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Some of the following slides were developed in conjunction
with the California Collaborative for High Performance
Schools and included input from James Benya, Charles Eley
and Lisa Heschong.
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Makes interior spaces more pleasant and appealing
Recognized as a significant aid in academic performance.

Can provide significant energy cost savings.

— Peak savings tend to occur at peak demand and peak rates

A very large percentage of California schools are in nearly
Ideal climates for daylighting
— Minimum temperature differential indoors to outdoors

— Very high daylight availability

A special presentation of the Energy Center of Wisconsin




from the sky.

Use daylighting to provide the PRIMARY
illumination within a space.

Design the electric lighting system to
SUPPLEMENT the daylight.

— Make sure it is turned off when not
needed.

— Provide adequate light when no daylight
Is available.
Includes the design of architectural and
interior elements such as light shelves
and shades to control daylight quantity
and quality.
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"Too briht'; Causing
contrast and visual
comfort problems.

« Significant infrared
radiation causes
local thermal B <500 lux
discomfort

* Does not diffuse the
| light, making use of
electric lighting
necessary and
Increasing the
cooling load

20,000 to 50,000 I
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positioned to prevent solar

d of school day. East or
sure only.

h facade — no additional shading is
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interior light

much light and heat
shading systems f

iew glazing

Ideal Exposure
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gdercan introduce a maximum of diffuse
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~ «South side can be passively shaded most of the year
without blocking view glazing
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-_sign Principl

~ Passive Solar before anything fancy

Allow NO direct sun penetration, except in circulation spaces.

Diffuse the light broadly through diffusing glazing and/or
shading.

Introduce daylight as high as possible.

Use light colored surfaces.

Keep brightest surfaces out of line of sight.

Provide blinds or louvers where there is potential for glare.
Only use diffuse glazing above eye level.

Provide specific shading for audio-visual control.

A special presentation of the Energy Center of Wisconsin




Reliable
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Consider skylights whenever possible in single story
buildings and the upper level of multi story
buildings. Use diffuse or prismatic skylights in
most cases. Skylights with internal louvers are an
excellent option for light level control but add cost. .- -

* Proper sizing needed. Use SkyCalc or equivalent.

| « Consider modern skylights using prismatic refractors,
specular throats and other technologies to increase
efficiency, allow smaller skylight to floor ratio (SFR).

o “Cool” skylights with low-e type filtering now available —
check them out.

o Skylights are:
— Effective all day long.
— Effective under sunlight or cloudy skies.

— Comparatively inexpensive. ”
— Relatively independent of building orientation. i "y
B
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 Don’t use clear skylig

hts
Consider prismatic and diffusing options

The higher the Visible Light Transmission, the smaller the
skylight needs to be.

Possibly use a skylight with a low-e layer, especially in

desert and warmer climates

height. (If using larger skylights, use lower VLT)

 Assuming 60% VLT, match skylight size to mounting /I

4 sf to about 12-14’
8 sf to about 16’

12 sf to about 20’
16 sf to about 30’

* Provide a white splay for the skylight

Total area at least 4x the area of the skylight
Angle approx. 45 degrees
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kylight design tool i

Standard Excel Spreadsheet Template
Readily available data for most of California Climate Zones

Built-in basic lighting calculations, energy cost analysis, and other useful
information

Makes skylight
sizing quick and
easy

Accounts for

Heating
Cooling
Lighting
Energy Rates

Occupancy/use

.

L

Annual Cost Savings ($/yr)

$2,500 —
$2,000 +

$1,500
$1,000

$500 +

$0

500"
$1,000
$1,500 |
$2,000 L

Total Energy Cost Savings from Skylights
for Lighting, Cooling and Heating

/\

/ Desig
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%

2.0% 4.0% 6.

% 8.0% \Q.O% 12.0%

14.0%

AN

Skylight to Floor Ratio (SFR)

N
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ing SkyCalc

| 5‘--__',,;_,: shington Schoolfor the Deaf

: 'r@_m 20 x 25, 10’ ceiling
ncept

clear. Total of 64 SF
50

¢ (equinox clear) f

O : C

X el: 80-100 fc
>
v @ light level: 63 fc
# 3
B

R ecommended Daylighting Revision
" 4diffuse skylights, 2’ x 2', total of 16 SF (3.2%
~ SFR) with VLT=50%
Average light level: 121 fc (equinox clear)
Peak light level: 172 fc
Typical light level: 80-100 fc

Minimum light level: 72 fc__

$2,500
ooooo



Using SkyCalc
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1 16°) skylights 50%

-
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8200 fc (equinox

ghtlevel 335fc
mum |ht level 83 fc

" Twenty small (4’ x 4') skylights 60% VLT
3.33% SFR

=,

-Average light level 142 fc (equinox cl

Maximum light level 172 fc

Minimum light level-80

Calculations for Sacramento
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Sign for a 1440 SF
)om. “Daylight dimming”
er: in the
‘permits very low
itable for AV
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i chool, Vella Campus
r "» ner, Architect.

