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DISCLAIMER

IES publications are developed through the consensus standards development process approved by the American
National Standards Institute. This process brings together volunteers representing varied viewpoints and interests to
achieve consensus on lighting recommendations. While the IES administers the process and establishes policies and
procedures to promote fairness in the development of consensus, it makes no guaranty or warranty as to the accuracy
or completeness of any information published herein.

The IES disclaims liability for any injury to persons or property or other damages of any nature whatsoever, wheti =r
special, indirect, consequential or compensatory, directly or indirectly resulting from the publication, use of, or relicnce
on this document.

In issuing and making this document available, the IES is not undertaking to render professional or other servic=s for or on
behalf of any person or entity. Nor is the IES undertaking to perform any duty owed by any person or®»ntity to someone
else. Anyone using this document should rely on his or her own independent judgment or, as'canipriate, seek the
advice of a competent professional in determining the exercise of reasonable care in any given ci.cumstc nces.

The IES has no power, nor does it undertake, to police or enforce compliance witi'he ¢antents of this document.
Nor does the IES list, certify, test or inspect products, designs, or installations for compinze with this document. Any
certification or statement of compliance with the requirements of this docun=nt hall not be attributable to the IES and
is solely the responsibility of the certifier or maker of the statement.

AMERICAN NATIONAL STANDARD

Approval of an American National Stadai requires verification by ANSI that the requirements for due process,
consensus, and other criteria have bean n =t by the standards developer.

Consensus is established when, il *he iidgment of the ANSI Board of Standards Review, substantial agreement has been
reached by directly and matc fally arected interests. Substantial agreement means much more than a simple majority,
but not necessarily unas.ity. Consensus requires that all views and objections be considered, and that a concerted
effort be made toward aeir 1 'solution.

The use of America. Nationar Standards is completely voluntary; their existence does not in any respect preclude anyone,
whether tnat pe son 1ias approved the standards or not, from manufacturing, marketing, purchasing, or using products,
processes, or  rocedures not conforming to the standards.

TheAmerican National Standards Institute does not develop standards and will in no circumstances give an interpretation
tcany An 2rican National Standard. Moreover, no person shall have the right or authority to issue an interpretation of an
Ame.‘caniational Standard in the name of the American National Standards Institute. Requests for interpretations should
beaddressed to the secretariat or sponsor whose name appears on the title page of this standard.

CAUTION NOTICE: This American National Standard may be revised at any time. The procedures of the American National
Standards Institute require that action be taken to reaffirm, revise, or withdraw this standard no later than five years from
the date of approval. Purchasers of American National Standards may receive current information on all standards by
calling or writing the American National Standards Institute.


https://www.stdhive.com/standards/ies-lp-3-20-pdf/

Prepared by the IES Daylighting Committee.

Konstantinos Papamichael, Chair
Neall E. Digert, Vice Chair

Members

J. T.Berg L. Heschong
H. Cai E. G. Huffman
I Elzeyadi A. Keller

L. L. Fernandes K. S. Konis

M. D. Franks R. Labib

Advisory Members

L. O. Beltran A.E. Hernandez
S.-C. Chien C.N. James

J. Christoffersen M. lllangasooriya
D. C. Glaser F.J. Krahe

B.Gu A. Laouadi

K. A. Mansy

W. R. McCluney
R. G. Mistrick

B. Protzman
Z.L.Rogers

A. Nezamdoost
G. M. Podesta
S.U.Rao

P.S. Scarazzato
J.Y. Suk

A.W. Serres
D. F. Souza
M. Tanteri

C. Suvagau
A.K: Ullestad
G. T\ Iright



https://www.stdhive.com/standards/ies-lp-3-20-pdf/

1.0
1.1
1.2

2.0
2.1

2.2
23
24

3.0
341

3.2
3.3
3.4
3.5

4.0
4.1

4.2

Please refer to the IES Bookstore for possible Errata: www.ies.org.

