Once you understand all of the options for skylights and photocontrols, it is important to be

able to select products and design a system that will optimize the performance of your

skylighting system and produce the most cost-effective design. The essential questions are:

e How much of the time will daylight levels meet or exceed the desired illuminance
levels?

e  What is the optimum skylight system to reduce energy consumption and cost, and

to provide good daylighting amenity?

In this chapter we discuss how different variables and choices in skylighting design affect
the energy performance of the building, and look at examples that allow you to compare
the relative effects of each. We will examine each of the following variables in turn:

e Climate: Climate is the most important influence on the energy performance of
a skylighting system, especially how the availability of illumination varies daily,
seasonally, and between locations.

e Heating and Cooling: Heating and cooling energy losses and/or savings provide
a secondary effect on the savings achieved with a skylighting system.

e Building Type: The hours of operation, the lighting power density, the internal
heat gains, and the heating and cooling setpoints are all important determinants for
skylighting savings.

e Glazing Materials: Choices of glazing materials determine how much daylight
gets into a building, and also how much heating or cooling requirements are
affected.

e Photocontrols: Controls are essential for any energy savings from skylights.

Switching and dimming systems produce different patterns of savings.
We have used SkyCalc to run multiple calculations for a generic building, with only one of

these variables changing at a time. The resulting graphs give a sense of the relative impacts

of each variable; they are not, however, absolute answers for any system.
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Once you have an idea how these variables interact, you are ready to work on your own
building design. SkyCalc allows you to compare alternate designs for your particular

building and location to generate specific savings values for your situation.

Understanding Daylight Patterns

SKYLIGHTING GUIDELINES

The relationship between daylight illumination and the desired illumination in a building
is the single greatest determinant of skylight savings. Heating and cooling impacts are
important, but they are generally a second- or third-order effect. Therefore, we begin with

a discussion on how much electric light and daylight are appropriate in a space.

5.1.1. Design Target llluminance

The first step in designing a daylighting system is to determine the desired illuminance for
the tasks to be performed. The desired level of illuminance in a room will depend on the
general function of the space and on the visual requirements of the task to be performed.
The Illuminating Engineering Society of North America (IESNA) has established general
categories of illuminance, ranges of illuminance values, and a procedure for selecting
illuminance levels depending on the type of activity in a space. Figure 5-1 summarizes the
TESNA recommendations for a number of common tasks for a specific type of activity and

occupant. These midrange values, given in footcandles and lux, are representative only.

The IESNA procedure for determining recommended illuminances specifies a range of illu-
mination values for any given task. There are a number of factors which should be taken
into account to determine which part of the range should be used. The assumptions used

in Figure 5-1 are noted in its caption.

Building uses change over time and it would be wise to provide enough flexibility to
accommodate potential changes. Remember also that illuminance levels do not necessarily

correlate to lighting quality, which depends on the properties of the entire visual environment.

Many occupancies, like retail, manufacturing, schools, and churches, require special con-
sideration of the specific tasks, the interior design, and equipment and/or aisle layout to
understand appropriate illumination levels. Refer to the IESNA Handbook, and to other
Recommended Practice documents published by IESNA, for more detailed recommendations

on illuminance values for specific applications and space use.

IESNA-recommended illuminances are usually considered the minimum illuminance
required for a given task. Additional illumination is not generally considered a problem, and
is often a bonus. However, energy codes have functioned to set a maximum lighting power

density for spaces, based on the implementation of these recommended illuminances and



on the application of reasonably efficient technology and design. The interaction of IESNA

recommendations with energy codes has narrowed the range of expected interior light

levels from electric lighting systems.

Once you have determined the desired Activity Area Footcandles Lux
illuminance levels for the primary tasks in Dining Room, Ambient 75 75
your daylit space, the next question is, nat- Inactive Storage 75 75
urally, how to size and design the skylight Active Storage, Large ltems 5 150
. . . . Lounge or Waiting Room, Ambient 15 150
system to provide that illuminance. This 9 9
Locker Room, Washroom 15 150
is not the same kind of undertaking as ) )
Stairway, Corridor 15 150
system to provide a given illuminance Waiting Area, Reading 30 300
level on a task surface. Electric lights pro- Office Tasks 30-75 300-750
. Low Activity Retail 30 300
duce a nearly constant light output, day W ACy el
d nicl Davlichti id Bakeries 30 300
and night. Daylighting systems provide a
& yis & 8y b Retail Checkout 75 750
constantly changing light input to the Commercial Kitchen 75 750
building, which varies hour by hour and Printing Plants 75 750
season by season. Mail Sorting 75 750
Elementary School Gymnasium 100 1000
. . . Graphic Design Area 150 1500
The question of how to size the skylight
Retail Fitting Room 150 1500
system does not have any one answer. Sewing, Cutting, Inspection 300 3000
Even a very small skylight can provide the

