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Introduction to DAYSIM
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Annual Simulations in DAYSIM

Visual Comfort

v

Occupant Behavior
and Controls

Daylight Availability

Energy

DAYSIM models the effects of occupant behavior and experience on

daylight availability and lighting energy use.
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Annual llluminance and Irradiance Calculations

Calculate hourly or sub-hourly illuminance (Ix) or irradiance (kWhm) values.

o P i,
~ . Solar Tool

N Poor Good  Excellent

Photovoltaic Potential

Search for an Address Q

1525 Massachusetls Ave
Cambridge, MA 02138
Overview
Total Roof Area (sqft): 284275 §
oL High PV Potential Area (sqft):  1,137.48 5N |
Electricity Output (KWhiy):  26,807.78 \
-\

Potential Savings (per year):
$10,609.18

Estimates are calculated based on the
assumptions available h

MoDe Studio | 2012
MODERN DEVELOPMENT STUDIO, LLC

Screen Capture of Photovoltaic Potential Map, Cambridge, MA
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Climate-Based Daylighting Metrics

Daylight Autonomy  Daylight Availability Continuous Daylight ~ Useful Daylight Useful Daylight Useful Daylight
Autonomy Illuminance llluminance lluminance
(5001x) (5001x) (5001x) < 100Ix 1001x-2000Ix > 2000Ix

Percent of Occupied Hours

I B
0 20 40 60 80 100%

I Overlit Areas
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Model Occupant Behavior and Automatic Control Systems with GenDGPProfile.exe

O

17:00

19:00 _|
21:00

Annual Visual Discomfort of an Occupant who Can Adapt
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Model Annual Performance of Shading and Lighting Systems

No Shades Single Blind System Split Blind System

Daylit Area 69% Daylit Area 45% Daylit Area 62%
DAmean= 65% I:)Amean= 45% DAmean= 57%
Lighting = 5.7 kWh/m2 yr Lighting = 7.8 kWh/m2 yr Lighting = 6.3 kWh/m2 yr

Percent of Occupied Hours
I -

0 20 40 60 80 100%

Sept. 12, 2012 Overview and Introduction to DAYSIM and Current Research Developments

81763



Integrate Detailed Daylighting Analysis with Thermal Simulations

Output lighting and shading schedule files for use in separate thermal simulation programs.

EUI kWh/m2

= |

6 7 8 9 10 11 12

Month

[N
N
w
IS
v

Oriented Towards Window
(blinds primarily closed)

Lighting [x20] Heating == Cooling

EUI kWh/m2

5 6 7 8 9 10 11 12

Month

-
N
w
o~

Oriented Away From Window
(blinds open in Summer)

Lighting [x20] Heating Cooling
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Lighting — 11.8 kWh/m?
® Heating — 159.1 kWh/m?
* Cooling — 34.9 kWh/m?

e Total — 205.8 kWh/m?
(blinds closed 75% of occupied time)

Lighting — 8.4 kWh/m?
® Heating — 153.2 kWh/m?
* Cooling — 48.7 kWh/m?

e Total — 210.3 kWh/m?
(blinds closed 30% of occupied time)
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The Mechanics

A brief explanation of how this works in DAYSIM.
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Components of a Daylight Simulation

Sept. 12, 2012

Daylight Simulation Program

scene

- scene geometry

- surrounding landscape

- ground reflectance

- optical material properties
- status of artificial lighting
- status of shading devices

area of interest
- viewpoint
- grid of sensor points

space usage
- space type (office, ...)
- lighting requirements
- schedule (occupancy,

lighting,...)

sky model

- date, time,

- latitude, longitude

- sky condition (overcast,
clear, ...)

- weather data

daylight simulation engine
(raytracing, radiosity,...)

v

- illuminances
- luminances

intermediate results

\_/T—/’_

results processor

¢

- performance metrics
- visualizations
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simulation outcome

- visualizations
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Scene Files

e Radiance format
geometry and
materials

Area of Interest Space Usage
e User defined sensor e Occupancy
points file schedule

e Occupant viewpoints e Furniture layout

e |ighting system
e Shading system

Sept. 12, 2012

Sky Model

e Perez sky based on
hourly or sub-hourly
weather file

1L l

DAYSIM
l

llluminances

l

Results Processor

l

Simulation Outcomes
Daylight Autonomy / Availability
Useful Daylight Illuminance
Lighting Energy Consumption
Shading Device Use
Visual Comfort
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Default Sky Discretization Process (Daylight Coefficients)

bottom view

145 Diffuse Sky Divisions 3 Ground Divisions
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60 P " F
¥ Apr/Aug|21 N
50 A ,,f’+ —k\\ ' r
7 */ # Mar/Sep[21 x| Y
L w0 A/ B . : A
— - ! Vi = i AN
83 Il.ff Fin ///“1 \\ \
h=J /° Feb/Oct 21 X \
I ! %, \
QO 30 4 A r ,/ [y o | \'\\ ) L
9 AR AT B N0 \
= + i
= f ' Dec 21
@ 20 AR Yy \ .. -
i 7 Ty Y
/ \ + \ t
/ - - \
\ \ A
0] NLE Y INNAN
! Fa % ViRv/E
i v N A
M A £\ F Y/ A/ Ak
0 T T T T T
-150 -100 -50 0 50 100 150

Sept. 12, 2012

azimuth [degrees]
~65 Direct Solar Divisions in ‘DS’ Scheme

e Daylight coefficient method.
e 145 Tregenza diffuse sky subdivisions
e 3 ground divisions

e Approximately 65 direct solar positions.