INtroduction and SCOPE . ... e e |
INtrOdUCHION. . ... e 1
1o o 1= PO 1
Daylighting Benefits. ......... ...ttt e e T & MO 2
Health, Wellness, and HUMaN Performance. . ........o.uuinii ettt e e 2
211 Productivity and Worker Satisfaction ........ ... oo e 2
2.1.2  Circadian Rhythms . ..o e e e e e e e 3
The Visual ENVIironment . ... ..o e s e e 3
Environmental Factors . ... .. ... oot e e e 4
Building Energy EffiCcienCy. ... ..ottt e e e e e e 4
Daylighting Challenges. . . ... ... i e e e e e et 5
Daylight Glare. . .. ... e e e et e 5
Unwanted Solar Heat Gain ... e e et 9
Daylight’s Dynamic Nature . ... ... i e e e et 9
Electric Lighting Controls. . ... ... i i e e e e e ettt et n
Integrated Design . ... ...t i e e 12
Daylighting Design .. ... e e 13
Daylighting Design and the Bui:in y Construction Process..............cooiiiiiiiiiiiiinin i 13
410 Daylighting Goals . . (.. e 13
4.1.2  Prerequisites... o ..... P 13
0 T (o T | 7= 10/ 011 14
414  Schematic Dcsigr. Building Formand Siting . ....ov oo e 15
41,5 DeSigreVe o i 2Nt o 16
41.6 Conscuction DoOcUMENTatioN ... .ot e 16
4.1.7  Conutruction Administration . ...... ...ttt e 16
4.0.8 1 COMMISSIONING . .ttt e et ettt et e e et et e e e e e et e e e e et e e e e e e 16
VArTO ™ ANCe Parameters . ... ..o 17
4.2... Ferformance Metrics for Daylighting —General. ... ..ot e 18
422 IUMINGNCE METIICS . . v ettt ettt e e e ettt e e e 19

4221  Daylight Factor (DF). . ..ot 19

4.2.2.2  Single-Point-in-Time MetriCs ... ..ouur it e e ettt ieeans 20

4.2.2.3 Annual Daylight Performance Metrics ........o.uuiiniin i 20
4.2.3  Luminance-Based MetriCs . ... .u ettt et e e e e e e 24

4230 Glare . 24

4.2.3.2 Other Luminance-Based MetriCs. . . ...ttt e et et e 24


https://www.stdhive.com/standards/ies-lp-3-20-pdf/

CON Xt Parameeters .. ... o e 24

Daylight SOUICES . ... e e e e e e e 25
DL TR SUN. e 25

5100 The Solar SPeCtIUM . ...t e et e e e e 27

51.1.2  Solar Angle and SUn Paths . ...t e 29

51.01.3  SUN Path Diagrams. .. ..ottt et e e e 30
D12 TR SKY ettt e 33

5.1.2.1  Standard Sky Luminance Distributions. ..........c..ouiiiiiii i 33
51.3  Daylight Availability . . .. ..o e 248

51.31  Perezand CIESKIes. . ..ottt e e e 37
514  Reflected Daylight .. ....ouiii e e e e e e e e o« N - 38
Daylight Characteristics ....... ... ..o e e 39
521  Magnitude of lIUMINANCE ... .o i e 39
5.2.2  Spectral DistribUtion . ........o i e e 39
5.2.3  Color TemMPerature . .ottt e e e 39
524  Color RENEIING ..ottt et e et e 40
5.2.5  LUMINOUS EffICaCY . . oottt e e e e e 40

