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What is Integrated Lighting Design?
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General Motors Building, Detroit, 1917; Albert Kahn and Associates
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Lighting Designers
and Engineers

Architects
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Daylight Variability

Tiny
clouds

Overcast

Overcast

12 1
Time of day (GMT)

Figure 6-9 — Example of Daylight Variability




Daylight llluminance = Sky C + External RC + Internal RC



Daylight llluminance = Sky C + External RC + Internal RC



Albers Projection
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The Experience of Direct Sunlight in Buildings

[llumination Patterns of Direct Sun



Building as a Luminaire

Seinajoki Library; Alvar Aalto; 1963
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Design Rules of Thumb: Sidelighting and Toplighting



SIDELIGHTING: Diffuse Daylight

30’-0” 40'-0"
9m 12m

— — LEED Minimum- 2%

—t—Measured



Glare/Thermal Control Strategies:
Exterior to Interior

e Automated Exterior Shading Systems

eFixed Exterior Architectural Shading Systems
eExterior Fabric Awnings

eHigh Performance Glazing

eOperable Windows

e Automated Interior Shading Systems / Double Skin
Systems

eManual Interior Shading Systems



Automated Exterior Blinds
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Photocell and Weather Station Control

Courtesy: Markus Klopf / Warema




Fixed Exterior Architectural Shading




U-Value |
What it is: U-value measures a
glazing system's insulating ability.
The lower the U-value (expressed
as a number between 0 and 1), the
better the insulation.

What to look for: Regardless of
whether you live in a heating or a
cooling climate, go for windows
with the lowest Li-value you can
afford. Single-pane windows have
a U-value of around .90, while
the most sophisticated Heat
Mirror glazing systems have
values as low as .11.

Courtesy: This Old House Magazine

Glazing: Light and Thermal Properties

|Visible Light |

What it is: Visible light
transmittance (VT) measures the
amount of light that passes through
a window. Clear glass has a VT
rating of .90, meaning that it admits
90 percent of visible light. Add
multiple panes and low-E coatings
and that number starts to go down.
What to look for: To maintain
good light transmittance and
visibility, choose glass with a VT of .6
or above, which will appear clear to
the naked eye. Lower Vs indicate
tinted windows, which can cut down
on solar heat gain but will also
reduce visibility, especially at night.

|Solar Heat |

What it is: The solar heat gain
coefficient (SHGC) measures the
amount of the sun’s heat that
passes through a glazing system.
What to look for: Lower
numbers are best in warm
climates where cooling costs
dominate, while higher numbers
mean more of the sun's heat will
radiate indoors. For low solar heat
gain, look for numbers in the .40
range; for high heat gain, look for
.70 and above.




LSG: Light to Solar Heat Gain Ratio
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Ensure Visual Comfort
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Provide Complete Opacity, Maintain Diffuse Daylight
Daylight Performance Varies Widely



SKYLIGHTS: Geometric Basics




SKYLIGHTS: How Much Glazing Area?

Total Annual Energy Savings from Skylichis
Lighting, Cooling and Heating (all fueks converted tu EWh)

0,000 a

= e0,000 ! De —— ]
= I |
E 50,000

- |

& 40,000 N T T — 7
Ea 30,000

5 SUNNY CLIMATES OVERCAST CLIMATES
3 20,000

5 10,000 -

0

0.0 1.4 2.0 3.0 4. 5.4 f R R B e 10Rs  110RG 1200
Slplight to Floor Radio (5FE)

From: SKYCALC www.h-m-g.com




SKYLIGHTS: Light Diffusion

Transparent (Clear) Glazing Translucent Glazing



SKYLIGHTS: Light Diffusion

Light Scattering Through Pigment/Fibers

e|nsulated Glass Sandwich Panels
eLaminated Glass PVB Inter-Layers
eFiberglass Panels

eAcrylic (White Pigment)

ePolycarbonates

Image: Polygal

Image: Schott Glass Image: Kalwall



SKYLIGHTS: Light Diffusion

Light Scattering Through Refraction

ePrismatic Lenses

eTubular Skylights

Image: Solatube Image: Sunoptics Prismatic Skylights



EX3 Ron Sandwith Teen Center, Weinstein A|U
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Concepts for Controls Integration