Bilinear interpolation used to calculate
illuminance contribution in ‘DS’ scheme.
e 'DDS’ method uses 2305 direct solar
positions.
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Calculating Illuminance and Turning into Useful Results

100%
E(x)
_ illuminance at |
| X due to §, 80
Contribution to Illuminance at o0
Each Sensor Point =
2000 g
1800 \_; 40
1400 L/r:I
I 1200 g
il'.!llmbl m ﬂl'lmmm LY :
I I 600 E 20
o e i 1 T S
400 5
. i . . . . & 0
Annual Unshaded llluminance Daylight Autonomy Distribution
Map at One Sensor Point in Boston, MA

Sept. 12, 2012 Overview and Introduction to DAYSIM and Current Research Developments 14763



The 'Header’ File

FHHHHH AR AR AR AR AR
# DAYSIM 3.0 Project File Generated by DIVA v2.0
FHHHHHHA AR AR AR A AR AR
project name ReferenceOffice

project directory C:\DIVA\temp\ReferenceOffice\
bin directory C:\DIVA\DaysimBinaries\

tmp directory C:\DIVA\temp\ReferenceOffice\
Template File C:\DIVA\DIVATemplate.htm

FHHHHH AR AR AR A AR AR
# site information

FHHHHH A AR AR AR AR AR
place Boston Logan IntL Arpt USA

latitude 42.37

longitude 71.02

time zone 75

site elevation 6.0

first weekday 1

time step 60

wea data short file USA MA Boston-Logan.Intl.wea
wea data short file units 1

lower direct threshold 2

lower diffuse threshold 2

output units 2

FHAFHFFH AR A AR AR A A AR AR AR A
# Building Information

FHAFH A A A A AR AR A A AR AR AR AR S A
occupancy-file 8to6withDST.60min.occ.csv

material file ReferenceOffice material daysim.rad
geometry file ReferenceOffice daysim.rad

radiance source files 2, C:\DIVA\Daylight\material.rad,

C:\DIVA\temp\ReferenceOffice\ReferenceOffice.rad

e The header file is a list of inputs that
controls everything DAYSIM does during a
simulation.

0 Geometry and climate data

¢ Occupant behavior

¢ Shading and lighting systems

O Results
e This presentation is not detailed
documentation of the header file.

e As examples are shown, relevant parts of

the header file will also be illustrated.

e This is a prelude to Department of Energy
funded work on complete documentation of

DAYSIM.
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DAYSIM Program Interfaces

Ecotect Rhinoceros 3D SketchUp

DIVA su2rad & su2ds
http://usa.autodesk.com/ecotect- http://www.diva4rhino.com http://code.qooqgle.com/p/su2rad/
analysis/ http://code.qooqgle.com/p/su2ds/
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DAYSIM Program Interfaces

File Site Building Simulation Analysis Help

rBuilding Model rSenszor Point File
Sensor Point File fig.pts Help

Set Sensor Units Change Sensors

rView Point File

DGP View File: fig.vf Set View File I Help

rShading Device

Flease spedify the shading device type.  Help

IStaﬁc Shading device {nduded in building geometry) - |

MNote: Scene material and geometry files are stored in the
project folder under "rad”, Help

Edit Materials |

View Point panorama (SW) = | Update |

Or setup a project using the DAYSIM Java interface with existing Radiance files.
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Disclaimer

| work for Solemma, LLC who develop and sell DIVA.

All of the simulations shown here were prepared using DIVA,
but could be performed using other software.
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Simulation ot Shading Devices
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Modelling Occupants and Shading Devices in DAYSIM

Sept. 12, 2012

100

[=:]
o

[=1]
o

daylight autonomy [%]
B
=)

1]
o

05 1 1.5 2 2.5 33 4.5 55 6.5 7.5
distance to facade [m] Blinds Open

e |n a real building, windows are not always
unobstructed.

e |t is important to predict how often a shading
device might be open or closed as it makes a large
difference in the amount of available daylight.

Blinds Closed by User
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Effect of Shades in a Small Sidelit Space

Unshaded Result (Mean DA, 100%) Shaded Result (Mean DA, 72%)

Percent Occupied Hours > 500Ix (DA 5001x)

B B
0 25 50 P 100%
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Two Ways to Model Contribution of Shading Devices

1. Conceptual Dynamic Shading

2. Detailed Dynamic Shading

Sept. 12, 2012

e \When shades are closed, direct component is neglected and
diffuse component scaled by 25%.

e Only one simulation.

e Unnecessary to model shading geometry, but above
assumptions are made.

e Fach state of a shading device (up, half-open, down, etc.) is
simulated separately and pieced together annually based on
shading controls.

e As many simulations as shading device states.

e Geometry of shading devices must be created in separate
Radiance files.
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Conceptual Dynamic Shading

NO

v ND ,,,,,,

YES

cloze
blinds

YES

T the work pluc-é""---.u
occupied?

.