minimum desired task illuminance some

of the time; a very large skylight system may provide more than the desired illuminance most
of the day. If the skylight system is too small, it may not save enough energy and money to
warrant the investment. If it is too large, it will provide more light than is needed, and could

unnecessarily increase heating or cooling energy consumption.

The variability of daylighting is one of its most appealing aspects, and one of the reasons
people respond so well to skylights. The task illuminance provided by a skylight system may
range from zero at night to three to four times the task minimum during the day. Usually
the extra light is a positive benefit, provided illuminance levels are not so high as to cause

visual discomfort problems.

Daylighting illumination per se is not regulated by energy codes, nor is it treated differently
than electric light by the IESNA recommendations. To size skylights appropriately, we
suggest you start by understanding the percentage of “daylight saturation” that will occur

with a skylight design.

5.1.2. Daylight Saturation
A room is said to be saturated with daylight when the illuminance levels from daylight meet

or exceed the design target illuminance for that space. For example, if an office requires

FIGURE 5-1:
REPRESENTATIVE
ILLUMINANCES FOR
TyPICAL TASKS
ASSUMPTIONS:
OCCUPANTS AGED 40-55,
ROOM SURFACE
REFLECTANCES 30-70%,
DEMAND FOR SPEED
AND/OR ACCURACY
IMPORTANT. THIS
INFORMATION BASED ON
RECOMMENDATIONS IN
THE IESNA HANDBOOK,

1993.
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50 footcandles of ambient illumination, then daylight saturation would occur whenever there

are more than 50 footcandles of daylight available in the space.

From the perspective of reducing electric lighting requirements, the point of daylight saturation
represents the point when maximum electric lighting savings occur, i.e., the lights are
dimmed to their lowest level or turned off. Additional daylight will not result in additional
electric lighting savings. However, one benefit of skylighting is that there are many hours
during the year when available daylight illuminance exceeds the minimum required

illuminance levels.

Daylight saturation is influenced by three primary factors:
e Desired illuminance levels: the amount of light needed for the visual tasks to be
performed
e Skylight effective aperture: a measure of the amount of light that will penetrate
a given skylight design, based on the gross skylight-to-floor ratio (SFR), the visible

transmittance (T,:.) of the glazing material, and the light well design

vis
e Daylight availability: the characteristics of available daylight outdoors, as influ-

enced by latitude and local climate conditions

The graphs in Figure 5-2 were generated by SkyCalc for a grocery store in San Bernardino
(Climate Zone 10, Rialto) which set its design target illumination at 50 footcandles and used
double-glazed, white acrylic skylights. The three graphs illustrate how daylight saturation
changes with an increasing number of skylights, resulting in a higher SFR, or gross skylight
aperture. The light-shaded areas indicate the hours of the day when daylight is available
(more hours in summer, less in winter) to provide at least 10 percent of the target illumi-
nance in the space. The white areas indicate the hours of daylight saturation (more than 50

footcandles of daylight) on an average day in each month.

SFR is used here for simplicity. Since, in this analysis, all the other properties of the skylight
are held constant, an increase in SFR is the same as an increase in effective aperture, which
accounts for all visible transmission properties of the skylight system. SkyCalc uses hourly
weather data to calculate illumination levels for the energy analysis. However, for these
summary graphs, the information is collapsed into an average illumination level for a

representative day for each month.

The three graphs in Figure 5-2 at right show how daylight saturation varies as the number
of skylights increases. In the top graph, at an SFR of two percent, the average monthly
conditions show that the target illumination level of 50 footcandles is never met. (In reality,
it might occur on occasional bright sunny days, but this graph simplifies the information by
presenting only the average condition for each hour of the month.) SkyCalc, in doing an
hourly calculation using typical weather data, also reports in one of its summary tables that

full daylight saturation would not normally be achieved in this case.