Controls Integration:

Electric
Power

Dimming

—> Controlier — Control —» Dimming
Signal Jnit

Photosensor
Signal

ENERGY
SAVINGS

NTERIOR LIGHT LEVEL

I/ n : .
TS Power \
\ | ™ to Lighting y ' ' S—
_ N o V:I?"U\ 3 12 AM bAV 12 P “Pu 12 AW
N /Control ™\ i TIME OF DAY
“~<—" Photosensor\ =T~ o -
TARGET . FLUORESCENT w— DAYLIGHT ENERGY
o LIGHT LEVEL LIGHTING SAVINGS

Daylight

Daylight “Harvesting” Controls Concept

© UW Integrated Design Lab, 2020



Controls Integration:

Figure 3 Oparation of a ‘differenta switching’ photceectric control as the aaylight llumnance at the cont

Intent, Set-Up, Operations



Controls Integration

Hardware Components




Luminaire Level Lighting Controls (LLLC)

Daylight and Occupancy Control for Energy Efficiency:
Integrated Sensors, Embedded Controls, Wireless Networking,

https://www.designlights.org/lighting-controls/download-the-gpl/




Tools and Resources— Daylighting Pattern Guide
Optimizing Daylight Performance
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Courtesy: Meek & Van Den Wymelenberg
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Home

Patterns

Using this Guide

Daylighting Pattern Guide

About

DPG+E Development

Infroduction

New Buildings Institute in partnership
with the University of Idaho and
University of Washington has
developed a freely available
interactive tool for the design of
proven daylighting strategies in a
variety of building types. Users will be
introduced to the Daylighting Pattern
Guide while exploring the inter-
relationship of sky, site, aperture, and
space planning. The guide uses a
combination of built examples and
advanced simulation to set the stage
for substantial reductions in lighting
power consumption and overall
energy use through successful
daylighting design.

Conftributors

s new buildings
I‘Ibl Institute J

INTEGRATED |

g (@)
College o At ams

» Learn more about our Contributors

DESIGN LAB

boise + puget sound

COLLEQE OF
BUILT
ENVIRONMENTS

Copyright 2017. All rights reserved.

MNew Buildings Institute |

Integrated Design Lab Boise | Integrated Design Lab Puget Sound | Login

Site by Fuse 1Q

http://patternguide.advancedbuildings.net/home




Common Space Types & Daylighting Design Challenges

§
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Pattern # | Pattern Name [Building ] 1 1] 1 [ 1 6
x|Analysis Methods Aon Center & Allianz Kai 0
1|Floorplate Geometry Multiple Buildings 1 2
2|Courtyard Building Terry Thomas Building 2
3|Common Office: Window Area Banner Bank Building 3
4|Common Office: Section Depth Banner Bank Building 1
5/Common Office: Open Office Partitions Banner Bank Building 1 2
6|Daylight from Multiple Sides NBBJ Offices 1 2
7|Daylight from One Side and Top: Office Scale | IDEAS F 1] 6
8|Daylight from One Side and Top: Office Scale Kitsap Co. Administration 7l 1 4
9|Daylight from One Side and Top: Classroom Chartwell School 3
10| Daylight from One Side and Clerestory: Classroom |Garden City Head Start 1 1 3
11|Glare Storage: Intentional Sunlight Mesa Library 1 || 4
12|Solar Shading: Windows Phoenix Library 1 5
13 |Dynamic Shading: Automated Blinds Genzyme 1 1 1 7
14 |Building Orientation: Office Env. Services Building 1 1 1 1 7
15 |Building Orientation: Classroom Dalles ES 2
16| Two Story Atrium Design for Task lllumination CAES 1 4
17 |Multi Story Atrium Design for Task lllumination Great River Energy - 3
18 |Space programming for daylighting NE Branch Library 1 5
19 |Toplighting: Small Building Mt Airy 3
20| Toplighting: Industrial Building NE Transfer Station 6
21| Toplighting: Industrial - Office Pratt and Whitney 4
22| Toplighting: Gymnasium Yesler Gym 6
23| Toplighting: Classroom Mt. Angel 1 3
2 [1 11 3 4 4 3 [1[1 1 2 5 4 3 3 323 473 6 6 Totals

Primary Principle
Secondary Principle




Geographic and Climate Diversity




Daylight Pattern Guide
http://patternguide.advancedbuildings.net/home

Patterns and Search
Page

Table of Contents
and Sort Field —\
Thumbnail images

and pattern and sub-
pattern descriptions
for all or sorted
pattern contents.