- I-;the blind control automated? 2=

YES 4

__,.--"ﬁ;ﬁr& direct sunllﬁﬁr"---.____
- =50 Wm? hit the work o

place?
NO

open
blinds

NO

—

2 —T& the blind control dyn aﬁlz"“~--~.:”

3 manual?
Y
.

NO

: T
f//fls it the occupant's
1= amival for the day?
open
blinds
r,,--r"'ﬁc;es direct 9uni|-gr-1-i'"'*--..‘__

46 =50 Wm?® hit the work " —

: place?
NO

50 W/m? is the value controlling whether shades are opened or closed
in ‘Conceptual’ dynamic shading controls.

Sept. 12, 2012
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Conceptual Dynamic Shading

= Shading Control System

shading 0
conceptual dynamic system fig.dc shade up.ill
shade down.ill

sensor file info 0 0 0 0 0 0 0 0 0 0 0 0O O OO
0 000000ODO0DO0OOOODOODOOOODODOOOO
0 000000ODO0DO0OOODOODOOOODODOOOO
000000O0ODO0DOOOOOOOOOOOGOO0 BGL
0 000EBEL OOODOOODODODODOOOODOOOO
000O0O

# the above defines in the sensor points

# list file where occupants sit

# (which sensors are triggered by the

# 50 W/m2 threshold)
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Detailed Dynamic Shading

Mechanical Dynamic Shading (Blinds)

THEN NN e

Switchable Dynamic Shading (Electrochromic Glazing)

Detailed dynamic shading allows control over the geometry of shades, their operation,
the setting of multiple shading states and material properties.

Sept. 12, 2012 Overview and Introduction to DAYSIM and Current Research Developments

25/63



Detailed Dynamic Shading: Manual Control

E Shading Control Options

DIVA

No Dynamic Shading Conceptual Dynamic Shading

Shading Group 1 - shading_group_1 Schedule

Detailed Dynamic Shading

(0) unshaded

Detailed Dynamic Shading Control Groups ?
Shading Group no. 1 Safect Nodas Select Extesior Nodes | e
Shading Type : | Mechanical =
Operation : [ Manual = 100%
Base Geometry Layer : | No fixed shading state. (blankra = | ~ls0
Glazing State 1 Layer: [VenetianBlinds = -
<<
Add State | 60
32 intericr nodes and 0 exterior nodes hawve been selected for shading group no. 1. %‘
£ 40
'glzo
2
2l
= Shading Control System
shading -1
ReferenceOffice.dc ReferenceOffice.ill
shading_group_1 e Operates in the same manner as conceptual
1 . .
ManualControl C:\DIVA\Daylight\blank.rad dynaﬂNC Shad|ng-

SGOBSO.rad SGOBSO.dc SGOBSO0.ill

Sept. 12, 2012

e Or using a previously run daylight glare
probability (DGP) calculation (more later).
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Detailed Dynamic Shading: Automated Thermal Control

E Shading Control Options

B DIVA

No Dynamic Shading Conceptual Dynamic Shading Detailed Dynamic Shading

Detailed Dynamic Shading Contrel Groups

Shading Group no. 1 Select Nodes I Select Extenor Nodes |

Shading Type : [Mechanical [

Operation IAutDmated Thermal Control =]

Base Geometry Layer [ No fixed shading state. (blankra >| o ix)  on ix)

Glazing State 1 Layer: [VenetianBlinds =l |50 |Jesoo
Add State

32 intericr nodes and 0 exterior nodes hawve been selected for shading group no. 1.

= Shading Control System

shading -1

ReferenceOffice.dc ReferenceOffice.ill
shading group 1

1

AutomatedThermalControl C:\DIVA\Daylight\

blank.rad
250 2500 SGOBSO.rad SGOBSO.dc SGOBS0O.ill

Shading Group 1 - shading_group_1 Schedule

(0) unshaded
|
| Il

10
12

I |
1

|
16

(1) shaded
jan far r a 2 ov ec

60

Percent Occupied Hours > 5001x (DA 500Ix)
N
o

E——
o N
o

e Automatically closes shades when sensor
detects 2500Ix and opens blinds if selected
sensors falls below 250Ix.

e These values are user definable.
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Detailed Dynamic Shading: Automated Thermal Control With Unoccupied or Cooling Period

E Shading Control Options

B DIVA

No Dynamic Shading Conceptual Dynamic Shading Detailed Dynamic Shading

Detailed Dynamic Shading Contrel Groups

Shading Group no. 1 Sefect Nodes I Select Extenor Nodes |

Shading Type : [Mechanical [

Operation | Automated Thermal Control with = |

Cooling Start (mm dd); ||;.5 o1

Coaoling End (mm dd): |[:-515

Base Geometry Layer: Mo fixed shading state. (blankra x| ofix)  on jix)

Glazing State 1 Layer: | VenetianBlinds =) 250 |2s00
Add State

22 intericr nodes and 0 exterior nodes hawve been selected for shading group no. 1.