5.2.51 Radiant Luminous Efficacy ....... ..o e 1

5.2.5.2 Lighting System Luminous Efficacy .........o.vun ool 1
Programmatic Characteristics ..., e v e e e s e e e e n e 42
5371 OCCUPANtNEEAS ..ottt ettt e e 42
5,32 BUAGET ot 42
5.3.3  Siteand Climate. . ..ot e 43
DeSigN Param et ers ... o e e e e 43
Schematic Design DeCiSiONS. .. ......o.i i e e e e et 44
6.1.1 Operations and MainteNanCe. . .0 . ot et et e 44
L 0 A S o 1< (U= 44
6.1.3  Glazing Materials. . . ... e e e e 44
6.1.4  Integration With FUMIShing s .. e et e 45
6.1.5  Material Degradation .. .. e e 45
L G = o =T (o 46
Building Shape and Mams. . ... o e e e e e e 46
Building Orientation .. ... ... e 48
6.3.1  Vertical JNadow ANGIE ... e e 49
6.3.2  Generclized SUN POSIIONS . . ..ttt ettt ettt e e e e 52
6.3.3 _ Horizontal Elements. . ..o e 54
6.34  Orientation Relative to Polar North . ... . e 54
do e BULAING DOSIgN . ..o 54
SAT LayOUL Of INTEIOr SPACES . .ottt ettt ettt et ettt 54
6.4.2 Exterior Landscape and HardsCape . ......vuininit ittt e e 56
6.4.3  FACAAE DOSIgN ...ttt e 56
6.44  Daylight APErtUIES . . ..ottt et ettt et e 56

6.4.5 Reflective Properties of SUMaces. .. ..ovt it e e e e e et e 57


https://www.stdhive.com/standards/ies-lp-3-20-pdf/

Daylight Delivery Methods. .. ... ..o e e e e e e 57

SIdEligRting . ..o e e 58
711 View Window Size and PoSItion. . .. ... e 61
702 Light SReIVeS .o 63
71.3  Sidelighting and INterior SUMaCES. . ... v .ttt ettt ettt e e e aenas 65
714 SIoped Glazing. . ..o e e e e 65
ToPligRtiNg . ..o 66
7.2 SKY G, oot e e e e 6.
7200 Clear vs. TranslUuCeNt . . ...ttt o
7.20.2  Skylight Wells. .. ..o e D 70
7.2.1.3  Skylight Shape, Size, and Spacing . .......ooiuiuiiii i e e 71
7214  Advanced Optical Systems for Skylights ............ oo 72
7.2.2  Tubular Daylighting DeVvices (TDDS). . ...t u ittt ettt et e e de et e 72
7.2.3  Clerestories, Monitors, and Sawtooth ROOfs . .........oiiiin i 73
- 75
Core SUNlIGhtiNg . ... ..o e e e e 76
74.1  Possible Benefits of Incorporating Both Active Core Sunlighting and
Conventional Daylighting Delivery Methods ........ ... e 78
Fenestration Technologies ........... ... i i e e e 78
Fenestration Properties ... .. ..o i e e e 79
8.1.1  Solarand Optical Properties. .. ....vui it e e e e 79
8.1.2  Visible Transmittance . ..... ... i 82
S0 0 T I 1 - T o ) 83
Thermal ProPerties. .. ...o.o i e ittt et ettt e e s 83
8.2 U-aChOr .ot e 83
8.2.2 Solar Heat Gain CoeffiCient (SHG ). ..ttt e e e e e e 85
8.2.3  Light-10-S0lar-Gain Ratio . ..« .o e e e e 85
Tuning the Glazing on Each Buildit gEiavation ... i i 86
National Fenestration Ratino Cou.ic VINFRQ) ... ..ot e et et 87
GlazZiNg SY S OMIS . . e 88
GlaSS . et e 88
911 ArchiteCiaral GIass . ..o e 89
9.1.2  Inzulaind Glazing Units. . ..o u et e 89
1S 10 o A o T 89
0.14  Self-Cleaning Glass. .. .vuutr ettt ettt e e e e e 89
905 L AMINAtEd Glass ..ottt e 89
D06 Glass STraNGth L. e e 89
9.1.7  Acrylicand Polycarbonate. . . ... e 20
9.1.8  Prismatic Materials . .. ..o e e 20
9.1.9  Sandwich and Cellular Panels. . ... e 20