Courtesy: Meek & Van Den Wymelenberg
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Daylight Pattern Guide

http://patternguide.advancedbuildings.net/home

Pattern Overview Page

Pattern Title

Indicates the pattern title and numm

Pattern Overview Filmstrip
Overview

Indicates the geometric or temporal
variations explored in each pattern
and the position of each simulation
case within the larger pattern

sequence.

Pattern Overview Narrative
Provides overarching design

considerations inherent with
daylighting challenge.

HDR Actual Photo
High dynamic range photograph of the
physical space

Courtesy: Meek & Van Den Wymelenberg
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Daylight Pattern Guide

http://patternguide.advancedbuildings.net/home
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Courtesy: Meek & Van Den Wymelenberg
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Simulation/Validation Tool: IDeAs Office Building (eHop Architects)

VJI ;- - - ar - - '
,ﬁll‘lﬂ II\II s
< III

HDR Photo Visualization from
from Site Visit Radiance Model



Simulation/Validation Tool: IDeAs Office Building (eHop Architects)

Luminance Luminance Data from
Data from Site Radiance Model
Visit

(Images both scaled 10-2500 cd/m2)
Courtesy Meek



Pattern 17: Daylight from Top and Side: Classroom

Section Depth, Sidelighting and Toplighting

Chartwell School: Seaside, CA
Architect: EHDD Architecture

Overview

One of the perennial challenges in classroom
daylighting is providing balanced ilumiration at
e back™ of the dassroom, opposite the perimeter
glazing. Hisiorically this was accomplished by
mairiaining shallow section depis (less than
24 ) and creatng relafvely high ceiing heights
{greater than 12407} wih large window areas.
However, many contemporary classrooms have
section depths of greater than 30'0F with ceiling
heights at less than 11-0°. Once am inbenor
section depth ewcesds 25" the comirast
betwesn perimeter zone and core of the buiding
begins to increase substanfaly during dayight
hours. Since the buman eye tends o adjust to e
lorightest location within @ space this can cause
e perception of darkness in the interor secion,
and glare due io the lack of luminous uniformity
across the section. To address this condiion, a
secord (o muitiple) source of daylight can ke
added where possible to provide supplemental
illuminafion and to wash the “back wall with light.

In tis case we explore a range of classroom
section designs that include: sidefighting only,
north-facing transparent roof momitors,  sowth-
facing diffuse roof moniors, diffuse horzontl
sinylights, and increased perimeter glazimg. |
is importart o note the presence of ranslucent
glazing in all top-ighting configurations where
direct beam sunlght has e potential enter hie

http://patternguide.advancedbuildings.net/

classroom during howrs of instrucion. For this
simulation diffuse glazing is simulated at a 5%
wisible bght transmission.

There are three primary goals for the effective
daylighting of dassrooms. The first is o confrol
direct sunght during all occupied hours. The
second is to provide Balanced luminance on
irterior surfaces, especially betwesn the pedmeter
and key imierior surfaces within the classroom
The third is to provide sufficient ambient daylight
illumninagion for visual @sks. Snce dassrooms are
predomirately used duing daylight hows, ey
provide an excellent opporunity for lighting powsr
savings from daylight responsive controls.

