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Presentation Outline

* Vancouver Airport
— Plant and solar focal point studies
— Art projection studies

* Annual sky and sun modeling
— Annual sunband method
— Periodic sky generator
« |ESNA Daylight Modeling and Simulation task group
— Documenting Modeling and simulation standards
— Developing gold standard annual test cases
« School studies
— MLK Jr Cafeteria retrofit
— Jones K-12 / Robeson — new school designs
— Hillwood HS — gym and passive wings
— Vanderbilt — Melanopic lux calcs

Daylighting Innovations, LLC

School Projects

Augqust 26, 2011
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Vancouver Airport Plant and Visibility Analyses

* New public gathering hub in
new airport expansion wing

« Local natural landscape exhibit
in exterior glazed atrium

« Concern over adequate light
for plants and focal points
creating too much light

« Concern over visibility of
exhibit and interior stage areas

« Concern over light projection AN B, Fibat |
based art installations = f O T
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Modeliné Standards
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Daylight for plant sufficiency — 0.5m high

Notes
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Daylight for plant sufficiency — 5m high

Notes
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Solar reflection focal point

Summer 8:00AM Summer 9:00AM Summer 10:00AM Summer 11:00AM Summer O:00PM

Summer 1:00PM Summer 2:00PM Summer 3:00PM Summer 4:00PM Summer 5:00PM
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Daylight sufficiency and daylight excess
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Annual Daylight Saturation (base 1000iux)
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Interior screen projection

Floor finishes and Projection Screens
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Screen illuminance

Left Screen Center Screen Right Screen
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Cascading frit for stage visibility/backdrop and reflection
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Annual Sky and Sun modeling

* Need for quicker and more accurate annual or periodic sky modeling
« Development of a sunband method over an ‘analemma’ sky

« Development of a new periodic cumulative sky for linux and
windows

» Concept of ‘effective’ sunlight hours
« Dynamic 3d viewer implementation and new color maps

 Work in progress and in collaboration with Perkins and Will
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20deg Latitude — All suns

5000

20° Lat All Suns - Run Time: 1,040s+60s (17+1min) - Settings: hhh -ab 0-ds 0 -df 0 -dc 1 -dr 0
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20deg Latitude — Sunband

4000

2100
ZAeie)

20° Lat Sunband - Run Time: 21s (9+12) - Settings: mmm -af -ad 2048
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20deg Latitude — Difference

sunhrs

20° Lat Difference (All Suns - Sunband)
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40deg Latitude — All suns

40° Lat All Suns - Run Time: 1,040s+60s (17+1min) - Seftings: hhh-ab 0 -ds 0 -dt 0-dc 1 -dr 0
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40deg Latitude — Sunband

40° Lat Sunband - Run Time. 71,212s (4.75hrs) - Seffings: hhh -ab 1 -ad 8192 -ar 200 -aa 0
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40deg Latitude — Difference

40° Lat Difference (All Suns - Sunband)
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60deg Latitude — All suns

sunhrs
20)00)
[=5030)
(B0
44 ;‘ ::
1200
1000
800
600
400
200
0

60° Latﬁ Suns - Run Time: 186s+77s - Settings: mil -ab 0-ds 0 -dt 0 -dc 1 -dr 0
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60deg Latitude — Sunband

sunhrs
2000)
|=5C3E

60° Lat Sunband - Run Time: 235 (9+14) - Settings: mmm -af -ad 2048
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60deg Latitude — Difference

60° Lat Difference (All Suns - Sunband)
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40deg Latitude — All summer suns




Experiences with Radiance in Daylighting, VIII Vancouver Airport Annual Skies Modeling Standards School Projects *j

40deg Latitude — Summer Sunband




Experiences with Radiance in Daylighting, VIII Vancouver Airport Annual Skies Modeling Standards School Projects

40deg Latitude — Summer Difference
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40deg Latitude — All fall suns
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Vancouver Airport

40deg Latitude — Fall Sunband

Annual Skies

Modeling Standards
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40deg Latitude — Fall Difference
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40deg Latitude — All winter suns

T
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40deg Latitude — Winter Sunband
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40deg Latitude — Winter Difference
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Effective Sun Hours
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Historical options for annual sky

 GenCumulativeSky.exe
— Two options — sky only or with solar radiation assigned to patches
— Very quick <5sec
 Radmap.py
— Integrated into script to produce radiation maps for a scene
— Takes a while to simulate 1-5min

cd/m2 cd/m2

I 80750000 380000000
72250000 340000000
63750000 300000000
55250000 260000000
46750000 220000000
38250000 180000000
29750000 - : 140000000
21250000 100000000
12750000 60000000
4250000 20000000
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New Cumulative sky generator — WEA gensky.py

cd/m2
30400000
27200000
24000000
20800000
17600000
14400000
11200000
8000000
4800000
1600000
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Sunband Weighted by Cloud Cover
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Final Annual Sky and Sunband combined
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Dynamic 3d implementation with new color maps

W Wi 2

Solar radiation with ‘cool 2 hot’ color map

SURES
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IESNA Daylight Modeling and Simulation Standards

« Daylight Modeling and Simulation Task Group
« Task group for the larger IESNA Daylighting Metrics committee
* Focused on modeling and simulation methods and standards

» Goal to release a Technical Memorandum (TM-XX) in Spring 2020
» Overall outline and gold standards
« With areas of assumption needing further research highlighted

« Continued development through 2020-2021 with interim Committee Reports
(CR) as necessary

« Ultimately developed into an IESNA Lighting Practice (LP-XX) document
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IESNA Daylight Modeling and Simulation standards

1.
2.

