Task/Ambient Lighting Design

Traditionally, office spaces rely on ceiling mounted luminaires for both task and ambient lighting.  The target illuminance levels have been dictated by task requirements, which is the equivalent of providing task lighting throughout the work plane.  This can be relatively inefficient approach as illumination levels drop by the square of the distance from the light source.  Ceiling mounted luminaires are relatively far away from the work plane, which makes them inefficient to providing task light, compared to task lighting luminaires that are located closer to the work plane.

Separating task and ambient lighting systems can result in significant energy and lifecycle cost benefits by reducing the light levels produced by the ambient system to significantly lower levels and providing separate lighting fixtures for task lighting.  Being closer to where the light is needed, task lighting fixtures offer a significantly more efficient and effective way of delivering task lighting than ceiling mounted fixtures. 

Lighting with Portable Fixtures

While it is rare to see office applications in which the spaces are illuminated entirely with portable fixtures, this approach presents some unique opportunities.  The primary advantage to this approach is that it allows for the separation of the task lighting and ambient lighting and thus the ability to achieve a true task/ambient lighting design.   Portable uplights (i.e. torchieres) can provide for the ambient lighting needs of the space while portable desk lamps can provide task lighting.  

There are several other advantages to this approach as well.  In this approach, an entire office lighting “system” can be installed and fine tuned to the lighting needs of the space without the need of an electrician to do any rewiring.  And as the lighting needs of the space changes over time, the system can easily evolve to need the changing needs.  

There is an inherent flexibility in this approach that is missing in traditional ceiling mounted approaches.  In addition to the ability for the system to evolve over time, the system is flexible on a daily basis, allowing users to turn on or off a wide variety of lights and or move the fixtures as needed.  

This approach gives users the ability to put the amount of light they need where they need it.  It allows individual users in the same office the ability to control the lighting in their local environment in ways that are simply not possible which traditional lighting approaches.  This control ultimately leads to an increase in the overall lighting quality of the office.

Barriers to Portable Fixture Office Systems

Despite the energy savings and lighting quality improvements that can be achieved through a portable fixture office lighting system, there are limiting factors that have kept this approach from the mainstream.  Probably the largest barrier is simply that this approach is somewhat of a paradigm shift.  Ceiling lighting is well understood and well entrenched.  There are building codes requiring certain levels of lighting be installed in order for a building to get its permits.  It is also easier for lighting designers to specify a ubiquitous “grid” of ceiling fixtures than to try to be creative.  The designer will generally be inclined to “play it safe” and specify a traditional approach as they generally do not know who the eventual building occupant will be and what their specific needs will be.  Thus, they design to the lowest common denominator.

In addition to these social barriers, there are certain technical barriers to this approach.  The primary technical barrier is that the portable fixtures on the market today are generally not optimized to provide fully for the lighting needs of an office.  Portable fixtures have never been designed specifically for this need.  There are plenty of portable fixtures that can be applied to these applications with adequate results (such as torchieres in combination with desk lamps) but these systems have never been designed or optimized specifically for this application.  

A second significant technical barrier relates to lighting controls.  Controlling the lighting in an office that has 20-30 separately controllable portable fixtures is significantly more complicated than controlling an overhead lighting system that is all on one or two circuits controlled by wall switches.  An appropriate control system is critical to ensure property room illumination and maximum energy efficiency.

This project aims to address these technical barriers.  It is felt that if it can be demonstrated that these technical barriers can be addressed and that the energy savings and lighting quality benefits of the portable fixture office can be achieved that, over time, the social barriers to this approach will fade.

Lighting Controls for Portable Fixtures

The interaction of the multiple portable fixtures within the office environment must be carefully controlled and integrated if this system is to succeed.  It is inherently more complicated to control this system then a traditional lighting system because of the large increase in the number of independently controllable light sources.  This increase in the number of independently controllable light sources also leads directly to an increased level of user control over their environment.

This next phase of this project focuses on the development of controls systems and strategies that tie these portable fixtures together into unified office lighting systems.  While this system will be more complicated that the wall switch of a traditional ceiling mount system, it is thought that this system can be relatively simple for the occupants while giving them much greater control over their environment.