shading -1

ReferenceOffice.dc ReferenceOffice.ill
shading group 1

1

AutomatedThermalControlWithOccupancy 06 01 08

15 C:\DIVA\Daylight\blank.rad
250 2500 SGOBSO.rad SGOBSO.dc SGOBSO0.ill

Shading Group 1 - shading_group_1 Schedule

(0) unshaded
| | I
10
12 I I
u |
16
(1) shaded

Jan Feb Mar Apr May Jun Jul Aug Sep oct Nov Dec

60

Percent Occupied Hours > 5001x (DA 500Ix)
N
o

E——
o N
o

e Blinds are always closed during the cooling
period (06-01 to 08-15) during unoccupied
hours and always opened during the heating
period.
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Detailed Dynamic Shading: Automated Glare Control

E Shading Control Options

=9 DIVA

No Dynamic Shading Conceptual Dynamic Shading Detailed Dynamic Shading

Detailed Dynamic Shading Control Groups ?
Shading Group no. 1 Select Nodes Select Extenor Nodes |

Shading Type : | Mechanical =

Operation : IAutDmated Glare Control =]

Glare Control Threshald (1x); |1|;.|;.|;..;.

Azimuthal Range (deg deg): |_¢5¢5

Altitudinal Range (deg deg): |3|:- &0

Base Geometry Layer: [ No fixed shading state. (blankra =] o x)  on fix)
Glazing State 1 Layer: | VenetianBlinds = fzs0 [2s00
Add State

4 intericr nodes and 1 exterior nodes hawve been selected for shading group no. 1.

e Set outdoor sensors and control blinds based on exterior illuminance and/or position of the sun.

e This mode is a work in progress.
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Manual Occupant Control Using Daylight Glare Probability

occupancy 5 8tobwithDST.60min.occ.csv
minimum illuminance level 500

daylight savings time 1 500
user profile 1 2000
active 100 1 3

East Facing Occupant Predicted Visual Comfort

o1 02 03 04 05 06 07 08 ] 0 11 12

# User type 3 means occupant adjusts
# shading devices to maintain visual f:
# comfort if DGP simulation results 0
# exist. j:_

. o T I I E 1 IR
# User type 1, in contrast, e i | I i i
# uses selected sensor point wvalues ‘;; ! |
# over 50 W/m2 2?3

24:00

West Facing Occupant Predicted Visual Comfort

B intolerable glare, DGP = 45 [ disturbing glare, .45 > DGP = 4 [] perceptible glare, 4 = DGP = .35 [ imperceptible glare, .35 = DGP

Res»ulting Shade Use
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What is Daylight Glare Probability?

no.»2
Lsiwsi

DGP =5.87 x 107°E, + 9.18 x 107 °logo 2| 1 + 187 pZ
1% [

=1

> 0.45 Intolerable
< 0.30  Barely Perceptible

improved measurement
technology and methodology

For more information see,

Wienold J, Christoffersen J. Evaluation methods and development of a new glare prediction model for daylight
environments with the use of CCD cameras. Energy and Buildings 2006; 38: 743-757.

Wienold, J. Dynamic Daylight Glare Evaluation. Proceedings of Building Simulation; 2009.
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Allowing an Occupant to Adapt to Daylight in a Space

Range of Possible Seating Positions for a Single Occupant
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Allowing an Occupant to Adapt to Daylight in a Space

10

T TR ) . =

Annual Visual Discomfort from a Single Viewpoint Annual Visual Discomfort of an Occupant who Can Adapt

—

-
.

AdaptiveZoneApplies 1

Sept. 12, 2012

daylit area, 67.69%
mean DA, 40.16%

daylit area, 100%
mean DA, 72.01%

L el

I

e Simulate multiple DGP visual comfort viewpoints, and DAYSIM

automatically chooses the most comfortable.
e Currently only works for a single occupant.
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Electric Lighting Simulation

Sept. 12, 2012 Overview and Introduction to DAYSIM and Current Research Developments 34/63



Electric Lighting Simulations: Occupant Control

Lightswitch 2002

annual occupancy annual illuminance
profiles profiles

Lightswitch Algorithm
(stochastic)

4 L

el. lighting/blinds profile

Lightswitch Algorithm -- Stochastic Occupant Control Based on a field study of one office building in Nurtingen.
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Electric Lighting Simulations: Occupant Control

NO

NO

Does occupant arrive?

switch on probability
(Fig. 7-3)

YES

h 4

stochastic process:

Switch lights on

'

NO

Are lights switched on?

NO

YES

Does occupant arrive?

Is there an
occupancy sensor?

Has the room been
deserted for longer than sensor
delay time?

Switch lights off

'

YES

Sept. 12, 2012

already occupied?
NO

YES

Does occupant leave?

NO

stochastic process:

intermediate switch on
probability

(Fig. 7-7)

YES

k. 4

Switch lights on

Are lights switched on?

YES

Does occupant leave?

stochastic process:
Pigg’s switch off probability
with or without occupancy
sensor (Fig. 7-5)

YES

h J

Switch lights off

I !

