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Abstract

Today’s engineers of building lighting systems must maintain a careful balance between
the demands of accepted standards of practice, the necessity of life safety, the system
performance needs of the client, and the developing national energy standards and certifications
gaining prominence in the public eye. These sources of influence on the design process can
create conflicts between the pressing need to conserve system energy usage and a costlier and
perhaps unacceptable end-result for the client. In this climate, various governmental
organizations and industry cooperatives have been funding published research and case-studies
in order to promote sustainable design practices. Within these publications are repeated
references to a “Task-Ambient” lighting fixture layout strategy. Multiple recent publications cite
profound energy-saving benefits attainable using this design method. However, there is a
noticeable lack of measured data concerning other qualities of this layout scheme, such as the
end-user’s comfort and ability to perform tasks under the resulting light distributions. Whether
this lack of data resulted from the added complexity associated with such non-numerical
measurements, or for some other unknown reason, this report explores this gap in the available
data. An extended survey procedure was developed to approach the problem of measuring these
unknown qualities of the Task-Ambient design strategy. This involved constructing multiple
physical lighting layout mockups, defining the features of the Task-Ambient strategy which
necessitated measurement, and designing objective tasks tailored to measure each of these non-
numerical qualities. The careful analysis of this study’s data results yields trends indicative of
the Task-Ambient strategy, relative to a standard uniform layout, adversely affecting
productivity, concentration, and the participants’ subjective perceptions of the space’s light
distribution. The lowered level of energy use was however affirmed. The implications of these
results are that the Task-Ambient strategy, while an efficient method of lighting system layout

design, may not be beneficial for the client in other respects.
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CHAPTER 1 - DISCUSSION

1.1 Scope

Task-Ambient is an approach used when designing the lighting layout for a space. In
performance-oriented approach, the designer must define what lighting tasks exist in the space,
intentionally deliver the desired light to those locations and restrict the amount of light
distributed elsewhere in the space. The intended effects of this lighting layout strategy, relative
to the typical uniform distribution commonly used otherwise, are improved levels of
concentration and productivity for the end users, as well as savings in system installation and
operating costs.

The intended reading audiences for this report are engineering students and design
professionals with an interest in incorporating more energy-efficient lighting design practices
into their careers. Knowledge expected of the reader will include terminology and procedures
introduced in introductory lighting systems design courses offered for engineers at the
undergraduate level. This report includes discussions in the fields of psychometry (the
measuring of subjective feelings to gauge system performance), sustainable design, and lighting
code and standards interpretation as well.

The case study discussed within this report is not principally intended to be an
“application guide” for other lighting design projects, but rather to fill the holes in the available
research on the Task-Ambient strategy. However, to that end, the case study does offer the
interested lighting designer thoroughly documented objective and subjective feedback from the
participants which may be directly applied to designs for similar projects. The reader intending
to apply this data is asked to observe and weigh the stated limitations on this data including the
restrictions on the chosen body of participants, the characteristics of the environment used, and

the qualities of the light fixture configurations for each layout involved.

1.2 Why research this?



1.2.1 Conflicts: Energy Codes vs. Safety vs. System Performance.

The prospect of dealing with conflicts between accepted design practice, energy
standards, and the client’s performance needs is an intimidating one for a new engineer.
Ultimately, such conflicts are unavoidable, so students preparing to work in the field of building
systems design must push themselves to expand their capacity to work around these restrictions.
The initial drive to explore alternative lighting design practices was fueled particularly by
published debate regarding the restrictiveness of existing energy codes.

One such argument has appeared in the LD+A Lighting Design and Application journal
against a proposed update for the lighting section of the 2010 version of Standard 90.1, co-
published between ASHRAE and IESNA. The author, Willard L. Warren, PE, claims the
proposal to lower the existing Lighting Power Density (LPD) limits in this standard by 30% is
“preposterous.” He reasons the LPD values cannot be lowered any further, because they already
represent the lowest W/SF “that will produce the IESNA Lighting Handbook recommended
illuminance levels.” (Warren) This evidence of clashes between accepted design practices based
on The IESNA Lighting Handbook’s illuminance recommendations and today’s energy standards
was a key component in choosing to investigate the issue and explore ways to provide working
solutions for such design problems.

