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Goals

|. Enable accurate annual assessments of
innovative daylighting technologies

2. Enable users of all abilities to simulate
complex fenestration with Radiance




Qutline

Part |: Overview of Radiance related
activities at LBNL

Part 2: Applying new Radiance tools to
perform an annual assessments of complex

fenestration systems




Radiance Related Activities
At LBNL

Optical Measurements

Windowé BSDF integration

COMFEN - Radiance Integration

Building Controls Virtual Test Bed (BCVTB)

Increased Support of Radiance Community




Measurements of Optically
Complex Fenestration Layers

® Measured ~200
devices!

® Working on a way to
make data available
(some kind of robust
database).




Windowé

® |ncludes non-specular window components
® Writes a BSDF file for glazing + shading

® Working to include MGF data for mkillum
renderings.




Window 6
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Shading Layer Library

1D #: |1

Name: lVenetian Al

List

New

C
— Product Name: I

Delete Manufacturer: |ISU 15033 appendix

Save Type: IVenetian blind, horizontal

=
M aterial: [30101 Slat Metal & |

Effective hole area fraction: I 0.050

Venetian Blind I
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COMFEN

Commercial Fenestration Design Tool for conceptual/
preliminary design

For architects, engineers, building industry professionals

Provides comparative results between fagade design
options and their impact on the perimeter zone

Multiple glazing and shading options on each fagade.
EnergyPlus simulation engine

Not whole building analysis.
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COMFEN Project Scenarios Libraries
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Project: Curtain Wall Example Location : USA MN Minneapolis-St.Paul

T — Overview Climate Comparison

BASE CASE: 2. Double Cl... 5. Dbl Clr Low-E Interior ... 2. Dbl CIr Low-E Between... 4. Dbl CIr Low-E Exterior ...
ID| Name # | Glazing Sys.

nnn o & o &

Double Clear Low-E 0.98 4 Double LowE Argon
Dbl Cir Low-E Between VB 45 0.98 4 Double Low-E Argon
Dbl CIr LowE Exterior VB 45 0.98 4 Double LowE Argon
Dbl Cir Low-E Interior VB 45 0.98 4 Double Low-E Argon

Overview Energy Facade Window Comfort

Annual Scenario Energy Use ( per Total Floor Area ) Monthly Avg. Window Heat Gain ( per Total Floor Area )
220
200

7
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Annual Average Thermal Comfort

Daylighting L_J
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| 2. Double Clea

i i 80 | ~ 5. Dbl ClIr Low-
3 ) 3. Dbl CIr Low-
4, Dbl Clr Low-

People Satisfied ( % )
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[P ] [P S [ PO M [ [ Time of Day (hour )
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COMFEN Project Scenarios Libraries Help
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Project: Curtain Wall Example ot Scenario: 2 Double Clear Low-E Location : USA MN Minneapolis-St.Paul

Name

2x2 double Low Solar LowE w/Int VB 45

MyNeviWindow

|

Wall Shades hide info

ID: Geometry Environment

Name: Width: 20 Lighting Control:

Double Clear Low-E Depth: 20 Glare Control:

Description: Height: HVAC:

10

Curtain wall vith double glazed lov~E
glazing, aluminum framing

Lighting Load:
Area:

Orient.: Equipment Load:

# people:




Define a glazing system for a window (glass + gas components).

r
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COMFEN Project Scenarios Libraries Help
B O s e ¥

Curtain Wall Example = i1 editing Double Low Solar Low-E Clear (Air)

2D View Inside Section View

Inside

NAME: Double Low Solar LowE Clear (Air)

GLAZING SYSTEM LAYERS @ GAS AND GLASS LIBERARY

Dra lass and gas layers from right
( o - & ght) NFRC I| Name Tvis Tsol Manufacturer Source R: Thickness (in)

Type 1D Name Thickness (in) Emiss F | Emiss B 100 BRONZE_3.DAT 0.68  0.646 Generic IGDB v11.4
Glass SB60 Cle: 0.22 0.84 0.03 101 BRONZE 6.DAT 0.53 0.486 Generic IGDB v11.4