The case stedy example is Chasiwell School,
designed by the EHDD Architecture. The site
receives @ range of sky cover including coastal
fog and heavy clowd cover with pesiods of dear
shies. For this reason we show each design case
under both overcast and clear sioes. The ambient
illuminafion criterion is shown at 300 ke




17.1(0): Daylight from Top and Side: Classroom

Perimeter with no clerestory

Vertical windows on one side are imsufficient o
effectively fluminate this 300 desp dassroom
wrder overcast sky condifions. North-facing pesimeter
glazing with an 8'-0F head height provides effiective
dayfight fluminance at only about ome-third of the
classroom area. The contrast from perimeter glazing
ard the interior sufaces of the dassmoom is very
high, increasing the fkelihood of glare. Commonly this
results in the deployment of biinds and a substantal
reduction in daylight performance.

LUX




17.2(0): Daylight from Top and Side: Classroom

Perimeter Glazing

Vertical windows on one side are irsufficent o
effiectively illuminate this 30" deep classroom
Norfh-facng perimeter glazing with an 1207 head
height provides effeciive daylight iluminance at about
two-thirds of e classoom area under overcast shy
condifiors. The confrast from perimeier glazing and
the interior swfaces of the classroom is very high,
ncreasing the likelihood of glare. The ncrease in
vertical glazing does contribute to ncreased luminance
af the Tback™ of the ciassroom.




17.3(0): Daylight from Top and Side: Classroom

Perimeter + window

The inclusion of a small vertical wirdow at the Tack” wall
provides kalancing llumination ard washes te teaching
wal with dayfight. The combination of these wvertical
wirdows is sufficent to Tlumirate approximatsly three-
ouariers of fhis 300" desp classroom under overcast
sky conditions. . The conlrast from pedmeter glazing and
the interior surfaces of the dassroom is managed across
the section of the space. It should be noted that due to
circulation reguirements, it is uncommaon fior classrooms to
have the potential to be side-it from opposite vertical walls.




17.4(0): Daylight from Top and Side: Classroom

Perimeter + skylight

The inclusion of a pair of franslecent (light diffusing)
346" ¥ 2 skyfights at approximabely 1040 off the
“back” wall provides a relatively even distnibuion of
horizontal dlumination across the dassrmom sechion
Dayight throwugh the skylights adds to the verfical
surface brghimess of the back wall and increases
surface luminance within the classroom. This serves
to reduce conirast and increase visual comiort. This
configuration iluminates 85% of this 37" desp
classroom under overcast shy condifions.




17.5(0): Daylight from Top and Side: Classroom

Perimeter + window + skylight (as-buil)

The “asdoult® comfiguration combines perimeter
glazing a pair of translucent (ight d&ifusing) 36 X
26" skyights, amd a small verfical window to wash
the teaching wall with dayiight This combination of
aperiures provides excellent interior suface iluminance
ard a well-composed distibution of brighiness. This
serves to reduce contrast and o increase visual comiiort,
especially views to the exteror. Nearly all of the interior
of this 30" deep classroom meets ambient ilumination
goals with daylight under overcast sky condibons.




17.6(0): Daylight from Top and Side: Classroom
Perimeter + skylight engaging back wall

This comfiguration comkines perimeter glazing with
a pair of transhucent (light diffusing) 3-& X 26
skyfight= in a “slof” lightwell engaging the back wal
of the classroom. This combination of aperures
provides a continuows wash of dayight on the back
wal to balance the brghiness of the perimeter glazing
Neaarly all of the interior of this 30 0F desp classrmom

meets amiient ilumination goals with daylight wnder
overcast sky condibons.




17.7(0): Daylight from Top and Side: Classroom
Perimeter + slot skylight

This configuration combines perimeter glazing with four — nearly unchanged with the douling of siofight area.
transiucent (ight diffusing) 36" X Z4F siylights in a
*slof” light well engaging the back wall of the dassroom.
This combination of apertures peovides a conbimuous
wash of daylight om the back wall o kalance the
brighiness of the perimeter glazing. Neary all of the
interior of this 300 deep classroom meets ambient
ilumination goals with dayiight under overcast shy
condifions. Though substarfially increasing surface
uminance, the horizontal area exceeding 300 hux is




17.8(0): Daylight from Top and Side: Classroom

Perimeter + south clerestory

This comfiguration combines perimeter glazing
with a confinuous 2407 translucent (Bght diffusing)
south facing clerestory above the back wal of the
classroom. Given the directionality of the cleresiory,
this configuration creates igh ifumination levels at the
certer of the cassroom, with somewhat less surface
brighiness on the kack wal. Neardy all of the imtesior of
this 304" deep dassnoom meets amkient llumination
goals with daylight under overcast sy condifions.