Above all, engineers are held professionally to a standard of care that explicitly mandates
“Hold paramount the safety, health, and welfare of the public” (NSPE). The safety, or lack of
safety, provided by any lighting layout design, regardless of its level of sustainability, must not
allow for unsafe conditions. This fact makes any attempt by an engineer to experiment with new
methods of lowering a lighting system’s energy efficiency through levels below the accepted
standards a liability from a safety standpoint. Studying such techniques outside of a commercial
design project and inside a controlled environment affords an interested engineer lowered levels

of financial and safety risks.

1.2.2 Sustainable Design

The United States’ national, state, and some city governments are, to varying degrees,
pushing the concept of ecologically sustainable design in various ways, from national tax credits
(Darragh) to city and state mandates and codes (Libby). Less than a decade ago, the US Green

Building Council launched the LEED certification program, with the intent to develop buildings



which are “... environmentally responsible, profitable, and a healthy place to live and work”
(USGBC: Why Certify?). The United States Department of Energy (DOE) is also funding

research on sustainable technologies and concepts while promoting the benefits of energy-

conscious design to commercial and industry building owners (“Efficient...). As a result,
building owners and government officials are gradually becoming more aware of the immediate
and long-term economical, social, and environmental benefits of “going-green” (Department...).

As a result of this changing climate in the commercial building industry, building systems
engineers have a pressing need for more knowledge of and strategies for sustainable design. The
Task-Ambient approach is one such strategy for meeting specific energy performance levels
already mandated with standards published by the IECC, ASHRAE and IESNA, and encouraged
by the current USGBC LEED building certification standards (USGBC 173-176).

1.2.3 Psychometrics and Evaluation of Lighting Design

A useful skill for any engineer to develop is the capacity to evaluate a finished design. In
some cases, the question of whether a system’s performance is adequate is simple to answer.
Flex in a structural beam, flow through a water main, and the sustainable amperage in a power
circuit can all be measured directly through various instruments and techniques. Systems whose
performance is primarily based on comfort, however, such as mechanical, acoustic, and lighting
systems, have a variable which cannot be measured directly — the subjective perceptions of the
environment by the end-user. While we design such systems under directly measurable and
quantifiable variables — such as the footcandle, cubic feet per minute (CFM), horsepower, and
decibel levels — it is impossible to calculate the most base and indisputable measure of
performance: comfort.

Psychometrics is the field of study concerned with how we can measure human attitudes
and opinions (Hopkinson 133). Knowledge in this field is important for the development of any
building systems engineer desiring an end-performance level meeting the needs of “comfort,”
above and beyond the accepted minimums and standards which we all learn to work within.
This field of study offers rules and guidance for developing the questions and procedures
necessary to make collected data useful and appropriate for drawing conclusions. Without
investing the time and thought to ask the right questions, in the right manner, efforts to evaluate



one’s own design may result in inconclusive, or worse, misleading data which may adversely
affect future design work.

The application of this psychometric knowledge in this case study is to be found
throughout the study preparation and data discussions in this report. The aspiring lighting
system designer will do well to take note of the pitfalls of subjective measurements that were and
were not anticipated, and how they were dealt with. Careful attention to proper psychometric

measurements will assist in any future endeavors to evaluate one’s lighting design work.



CHAPTER 2 - THE TASK-AMBIENT LAYOUT STRATEGY

This chapter explains in detail the Task-Ambient layout concepts and procedures, presents the
benefits and detriments attributed to this lighting system scheme, states the hypotheses gleaned

from this research, and asserts the need for a case study to test these hypotheses.