Gas Alr 0.33 102 CLEAR_3.DAT  0.90 0.834 Generic IGDB v11.4

Glass CLEARG.L 0.22
103 CLEAR_6.DAT 0.88 0.771 Generic IGDB v11.4
104 GRAY_3.DAT 0.62 0.609 Generic IGDB v11.4
200 SilAg25LE_3ww.b 0.22 0.156 Bekaert Specialt IGDB v16.2
201 AutBr30_3vw.bsf 0.34 0.244 Bekaert Specialt IGDB v17.C

. 202 H70_3.bsf 0.72 0.368 Bekaert Specialt IGDB v16.Z
Calculated Properties:

(ol = Bl=ll (=) M=l = Hell = He]

203 H70-8_3.bsf 0.72 0.381 Bekaert Specialt IGDB v16.Z
Tvis: SHGC: U-factor: Thickness:

NFRC 0.701 0.382 0.291 Btu/h-ft2-F 0.946 in

2

2n7 SRr2N Rvawhaf n.2> Nn.12n Rekaart Snerialt TGNR viA.!

[ calculate using WINDOWS6

Select




Include shades, blinds, drapes, external shading devices, etc.

r
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COMFEN Project Scenarios Libraries Help
B O s e ¥
Curtain Wall Example o ' editing Venetian Blind Exterior 450 slat

Shading System Schem...

&

( visualization for shading system not yet available )

NAME AND PROPERTIES DETAILS

Name: Venetian Blind Exterior 450 slat Orientation: l Horizontal ')

Type: t venetian blind l v J Slat Geometry Slat Tilt

Location: | Exterior v | Width: . Tilt:

Spacing: . i Min Tilt:
Control: Thickness: . i Max Tilt:

Type: | Always on

Slat Conductivity
Set point: 32

Conductivity:
Set point 2: 32

Slat angle: | Fixed Slat angle v | Slat Optical Properties

Solar Visible

Beam Diffuse Beam Diffuse

Transmittance 0 0 0 0

Reflectance, front .7 0.7 0.7 0.7

Reflectance, back 0.7




Assign glazing systems to windows in model.

<4 COMFEN

=10l x|

o« ¢ § 5% R .

Curtain Wall Study

Project

O

Name

Single Clear

Double Clear Air
Double Low-e Air
Double Clear with Argon
Triple Clear

3rmm Low-e air

3mm Clear

Sample GlzSys

Dbl LowE Argon

MyNewGlazingSystem

Single Clear

¢ S @

Location UsA MO Kansas, City

SHGC

0.86
0.70
0.69 0.46
0.81 0.76
0.70 0.61
0.72 m 1.78
0.74 0.t

0.74

0.00

0.00

Windows Wall Shades

Geometry
Double Low-E Ext VB4S Width: 20
Description: Depth: 20

Height: 10

Area: 400 ft2

Orient.! | south v

*

Elwation View

hide info

Environment

Lighting Control: | None !

Glare Control: |
HWVAC: PSZ

Lighting Load: 1.25
Equipment Load: .75

# People:




COMFEN Annual Energy Results

(v COMFEN3_1

COMFEN Project Scenarios Libraries Help
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Project: Curtain Wall Example Location : USA MN Minneapolis-St.Paul
Climate Comparison

Scenario (per Total Floor Area)
L ET - # | Gl

Energy Use Intensity M Heating @ Cooling @ Fans [0 Lighting Peak Energy Use g Gas m Elec. CO2 Emissions i Gas w Elec,
L
320 100 140

Double Clear Low-E W 0.2 4 {
20 90 |

80{

-
N
o

Dbl CIr Low-E Between VB W 0.9 4

n
-
o
o

70{

60}

i i 50 |
H 40 |

30{

20 |

ﬂ 10}

o

Window Annual Total Solar Gain (per Total Floor Area) Window Peak Solar Gain ( per Total Floor Area )

2
3
4 Dbl Clr Low-E Exterior VB« W 0.9 4
S

Dbl CIr Low-E Interior VB« W 0.9 4

w0
o

-~
¢
2
e
X
I
a
o
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S
o

N
o
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o
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o

o
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Monthly Zone Results

Energy-use + Peak Facade-energy (load)

