technologies are discussed below.

The use of natural light for illuminating interior space is referred to as daylighting.   When properly designed and effectively integrated with a building’s electric lighting system, sunlight can offer significant energy savings benefits over traditional incandescent or flourecsent lighting.  The building’s air conditioning requirements are also reduced because less heat is generated by electric lights.  Besides window design, daylighting options include advanced skylights, clerestories, reflectant surfaces, light shelves, and light pipes.

Conventional fluorescent lamps with magnetic ballasts consume about one-third the energy required for incandescent lamps.  Energy efficient fluorescent lamps combine smaller diameter fluorescent bulbs with electronic ballasts.  They require only about two-thirds of the energy required for conventional fluorescent lamps.

Small-diameter fluorescent lamps folded for compactness are called compact fluorescent lamps (CFLs).  They last up to 10 times longer than incandescent lamps, and they use about one-fourth the energy, producing 90% less heat.  Even smaller fluorescent lamps, sub-compact fluorescents, are designed to replace incandescent lamps in standard fixtures.  Recessed can fluorescents are compact fluorescent lamps in air-tight recessed cans designe to replac incandescent recessed can lighting. DOE is currently aggregating volume purchases of sub-compact fluorescents and recessed can flourescents by commercial entities in order to encourage production volumes necessary for them to become market competitive.  Interested companies can refer to http://www.eren.doe.gov/buildings/emergingtech/pdfs/lightbulbs.pdf for sub-compacts and http://www.pnl.gov/cfldownlights/index.html for recessed cans.  

The compact fluorescent torchiere lamps are recommended as an energy efficient alternative for halogen torchiere lamps (floor lamps).  The energy-efficient torchiere gives off approximately 50% more light while consuming only one quarter the energy of a halogen torchiere.  Compact Fluorescent torchiere lamps are 

also much safer than halogen torchieres because halogen torchieres have a bulb temperature of 1000 °F compared to 100 °F for compact fluorescent torchiere lamps.

The high intensity discharge (HID) lamps are a very compact light source.  A single 100-watt HID lamp, for example, provides as much light as a 500-watt incandescent lamp or a 160-watt, four-lamp fluorescent fixture. The HID lamp, however, is approximately the size of a common 100-watt incandescent bulb.  HID lamps are typically used when high levels of light are required over large areas and when energy efficiency and/or long life are desired. These areas include gymnasiums, large public areas, warehouses, outdoor activity areas, roadways, parking lots, and pathways. More recently, however, HID sources, especially metal halide, have been used in small retail and residential environments.  

The U.S. DOE is currently sponsoring the development of solid-state lighting for general illumination.  Unlike incandescent and fluorescent lamps, solid-state lighting creates light without producing heat.  A semi-conducting material converts electricity directly into light, which makes the light very energy efficient.  Solid-state lighting is currently used commercially for some applications but requires further development to be suitable for general illumination.

Benefits:  Advanced lighting technologies like fluorescent and high intensity discharge lamps are several times more energy efficient that traditional incandescent lights.  The return on investment of replacing incandescent bulbs with fluorescent ones is often greater than 30%.  In addition, the use of daylighting can provide full spectrum, natural light without the use of any electricity.  These efficient lighting alternatives   last 5 to 13 times longer than traditional incandescent lights, reducing inconvenience and maintenance costs.  Also, studies indicate increased worker productivity from well designed lighting.

Energy Savings:  Table 1 shows the energy savings per year of a compact fluorescent light bulb compared to an incandescent bulb producing an equivalent amount of light.

Table 1: Annual energy savings due to replacing an incandescent bulb with a compact fluorescent bulb

(Assumes that the bulb is used for 4000 hours/year and electricity costs 10¢/kWh)

	Incandescent

(watts)
	Fluorescent

(watts)
	Kilowatt-hours saved/year
	Financial Savings/year

	60
	15
	180
	$18

	75
	20
	220
	$22

	100
	25
	300
	$30


Automated energy saving calculators are found at http://www.eren.doe.gov/buildings/forms/light.cgi
and http://www.eren.doe.gov/femp/procurement/calc-index.html.

Emissions:  Lighting is responsible for 450 million tons of U.S. CO​​2 emissions per year.  Because of their advantages over traditional incandescent bulbs, advanced lighting technologies can potentially make a significant dent in the US’s CO2 emissions.  A single compact fluorescent light prevents the emissions of 8-16 pounds of acid-rain causing sulfur dioxide and 1000-2000 pounds of carbon dioxide.  Large-scale, national implementation of advanced lighting could reduce carbon dioxide emissions by hundreds of millions of tons per year.
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