RITICAL COMMENTS

Vith skylights, increasing the skylight to
floor ratio (SFR) can improve performance
I." der cloudy skies as long as the reduced 4

: \_/ insulation of the roof doesn’t matter muchg’
:{ U _ " (temperate climates). Partially dimming th e

Tl o II 8. daylight can be used to reduce solar g
T F T TR f#@ sunny days. |
A5

ONn

‘BUT...a skylight with closed Iouver has
solar gain. Be sure to consider this fact
when evaluating
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North facing clerestories produce
excellent daylight with minimum
risk.

Can be relatively large (10-20%
fenestration to floor ratio)

Ceiling should be white to reflect |

light and to reduce contrast
between building and sky

i teacher, turn
+ off the lights!




A unique design that must !
be carefully designed and
executed

Not suited for sites with
long cooling seasons.

Approx. 10-12%
fenestration to floor ratio

Ceiling must be white

Baffles or other diffusing
media must be used to
prevent direct viewing of
the sun.

Overhang must be
designed to cut-off direct
exposure during the
cooling season.
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'3@ ﬁas High School

rch ects

eihat works under
sather conditio?
prand all times of year.

CRITICAL COMMENTS

1. Incooling climates, this
may not be best for
spaces with occasional
use like corridors. <
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Consider using windows to provide daylight when
toplighting is not practical.

Solar orientation is critical. Windows must be shaded on
the south, east and west faces. Light shelves with
combination clerestory/view windows can be used on the
south face. Window walls and high clerestory windows
can be clear on the north face — on the east, south and

west faces, shading is needed.

East and west facades — especially west — can be partly
shaded with vertical shades as well as horizontal.

Two side lighting iIs much better than one side.

Shaped ceilings can improve the performance of
sidelighting.
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View is highly desirable. May B ¢ Subject to extreme solar heat gain

have benefits as great as and localized discomfort for
those of any form of periods of the day.

daylighting, even if task light e Significant seasonal variations.
levels are not provided « East and west exposures are very

difficult to address and generally

e [l require shading for both glare and

levels. solar gain control

Less concern over insulating ¥ .  soyth exposures are easier but
value than skylights. ' still require control of solar gain
Less problems with leaks than and glare.

skylights. ¥+ .Windows get covered:with. “Stuff".
North exposures are generally =

benign
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CAL COMMENTS
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lote the shaping ofithe
ceiling. This improves
indirect daylight
penetration.

This only works on the
south facade and on sunn
days.

Classroom orientation .
should be such that the.~

Marginal in climateszones
10-15.
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~ CRITICAL COMMENTS

East and west facades

are problematic,
especially in sunny
climates. , P

The fins are desﬁ;ned
to prevent direct solar
penetration after 9AM
and before 3PM durin
the cooling season.

Glare control blinds will
be needed.

Not recommended for y
Climate Zones 10,44

and 15. Marginalin 12

S T
- Associates
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ICAL COMMENTS
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d insulation is a major
ation. In a temperate

1S window wall can
2 lot of glass.

o

glass is only needed

oy — ) ey e '‘when ground plane reflections

L SLIN : E R . i T are an issue. Used low-e glass
e - Y when viewing large heat islands

or hot ground planes, e.g.

desert.

»

In the summer, some early
morning and late afternoon &
direct sunlight can occur at _-
northern latitudes.
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Skylights + Clerestories
— No view

— If the clerestory faces north, a very high performance combination
Skylights + Windows
— Offers view

— As long as the problems of windows are addressed, works extremely
well.

Clerestories + Windows
— Offers view

— Also a good solution if the window’s problems are resolved and the
clerestory faces north.

Skylights + Clerestories + Windows
— Offers view

— Another good solution but needs to address window issues — and the
clerestory needs to face north.
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Oakridge High School
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Classic Concerns

Structural Issues

Roof penetrations
Additional reinforcing

Noise Control.

Safety and Security.
Air and Water Leakage.
Condensation.

Fire Protection.

Visual Privacy.

Maintenance and Replacement.
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Use of Scale Models
— Best studied under both an artificial sky

(diffuse light) and heliodon (direct solar
radiation) in a lab.