Location :  USA MN Minneapolis-St.Paul Location :  USA MN Minneapolis-St.Paul

Overview Climate Overview Climate

Double Clear L... 5. Dbl CIr LowE Interior VB 45 3. Dbl CIr Low-E Between VB 45 4, Dbl Clr Low~E Exterior VB 45 BASE CASE: 2. Double Clear L... 5. Dbl CIr Low-E Interior VB 45 3. Dbl CIr Low-E Between VB 45 4. Dbl Clr Low~E Exterior VB 45

e e d d & d

Overview Energy Facade Window Overview Energy Facade Window

Zone Monthly Zone ] Monthly Facade ] Zone Monthly Zone | Monthly Facade \

=z € AR £ 7 A0R CoT peak ] AR " ‘o
Days | 14 | Days

Monthly Energy Use (per Total Floor Area) Monthly Solar Gain for All Windows (per Total Floor Area) W

~

Lighting 2, Double Clea

o

Fans 5, Dbl Clr Low-

w

Cooling 3. Dbl Clr Low-

'S

Heating 4, Dbl Clr Low-

Energy ( kBtu / A2 )

w

FEB MAR APR

Gain (kBtu/ft2)
~

Monthly Peak Energy (per Total Floor Area)

-

o

Electricity

JAN FEB MAR APR MAY
Gas

Monthly Peak Gain Energy for All Windows (per Total Floor Area) W

Peak ( wW/ft2 )

2, Double Clea

-
o

JAN FEB MAR APR 5, Dbl Clr Low-

3, Dbl Clr Low-

-
N

w

Monthly Energy-related CO2 ( per Total Floor Area)
4, Dbl Clr Low-

B Electricity

B Gas

Gain (kBtu/ft2)
IS

coz2 (Ib/f2)

o




Solar Gain
Facade Gain Window Gain

Location : USA MN Minneapolis-St.Paul
Location :  USA MN Minneapolis-St.Paul

Overview Climate X N
Overview Climate

Double Clear L... 5. Dbl Clr Low~E Interior VB 45 3. Dbl CIr Low~E Between VB 45 4. Dbl Clr Low-E Exterior VB 45

BASE CASE: 2. Double Clear L... 5. Dbl Clr Low-E Interior VB 45 3. Dbl Clr Low-E Between VB 45 4. Dbl CIr Low~E Exterior VB 45

«¢ ¢ & & &

Overview Energy Window Overview

Solar Gain i Solar Gain

0 1 15 > 2.5 3 3.5 Solar Gain for Individual Windows w/ft2

Facade Solar Gain for All Windows (per Total Floor Area) BTU/ft2 0 20000 30000 40000 50000 60000 70000 80000 90000 100000

2. Double Clear Low-E 5. Dbl Clr Low-E Interior VB 45 3. Dbl CIr Low-E Between VB 45 4. Dbl Clr Low-E Exterior VB 45 2. Double Clear Low-E  Window Solz 5. Dbl Clr Low-E Interior VB 45 Wir 4 3. Dbl Cr Low-E Between VB 45 W_‘ 4. Dbl Clr Low-E Exterior VB 45 Wi

24 2 24 24 6:Windowl v 18:Windowl v 10:Windowl v

2 2 2 2% 2

it 22 I

Time of Day { hour )
Time of Day { hour )
Time of Day ( hour )
Time of Day { hour )
Time of Day ( hour )
Time of Day ( hour )
Time of Day { hour )
Time of Day ( hour )

1555735834 TEEEEELEEE 183855385841 183835983854
Month of Year Month of Year Month of Year Month of Year

Scenaso ientation : Scenario i Frame U-Value (... Glz.Sys. SHGC Glz.Sys. U-Value ... Glz.Sys. T-Vis

2. Double Clear Low-E w 0.98 » @ 2. Double Clear Lov~

5. Dbl CIr Low~E Interior VB 45 w 0.98 » @5. Dbl CIr Low~E Inter

3. Dbl CIr Lov~E Between VB 45 w 0.98 » @ 3. Dbl CIr Low~E Betw

. Dbl CIr Low~E Exterior VB 45 0.98 > (4. Dbl Clr Low~E Exte




Radiance Integration with
COMFEN

® (Clean & Easy Radiance integration for modeling
complex fenestration using BSDF.

® Stage One - static renderings using mkillum [+
option with BSDF file (October 2010)

Stage Two - more realistic renderings using mkillum

l- option and using detailed geometry incorporated
in BSDF file.

® Stage Three - Annual Daylight Calculations with
Radiance!?
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Building Controls Virtual
Test Bed (BCVTB)

® allows users to easily connect simulation
programs & share data between programes.