Purpose/Background

Daylight Modeling Methods and Standards
I Sun and Sky Models

. Surface and Material Modeling

iii.  Site and Surroundings

iv.  Fenestration and Window Treatments

V. Interior geometry

Simulation for Daylight Sufficiency — Methods and Standards
I Shading control simulation standards
. Periodic simulation methods
iii.  Simulation settings
iv.  Daylight responsive electric lighting control
V. Simulation output standards
vi.  Daylight sufficiency metrics
vii.  Whole building energy predictions
viii. Simulation for plants / animals / artwork preservation

f’

&

o
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IESNA Daylight Modeling and Simulation standards

4. Simulation for Daylight Quality — Methods and Standards
I Representative time and daylight condition standards
. Spatial and orientation standards
iii.  Simulation setting adjustments
iv.  Glare analysis methods and standards
V. Circadian Rhythm Simulation

5. Test Cases
I Test Case Geometry
. Sufficiency test cases
iii.  Whole building energy test cases
iv.  Qualitative test cases
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NREL Solar Position Algorithm vs Radiance Solar

Comparison of NREL's Solar Position Algorithm vs. the Spencer-Moon
equations in Radiance

Good news — altitude angles and azimuth angles are largely within +/- 1° -
likely very little impact on daytime calculations

Less good news — possible bigger impact on the number of annual daylit
hours

— 20° lat — 4,436 (SPA) vs 4,414 (Rad) daylit hrs — 22 hrs lost!

— 40° lat — 4,428 (SPA) vs 4,388 (Rad) daylit hrs — 40 hrs lost!

— 60° lat— 4,478 (SPA) vs 4,394 (Rad) daylit hrs — 84 hrs lost!

Daytime hours are not always "2 of 8760 or 4380 due to refraction from the
atmosphere — places on article circle have most (4,647hrs)

What to do? Update radiance code with year input that turns on SPA

e
&

A

b
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20° Latitude Altitude Angle Error — 22 lost hours

20° Altitude - Radiance Solar Altitude Angle Error

-1.2

Angle Difference (SPA - Radiance) [deg]

= =
@ =

=
o

-2.2

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

Solar Altitude Angle [deg]
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20° Latitude Azimuth Angle Error — 22 lost hours

20° Altitude - Radiance Solar Azimuth Angle Error

16

Radiance Angle Difference [deg]

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
SPA Solar Altitude Angle [deg]
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40° Latitude Altitude Angle Error

40° Altitude - Radiance Solar Altitude Angle Error

0.4

Radiance Angle Difference [deg]

[ ]
1 @
0

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
SPA Solar Altitude Angle [deg]
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40° Latitude Azimuth Angle Error

40° Altitude - Radiance Solar Azimuth Angle Error

Radiance Angle Difference [deg]

80 85 90

SPA Solar Altitude Angle [deg]
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60° Latitude Altitude Angle Error

60° Altitude - Radiance Solar Altitude Angle Error

0.4

Radiance Angle Difference [deg]
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60° Latitude Azimuth Angle Error

60° Altitude - Radiance Solar Azimuth Angle Error

0.4

Radiance Angle Difference [deg]
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Perez Sky Efficiency and Dew Point Temperature

 Weather files often provide both Radiometric and Photometric data

— Photometric data often derived from Radiometric using Perez efficacy functions
which include dew point temperature adjustments

— Gendaylit currently applies Perez efficacy functions to radiometric data but
defaults to a constant dew point modifier that ‘works well for Freiburg’

* Quick impact study on Boulder weather
— Radiometric data and solar spectrum: Annual - 499kWh/m2, Day — 180Wh/m2
— Photometric data and solar spectrum: Annual - 455kWh/m2, Day — 146\Wh/m2
— Using visual spectrum
« Radiometric annual — 355kWh/m2 or 14289 avg lux
« Photometric annual — 345kWh/m2 or 13915 avg lux

« Good news! — not a huge annual error (~3% visual - ~10%solar)
 Worse new! — single day check saw a solar error of 23%
 Where to go?

— Useradiometric data and -O 1 for solar

— Use photometric data and -O 0 for visual

— Hardcode —O options to data type options in gendaylit?
— Add —td option to gendaylit and see if these conversion errors go down
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Extents of ground

Ground to Window Form Factor

0.48
046
0.44
0.42

04
D.38
036
0.34
0.32

0.3
0.28
0.26
0.24
022

0.2
0.18

Ground to Window Form Factor

- 3% Ground / Building Height
016

0.14
012

0.1
008
0.06
0.04
002

25° salar 20° solar 15° solar 10° .f;olar

] 1 2 3 4 5 ] 7 8 9 10 11 12
Ground distance / building height

—Window Low ——Window MidLow ——Window MidHigh Window High
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Test Cases - Basic

14' Adjacent wall

Small room

— Represents single office, conf room,
dorm room, break room residential
spaces...

e  Medium room

— Represents classroom, shared office,
mid-size conf rooms, retail space..