Effective Aperture = 0.62%, Skylight-to-Floor Ratio (SFR) = 1.98%
Average daylight footcandles (fc) I
1 2 3 45 6 7 8 91011 12 13 14 15 16 17 18 19 20 21 22 23 24 FIGURE 5-2:
Jan 0 0 0 0O 0O O 0O 1 6 12 18 21 22 19 183 6 2 0 0O O O O 0 O DAYLIGHT SATURATION
Feb 0 0 0 0O O O O 3 8 16 21 24 24 22 17 10 3 0 0 0 0 0 O
Mar 0 0 0 0O O O 1 6 13 21 26 31 30 27 21 14 6 1 0 O O 0O O O WITH VARYING SKYLIGHT
Apr 0 0 0 O 0O 1 3 10 18 25 29 32 33 29 24 17 9 3 0 O O O 0 O
APERTURES — 2%, 4%,
May 0 0 0 O 0O 1 5 11 19 26 32 34 33 31 27 20 11 4 1 0 0O O 0 0
Jun 0 0 0 O 0O 2 7 16 24 32 36 38 38 35 31 24 14 6 1 0 0 0 0 O AND 6%
Jul 0 0 0O O 0 2 6 15 25 34 40 42 42 39 34 25 15 6 2 0 0 O 0 O
Aug 0 0 0 O 0 1 5 13 24 32 39 41 42 39 32 23 12 4 1 0 0O 0 0 O
Sep 0 0 0 O O O 3 10 21 28 33 36 3 32 25 16 6 1 0 0O O O O O
Oct 0 0 0 0O 0O O 2 7 15 21 27 30 30 26 18 9 3 0 0O 0O O O 0 O
Nov 0 0 0 O 0 O 1 4 11 18 24 26 24 19 12 1 0 0 0 O 0 O O
Dec 0 0 0 0O 0 O 0O 2 6 12 17 20 19 14 9 1 0 0 0 O 0 0 O
Design Illuminance = 50 fc
< 5 fc; < 25 fc; < 50 fc; I:[>50 fc;
Effective Aperture = 1.26%, Skylight-to-Floor Ratio (SFR) = 4.03%
Average daylight footcandles (fc)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Jan 0 0 0 O O O O 3 12 25 37 44 44 338 26 12 3 0 0 0O 0O 0 0 O
Feb 0 0 0 O O O 1 5 17 32 43 48 49 44 35 20 7 1 0 0 0O 0 0 O
Mar 0 0 0 O 0O O 3 11 27 43 54 63 60 55 42 28 12 3 0 0 O 0 0 O
Apr 0 0 0 O 0 1 7 19 36 50 60 65 67 60 49 35 18 6 0 0O O 0 0 O
May 0 0 0O O 0 3 11 23 38 53 65 69 68 63 54 41 22 9 2 0 0 O 0 O
Jun 0 0 0O O 0 4 15 32 49 64 73 77 76 71 63 48 28 11 3 0 0O 0 0 O
Jul 0 0 0 O O 3 12 31 51 69 8L 8 8 78 69 51 31 13 3 0 0O O 0 O
Aug 0 0 0O O 0 2 10 27 48 65 79 8 8 78 65 4 25 9 1 0 O O O O
Sep 0 0 0 O O O 5 21 43 57 68 74 74 65 50 32 12 2 0 0O O O O O
Oct 0 0 0O O O O 3 13 30 43 55 61 60 53 37 19 5 0 O O O O O O
Nov 0 0 0 O O O 1 8 22 37 49 52 49 40 24 10 2 0 O O O O 0 O
Dec 0 0 0 0O O O O 4 13 24 35 4 39 29 19 8 2 0 0 0 0O 0 0 0
Design Illuminance = 50 fc
< 5 fc; < 25 fc; < 50 fc; I:[>50 fc;
Effective Aperture = 1.90%, Skylight-to-Floor Ratio (SFR) = 6.05%
Average daylight footcandles (fc)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Jan 0 0 0 0O 0O O O 5 18 38 56 65 66 57 39 18 5 0 0O O 0O O 0 O
Feb 0 0 0 O O O 1 8 25 47 65 72 73 67 53 30 10 2 0 0O O O 0 O
Mar 0 0 0 O 0O O 4 17 40 65 8. 95 90 83 63 43 18 4 0 0O O O 0 O
Apr 0 0 0 O 0 2 10 29 54 75 90 97 100 9 73 52 26 9 1 0 O O 0 O
May 0 0 0O O 0 4 16 34 57 80 97103 101 95 81 61 34 13 3 0 0O O 0 O
Jun 0 0 0 O 0 6 22 48 74 96 110 116 114 106 94 72 42 17 4 0 0 0 0 0
Jul 0 0 0O O 0 5 18 46 77 103 121 129 129 118 104 77 47 20 5 0 0O O 0 O
Aug 0 0 0 O 0 3 15 40 72 98 119 126 127 117 97 69 37 13 2 0 0O O 0 O
Sep 0 0 0 O 0 1 8 31 64 86 101 111 111 98 76 48 18 3 0 O O 0 0 O
Oct 0 0 0 O O O 5 20 45 65 83 92 91 79 5 28 8 1 0O O O O O O
Nov 0 0 0 0O O O 2 12 33 56 73 78 73 59 36 15 3 0 0O O O O 0O O
Dec 0 0 0 0 0O O O 6 19 36 52 61 58 44 28 12 00 0 0O 0 0 O
Design Illuminance = 50 fc
<5 fc; < 25 fc; < 50 fc; I:[>50 fc;