® provides an opportunity to simulate
interaction between building systems

® gives the ability to test control semantics




ESP-r
bU|Id|ng energy

Fluent

airflow

TRNSYS
building energy

000 file:/Users/mwetter/proj/bcvtb/task1-. .

File Vew Edt Craph Debug Help

\ .‘lblhl#lﬁbltblwlo

This model illustrates how to link EnergyPlus
with Simulink.
ostartTime’ 0
4*24*3600  Ate h E gvPl ne time e ensor
Iu nt from E gyPI S mulink,
als are o uli

Window 6

fenestration

EA Cnet

building
automation

Radiance www+xml  Ptolemy |l
lighting real-time data wireless
networks

BCVTB Links

Implemented
= = = = = funded
= = = = = |n proposal
=s=sssnsn= | dISCUSSION

EnergyPlus
building energy

Model/ca
HVAC & controls

000 X[ controller/controller/yWindow
» File Edit View Simulaion Format Tools Help

‘8'

MATLAB

controls & data
analysis

Simulink
controls




BCVIB is

Based on Ptolemy framework

Actor-oriented framework for concurrent
simulation

UC Berkeley EECS department
Java

Has a graphical user interface - Vergil

Open Source




File View Edit

Graph Debug Help

BCVITB GUI

file:/Applications/bcvtb/examples/ePlus40-actuator/system.xml

ol R el Al 1@ = - e

(] utilities

(] Directors
[ Actors

(] MyActors
(] UserLibrary

SDF Director

o

@ timeStep: 10*60

e T —

This model illustrates the implementation of an EnergyPlus

CurrentTime

o finalTime: 4*24*3

1SolEx

600

PlotterControl

model that communicates with Ptolemy Il through BSD sockets.

MS actuator of a shading device.

PlotterTemperature

Director

piLe]

shadingController

Simulator

= ‘

$

— Actors

= |_inks

-

Output simulation time and wall clock time.
This is for illustration purposes only and not needed by the above model.

Expression

SimulationTime

PlotterSolarirradiation

Plotter

input/86400

WallClockTime

[

Author: Michael Wetter

>

RunTime

FractionShadingOn

(data flow)

~

' A
Freeeer ‘w




Support Radiance User
Community

® We're working to secure funding for a new
website.

® We want to host Radiance Workshop in
201 |




Website Wish List

® Organized process for

pre-release testing.
(volunteers for platform
testing needed!)

Anonymous CVS access
(via mirror or git)

Organized library of
tutorials, references and
documentation.

® Material repository with

some sort of trusted
user rating system.

Improved browsing and
searching of the mailing
list (forum with
subscription)?

® Anything else!?




Annual Assessment of
Optically Complex
Fenestration

Applying new Radiance BSDF tools




Open Plan Office Space

 The space is extra deep for
testing daylight redirection
systems

* The fenestration consists of
upper daylight windows and
lower view windows

i E —




Fenestration Systems

Daylight Glazing
67% VLT

View Glazing
30% VLT

1l 7
/
7
/
/
/
/
/
/
/
7

il /

1l 7
/
/
/
/
/
/
/
/
/
/
/
/
/
/
;
/

Reference |
Venetian Blinds

Reference 2
Clear Glazing

L

ANETRRRRRRNTINTNNWNNN

Test Case
Optical Light Shelf




View Matrices

® |lluminance sensor points for daylight
sufficiency

® | uminance renderings for visual comfort




llluminance View Matrix




lluminance View Matrix

rtcontrib settings
-ab 5
-ad 10000
0
0
| .O0E-12
0.06

Computation Time:

.25 CPU*Hours
(1) 2.66 GHz Processor




Rendered
View Matrix

nan“




Rendered View Matrix

rtcontrib settings Computation Time:

-ab S5 4013 CPU*Hours
-ad 10000 (64) 2.66 GHz Processor

0 62 Hours (wall time)
0

| .OOE-12
0.06




Daylight Matrix

No External Obstructions

Reinhart MF:4 sky Computation Time:
(2305 divisions) | 25 CPU*Hours




S Matrix

® Sky vectors were pre-computed and zipped
to reduce repetitive generation of the same

sky vectors.
gendaylit [options] | genskyvec -m 4 | gzip > m_d_t.svec.gz

® gensky was used when gendaylit failed
(assumed a static sun and sky efficacy).

e Computation time: 1.0 CPU hours




T-Matrix (BTDF)

® Generated a BTDF using radiance
genklemsamp and rtcontrib.