2.1 What is Task-Ambient?

It is easiest to begin a discussion of the Task-Ambient strategy by first reviewing and
analyzing the defining aspects of the Uniform lighting layout strategy. Uniform layouts aim to
provide a predetermined, even level of illuminance within a space across a fixed task plane. This
level of illuminance is determined based on anticipated occupant activity. Light fixtures are
selected and the minimum number required to meet the predetermined illuminance level is
calculated. Finally, the fixtures are spaced and positioned in a manner that considers the actual
space dimensions and shape, sometimes necessitating an increase beyond the required minimum
number of fixtures. This increase is often due to the inability to place the fixtures in the
rectangular, regular spacing that the Uniform calculation method assumes. This may result from
existing devices or ceiling grids which cannot economically be moved, non-rectangular plan-
view room shapes, or structural restrictions, affecting how the fixtures may be hung. The
Uniform layout approach has certain established benefits. First, this model enjoys all the
advantages of being a prescriptive method of problem solving — the rules, calculations, and
application of Uniform layout design are identical within a wide variety of spaces and occupant
classifications. As a result, this method saves time and money for the design engineer and client,
due to the reduced time spent analyzing the unique characteristics of the project. Secondly, the
use of Uniform layout generally results in a uniform distribution of light on the task plane, which
can in some cases be viewed as a definite benefit: varying levels of light or patterns of light and
dark on the task plane can be considered distracting or confusing for the end-user, and the
location of actual task-surfaces on the task plane may not be determinable. It is important to
note, however, that varying light levels may also provide a benefit (IESNA Lighting Handbook
10-5), which the Task-Ambient strategy will capitalize on.



Task-Ambient layouts, on the other hand, are concerned with distributing different levels
of light energy to task and non-task surfaces. Task surfaces are those locations where the visual
task being designed around actually occurs, such as a series of desktops, a marker board, or a
drafting table. Non-task surfaces include areas of circulation and surfaces which require a very
small amount of or, in some cases, zero light for tasks or safety purposes. Such surfaces may
include the tops of bookshelves in a library, the carpet in a small office, or the walls of a
corridor. Figure 2.1 Hlustrates two layouts showing how a Uniform layout does not give regard

to non-task areas, while a Task-Ambient layout positions fixtures with this in mind.
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Figure 2.1 Uniform vs. Task-Ambient Layout Strategy.
Adapted from Lamps and Lighting, 4™ ed., by J.R. Coaton and A.M. Marsden, p.396

“Critics describe uniform lighting schemes as boring at best and wasteful at worst” (Trost
45). This statement introduces two potential drawbacks for the prescriptive Uniform Lighting
approach. As previously stated, Uniform Lighting layouts generally feature luminance values
with little variance across the task plane. This lack of variance can be considered “boring” by
the client and/or the end-user. A more objective view of the uniform illuminance drawback is
the resulting lowered distinction and contrast between areas of visual interest and background

surfaces. Prescriptive, Uniform layouts may also be “wasteful” from an energy-use perspective.



Uniformly distributing light energy across the task plane may be likened to a farmer spreading
fertilizer uniformly over a property, without regard to the location and orientation of the
cornfield he or she planted. A more economical approach for the farmer would be to place
fertilizer only where it is needed — using less fertilizer, saving money and helping the
environment in the process. The Task-Ambient layout approach attempts to remedy both
uniformity and energy-waste criticisms against the Uniform layout approach.

The Task-Ambient Lighting layout strategy is not a prescriptive, but a performance based
design solution. The design process itself is characterized by necessitating more thought and
time in fixture selection, anticipating tasks and their locations, and calculating the resulting
luminance ratios between task and non-task areas. As a rule, this approach will consume more of
the designer’s time than a prescriptive one. As a result, the client must spend more money to
obtain the design solution. The financial justifications for this are that the Task-Ambient
strategy provides:

1. The potential for fewer fixtures, lowering the cost-of-construction

2. The potential for energy savings, lowering the operating cost of the system

3. Improved lighting design quality, potentially indirectly increasing the client’s profits

To explain how the client may benefit from the improved lighting design quality,
discussion on a few lighting distribution fundamentals is required. When an object in the visual
field is brighter than its surroundings, eyes will instinctively focus on that object. This visual
reflex has been well documented in merchandising applications, where the sales of impulse items
can be directly related to brightness contrast (Trost 4). Conversely, object with little brightness
contrast to their surroundings, will not as easily hold the focus of the viewer. This link between
the visual senses and the mind is a central concept to the application of the Task-Ambient
strategy. Lighting the task surfaces or areas of intended focus, in a space should increase the
level of focus, simultaneously decreasing the level of distraction from sources in the surrounding
visual field.

The implications of Weber’s Law are another fundamental piece of the Task-Ambient
layout strategy. Weber’s Law of contrast states that the smallest perceptible change in luminance
is proportional with the level of luminance. This assertion leads to the conclusion that “equal
proportional differences of luminance should look equally noticeable” (Coaton 29). That



proportional difference between two luminance values is called a luminance ratio (IESNA
Handbook 10-5). As an example, a painting in a museum illuminated with 50fc with the areas
around it receiving 10fc (luminance ratio of 5:1) will look just as distinctive as the same painting
given 25fc with 5fc surroundings. This is a very important thing to keep in mind when designing
lighting solutions around the restrictions placed by stringent energy codes: the magnitude of
energy put into lighting an area is not as important as the relative amount of light for the
intended area of illumination.

Luminance ratios are therefore, for the purposes of energy conservation, an important
concept to apply when developing performance requirements within the Task-Ambient layout
strategy. The IESNA Lighting Handbook suggests lighting ceilings and walls within a
luminance ratio of 3:1, to avoid “extremely different brightnesses.” It also suggests work
surfaces be given illuminance values of 1.5 to 3 times higher than the surroundings, in order to
*“assist in directing occupants’ attention to the task.” This particular ratio of 3:1 will be regarded
for the purposes of studying this Task-Ambient strategy as the ideal ratio to approach in terms of

maximizing the focus/distraction level benefits established through Weber’s Law.

Task-Ambient is not exclusive to a certain lamp type, fixture type or quality of light, but
is instead defined by the resulting applied lighting illuminance pattern. To this end, the designer
must still consider other qualities of a lighting solution, such as the intended CRI values,
potential for flicker and glare, lighting controls, and other aspects of the final design
independently from the desire to benefit the client through the application of variance in

illuminance values.

The process of Task-Ambient Lighting layout design is summarized as follows:
1. Define task surfaces, their location in the space, and the nature of the associated tasks.
2. Establish the desired illuminance for the expected task and non-task surfaces. These
levels should be influenced both by industry accepted standards as well as the
potential for benefit through applied luminance ratios.
3. Select fixtures with light distribution patterns providing focused light in a shape

similar to the task surfaces’, as well as diffuse lower levels of light for non-task areas.



4. Lay out the fixtures primarily using the shapes of the fixtures’ light distribution as a
guide. This is more easily accomplished using lighting design software which can

quickly generate luminance measurements, as illustrated in the Figure 2.2:

Figure 2.2 Visual - Lighting Design Software

2.2 The Need for a Case Study
Many sources unreservedly describe the potentially significant benefits of a Task-
Ambient layout, from an energy perspective (Coaton, Newsham, Energy). Conceptually, this is
the logical conclusion — light energy is not being “wasted” on non-task areas, allowing for less
light to be produced, and thus less energy to be consumed by the lighting system. A case study
published by the E-source Technology Assessment Group at Platts produced impressive energy-
savings through a case study comparing a typical Uniform layout with the improved Task-

Ambient scheme. These findings, typical of this sort of comparison, are presented plainly in
Figure 2.3.



Table 1: Task/ambient lighting

This task/ambient lighting scheme costs no more to install than a standard one,
but reduces installed lighting power by 35 percent.