In the middle graph, with the SFR doubled to four percent, we see that there are now many
hours where full daylight saturation is achieved during the middle of the day, spring through
fall. The SkyCalc summary tables also report that, for this building design in San Bernardino,
daylight saturation would be achieved for 1,454 hours per year, about one-third of the
possible daylight hours. Up to 86 footcandles can be expected in mid-summer, about

one-and-three-quarters times the target illumination.
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In the bottom graph in Figure 5-2, the grocery store achieves full daylight saturation for three
to eight hours every month of the year with an SFR of six percent. SkyCalc tells us that
50 footcandles or more would be available for 2,159 hours per year, about one-half of the
possible daylight hours. Ilumination levels rise up to 129 footcandles in the middle of

summer, over two-and-one-half times the target illumination level.

FIGURE 5-3: I
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Figure 5-3 shows the SkyCalc optimization curves for the same building and location
depicted in the three daylight saturation graphs. The middle condition, with the skylight
aperture at four percent, is illustrated. An analysis of all energy uses in the building shows
that while four percent SFR is about optimum for whole-building energy savings, six per-
cent is closer to optimum in terms of cost savings. Thus, in this case, the higher SFR options,
with greater daylight saturation and illumination levels typically above the design target, are
shown to have the best overall cost savings. As we look at further variables in skylighting
design below, you will see this result can be influenced by any of the many other design
choices for the skylighting system, such as transmissivity of the glazing, photocontrol type,

or hours of operation.



Following are several key points to keep in mind about daylight saturation:

e As effective aperture increases, the hours of daylight saturation increase.

e As the effective aperture increases from .02 to .04 to .06, the hours of daylight
saturation do not increase proportionately. Rather, they initially increase quickly
and then gradually level off, up to the maximum number of daylight hours  avail-
able in a year.

e  For a given effective aperture, there are fewer hours of daylight saturation for high-

er desired illuminance levels.

5.1.3. Yearly Illumination Patterns

One of the important reasons that skylighting systems generally should provide more than
the design target illumination in a space is the extreme variability of daylight illumination
during a year. A plot of the number of occurrences of daylight illumination levels within a
prototypical space throughout a typical year clearly shows that there is no one condition that
is most common. Beyond those lowest light levels which regularly occur early in the
morning and late in the evening, there is almost an even distribution of all other possible

light levels.
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Figure 5-4 plots the number of hours of interior daylight illumination levels, from one to 200
footcandles, for a prototypical building design in two distinctly different California climate
zones. Arcata, at the far northern end of California, is a small coastal city with a fairly foggy
climate. San Dimas, on the other hand, sits at the foot of the San Gabriel Mountains in Los
Angeles and has generally clear skies and an almost desert climate typical of the Los Angeles
interior valleys. The Arcata daylighting system has about 25 percent more hours under 100

footcandles, and San Dimas has about twice as many hours above 100 footcandles.