Prelude Calculation Times

® V Matrix: 1.25 hours for llluminance
62 hours for a Rendering
® D Matrix: | hour
® T matrix: | hour with genBSDF
0.05 hours with Windowé
® S matrix: | hour

Now we can start our annual simulations!




Annual Runs

® dctimestep for illuminance zones

® |lluminances processed for UDI, CDA and lighting
energy use.

® computation takes 2.5 hours

® dctimestep for rendered views

® |mages analyzed for DGI

® computation takes |12.5 hours (smaller images
would speed this up)




BCVTB Model for Annual
Daylight Simulation

eSO file:/Users /testbed/01_opof-prelim/BCVTB/model3.xml
File View Edit Graph Debug Help

H o @K e AL I = g ihc e

|| Utilities

|| Directors

- StringFunctionS  ExpressidnitiTogEoboubles
Q Actors SDF Director
| MyActors

lluminance

|| UserLibrary : Expression Average Workplane llluminance

@ Location; Phoenix = input.split(",")

StringFunction7  ExpressiduitiliogEoDouble?

Locate

Location

Daylight BSDF
| "PALS_DclearVRE167" )b

o _n'n.w
View BSDF <
’U "
| "VBA45_DclearVRE130"

StringFunction2  Expressi ok¥n@oub

H:,\ Expressiond StringFunction  ExpressidwiifiogEoDoubl
OULoet

trim b—*>®<+—¢

StringFunction3  ExpressiduitifiogEoPouble 3

P—* trim




StringFunctionS ExpressidnitiliogEoPoubles

SDF Direct
— ‘ e I (2 -
' Average Workplane llluminance

Expression5 StringFunction6  ExpressioATiglhateh6Double6

@ Location: Phoenix input.split".") u m T .

Zone3 StringFunction?  ExpressidnitiliogEoDouble7

T DD +—

Daylight BSDF
| "PALS_DclearVRE167"

View BSDF

[ "VBA45_DclearVRE130" fp—r’

Show Name Hide
DEFAULT B
DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT

programName: ./01_illuminance.csh (_Browse )
programArguments: "$Locate Stime $bhsdfl Shsdf2"
workingDirectory: ) ( Browse )

simulationLogFile: simulation2.log ( Browse )
showConsoleWindow: -~

St

Cancel ) ( Help ) ( Preferences ) (Restore Defaults) ( Remove ) ( ) ( Commit )




Zonel StringFunctionS  ExpressiduitiiogEoDoubles

SDF Director u “ }( }< .

ExpressionS Zone2 StringFunction6  ExpressioATiglherghsDouble6

@ Location: Phoenix L —gp input.splitd”,) a “

Zone3 StringFunction?  ExpressidnitiliogEoDouble7

o e MR o 2te P

Huminance

Locate

Daylight BSDF
| "PALS_DclearVRE167" )

—e

View BSDF

[ "VBA45_DclearVRE130" fp—r

File Edit Special Help

x10° Average Workplane llluminance in Lighting Control Zone vs. Time EEIEIE'

' Zone 1
6.0/ | Zone2 .

55| “ Zone 3
50

_ 45t
»
340
835
&
= 30 T
Eost
20t
15}
10}

05
00|

-0.2




StringFunctionS ExpressidnitiliogEoPoubles

SDF Director }( >< . 4

lluminance P lonS
Xpressio StringFunctioné  ExpressioAfiglhesgh6Doublet Average Workplane llluminance
@ Location: Phoenix - input.split(’,”)

StringFunction?  ExpressiduijtiTogEoDouble?

om XX

Locate

Daylight BSDF
| "PALS_DclearVRE167"

View BSDF
| "vBA45_DclearVRE130"

Phoenix_llouver_DclearVRE167_VBA45_DclearVRE130_summary.txt

a.
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a.
a.
a.
a.
a.
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Why Use BCVTB?

BCVTB is not necessary for annual simulations
with Radiance.

We used BCVTB because of our future needs:

® Ability to easily incorporate control algorithms when
we simulate dynamic systems

Ability to add Energy Plus to the model to simulate
HVAC enersg.