 Large room

— Open offices, restaurants, retail/strip
mall storefronts...

« High-bay space
— Represents gymnasium,

commons/atrium, media centers, large
conf rooms...

 Warehouse space

— Represents warehouses, big-box
retail, conf floors...

« Atrium space — not shown
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Test Cases — urban surroundings
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Test Cases — trees / vegetation
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6%,

« AnnualBruteForce.py --rad Radfile --wea EPWfile [--wdm W|G|L|E] --opt Optfile [--mat
MatFile] --pts PtsFile [--rot RotDeg] [--genc] [--skyc “r g b"] [--grndc “r g b”] [--snow]

« Script reads in a weather file,

radiance file, and a pts file and
simply runs every daylit hour |
« Parallel processing built-in ’\‘
 Small room timing: 1
— ~2days on 8 core-machine .
— ~4hrs on 96 core-machine e
« Simulation will be run with and 7z 2z 2 = 2 2 =
without window treatments | . . . . . .
* Annual summary data, annual °|® °t e st s
. . . . 8| 35 35 105 105 105 36 36
illum file will be provided as & w 10 10« o
gOId Standard 6| 86 88 117 118 119 104 102
. . 5| 91 96 127 130 128 112 109
* An annual comparison tool wWill «{ss s iss s 1 122 115
be developed with gold EECEEEE
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School Studies

« MLK Jr - 360 cafeteria remodel

« Jones K-12 - new school classroom wing

« Vanderbilt Univ School of Nursing — Wellness melanopic lux calcs
* Hillwood HS — gym studies and passive classroom wings

* Robeson HS — classroom wing and gym revit vs radiance
comparisons
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MLK Jr HS — Cafeteria remodel
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MLK Jr HS — Cafeteria remodel
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Jones County K-12 School

Sunny Fall/Spring, 9am Sunny Fall/'Spring, 12p Sunny Winter, 3pm

Central Commons Perspective View

Classroom Wing Section View - Sunny Equinox, 12pm
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Jones County K-12 School

Sunny Fall/Spring, 9am Sunny Fall'Spring, 12p Sunny Winter, 3pm

Classroom Wing Section View - Sunny Equinox, 12pm
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Vanderbilt School of Nursing - Wellness Calcs

Sunny Winter, ~3.5hrs = 162Mlux
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Hillwood HS — Gym Studies

Southwest Parspective, Sunny Equinoy al noon

. . N |

Southeast Perspective, Sunny Equinox af moon Northeast Perspective, Sunny Equimox at moon
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Hillwood HS — Gym Studies

Southeast Perspective, Sunny Equinox at noon Northeast Perspective, Sunny Equinox at noon
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Hillwood HS — Gym Studies

Southwest Parspective, Sunny Equinos al imoan

Southeast Perspective, Sunny Equingx al i Northeast Perspective, Sunny Equiiex at oo
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Hillwood HS — Gym Studies

Southwest Perspective, Sunny Equinox at noon

Southeast Perspective, Sunny Equinox al noon Northeas! Perspective, Sunny Equinox at noon
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Hillwood HS — passive thermal strategies

|-h=_|_-__
—————————
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South Class - Sunny Equinox, 12pm North Class - Sunny Equinox, 12pm
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Hillwood HS — passive thermal strategies

Water-io-water heat pump for each classroom
wing. Manifolded to provide Plor §) zones

Pressurized supply plenum feeding hollow core "ducts”
({Marth/South x 1582nd3rd floor + DOAS)

Classroom wing wedge shape will provide a natural
balancing affect kesping supply pressuras unifom. ﬂ
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Geothermal borefield zanes and
vahie manifold in mech room.

Showing units and
distribution for 2nd floor,

Pre-tempered intake air from
wind driven EAHX system.
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Exhaust system through end stair tower - boosted passivaly
vian the stack effect and wind responsive venting

Expand exhaust duct {1'-4' shown) to provide
pressure balance and further balance supply.

Exhaust suspended in supply plenum provides
heat recaver.

Extended Stair Tower Stack Exhausi
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Robeson County MS Prototype

Medla Center Section View - Base Case, Sunny Equinox, 12:008M

Media Cenler Section View - Alfernalive 2, Sunny Egquinox, T2:00PM Media Cenfer View from West - Alemative 2, Sunny Equinox, 12:00PM
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Robeson County MS Prototype
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Base Case - View rom Sowtheas! Comer, Sunny Equinox, T2pm

EBase Case - Secional Rendering, Sunny Equinox, 12m
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LightLouver MODS

* Next generation LightLouver is in the works!
— Patents approved
— Prototype underway

— BSDF files available soon — contact me if
interested!

Angular Transmittance, MODS vs LightLouver
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