17.9(0): Daylight from Top and Side: Classroom

Perimeter + north-facing clerestory

This configuraton combines perimeter glazing with a
continuows 2'F transparent (clear glass) north facing
clerestory opposite the back wall of the classroom.
Given #e direcfioralily of the derestory, this
configuration creates high surface beighiness on the
back wall, balancing the brighimess of the pesimeter
glazing. Wearly all of the interior of fhis 300" deep
classroom meets ambient illumination goals with
dayfight under overcast sky condifions.




Pattern 5: Interior Furniture Layout

Daylight from One Side

Banner Bank: Boise, ID

Overview

The selection and design of open office fumitere,
especialy workstation pariiions, reguires care io
ensure the preservalion of daylight ard views. Even

in the most carefuly considered daylighting schemes,
effecive workstation design can be te diffiersnce be-

twesn realizing dayfighting goals and urintentionally
compromising design intentions. In side It spaces
office partitions must be kept low (427 or less) and
wniiotrusive parallel o the direction of the daylight
distibution and to ensure the maintenance of views
to the extesior. Where higher pariiions (48" or great-
er| are reguired for pAvacy of fo create a semse of
enciosure, they shoukd be ofented perpendicular to
the perimeter glazing. 607 or greater) pariitions that
are penpendicular to he direction of dayight distriou-
fon can enalole prvacy and allow for ample siorage
without blocking views and creaing dark shadows.
Additionaily it is cwitical that the partifion finishes ke
lightt reflective, especialy above 42

Waorksiations should be designed so dat the pimary
visual ficld {the direction that most occupants face
while pesforming visual tasks) is parallel to daylight
openings wherever possible. This helps avoid viswal

discomfor from building users looking inbo their ovwn
shadow, or worse, from the excessive contrast that
might occwr when a visual task area [commonly a
computer screen) is immediately surrounded oy the
brighiness of a view fo he exterior,

Often daylighting design decsions are mads in

earfy schematic design, prior fo the specfication of
worksiabon layout amd configurations. However, it is
crucial fo ensure that daylight distrioution patiems are
not compromised by selecting panel sizes, orenta-
tiors, and reflectances that substantialy hindzr
dayfight performance. An irferior office workstation
layout that is carefully integrabed with the daylighing
design intent is critical bo realizing the highest quality
nterior envirorment and delivering maximum lighting
poweer savings from daylight.

O case study patterns are based on the Banmer
Bamk Building in Boise, 10. | includes a 40% window
to opague exterior wall rafio with a window head
height at 9'-8", a sil keight at 30" and a cefing
height at 100", Intefcr reflectances are roughly BO-
50-20 for ceiling, walls, and floors, respeciively.

Dipen Volume

Desks Oriy

Low Panels

e -

47 Panels

47 Panets with
Glass Pamel (As Built)

42" Panels wit 607 Panels 60" Panels

Perpendicular to Glazing

T2 Pansls T2 Parels wit

glass partitions




Pattern 5.1: Interior Furniture Layout

Open Volume

Ahorizental band of windows at 40 percent of the
opaque wall area provides daylight Blumination that
mests or exceeds commonly accepted minimum
daylight Bumination criteria at approximately 75
percent of the adiacent 26'0° deep open office area.

Courtesy: Meek & Van Den Wymelenberg




Pattern 5.2: Interior Furniture Layout

Desks Only

The inclusion of “open” desk worketafions has
limited impact on the daylight distribuion across
the horzontal workplane. Daylight levels exceed
commonly accepted ambient illumination criteria at
all areas except at the circulation aisle (at left).

cdm?

