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TITLE

Emerging LED technologies, and their spectrum of use on roadways and tunnels.
BACKGROUND / NEEDS STATEMENT

Roadway and Tunnel lighting was long accomplished using incandescent, fluorescent and High Pressure Sodium lighting technologies.  Each of these types of lights have their own advantages and disadvantages.  In the last decade, Light Emitting Diode (LED) systems have been developed commercially to a level that allows their widespread use in roadway and tunnel facilities.  While their use is becoming more widespread in roadway lighting, and to a lesser degree within tunnels, it remains a rapidly evolving technology.  Brightness, color, and dispersion of light from LEDs each affect the utility of the lamps.  While Roadway and Tunnel Lighting share similar needs, they also each have their own challenges.  The enclosed space of a roadway tunnel can accentuate both the positive and negative qualities of a particular light type.  Conversely, Roadway lighting applications cannot take advantage of the reflectivity of a tunnel structure, and are often retrofitted on light standards that were optimized for other luminaire types.

The capital cost of LED lighting initially made its use prohibitive when compared to other more energy and maintenance intensive lighting.  However, LED costs have dropped very rapidly in recent years, and generally, it is economically competitive with other technologies.  With the rapid advancement and changes in LED technology, it is now desired to study how this new technology of lighting can best be used to meet existing lighting standards and requirements.  The rapid advancement of technology has also resulted in obsolescence of early installations of LED systems-forcing owners to retrofit systems well before the end of their expected life because of lack of available replacement parts.  While LED technology is also making advances in non-tunnel roadway applications, it is believed that tunnel uses of LED lighting present unique challenges, both in lighting performance and reliability.  Road salt, constant moisture, and the proximity of the equipment to traffic causes very different impacts to lighting systems in an enclosed tunnel.   While there are only a few hundred lighted tunnels in the United States, there are millions of roadway light standards, and many of these have been retrofitted, or constructed with LEDs.  Because of this, there is a much greater amount of expertise with LEDs on roadways that could be utilized for tunnel applications.  The AASHTO Joint Technical Committee on Roadway Lighting has been consulted on this effort, and they concur that roadway lighting experience could be expanded upon and studied to see how it impacts tunnel applications. 
RESEARCH OBJECTIVE

It is necessary to catalog the various types of LED lighting techniques commonly available-both in roadways and tunnels- and identify benefits and challenges with each when used to light tunnels, as well as roadways.  Additionally, LED technology could possibly offer some opportunities to update existing tunnel lighting requirements, and take advantage of characteristics that LEDs provide that were previously unavailable with the older technologies.

WORK TASKS

Tasks anticipated in this project include the following:

Task 1. Perform domestic and international literature search of both roadway and tunnel lighting requirements and specifications-as well as reports on the performance of actual LED lighting installations.    In addition, the investigator will survey tunnel owners to catalog any current use of LED tunnel lighting, and document the performance of those installations. 
Task 2. Analyze the energy and maintenance costs of a sampling of various legacy lighting technologies, and compare them to the life cycle costs of installing, operating and maintaining a replacement LED system.  The sampling should include both tunnel and roadway systems. This life cycle analysis should include electrical supply, driver circuits, and the LED itself.  

Task 3. Identify existing LED systems that are generally used on roadways, and evaluate their effectiveness on roadway-regardless as to whether they are feasible in tunnels.  From the list of effective systems, identify those that could be used in tunnels, and develop a list of best practices for their use in tunnels.  Identify any shortcomings that exist in available LED systems, and provide recommendations to improve these shortcomings.
Task 4. Review and suggest revisions to the FHWA Lighting Handbook with respect to tunnel lighting.

a. Identify optimum color, brightness, and geometry of LED lights
b. Identify preferred driver types and electrical supply types, both for new facilities and retrofitted facilities.

c. Identify techniques for transitioning at portals for both daytime and nighttime operation.
Task 5. Prepare a final report documenting the entire research effort.
URGENCY

Because of the rapidly changing technology, tunnel owners need to know the current state of the art.  Additionally, manufacturers need to better understand the needs and shortcomings of current products so they are better able to improve them.
ENDORSEMENTS
This research proposal has been endorsed by the AASHTO Joint Technical Committee on Roadway Lighting; the Transportation Research Board-Tunnel and Underground Structures Committee AFF60 and the PIARC D-5 Road Tunnel Operations Committee.
FUNDING REQUESTED AND TIME REQUIRED
It is estimated that this research will take 12 months to complete and will require $100,000
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