9.1.10 Embedded Systems . . ... u e e 20


https://www.stdhive.com/standards/ies-lp-3-20-pdf/

9.2
9.3
9.4
9.5
9.6
9.7
9.8
2.9

10.0
10.1
10.2

10.3
10.4
10.5
10.6
10.7

12.0
1241
12.2

13.0
13.1

13.2
13.3
13.4

13.5

13.6

Tinted GlazZings .. ....ooi e 91

ReflectiVe GIazZing s . . .. ..ottt e e e e e e e e e e 92
Low-e and Spectrally Selective Coatings . ....... ...t e 92
DIffUSING GlaZINGS. . . ..ottt e e e 93
Frits @and SCre@ns . .. ..o e 94
Light-Redirecting Materials ....... ... ... i e ettt e et 95
DYNAMIC GlAZINGS . . . ottt ettt e e e e e e e 96
Re IO it FilMS . ..o e e s 7
Shading SYstems ... ... e e N 97
Shades and Daylighting Design . ...t e e e 98
Interior Shading Systems. ... ... it e n - N........ 929
020720 =11 Vo L3 29
10.2.2 Fabric Shades . .. ..o e e e 929
Exterior Shading Systems .. ... e e 101
Exterior vs. Interior Shading Systems....................ciiiiiiiiii, R, O M 102
Horizontal vs. Vertical Shading Elements. ... ... i i e 103
Top Shading: Static SYstemMs. ... ... i e e et 106
Dynamic Shading Systems ............... ... il e e e e e 107
10.71  Manual Operation. . ....o.uir ittt et s e e e e e 107
10.7.2  Automatic Operation. . .....ou i e i e e e 107
Frame Sy S OIS, . .. e e e 108
Electric Lighting Integration ...... ... . e 108
TOP g iNg. . ... e e e 109
SIdeligRting . ... e e e 109
Electric Lighting Contri s ... . o e e e e et 110
SWItChing and Dimu Ny .. e e 111
130T SWITCNING . i e e e e 1M1
IS8 0 A 1o o T 4T AP PP m
Determining . vailable Daylight . ... ... ... 112
TimeE-Based T rategies .. ...t e e 112
Photos ansing Strategies. . ......coo i e e e e 112
1241 Open-Loop Strategy Implementation. . ... ..ot e 113
13.4.2  UI0SEA-LO0P Strat@gies. . v vttt ettt e e e e e e 114
Photosensor Characteristics. ... .......o.io i e 114
13.5.1  Spectral SENSIHIVITY . . .o .ottt e 114
13.5.2  Directional SeNSITIVITY . . ... ve it e e 114
Control AlGOrithms . . ... o e, 115
13.6.1  Electric LIGhting ZOones . . ..ottt ettt 115

13.6.2  Switching Algorithms . ... e e e e e e e e e 116


https://www.stdhive.com/standards/ies-lp-3-20-pdf/

13.6.3  ON/Off SWItCNING ..ttt e e et 116

13.6.4 Stepped SWitching: CloSed-LoOp ... .o.vtiii e e e et e e e 116

13.6.5 Stepped SWitching: OpPeNn-Loop . ...ouiniii i e e e e e e 17

13.6.6  DIMMING AlQOrthms. . ... e e ettt e 117

13.6.7 Constant Set PoINt: CloSed-LOOP. ...ttt e e et et 117

13.6.8 Sliding Set Point: Open and Closed LOOPS. . ..ottt ittt ettt et e e e eieaenans 17

13.6.9  SiNgle-SeNSOr APPrOaChies. .. ...ttt e e e et e e e 117

13.7 Photosensor Controls CommisSiONINgG. ... ......iuiniiit ittt ettt i e ieneaans 13
13.8 Emerging Technologies . ..ot et e et et ettt et "9
13.8.1 Automated Continuous Calibration........... ..ottt ...119

13.8.2  MUII-SENSOT SYStOMS. . ettt ettt e et et e e e . W 119

13.8.3 Customized Directional SENSItiVIties . ... ...t 120

14.0 Daylight Performance Simulationand DesignTools ............ ... ... i it 120
141 Manual Methods and TOOIS. . ... ...ouiii i e e e e s e ens 120
14.1.1  Determining Sunlight Penetration........ ..o e e 120

14.1.2  Assessing Visual Comfort. .. ...t e i e et e e 122

1413 SUN Path Diagrams . . ...ttt ettt ettt e et e e e e e e e e 122

14.1.4 Physical ScaleModels ........cooviiinini i o e 124

1405 Massing MOdElS. . . ... e e e e e e e e 124

14.1.6  Photometric MOdelS . ... e i e 126

14.2 Computer-Based Methods and Tools .......... ..o i e it 126
14.2.1 Daylight Performance Simulation ToOIs . .. ... 0 i e 127