Overview and Introduction to DAYSIM and Current Research Developments
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Lightswitch Occupant Behavior Probabilities

user does not consider daylight 1
1 S 4 E A a e AR EEEEa eI NI eIt EIEReeettlteeeRsRRIRT et RN TRy . . i Controls
. ; Oocc. sensor
= S Oindirect dimmed lightin
5 0.8 075 grng — —
% g -
2 3
% 0.6 - E os B
g g
S 0.4 - £
] 3=
S user considers daylight E 0.25 —
s 0.2 b
i =
Nl s
0 0-
I ' ' ' ' <30 minutes 1-2 hours E
0 100 200 300 400 500 . 4-12 hours 24+ hours
minimum work plane illuminance [lux] 30-59 minutes 2-4 hours 12-24 hours
Probability of Turning On lights when Arriving Probability of Switching Off Lights when Leaving

e Two user types: considers and does not consider daylight.

e Occupants unlikely to turn on lights unless illuminance is below 200lx.

e Sometimes people forget to turn off the lights, especially when they plan to come back soon. They
forget to turn them off more often when there are occupancy or dimming sensors.
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Manual Lighting Control

— (1) on

i

Aug Sep Oct Nov Dec

(0) off
Jan Feb Mar Apr May Jun Jul

Tt B petailed Lighting Control Options

electric lighting system 1

1 manual control 110.0°1 Electric Lighting Off  Detailed Electric Lighting Controls

Lighting Control Groups ?
memgmmmn&1l | Salzer Nodes |

Operation : |f'u"|a|'|l.|a| On/Off Switch =]

Lighting Power (W) |11:;
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Manual Lighting Control with Dimming Sensor

Jan Feb Mar Apr May

electric lighting system 1

4 manual dimming 110.0 1 3.0 20 500 Electric nglltllgﬂrﬁ' Detailed Electric Lighting Controls

Lighting Control Groups
memgmmmn&1l | Salzer Nodes |
Operation : |F'I'u:|t|:»sensnr Controlled Dimmin = |
Lighting Power (WY |11:_:
Lighting Setpaint (1x): |5::
Ballast Loss Factor (%) |g;
Standby Power (W) |3_:

Sept. 12, 2012 Overview and Introduction to DAYSIM and Current Research Developments

II|

o bbbl

Jun Jul Aug Sep Oct

B petailed Lighting Control Options

g S

(1) on

(0) off
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Occupancy On/Off Sensor

(1) on

(0) off
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

B petailed Lighting Control Options

electric lighting system 3
3 occupancy on off 110.0 1 3.0 5

& DIVA

Electric Lighting Off Detailed Electric Lighting Controls

Lighting Control Groups ?
memgmmmn&1l | Salzer Nodes |

Operation : |Switch On/Off with Occupancy =

Lighting Power (W): f110.0
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Occupancy On/Off Sensor with Dimming

— (1) on

Iy lL}l‘ |_I_L Jl__.lIlllJ
| [ |
I

(0) off
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

B petailed Lighting Control Options

= Electric Lighting System
electric lighting system 1
6 occ_onoff dim 110.0 1 3.0 20 500 5  Electric Lighting Off  Detailed Electric Lighting Controls
Lighting Control Groups ?
Lighting Group no. 1 l | Salzer Nodes |
Operation : |Dimrr1ir1g w. Occupancy On/Off S = |
Lighting Power (W |11|;._.;.
Lighting Setpaint (Ix): |5|;.|;.
Ballast Loss Factor (%) |g|;.
Standby Power (W) |3_.;.
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Several Lighting (or Shading) Systems Per Zone

Lighting Group 3 - occ_onoff_dimming Schedule

(1) on
(0) off
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Occupancy On/Off with Dimming Sensor
Lighting Group 2 - manual_dimming Schedule o
plilliy
I' Ii | | II qll ’I '
‘ | h
|
kllllllllll III|I Ill'll
(0) off
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Manual Control with Dimming Sensor
Lighting Group 1 - manual_control Schedule o
(0) off

Manual Control
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Several Lighting (or Shading) Systems Per Zone

Lighting Group 3 - occ_onoff_dimming Schedule

(1)on

| |
s Ay R T
' ' electric lighting system 3
1 manual control 110.0 1
4 manual dimming 110.0 1 3.0 20 500

[

6 occ _onoff dimming 110.0 3.0 20 500 5

(0) off
Jan Feb Mar Apr May Jun Jul Aug Sep oOct Nov Dec

Occupancy On/Off with Dimming Sensor sensor file info 0 0 0 0 0 0 0 LG1 0 0 0 0 O
Lighting Group 2 - manual_dimming Schedule O O O O O O O O O O O O O O O O O LGl O O O
r 0 0000000LG20000LG2000000
0O 0000O0O0OO0COO0OO0OO0OO0OOO0OO0O0OO0OOO0OO0O®O

0 0O0LG3 0O0O0O0O0ILG3 0O

M AR

Jan Feb Mar Apr May Jun Jul Aug Sep oct Nov Dec

Manual Control with Dimming Sensor

(0) off

e Where dimming or shading sensors are
located is important too.

e Currently DAYSIM assumes perfect sensor
knowledge of Illuminance from daylight, but
this is not always the case.

Lighting Group 1 - manual_control Schedule
(1) on

(0) off

Jan Feb Mar Apr May Jun Jul Aug Sep oct Nov Dec

Manual Control
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Some Examples
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A simple question: How should | design the furniture in my space?

Oriented Away From Window Oriented Towards Window
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A simple question: How should | design the furniture in my space?

/.