Despite these differences, the two yearly illumination patterns are strikingly similar. There is
no clear “design condition” that occurs the majority of the time. For both of these climate

zones, a control system designed to turn off electric lights above 50 footcandles would result

I FIGURE 5-4:

YEARLY [LLUMINANCE
PLoTs, Two CONTRASTING

CLIMATE ZONES
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in almost as many daylight hours per year above the target level as below. For San Dimas
especially, there is an almost equal distribution of number of hours of illumination levels

from 40 to 180 footcandles, which is quite a substantial range in indoor illumination.

5.1.4. Monthly llumination Patterns
The two average monthly plots shown in Figure 5-5 illustrate the variations in illumination

due to latitude, time of year, and climate for the same two contrasting climates.

FIGURE 5-5: I
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San Dimas is at about 34° latitude and Arcata, 440 miles north, is at about 41° latitude. Thus,
the lowest illumination levels in San Dimas in December are similar to the middle illumination
levels seen in Arcata in October. Average illumination is also lower in Arcata due to cloudier
and more variable weather throughout the year that tends to reduce the average.

Page 2
The average monthly illumination shows a fairly regular parabolic type curve, because all

irregularities in the weather have been evened out through the averaging process. It is



reasonable to assume that actual illumination for a given day could vary substantially from

these average values, as described below.

5.1.5. Weekly lllumination Patterns

Figure 5-6 plots the interior illuminance due to skylighting for the prototypical building in
San Dimas during the first week in January for a typical year. We chose this week as it shows
a passing storm and represents one of the more variable seasons in southern California. This
graph illustrates some of the variability that can be found in illuminance levels on a

day-to-day basis.
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It is apparent from the graph that daylight illumination levels during the week vary from a
noon low of 14 footcandles to a noon high of 105 footcandles: the high is 7.5 times greater
than the low. Within a given day, the daily high illumination could potentially occur from
anytime between 9 a.m. and 4 p.m., depending on cloud patterns. The average illuminance

pattern for this month is about 20 percent lower than the maximum values shown here.

Given the natural variability in daylight described in the previous section, the designer is

faced with a wide range of potential illuminance levels from skylights. The best approach is
generally to design a system that will optimize yearly energy use and energy costs for the
whole building. SkyCalc assists you in this effort by calculating skylight energy performance

using hourly weather data for your chosen climate.

The following sections look at how a limited set of variables affect the pattern of energy and

cost savings for a given skylighting design. SkyCalc was used to generate a series of energy

OPTIMIZING YOUR DESIGN g



FIGURE 5-7: I

ANNUAL ENERGY AND
CoST SAVINGS BY END
USE - SAN BERNARDINO

OFFICE
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and cost savings curves for each variable. These curves are not generic; instead they are spe-
cific to the building type, operation, and location studied. They do not tell you which set of
variables will perform better in all cases, or what the actual energy or cost savings are likely
to be for a different building. However, they do help you to quickly see how the different
sets of variables may affect relative performance, and suggest how you might proceed

towards optimizing your design.

These studies used a standard building, described as an office building in San Bernardino,
California (Climate Zone 10, near the Rialto weather station), with a lighting power density
of 1.5 Watts per square foot, producing a target illumination level of 50 footcandles, and using
10 percent dimming controls. The skylighting system used a double-glazed, white acrylic sky-
light with a shallow, one-foot-deep light well. All other SkyCalc defaults were used through-
out. All the cost savings graphs in this chapter were calculated using an average electricity

cost of $.09 per kWh and $.45 per therm for gas heating.

In each case, two curves are presented: one depicting yearly energy savings and one illus-
trating yearly cost savings. In all cases the horizontal axis is the skylight-to-floor ratio, also

known as the gross skylight aperture.

5.2.1. Heating and Cooling Effects

The three main energy uses that influence the performance of skylighting systems are
lighting, cooling, and heating. The interaction of the three determines the whole building
energy and cost savings that can be achieved with a skylighting design, and determines at
which point the design will reach optimum savings. Figure 5-7 illustrates this relationship
among the three different components of the whole-building energy savings equation for

the typical office design in San Bernardino described above.

Energy Savings by End Use
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Cost Savings by End Use
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Lighting energy savings are the primary driver, initially rising sharply and then continuing to
rise, but at a slower pace as the skylight aperture is increased. Cooling energy savings are
slightly positive in this case until about five percent gross aperture, and then start to become
negative. The cooling energy losses are at a slightly steeper slope than the lighting savings,
and so start to pull the total energy use curve downward. For this case, the most significant

factor in energy losses is heating energy, which is negative throughout.