— Can also be studied outdoors if you know
what you’re doing

— Need to be %2"= 1’ or larger scale.
Benefits of Model Methods

— Hands on three dimensional study

— Daylight scales perfectly

— May allow reconfiguration

— Allows understanding of what works and

why

Disadvantages of Modeling

— Accurate results require proper models,
skill, and good instruments.

— Don't try this at home
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Modern lighting software permits daylighting analysis as good as any model
e Quick 3-D modeling
* Rapid analysis under many conditions

— Time of day

— Time of year

— Weather condition

— Different glazing conditions
* Benefits

— Flexibility in modeling variety of daylighting conditions

— Ease of modeling design iterations / refinements

— Accurate modeling of surface characteristics

— Flexibility in automating annual visual and numeric calculations
 Challenges

— Requires adequate computer equipment and software

— Requires general computer knowledge and expertise in software

Pty
it
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K Slmple models deliver quick
results.

~ » Easy to create, fast to run

 Examples of a south facing
classroom with sidelighting
employing a light shelf, with
higher transmittance for the
clerestory glazing and lower
transmittance for the view glazing *
— Top, winter, no shade
— Middle, winter, with glare shade
— Bottom, summer, no shade
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More complex models require
more input and analysis time.

 More learning curve, longer to
run

o Allows combined
electric/natural lighting designs

« More compelling images
» Examples

— Top, atrium lobby daylighting,
using AGI32 -
— Bottom, classroom with 4
sidelighting and horizontal
blinds, using Lumen Designer

1
» W

- .H:.
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Much more complex models require even more input and analysis time.

Significant learning curve, potentially taxing to the computer resources of
most offices

Most compelling images — if you spend the time, you'll get the picture!
Poor, geeky user interface more suited for IT than Architecture
Performance: Radiance is the king of the hill
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DAYSIM A ee éhnUal daylighting analysis brogram based on the
Radiance engine. Complex, but may be a very useful tool once the analyst
has experience.

SKYCALC Shown earlier, a free desktop tool when skylights are the only
daylight source.

ECOTECT A Radiance interface designed specifically for daylighting
analysis. Incorporates weather data and a host of other improvements not
part of the original Radiance engine.

SPOT A Radiance engine optimized for daylighting sensor placement

analysis, can provide a number of other Radiance based calculations. Free.

OPTIC A free program from LBNL determines the optical characteristics of
standard and custom combinations of glazing system elements

WINDOW Another free program from LBNL determines the thermal
characteristics of standard and custom combinations of glazing system
elements

A special presentation of the Energy Center of Wisconsin

-,




T
- -

IyS|s north facing clerestory,

ight is 189 fc averag
analysis used Lumen Micro ™
and took ’ZG*Tnlnu es to Co struct and execute.
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Range of sizes from 8" to 22"
diameter

Reflective, flexible tubes.

g ]

Collector at top, diffuser at
bottom.

For active interiors such as
offices and other small spaces,
approx 75-150 sf per tube.

For interior spaces with |
minimum lighting requirements,
can also be used with wide
spacings
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« Option 1 Single Pointin Time Analysis
This method is best suited for the analysis of complex daylighting systems
using point-by-point computer programs like Lumen Micro, Lumen

Designer, AGI32, and Radiance. It can also be studied using a
physical model.

1« Option 2 Daylight Saturation Percentage (DSP) Analysis

This method Is best suited for using daylighting analysis programs like
DAYSIM and SPOT and for complex analysis using Radiance.

« Option 3 Daylight Factor Analysis

This method Is best suited for analysis of schools that will be in
predominantly cloudy climates or have all north facing glazing. Thisis
the LEED 2.1 method and it is not very good for most of USA’s climate
zones.
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Computer analysis for the room
at 12:00 Noon on 3/21
Criterion: achieve at least 25
footcandles throughout the room
in the task plane (don’t consider a
4’ border around the room)
Advantages:

— Permits fast analysis

— Sunny days can be used if
desired

— Allows full consideration of
shading systems

Disadvantages

— Does not address seasonal and
weather variations very well.

ﬁ_n'fTime'_;:}%@ alysis —

oy
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Model analysis for the room at 12:00
Noon on 3/21

Criterion: achieve at least 25
footcandles throughout the room in
the task plane (don’t consider a 4’
border around the room).

Advantages:

— Permits model analysis without a lab

— Allows full consideration of shading
systems and other external elements |

Disadvantages

— Requires accurate 2" = 1’ scale
model or larger

— Requires calibrated instrumentation e, .,
and accurate calibration of daylight ‘w:;Q '
Ly

conditions. S

.
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Go Get Some Daylight
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