Oriented Away From Window Oriented Towards Window

01 02 03 o 05 06 08 09 10 n 12 01 02 03 4 5 6 0 08 09 10 i 12
200 2:00
400 4:00
6:00 6:00
8:00 8:00 ]
10:00 10:00 -
12:00 | 12:00
14:00 14:00
16:00 - 16:00 !
18:00 1T 18:00 1]
20:00 : 0 !
22:00 22:00
24:00 24:00

W inolerable glare, DGP 2 45 I distwbing glare, 45> DGP= 4 [T perceptible glare, 4> DGP= 35 [ imperceptible glare, .35 > DGP W inolerabie glare, DGP > .45 [ disturbing glare, 45> DGP> 4[] perceptile glare, 4>DGP> 35 [ impercepiible glare, .35 > DGP

Visual Comfort: blinds closed 30% of occupied hours Visual Comfort: blinds closed 75% of occupied hours
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A simple question: How should | design the furniture in my space?

Oriented Away From Window

01

02 03 04 03 06 07 08 09 0

200
4:00
600
8:00
10:00
12:00
14:00
16:00
18:00
20:00
22:00
24:00

W intolerable glare, DGP = 45 [ disurbing glare, 45 > DGP = 4 [ perceptitle glare, 4 > DGP= .35 [ imperceptible glare, 35 > DGP

Visual Comfort: blinds closed 30% of occupied hours

Daylight Autonomy: 82%

Sept. 12, 2012

‘d

Oriented Towards Window

2:00

2:00

6:00

8:00 7
10:00
12:00
14:00

16:00

18:00

20:00

2200

24:00

W intwolerable glare, DGP = 45 [ disturbing glare, 45 > DGP = 4 [ perceptible glare, 4 > DGP=.35 [ imperceptible glare, .35 > DGP

Visual Comfort: blinds closed 75% of occupied hours

Daylight Autonomy: 61%
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A simple question: How should | design the furniture in my space?

Oriented Away From Window

01 02 03 04 03

06

07

200

4:00

600

8:00

10:00

12:00 | |

14:00

16:00

18:00

20:00

2200

24:00
W intwolerable glare, DGP = 45

W disturbing glare, 45 > DGP = 4

[ perceptible glare, 4> DGP = .35 [ imperceptible glare, .35 > DGP

Visual Comfort: blinds closed 30% of occupied hours

Daylight Autonomy: 82%

Sept. 12, 2012

Lighting — 8.4 kWh/m?
e Heating — 153.2 kWh/m?
 Cooling — 48.7 kWh/m?

2 3 4 5 6 7 8 9 10 11 12
Month

— Heating Cooling

Energy Consumption

Lighting [x20]

‘d

Oriented Towards Window

2:00

2:00

6:00

8:00 7
10:00
12:00
14:00

16:00

18:00

20:00

2200

24:00
W intolerable glare, DGP = 45

W diswibing glare, 45> 0GP =4[] perceptible glare, 4 > DGP=.35 [ imperceptible glare, .35 > DGP

Visual Comfort: blinds closed 75% of occupied hours

Daylight Autonomy: 61%

Overview and Introduction to DAYSIM and Current Research Developments

40 7 Lighting — 11.8 kWh/m?
35 1 e Heating — 159.1 kWh/m?
30 - e.Cooling — 34.9 kWh/m?

1 2 3 4 5 6 7 8 9 10 11 12
Month

— Heating Cooling

Energy Consumption

Lighting [x20]
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Museum Lighting Analysis by Arup Lighting

category material
classification

example of
materials

lighting
illuminance

limiting annual
exposure

insensitive

metal, stone, glass,
ceramic

no limit

no limit

low sensitivity

canvases, frescos,
wood, leather

600 000 lux h /yr

medium
sensitivity

watercolor, pastel,
various paper

150 000 lux h/yr

high
sensitivity

source: Matt Franks, Arup Lighting

silk, newspaper,
sensitive pigments

15 000 lux h/yr

http://www.radiance-online.org/community/workshops/2005-montreal/PDF/Franks_ArupCaseStudies.pdf
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Museum Lighting Analysis by Arup Lighting

source: Matt Franks, Arup Lighting
http://www.radiance-online.org/community/workshops/2005-montreal/PDF/Franks_ArupCaseStudies.pdf
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Museum Lighting Analysis by Arup Lighting

source: Matt Franks, Arup Lighting
http://www.radiance-online.org/community/workshops/2005-montreal/PDF/Franks_ArupCaseStudies.pdf
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Museum Lighting Analysis by Arup Lighting

source: Matt Franks, Arup Lighting
http://www.radiance-online.org/community/workshops/2005-montreal/PDF/Franks_ArupCaseStudies.pdf

Sept. 12, 2012

Vertical llluminance (Lux)

800

600

400

200

Jan

No Shading: > 1,500,000 lux-hours

Interior llluminance Plot — Hourly Measurements

Feb Mar Apr May Jun Jul Aug Sep

Month

Overview and Introduction to DAYSIM and Current Research Developments
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Museum Lighting Analysis by Arup Lighting

source: Matt Franks, Arup Lighting
http://www.radiance-online.org/community/workshops/2005-montreal/PDF/Franks_ArupCaseStudies.pdf

Sept. 12, 2012

Vertical llluminance (Lux)