Typical Improved
(uniform) (task/ambient)
Ambient lighting system
Design lighting level (foot-candles) 60 30
Luminaire quantity 18 9
Luminaire power (watts) 60 60
Total power (watts) 1,080 540
Task lighting system
Task light quantity 0 10
Task light power (watts) = 16
Total power (watts) 0 160
Total system economics
Run time (hours per year) 2,000 2,000
Total system power density 1.08 0.70
(watts per square foot)
Energy consumption 2,160 1,400
(kilowatt-hours per year)
Incremental installation cost 0
Operating cost ($/year) $216 $140
Savings ($/year) = 376
Savings (percent) 35%
Payback Immediate
Notes: ® Ambient luminaire for both cases is a two-lamp TB recessed troffer, electronic Courtesy: Platts

ballast, fixture coefficient of utilization = 0.80. Task light is a 13-watt compact
fluorescent consuming 16 watts with ballast losses.

e Calculations assume a 20 percent difference between initial and maintained
lurnens (from lamp phosphor degradation, thermal effects, and dirt).

® Area of space = 1,000 square feet.

e Task light quantity assumes one task light per 100 square feet.

® Incremental cost for task/ambient system is zero or less, assuming $75 per
ceiling fixture and a task light budget of less than $225 each.

e Electricity cost = $0.10 per kilowatt-hour.

Figure 2.3 Uniform vs. Task-Ambient Comparison (“Energy Design Resources” 5)

These results clearly illustrate the potential for reduced installation and operating costs
when using the Task-Ambient strategy, relative to a uniform lighting layout. However,
something is missing. While this study makes a compelling and logical argument for energy-
efficient and economically sensible system design, it noticeably lacks hard data indicating that
the “Improved” system is an acceptable lighting system for the end-users. This observation

directly led to the conclusion that performing a similar but more thorough comparison study of
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the Task-Ambient strategy would benefit the engineers and students concerned with the quality
of their system designs. This more thorough study will include quantifiable, measured data that
the Task-Ambient strategy also provides those elements of improved concentration and
productivity, as well as savings for the end-client in energy use — complete with a return-on-

investment analysis.

2.3 Hypotheses
After a careful review of the published articles and guidelines available concerning the
Task-Ambient strategy, a number of recurring potential benefits were observed between the
sources. The following three statements summarize

1. Task-Ambient Lighting improves the end-user’s concentration on a given task by

lessening the potential for distraction and diversion of the user’s line of sight — through
the beneficial effects of applied luminance ratios.

2. Task-Ambient Lighting improves the end-user’s productivity, or the speed at which

work is done, as an indirect benefit of the improved concentration.

3. The strategy of Task-Ambient lighting layout will generally save on installation and

operating (energy) costs, relative to a uniform lighting layout for the same space.
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CHAPTER 3 - TASK-AMBIENT CASE STUDY

3.1 Preparation for the Case Study
To establish the validity of the three hypotheses, a case study was designed, comparing a typical
Uniform lighting layout with an “improved” Task-Ambient layout. The introduction of
objective, measurable psychometric and performance data added complexity to the development
of this case study. This chapter focuses on the key steps and concepts followed to prepare for the
case study.

3.1.1 Defining What is Being Measured
To establish the validity of the three hypotheses, the developed case study must attempt
to measure a difference in the study participants’ concentration and productivity as well as

establish the difference in installation and operating energy costs between the lighting layouts

under consideration. Concentration is the ability for the participant to stay focused on the task at
hand. Staying focused entails not being distracted by the environment surrounding the task-
surface. Productivity is the rate at which work is done. In a set amount of time, a participant
completing more work will be said to have higher productivity. Installation and Operating
Energy Costs are defined by the costs associated with the purchase and installation of the

fixtures, and the costs associated with energy used by a given fixture layout.

3.1.2 Methods of Measurement

With the objects of measurement defined, the task of defining a manner of objectively
measuring them must follow. The following sections present the logic and reasoning applied to
construct the tasks so that valid and accurate measurements could be taken. The assumptions
and decision made concerning the method chosen for measuring each variable shaped and
formed the final procedure used. The actual results along with the exact nature and compositions
of these of these tasks are presented in Section 3.3 of this report — Case Study Data and

Discussion.