Ability to connect manufacturer’s control hardware to
test systems without the need to reveal proprietary
algorithms




Useful Daylight
llluminance

Useful Daylight Illuminance
Washington

Zone | om
Zone 2
Zone 3 mmm

.
-
~

Ref | Ref 2 Test 1

~




Continuous Daylight
Autonomy

Continuous Daylight Autonomy
Washington

[Iluminance Criteria; 300 lux [Iluminance Criteria: 500 lux

Zone 1  — Zone 1 —
Zone 2 mmm Zone 2 mmm
Zone 3 mmm -

~




Percent Lighting Energy Savings
Washington

Bi-Level Switching, 300 lux Set Point

Zoncltl —
Zone 2 mmm

Ref | Ref 2

Test 1

Bi-Level Switching, 500 lux Set Point

Zonell —
Zone 2 mmmm
Zone 3 mmmm

Dimming, 300 lux Set Point

Ref |

Ref 2

Zonclrl —3
Zone 2 mmmm

Dimming, 500 lux Set Point

ZoneI |




Zonel
Reference Case 1: Venetian Blinds

e 1) Ll
II'III |||| lj i 1

Jun Jul

Zone?
Reference Case 1: Venetian Blinds

\pr May Jun hul

Zone3
Reference Case 1: Venetian Blinds

Jun hul

Day of Year

Annual Lighting Power Usage Plots
Washington, 300 Lux Setpoint, Dimming Control System

Zonel
Reference Case 2: Clear Glass

LT R

Jun hul

Zone?
Reference Case 2: Clear Glass

A\pr May Jun hul

Zone3
Reference Case 2: Clear Glass

May Jun hul
Day of Year

Zonel
lest Case 1: Passive Optical Light Shelf

| l \ !

Jun Jul

Zone2
lest Case 1: Passive Optical Light Shelf

u—

May Jun bul

Zones

Test Case 1: Passive Optical Light Shelf

Jun hul

Day of Year

Fraction of Installed Lighting Power




Daylight Glare Index

Visual Discomfort
Washington
Percent of Hours DGI=22
' ' View | oo

View 2
View 3 mmmm ]

Ref 1 Ref 2 Test 1

~




Annual Daylight Glare Index Plots
Washington

View| View| View|
Reference Case 1: Venetian Blinds Reference Case 2: Clear Glass Test Case 1: Passive Optical Light Shelf

B i
|,||||| il ' M Ill

Jan Feb Mar  Apr May Jun Jul Aug  Sep ) - E : Mar  Apr May Jun Jul Asg  Sep Ot Now 5 Jan Feb Mar  Apr May Jun Jul Aug  Sep Ot

View2 View2 View2
Reference Case 1: Venetian Blinds Reference Case 2: Clear Glass Test Case 1: Passive Optical Light Shelf

i

Jan Feb Mar Apr May Jun hl Aug  Sep X ¢ a i Apr - May  Jun Jul Aug  Sep Ot Nowv I Jan Feb Mar  Apr May Jun Jul Aug  Sep Ot

View3 View3 View3
Reference Case 1: Venetian Blinds Reference Case 2: Clear Glass Test Case 1: Passive Optical Light Shelf

Daylight Glare Index [DGI]

Jan Feb Mar  Apr May Jun ki Aug  Sep Ot Nov  Dec a : Apr - May  Jun Jul / S S I5 Jan Feb Mar  Apr May Jun Jul Asg  Sep
Day of Year Day of Year Day of Year




Who Would Do This?

® Manufacturers
e Test products in a prototype stage

e Test products in various climates

 Test control algorithms for motorized products.

® |ighting Consultants

e Simulate performance of various systems for a
specific project

 Evaluate design of custom shading systems




WWhat do users need to
do this?

® |lluminance only - relatively fast:

a desktop computer

half a day (for computation - not including model prep.)

Renderings - slower:

Could be sped up by using lower resolution images and
reduced rendering parameters. Could still be done with a
desktop computer but would need to run overnight. A
small cluster doesn’t hurt though.
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California Public Interest
Energy Research (PIER)  U.S. Department of Energy

Windows and Daylighting Group
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Email: amcneil@Ilbl.gov

More Info:

Window 6
http://windows.Ibl.gov/software/window/6

High performance commercial building
facades
http://lowenergyfacades.lbl.gov
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