Using Radiance to Generate
Lighting and Solar Surface Heat
Gain Schedules Tfor Energy Plus

Andy McNeil, LBNL
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» Objecritves

¢ Process:

» | - Make BSDFs (solar and visible wavelengths)

» 2 - Generate lighting schedule (typical 3-phase)

» 3 - Generate surface Irradiance schedule (modified 3-phase)
* 4 - Speed things up (dctimestep optimization)

* O - Run energy plus
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» Complex Fenestration Systems (CFS)
* Run parametric simulations to simulate

* WWhole building energy simulation

» Glazing Type

@ limate



Objectives

* Why use Radiance to Replace E+ functionalrty?

* Energy Plus doesn't support CFS (yet).

* Split flux method i1sn't great



Make BSDFs for CFS

hree systems:
* Micro-perforated metal screen

* Expanded metal mesh

* Columnar structure

* Need BSDF for solar and visible spectrum

* Run gen

* change wave

35

B

- using solar reflectar

ength tag from "“visib

« combine with visible In one BSDF

ce properties
e to "NIR"



Micro Pert Mesh

» Geometry from
maEtiiaetlrer

» Un-punched sample to get
surface reflectance
properties

* (David discussed yesterday)




XX
i

v

YAvVavy

v
&

a,,

0
AN

J

v
L
0

"\

)

v

.a

A\

0

K

"

A
"

AAAAAKY
OO0
0000000
2000000
DOOOOO0
000000000
DOOOOOOOE
DUOOOOOOOKKE
&&J&cvaaaa.
000000000

OO0

y\"n',c '
..,...
. A

.

-xpanded metal mesh

» Laser Scan to get geometry
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Columnar Structure

/
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White 7 mm diameter TW-4

on properties

0.71469
0.4266

0.76274 vis =

—_— Ttot, sol

0.2919 vis =
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0.19529 vis = 0.2488

S Rtot' sol
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» Geometry from

* Sample o
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* oenBSDF to generate
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Combine BSDF with glazing

. E=REER X
@Ov] |, « LBNL » WINDOWS3 v | 4 || Search winDOWE3 ol
- ' Organize ¥ M_T‘lOpen \ ¢ Share with » New folder 3= « [ @
* Import into Window 6 2 :
4 Libraries T TETe
- \ . HighVLT.csv B
E] Documents N e | &
i Xm
i @' Music . H'ghR I
ighRxm
&= Pictures = 9

m

. | HighR.csv
° " B videos .
O | MatrixCalcLayerRb2.csv

__ MatrixCalcLayerRf2.csv
/M Computer

£ |ocal Disk (C:
| = (<) | 5 MatrixCalcLayerTf2.csv

| MatrixCalcLayerTb2.csv

. Autodesk
) .| Houston_2010.csv
. MinGW
! .| Houston_2010.xml
L ' |, PerfLogs :
) .| 2_Chicago_2004.xml
l .. Program Files

.| Houston_2004.csv

. 1_Chicago_2004 .xml v
. ProgramData _ < - | -

.. Program Files (

& Chicago_2004.csv Date modified: 8/16/2011 3:12 PM

* Resulting XML only contains visible, | L] o
use *.csv to get solar

"solar TFf"

22.765039, 0.006813, 0.006654, 0.006728, 0.00654
S 09909, 0.009698, 0.009977, 0.009774, 0.009615,

0.002301, 4.552282, 0.293580, 1.165825, 1.486438

9632, 0.020972, 0.022267, 0.022842, 0.022298, 0.

» keep visible and solar BS
separate (use visible wavelength tag 3700, 0 b10as, 0017701 0 Grdion, 0 0atist, 0

0.002259, 1.259736, 0.438785, 5.030717, 0.36706
6713, 0.016356, 0.016073, 0.016159, 0.016587, O.
0.002339, 1.583684, 1.187915, 0.399651, 5.029981
or O't 7257, 0.017018, 0.016380, 0.016266, 0.015920, O.
0.002326, 1.596653, 1.599724, 1.088510, 0.42896

6398, 0.016911, 0.017314, 0.017622, 0.017407, O.
0.002279, 1.571510, 1.611276, 1.357301, 1.17166
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Creating Lighting Schedule

SEelle 0 Zones

» Calculate daylight In each
zone using 3-phase method

* Minimum illuminance In each
zone Is used to determine
electric lighting power per
zone.




Creating Surface Heat Gain
Schedule

ERermeten, 2o core zones

» Calculate heat gain on
surfaces (celling, wall, floor
furniture) In each zone

* e o

-




Modified View Matrix

» genklemsamp used to generate
interior sample rays (with
coordinate mods)

» trace rays (rtrace) returning
intersection point.