However, looking at the cost savings curve in Figure 5-7, we see that the relative cost of
heating is substantially less than the cost of electricity used for cooling and lighting. Thus,
the slope of the heating cost curve is less than that of the cooling cost, and the resulting total
cost savings curve has less of a downward slope. The net result is that while the energy
curve optimizes at about three percent gross aperture in this case, the cost curve optimizes

at about four percent.

The relative energy impacts of these three systems—lighting, heating, and cooling—and their
relative costs determine where the optimum size for skylights will fall. In colder climates, or
in areas with relatively less expensive electricity, the influence of the heating component will

be seen much more strongly.

5.2.2. Savings by Climate Zone

Next we look at how the same building performs in substantially different climates. The
relative influences of the heating and cooling components are evident among the four
climates. San Diego, a coastal city at the far southern end of the state, has the mildest
climate. San Bernardino sits in a valley at the foot of the San Gabriel mountains east of Los
Angeles. It has clear skies with more extreme highs and lows than a coastal town. San

Francisco, again right on the coast, has a cooler, foggier climate. Reno, Nevada, sits in the

OPTIMIZING YOUR DESIGN



FIGURE 5-8: I
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high desert, just east of Lake Tahoe, and has cold winters with snow.
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It is clear in Figure 5-8 that San Diego, with the mildest climate, has the greatest potential
for energy savings, and Reno, with the coldest winters, has the least potential energy
savings. A skylighting system in San Diego optimizes at about twice the size of a similarly

designed system in Reno.

The cost savings graph, however, tells a very different story. There the differences among
the four climates seem less extreme since the heating losses have less influence, due to the
significantly lower cost of heating energy. (The same energy costs were used for each city.)
Reno seems less disadvantaged, and shows almost two-thirds of the cost savings of San
Diego. San Francisco almost achieves a level cost savings graph at the higher apertures,

meaning there is very little change in cost savings between four and 12 percent aperture.

Observe that the San Francisco and San Bernardino energy savings graphs seem very

similar, but the San Francisco cost graph crosses the San Bernardino graph at some point,



and then proceeds to show increasing savings. This is consistent with the observation that
the more expensive cooling losses are a bigger concern in San Bernardino, while lower-cost

heating losses are the more significant influence on the San Francisco energy savings graph.

5.2.3. Savings by Building Type

Different building types also perform differently with skylighting systems. Figure 5-9
illustrates the impact of five different building types and operations on energy and cost
savings. To generate these curves we used similarly sized buildings with identical skylight
and control systems, all located in San Bernardino. The buildings, however, vary by schedule
of operation, design target illumination, lighting power density, and internal loads. These
were set to the building type defaults used in SkyCalc. All of the buildings were fully
conditioned with a gas-fired furnace and an electric air conditioner, with the exception of
the warehouse, which was only semi-conditioned to prevent temperatures from dropping

below 35 degrees or going above 100 degrees Fahrenheit.

Energy Savings by Building Type
120,000

100,000 A
80,000 H
60,000 H
40,000 -
20,000 A

T

0 t t t t t
0.0% 2.0% 4.0% 6.0% 8.0% 0% 20%
-20,000

Energy Savings (kWh/yr)

-40,000 +

-60,000

Skylight-to-Floor Ratio (SFR)
—l— Office —@— Grocery —&— School —@— Retail Warehouse

Cost Savings by Building Type
$12,000

$10,000 +

$8,000 +

$6,000 -

$4,000 -

$2,000 -

Annual Cost Savings ($/yr)

$0 ke . . . . } f
0.0% 2.0% 4.0% 6.0% 8.0% 10.0% 12.0%

Skylight-to-Floor Ratio (SFR)

—— Office —®— Grocery —4— School —@— Retall Warehouse

FIGURE 5-9:
ANNUAL ENERGY
AND COST SAVINGS
BY BUILDING TYPE—

SAN BERNARDINO

OPTIMIZING YOUR DESIGN



SKYLIGHTING GUIDELINES

This set of graphs clearly illustrates that the magnitude of savings for any given skylighting

design is highly dependent on the hours of operation and the lighting power density.

Retail stores and grocery stores both have seven-day-per-week schedules, and therefore are
likely to save the greatest amount of energy. Thus, in Figure 5-8, the retail stores, with the
highest lighting power density, show the highest savings potential. Grocery stores, with the
longest hours of operation but lower lighting power density, show a similar pattern but

slightly lower savings.