800

600

400

200

Automated Shading System: 555,000 lux-hours

Jan

Interior llluminance Plot — Hourly Measurements

Feb Mar Apr May Jun Jul Aug Sep

Month

Overview and Introduction to DAYSIM and Current Research Developments

QOct

Nov

Dec
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Complex Screen Analysis: New Jurong Christian Church
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Complex Screen Analysis: New Jurong Christian Church

glazing only

bottom-hinged 30 degrees

bottom-hinged 45 degrees

bottom-hinged 60 degrees

bottom-hinged 90 degrees

Percent Time with View 68

Percent Time with View /3

Percent Time with View /4

Percent Time with View /6

Percent Time with View 7/

92 98 100 100 100 50 72 89 100 100 52 73 90 100 100 62 81 95 100 100 73 8 97 100 100
DAS00lx DA300lx DA150  DASOK  DA25lx DAS00lx DA300Ix DA150  DASOK  DA25lx DAS00lx DA300Ix DA150K  DASOI  DA25lx DAS00lx DA300Ix DA150K  DASOIx  DA25lx DAS00lx DA300lx DA150  DASOK  DA25lx
R AYAYA _ TR B B ACAYACA R Wi
v O%Uo 00 ?@%©@©©©©‘ ‘ @%%%QQ P‘ﬂgj@ug@ o e5000
0O 0¢ (@]®) @Q ©O0 of ©& S oo T
1000700 00000 POOOSNS Sosaast peioisic i
000 0 000 oo 000 oQ 0O o% (S22%A e
‘ 00US 00 QOS5 S %A
%OOOOOO OOOOOQ“ % OOOOOO OQOQO % ©©©©©© @@@60Q PQ%%%Q@@§% %%%%ﬁg}g}
,00%500) bOON000 HOO00 SO0 17T %eog.
Loﬂnp en QODJQD’Q o g Yo lore §©©© A
5cm punch screen only top-hinged 30 degrees top-hinged 45 degrees top-hinged 60 degrees top-hinged 90 degrees
Percent Time with View 7 3 Percent Time with View /7 Q Percent Time with View 7/ & Percent Time with View & () Percent Time with View 7/
64 80 93 100 100 54 76 91 100 100 68 84 96 100 100 66 82 95 100 100 64 81 94 100 100
DAS00lx DA300lx DA150  DASOK  DA25lx DAS00lx DA300lx DA150  DASOK  DA25lx DAS00lx DA300Ix DA150  DASOI  DA25lx DAS00lx DA300Ix DA150K  DASOI  DA25lx DAS00lx DA300lx DA150  DASOK  DA25lx
%OO(}@@@@ | ®®®®®@®d j%@@@@@@@d fQQQQQQQQd
\ O ‘ ‘ o i |
00 0t 00 of o0 of 00Q o(
! 00 0500 8060 ! 00d
D000 500 900500 90005060 29997500,
‘ 00 000 60 ‘ 09
OOOOO@OO# O®®®@®@®é‘ @6)6)@@@6)@6‘ %@@QQQ@@@d‘
P 0000 50000 250000 PEELE
Q@ NS ﬂ\a}é‘f),é\f‘ - ?npﬂﬁmf\'/ £ T
inside-hinged 30 degrees inside-hinged 45 degrees inside-hinged 60 degrees inside-hinged 90 degrees
Percent Time with View 7/ & Percent Time with View 7/ & Percent Time with View /7 Percent Time with View 7/
56 78 92 99 100 63 81 94 99 100 47 71 88 99 100 68 83 96 100 100
DAS00lx DA300lx DA150  DASOK  DA25lx DAS00lx DA300Ix DA150K  DASOI  DA25lx DAS00lx DA300Ix DA150K  DASOI  DA25lx DAS00lx DA300lx DA150  DASOK  DA25lx
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Complex Screen Analysis: New Jurong Christian Church

|
J

FMEEEIEIF TR ERAr “‘
- L] i

[ imELF .'.|||
n i

Annual Radiation Map of a Single Panel

Sept. 12, 2012

¢ \We create a hourly shading coefficient by taking the ratio of the irradiance of a shaded
window over the irradiance of an exposed window.

¢ A caveat is that thermal interaction between the screen and the window is neglected.

e Electric lighting energy is determined by simulated daylight dimming systems in
DAYSIM and is used as a schedule input into EnergyPlus.

¢ Blinds are closed any time a student experiences direct light on their desk. They are
only opened twice per day if conditions are comfortable.

Annual Irradiance (kWh/m?)

I @4 e
0 60 120 180 240 300
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5cm punch screen only

Percent Time with View 73

64 80 93 100 100

DA500x  DA300lx DA150lx ~ DASOIx  DA25Ix

bottom-hinged 90 degrees

Percent Time with View 7 7

73 8 97 100 100

Sept. 12, 2012

24

22

20

18

16

14

12

o N £ [=)] [}

Calculated Screen Transmission Coefficients

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0.0

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0.0
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T |
l I
| |
‘ |
| |
1 i
i .

glazing only

Percent Time with View &

92 98 100 100 100
DAS00l  DA300Ix DAT50lx  DASOIx  DA25Ix
SATI-AA
%%?’5’5@%

ol
QL
0oad Q%>
eI,
l%ﬁﬁz
s
bottom-hinged 90 degrees
Percent Time with View 77
73 86 97 100 100
DAS00Ix  DA300Ix DAT1SO0lx  DASOIx  DA25I