Courtesy: Meek & Van Den Wymelenberg




Pattern 5.3: Interior Furniture Layout
Low Panels

The inclusion of modesty panels below the 307

deck height has virtually no impact on the daylight
distribution across the horizontal workplane.
Daylight levels exceed commonly accepted ambient
illuminakion criteria at all areas except the circulztion
aigle (at left).
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Courtesy: Meek & Van Den Wymelenberg



Pattern 5.4: Interior Furniture Layout
427 Panels

The inclusion of 42" panels begin to create some
chadowing at the horizontal workplane. However,
celing brightness beging to diminich as the
refiectance off of the floor and desk surfaces is
reduced by the pansis. Daylight levels confinue to
excesd commonly accepted ambient iBumination
criteria at nearly all workstations.

Courtesy: Meek & Van Den Wymelenberg
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Pattern 5.5: Interior Furniture Layout
427 Panels with Glass Partition (As-Builf)

cd/m?® |

The addition of a glass partifion between the aicle
an the workstation area increases acousfic privacy
while maintaining brightnese at the “back” wall (at
left). Horizontal daylight levels continue to excesd
commonly accepted ambient illumination critenia at
nearly all of the workstation areas.

Courtesy: Meek & Van Den Wymelenberg



Pattern 5.6: Interior Furniture Layout
427 Panels with 60" Panels Perpendicular to Glazing

The addition of a 80" panel perpendicular to the
window wall, mcreases both visual and acoustic
privacy. Though diffuse daylight levels are reduced,
views to the exterior remain largely unobeiructed.
Horizontal daylight levels confinue to exceed
commenly accepted ambient illumination critenia at
50 percent worketations.

Courtesy: Meek & Van Den Wymelenberg
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Pattern 5.7: Interior Furniture Layout
60" Panels

cd/m?®
The addition of 607 paneis surrounding zll
workstations substantially reduce daylight levels at
the back wall and beyond the workstations directly at
the perimeter. Views to the exterior are congirained
dramafically at all workstations. Horizontal daylght
levels exceed commonly accepted ambient
illumination criteria only directly adjacent to the
permeter glazing

Courtesy: Meek & Van Den Wymelenberg




Pattern 5.8: Interior Furniture Layout
72" Panels

cd/m?®
72" panels surrounding 2l workstations reduce [2520]
daylight levels even further, especially at the back
wall. Even the perimeter workstafions are marginally
daylit. Views to the exterior are constrained
dramafically at all worketafions. Horizontal daylght
levels exceed commonly accepted ambient
illumination criteria only at aksle ways directly
adjacent to the perimeter glazing.

Courtesy: Meek & Van Den Wymelenberg




Pattern 5.9: Interior Furniture Layout
72" Panels with Glass Partifions

cd/m?®

Changing the materiality of the workstaion panels
paralied to the glazing to be transparent allows
daylight disfribution and views despite the 727 panel
height. However, horizontal daylight levels exceed
commonly accepted ambient illumination critenia only
directly adjacent to the perimeter glazing.

Courtesy: Meek & Van Den Wymelenberg
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Thank you! Questions?

Christopher Meek, FAIA, IESNA
Integrated Design Lab

Associate Professor + Director
University of Washington
Department of Architecture
cmeek@uw.edu



And now — a few words from LDL
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Upcoming LDL Online Events

LDL Course Delivery Date Time
NLC for Utility Staff June 2 11:00 - Noon
Light Sources & Luminaires June 16 10:00 - Noon
Communicating the NLC Value Proposition June 30 10:00 - Noon
Fundamentals of NLC (Side A — Theory & Technology) July 14 10:00 - Noon
Fundamentals of NLC (Side B — Practical Application) July 15 10:00 - Noon

Today’s slide deck and previous online courses
can be found on our website

@Iighting design lab



Click - Call — Connect

» Today’s Presenter

» Phone
» Email

Visit us online

OR Email Us

Education

Advance your knowledge of
complex lighting systems and
energy-efficient strategies.
From the science of light to the
best practices of design_.

LEARN MORE

Resources
Linking you to programs and
technology experts that
enhance your projects and
support your business

TAP INTO

<

lightingdesignlab@seattle.gov

Todays slide deck
will be posted
here!
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Please take the online survey once you exit the webinar

We'll SEE you on the next call... ©
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