Schools and offices, both operating about five-and-one-half days per week but with different
occupancy schedules, have similar lighting power densities and have very similar savings
patterns, especially at this scale. They actually vary about 10 percent in lighting savings and

five percent in whole-building savings relative to each other.

The greatest difference seen is in the warehouse, where heating and cooling losses have less
of an influence on shaping the curve with a downward trend at the higher apertures. In this
case, ever-increasing lighting savings work to slightly, but steadily, increase the potential

cost savings with increasing aperture.

5.2.4. Savings by Glazing Type
The selection of the glazing assembly for a skylighting system can have a profound effect
on its energy performance. There are three interrelated variables that need to be addressed:

visible transmittance (Ty,;s), solar heat gain coefficient (SHGC), and unit U-value.

We have combined the first two variables into a single value: skylight efficacy (SE). A high

SE represents a glazing assembly with a SHGC relatively higher than T A low SE

vis:
represents a glazing assembly that allows more solar heat in with relatively less light. This
could be achieved either with glazing materials that absorb much of the light or a deep light
well that absorbs much of the light. The unit U-value is dependent primarily on the number
of insulating layers in the glazing assembly and secondarily on the insulating properties of
the skylight frame. To model these three variables we used the following assumptions:
e High SE (single-glazed, SE=1.0; double-glazed, SE=0.8) using a four-foot by four-foot
clear, but diffusing, acrylic skylight, with about a one-foot-deep light well.
e Low SE (single-glazed, SE=0.5; double-glazed, SE=0.4) using a four-foot by four-foot
white acrylic skylight with a six-foot-deep light well.
e Very high SE (SE=1.5) using a triple-glazed low-emissivity green glass with a

one-foot-deep light well.
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In Figure 5-10 we see how differences in Ty;q, SHGC, and U-value affect the energy perfor-
mance of the office building in San Bernardino. In this relatively mild climate, changing from
single- to double-glazed skylights improves the energy savings and increases the optimum
skylight aperture, but relative energy cost savings are minimal between the two. Triple
glazing improves both performance and savings, but savings only increase about 10 percent
above the high-SE, single-glazed alternative. Since double and triple glazing inevitably have
higher initial costs than single glazing, a cost/benefit analysis would certainly suggest that in

this climate single glazing is sufficient.

It is the high-SE skylights that are clearly the best performing systems in this climate. Such
a glazing material increases cost savings by 38 percent over the low-SE option whether for
a single- or double-glazed assembly. It improves lighting savings while reducing cooling
losses. It is clear that in this sunny, warm climate, a single-glazed, high-SE skylight will

produce significantly more savings than a double-glazed, low-SE product.

I FIGURE 5-10:
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5.2.5. Savings by Control Type

The comparison of savings due to variation in control types is also instructive. Figure 5-11
looks at five control types: five percent dimming, 20 percent dimming, on/off, two-level
switching plus off, and a hi/lo ballast. All systems were compared for a fluorescent lighting

system at 50 footcandles and 1.5 Watts per square foot.
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The on/off system and the two-level-plus-off system have the interesting effect of starting
with negative savings at the lowest skylight apertures. This is because in the sample
building the lighting levels rarely get high enough to turn off the lights. Thus, there are
insufficient lighting energy savings to counterbalance the resulting heating and cooling
losses at small skylight apertures. However, at the larger apertures, these two systems out-
perform the others and see some of the largest potential cost savings. This is because with
dimming and hi/lo systems, some percentage of the electric lighting power is always left on,
while with switching systems, the electric lights are all turned off when there is sufficient day-

light. The additional increment of lighting energy savings from full switching can outweigh



the greater heating and cooling losses at higher apertures.

It should be pointed out that on/off switching systems also tend to be simpler and less
expensive than dimming systems. Thus, the cost-effectiveness of a switching system in this
climate is probably also significantly higher than the dimming or hi/lo systems. This means
that the choice of a dimming or hi/lo control system in this climate would probably be made

more for operational or user acceptance reasons than life-cycle cost savings.

The results could be very different in another climate with lower daylight illuminance
levels, or in another building with a higher design target illumination. In either of those cases
full daylight saturation would be achieved less often, and dimming systems may perform

significantly better than the simpler switching systems in those situations.