3.1.2.1 Concentration
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Measuring concentration is the most difficult of my intended measurements to make in a
direct manner. However, making the assumption that an individual with a higher level of
concentration, being more focused, will produce more accurate work relative to a distracted
person, then we may indirectly measure concentration through accuracy. To reinforce this
indirect link between accuracy and concentration, all conceivable variables with an effect on
distraction, minus the lighting layouts, must be eliminated in the procedure. These potentially
intrusive sources of distraction are discussed more fully in Section 3.1.3 of this report - Isolating
the Layout Variable. Because the measurement of concentration is being made through the level
of distraction in the environment, choosing a task which will have its results directly affected by
time-consuming distractions is desirable. With this perspective, a timed reading comprehension
task was selected, utilizing passages of sufficient length and difficulty so as to amplify the effects

of environmental distraction on scoring, ideally affected only by the lighting layouts.

3.1.2.2 Productivity

Measuring productivity is achieved by designing tasks to have measurable, equal
increments at which the participants stop when called to do so. A ratio or percentage between
the number of complete and incomplete increments may then be observed and followed to
observe trends between trials. If these increments are made to be small in terms of the time
required to complete each one, the productivity will be more accurately measured (Berger 203).
If, in many trials, all of the increments are completed in the allowed time, the test data will be
less valid, as this indicates the participants’ productivity levels exceed the measurable threshold
of the test. The resulting desired characteristics in a task for a measurement of productivity are a
set time limit, small increments, and a sufficiently large number of increments. The selected
task, intended to encompass all of these qualities, was a timed “Algebra Marathon” test
consisting of a large number of simple, uniformly difficult addition and subtraction problems.
For this case study, productivity has been defined as the rate at which work is done, and this task
will measure the number of small increments, or individual problems, completed within the set

time limit, thereby allowing the surveyor to calculate a productivity rate.

3.1.2.3 Installation and Operating Energy Costs
Measuring the installation and operating energy costs associated with each layout does

not require any special consideration in the construction of the tasks. However to make this

13



comparison, the wattage and ballast configurations of each used fixture were recorded for each
layout. In order to make a fair cost comparison, fixtures with performance characteristics closely
matching those used in the actual lighting lab were selected, arranged in an orientation and
fashion similar to the layouts designed for the mockups, and sent to a lighting fixture
manufacturer representative for a comparative price quote. For the purposes of cost comparison,
identical fixtures to those installed in the lighting lab were not utilized in the submitted
information. This was done to simplify the comparative cost comparison, and to allow for a
uniform “cost of installation” factor of 20% to be applied for the cost analysis. In reality, the
lighting lab is equipped with a variety of similar, but different fixtures providing similar light
distributions from a variety of manufacturers. While this is helpful for the educational potential
of the space — it would be very unusual for a more typical installation, and would incur extra
costs associated with the use of multiple manufacturers. The operating energy costs were
calculated using the rated wattage for the ballasts specified alongside the fixtures. These ballasts
were selected to accommodate the dimming properties required in the layouts, and to match the

number of lamps used in each fixture.

3.1.3 Isolating the Layout Variable

To make valid conclusions between the effects of different lighting layouts, it is
important to isolate the different layouts as the only variable between tests.

Of particular importance are the variables within the testing environment which may
distract the participants from their tasks. These variables that affect the measurement of
concentration include extraneous noise, smells, rapidly fluctuating room temperature and any
other changes in environment during and between trials. By removing these distracting
conditions from the survey environment, the only remaining element which may affect
concentration shall be the lighting layout in the room. How is this accomplished?

To minimize the possibility of invasive natural light altering the predetermined layout
configurations in the survey space, the tests were held after the sky turned dark. The sunset
times which can be found in various sources are not a reliable indicator of the time when the sky
is 