14.2.2 Daylight Software Modeling NOES . ...t e e e 129

14.2.3 Specific Daylighting Software Tools. . ... . i et 130

14.2.4 Energy Performance Simulation Tools. .o o e 131
ANNEX A - FOrMUIArY . ... ettt et 132
A1 SolarPosition ............... Ty~ S 132
AT S00ar TIMe .o e e e e e 132

AL 2 S0lar ANGIES .. e e e 133

A3 Solar AnglesiRerctive toa Vertical Surface. .. ... 135

A.2 Daylight Availability \=2in IES Standard SKies. . ... ..ot e 136
A2 SUN QOnibULION. . e e 136

A2.2 Sk Ut OULI ON L ottt e e e e e e 137
A2, IIUMINANCE ..t et e 138

A2.2.2  SKY LUMINGNCE ..ttt e et e 138

A3 Limen.lethod of Toplighting. . ... e 140
A3 Skylight Glazing Transmittance . .. ....o i e e e e e 141

A.3.2  Vertical Well EffiCiencCy . . ... e e e e e 142

A.3.3  Splayed Well EffiCIENCY . . ..ottt e e e e e 142

R OIENCES . ... e 144


https://www.stdhive.com/standards/ies-lp-3-20-pdf/

Lighting Practice: Designing and Specifying Daylighting for Buildings

1.1 Introduction

Daylighting refers to the art and practice of admitting beam sunlight, diffuse sky light, and reflected light from
exterior surfaces into a building to provide ambient and/or task lighting to meet the visual and biological needs of
the occupants. The role of electric lighting in daylit spaces should be to complement daylight during daytime and
supply the required illumination levels during nighttime, with energy savings acquired through the use of electric
lighting controls. The design of a daylit building is a challenging task demanding an integrated design approach to
simultaneously address occupant comfort, lighting quality, and energy efficiency across a wide range of daylight and
weather conditions. Properly daylit buildings offer additional benefits that include occupant health and satisfaction,
connection to the outdoor environment, and reductions in maintenance costs and greenhouse gas emissions.

Daylighting design requires a thorough understanding of the sources of daylight and the role that architectural design,
space planning, material selection, envelope loads, and systems integration play in daylight system performance and
occupant comfort.

It is important that daylighting be addressed early in the architectural design process; it should be a primary
consideration in the development of the lighting design solution for a space. If not successfully addressed, poor
performance will eliminate some or all of the potential benefits and can lead to unhappy and unproductive occupants.

The general goal is to provide sufficient, but not excessive, daylight illumination levels for various space activities
while minimizing glare and, in some cases, providing a view to the outdoors. At the same time, the building siting,
configuration, and envelope should be optimized for the orientation, geographic location, and climate to maximize
energy savings from both lighting and HVAC systems. Successful daylighting requires managing the daylight
distribution in the space across the wide-ranging sun and sky conditions that are present throughout the year.

The dynamic nature of daylight makes it a complex light source. The continuous apparent movement of the sun,
coupled with changes in atmospheric conditions, causes the solar beam and sky-dome luminance distribution to vary
in intensity and spectral content.

Daylighting involves the delivery and distribution of light from the sun and sky to a building interior. Daylight delivery
systems include all elements that collect, transmit, reflect, control and distribute daylight to building interiors, which
include the aperture, its glazing material, exterior and/or interior shading devices of all types, and any optical devices
that help to direct or control daylight transmission or distribution to the interior while alleviating glare. The goal of
most daylight delivery systems is to provide useful daylight to the visual tasks and room surfaces for a significant
portion of the year, in an aesthetically pleasing, comfortable and energy efficient manner.

1.2 Scope

This document provides detailed discussions and guidelines on the design and performance of these systems.
The contents of this document are of value to architects, electrical and mechanical engineers, interior designers,
landscape architects, contractors, equipment and material manufacturers, as well as end users such as developers,
building owners, and facility managers. Each of these individuals plays a role in defining how a daylight system will

perform over its lifetime.