Switching systems also perform the best in daylight climates that are very consistent, with
either fully sunny days or fully cloudy days, so that there are fewer occasions for switching
between levels. Climates with frequent days of highly variable clouds will result in higher
energy savings with dimming systems. This is because dimming systems can save more
lighting energy at partial daylight saturation, and they also provide a more gradual transition

between daylight illumination levels.

The designer’s job is to understand all the needs and pressures and constraints which
influence the design of a building, and then integrate them into a building design that is
greater than the sum of its parts. No single issue should ever control all design decisions
made about a building. If that were to happen, other important concerns would inevitably
be ignored, to the detriment of the final product. Thus, the optimization of the skylighting
system will be only one among many issues that a designer will consider in the development

of any building project.

There will always be many other issues which will affect the choices about a skylighting
system besides those of optimizing energy performance and cost savings. We have created
one tool—SkyCalc—with the hope of greatly facilitating the designer’s decisions about
skylighting. We would also like to present some rough, if simple, rules of thumb to guide
thinking in the early stages of design about the impact of skylights on energy performance,

and to help provide some guidance on the trade-offs inherent among the basic choices.

Many of the following rules of thumb will be perfectly obvious. Basically, the objective for
optimum energy performance is to design skylights that will provide the most daylight to the
building with the lowest cooling and heating losses. In the balancing of all the concerns lie

the challenge—and the rewards.
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Visible Transmittance
e The higher the visible transmittance (T,,;s) of the sRylight glazing, the smaller the
aperture needed to produce the same daylighting levels. The smaller the aperture,

the fewer beating and cooling losses.

Solar Heat Gain Coefficient
e The lower the solar beat gain coefficient (SHGC), or the shading coefficient (SC), the
better the skylight glazing material will be at preventing unnecessary heat gain
from the skylights.
e The hotter the climate, the more important the solar bheat gain coefficient (SHGC)

becomes.

Light-to-Solar Gain Ratio
e An important concern in skylight performance is the ratio of visible transmittance
to solar heat gain. A high ratio will increase lighting savings while reducing cool-

ing losses.

Diffusing Properties of Glazing
e The more diffusing a glazing material, the more efficiently a skylighting system can

achieve uniform illumination levels.

Light Well Design

e The shallower and/or more splayed the light well, the more daylight will penetrate
to the space below.

e The brighter, more reflective the surfaces of the light well, the more daylight will
enter into the space below. White paint is usually an excellent choice for the surface
of light wells.

e The deeper the light well, the less important the diffusing qualities of the glazing
material. With a carefully designed light well which provides excellent diffusion, a

clear, bighly transmissive glazing material can be used.

Ceiling Height
e The higher the ceiling height, the larger and/or further apart the skylights can be for
uniform illumination levels.
e The higher the ceiling height, the more forgiving all of the visual quality concerns

are for skylighting.



Unit U-Value

The colder the climate, and/or the more expensive the bheating fuel, the more impor-

tant it is to specify a low U-value for a skylight.

Lighting System

The higher the lighting power density of a building, the more energy can be saved
with skylighting.

The longer the daylight hours of operation of a building, the more energy can be
saved with skylighting.

The lower the interior design target illumination levels, the more efficiently a sky-
lighting system will meet the building’s lighting needs. This is because at low target
illumination levels, smaller effective aperture can achieve high daylight saturation

while minimizing heating and cooling losses.

Control Choices

The more daylight saturation achieved in a building throughout the year, the bet-
ter switching controls will perform. The lower the percentage of daylight saturation,
the better dimming controls will perform.

Switching systems will generally save more energy in climates with consistent day-
light illumination conditions, either sunny or cloudy all day long.

Dimming controls will save more energy in climates with highly variable daylight
illumination, where the interior daylight illumination level moves between full sat-

uration and partial saturation many times per day.

Heating and Cooling Systems

The more efficient the heating and/or cooling systems, the more cost-effective sky-
lighting will be.
The lower the cost of heating fuels relative to the cost of electricity, the larger the opti-

mum effective skylight aperture will be.

Partitions and Shelves

The higher and/or narrower the partitions or shelves within a building, the more
lighting power density will be needed to light the building effectively, and thus the
more energy skylighting could potentially save.

The higher and/or narrower the partitions or shelves within a building, the more
difficult it is to achieve uniform illumination from skylights, and the more carefully

the control system and placement of skylights must be worked out.
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