* Intersection points are parsed to
determine zone and surface

(Visualization from a different but similar project)
Ray color indicates zone & surface:

* ray fractions accumulated, P
, . » Red = furniture, zone 2
multiplied by cos(theta)/solid angle . Green = floor; zone |

of the outgoing patch. " Blue = Toon B



Creating Surface Heat Gain
Schedule

» sendaylit -O | (gensky it gendaylit falls)
» calculate vertical irradiance at facade
* genskyvec | dctimestep (using solar data)

* multiply by window area.



Window Layer Absorption

» Absorbed fractions per
klems patch from Window 6

» Create view matrix for
absorption

» sendaylit | dctimestep | rcalc
Ike previous

— [Glazing System Library
D #: |54 Name: IDCIeaergSGSOU_PZBtw % .
# Layers: |3 jl Ti|[;| 90 * IG Height: 39 inches %
Environmen tal .y . E
frone &' [NFRC 100-2004 ~|  IGWidth] 39 inches //:
Commen t: e
' 1 2 3
Overall thickness: |0.775  inches  Mode: |#
J ID Name Mode| Thick FIJ: Tsol | Rsoll | Rsol2 | Twis | Rvis1 | Rwis2 | Ti
5 Glass1 »» 102 CLEAR_3.DAT # 0120 [J|0834 0075 0075 0839 0083 0033 00
Gap1 »» 1 Air o.000 [
= Shade 2 »» 51 Panelite 1/4" True Whit 0500 [ 0.0
Gap2 » 1 Air 0.000 [
Glass 3 »» 5244 SH00CL_4.PPG # 0154 [J|0692 0125 0106: 0.830: 0113 0108 0.0




Accelerating dctimestep

Rl Niai<es several hours:

for hour in 8/60

oendaylit | genskyvec | dctimestep
done

* When running parametric analysis we need It to be faster.



Accelerating dctimestep

* Problem |: We are recalculating the same sky vectors for
multiple runs in a climate

» Solution: store and zip sky vectors. Allows quick retrieval for
subseguent runs using same climate

* Reduces time from >2 hours to /7 minutes.



Accelerating dctimestep

* Problem 2:We load matrices into memory and perform the
same multiplication several times (V*1*D - only s changes).

* Wangda Zuo created an version of dctimestep optimized for
annual runs (ibpsa 201 | conference).

Usage:
dctimestepcpu VT D S

(sky matrix instead of vector)



Accelerating dctimestep

* One call for the entire year (matricies loaded once,
multiplied once).

* RGB channels parallelized

* Runtime 30 seconds

* Energy Plus 1s now the slow part of the simulation!
(IT you 1gnore days of matrix pre-calculation :-)



Using Schedules in Energy Plus

» Lighting schedule capabillity exists.

* Energy Plus code modified to allow scheduling of surface heat
galns and window layer absorption schedules

» modification and validation (In progress) by I hierry
Nouidul and Brian Coffey




runenergyplus |

25000

20000

15000

10000

Energy Use [GJ]

5000

* No real results yet, still
running simulations.

25000
20000
15000

10000

Energy Use [GJ]

5000

Large Office Building Energy Use

Chicago
23754 I I I T T I I T 1 I I | I I I I I I I I I I | I Fans
41740 I Inter:or Equipment
— e Interior Lighting
19296 19499 18966 — | o Coolng
. Heat
17095 17228 17148 16895 eating
16170 =4 15583 15896 15797 == == 1s0as B371 15373 )
—— Bl B 14403 14635
c HR HV c HR HV o) HR HV c HR HV C HR HV Cc HR HV c HR HV c HR HV
WWR 60% WWR 45% WWR 30% WWR 15% WWR 60% WWR 45% WWR 30% WWR 15%
ASHRAE 2004 ASHRAE 2010
Houston
| I I I ] | I I | | I I | I I | I | | I I | | = Fans
I Interior Equipment
B Interior Lighting
— | o Cooling
B Heating
14279 13918 —
12702 ’13 ] 10723 12920 == 12798 12749 ”‘7 3 12536 -
— S s— . S— ] 11554 ~ 113
(—| 11189 200 gmmgy 10922 11012 1347 y5c0s oo

I I ]

c HER HV C HR HV C

HE HV c HR

HV C HR HV c HR HV c HR HV (o] HR

WWR 60% WWR 45% WWR 30% WWR 15% WWR 60% WWR 45% WWR 30%

ASHRAE 2004 ASHRAE 2010

—1

HV

WWR 15%
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