Prototype Design of Workstation Fixtures

This phase of this research project focused on the development of designs and prototypes for portable fixtures that would be appropriate for task/ambient office lighting environments.  These designs and prototypes were developed through an iterative design process between LBNL and industry partner, Finelite.  Typically, LBNL would present a series of designs to Finelite who would offer critics and suggestions for the next series of designs.  LBNL would then refine these designs and prepare them for another design review with Finelite.  This process continued until approximately a dozen unique “families” of designs had been developed.  

Design Goals

Early in the design process, a series of prototype design goals were established.  These goals included the following.  The portable fixture systems should:

· Satisfy all of the offices task and ambient needs with portable fixtures

· Provide an appropriate level of task light for detailed tasks (50 fc)

· Provide an appropriate level of ambient light for general tasks, circulation (20-30 fc)

· Provide a maximum level of user control and flexibility

· Provide a maximum level of energy-efficiency

· Provide an ability to add controls to adjust task and/or ambient lighting

· Achieve a market-appropriate price-point

· Achieve an aesthetically pleasing appearance

Portable Fixture Designs

This section of the report presents the families of designs of the portable fixtures that have been development.  These designs have been presented in as generic and uniform manner as possible to highlight the unique features of each design.  

Most of these designs can be realized with a number of different light sources.  To present these systems as uniformly as possible, they have been all been shown utilizing one of the most universally promising light sources for these fixtures; the high-output twin-tube CFLs.  These CFLs are promising because of there compact size, high output and wide operating ranges (they are available in wattage ranges as low as 13W and as high as 80W).  It is important to remember that many of these designs could be adapted for usage with a variety of other sources as well.

The first series of designs (designs 1-5) involve a static fixture design, while the remainder of design (designs 6-14) involve movable optical element.  

Design 1:  Gamma

The Gamma Design involves a simple system in which the optic housing includes two lamps which primarily provide uplight, but also provides a low level of task light through perforated reflector elements below the lamps.  (Figure 1)

The advantages of this system are:

· Simple mechanical design

· Strong aesthetics (low-profile)

The disadvantages of this system are:

· Low level of task light

· Inability to independently control task/ambient components

· Not possible to redirect task light into ambient light when cubicle vacant

· Not possible to turn off task light when cubicle is vacant (without also turning off ambient light)

Design 2:  Three Lamp Gamma

The Three Lamp Gamma design borrows the aesthetic of the original Gamma Design (Figure 1) but includes an internal optic that directs the output of two lamps upwards for ambient light and while utilizing a third lamp that is directed down for task light.  (Figure 2)

The advantages of this system are:

· Simple mechanical design

· Strong aesthetics (low-profile)

The disadvantages of this system are:

· Potential for glare from task light 

· Not possible to redirect task light into ambient light when cubicle vacant

· Potentially expensive because of three lamp, two ballast design

Design 3:  Up-Down Torchiere

The Up-Down Torchiere features and upper reflective element with a lamp (or lamps) as well as a lower reflective element with a lamp.  The upper and lower elements are optically separated from one another and lamps within each element can opperate independent of each other.  (Figure 3)

The advantages of this system are:

· Simple mechanical design

· Independent control of task and ambient lights

The disadvantages of this system are:

· Potential for glare from task light

· Not possible to redirect task light into ambient light when cubicle is vacant

Design 4:  Floor-Desk Duet

The Floor-Desk Duet consists of two fixtures, a task light desk lamp and an ambient floor lamp, that are physically separate, yet designed to work in tandem.  The fixture are aesthetically consistent in appearance and also intended to share the necessary controls hardware for office level integration.  (Figure 4)
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The advantages of this system are:

· Simple mechanical design

· Traditional look and operation of luminaires

· Independent control of task and ambient lights

· Integration of controls hardware

The disadvantages of this system are:

· Not possible to redirect task light into ambient light when cubicle vacant

· Potentially more expensive and harder to fit into offices because now two fixtures instead of one

Design 5:  Over-Under Cabinet

The Over-Under Cabinet consists of two fixtures, a task light undercabinet fixture and an ambient over cabinet fixture, that are physically separate, yet designed to work in tandem.  The fixtures are aesthetically consistent in appearance and also intended to share the necessary control hardware for office level integration.  (Figure 5)

The advantages of this system are:

· Simple mechanical design

· Traditional look and operation of luminaires

· Independent control of task and ambient lights

· Integration of controls hardware

The disadvantages of this system are:

· Not possible to redirect task light into ambient light when cubicle vacant

· Potentially more expensive because now two fixtures instead of one

· Only applicable in applications with cabinets
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