Sept. 12, 2012

kWh/m-2

kWh/m-2

14.00

12.00

10.00

8.00

6.00

4.00

2.00

0.00

14.00

12.00

10.00

8.00

6.00

4.00

2.00

0.00

Thermal Simulation Results

"""""""""""""""""""""""""""""""""""""""""" Lighting
Ventilation
1 IIII II H
| Bl e e = mw -_,_—_,_—_,_-_,_-_,_._\
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
M Lighting Ventilation = Cooling
"""""""""""""""""""""""""""""""""""""""""" Lighting
Ventilation

IIIIIII THH B

M Lighting Ventilation m Cooling

Overview and Introduction to DAYSIM and Current Research Developments

6.28 kWh/m?

32.3 kWh/m?

102.6 kWh/m?

8.9 kWh/m?

21.4 KWh/m?

77.5 kWh/m?
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A few closing comments...
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DAYSIM Programs Hierarchy

EnergyPlus
e 3ther data

Input a0S file RADIANCE geometry J senzor file (°.ps)
and material files |

G| radfiles2daysim | |

DA S I dimate file Fawea
convered RADIANCE
File=(™.rad}
| His_shortterm| |

" Jgen sirectsuniight| | T wendc [ ] ] asilum ||

dayight coefficdents . . . .
glare profile =.dif) annual illuminance profile 7.l

[ ds_autonomy | [ Jis_daytactor] | [ Tds_elighting | |
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Interior Gains CSV File For Interfacing with Thermal Simulations
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Daysim schedule file (to be used in combination with & thermal simulation program)

Daysim header file: C\DIVA\t Occupied Hours: 3650

month

L e e e I T T o

day

L T R N N R B B N O e R T

hour

05
15
25
35
45
5.5
6.5
7.5
B5
85
105
115
125
135
145
155
165
175
185
185
205
215
225
235

15
15
35
45

6.5
75
8BS
8.5
105
115
125
135
145

Lighting Group 1 - manual_control Lighting Group 2 - manual_dimming  Lighting Group 3 - manual_dimming Shading Group 1 - shading_group_1

Installed Lighting Power [W] 100 250 250 View 56
occupancy (O=absent... I=present] lighting [0=off... 1=fuil on] lighting [0=off... I=fuil on] lighting [0=off...1=full on] blinds [0=up; 1=down]
0 o 0 0
0 o 0 0
o o 0 0
0 0 0 0
o o 0 0
o o 0 0
0 0 0 0
o o 0 0
1 o 0 0.79
1 o 0.77 0.84
1 o 0 0.87
1 0 0 0.79
1 1 0.6 0.8
1 1 014 0.84
1 1 0.15 0.9
1 1 0.33 0.98
1 1 1 1
1 1 1 1
o o 0 0
0 0 0 0
o o 0 0
0 0 0 0
o o 0 0
o o 0 0
0 0 0 0
o o 0 0
0 o 0 0
0 o 0 0
o o 0 0
0 0 0 0
o o 0 0
o o 0 0
1 0 0 0.56
1 o 0 0.84
1 0 0 0.89
1 o 0 0.96
1 o 0 0.91
1 0.17 0.58 0.86
1 o 0.54 0.34

ReferenceOffice intgain.500Ix detailed dynamic shading.xIsx

Overview and Introduction to DAYSIM and Current Research Developments

Bl e e e S 00000 00000000000 RERR R R eSS oS00 O o0 o

Daylight Glare Probability
effective dgp scale
[-999=user absent <30=imperceptilbe 3
-959
-999
-999
-999
-99%
-999
-999
-99%
0.221
0.201
0.198
0.205
0.19%
0.191
0.185
0.079
0.184
0.184
-999
-999
-99%
-999
-999
-999
-999
-99%
-959
-999
-999
-999
-99%
-999
0.383
0.201
0.193
0.192
0.156
0.186
0.158
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Publications [N W credits W contact |

WHAT IS DAYSIM?

DAYSIM is a validated daylighting analysis software that calculates the annual daylight availability in arbitrary
buildings based on the RADIANCE backward raytracer. It uses the Lightswitch occupant behavior model to mimic
occupant use of personal controls such as light switches and venetian blinds and to predict energy savings from
automated lighting controls such as occupancy sensors and photocell controlled diming systems. For design
explorations, DAYSIM calculates a series of climate-based daylighting metrics including daylight autonomy and useful
daylight illuminance. DAYSIM can also be used to carry out an annual glare annalysis of daylit scenes using the
daylight glare probability concept. DAYSIM automatically generates hourly schedules for occupancy, electric lighting
loads and shading device status. These schedules can be directly coupled with popular thermal simulation programs
such as TRNSYS, EnergyPlus, eQuest and Esp-r for an integrated lighting-thermal simulation. DAYSIM has been linked

to a series of CAD environments including Rhinoceros, Autodesk-Ecotect and Google Sketch Up.

Go to DAYSIM.com for help, questions and to download.

Overview and Introduction to DAYSIM and Current Research Developments
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http://www.daysim.com

Thank you.

Questions?

(followed by a demonstration time permitting)
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