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Agenda	
  

•  OpenStudio	
  and	
  DOE’s	
  BEM	
  Ecosystem	
  	
  	
  

•  OpenStudio	
  Measures	
  

•  Dayligh>ng	
  and	
  BEM	
  rant	
  

•  OpenStudio/Radiance	
  Features	
  Update	
  
•  NREL/GitHub	
  mirror	
  of	
  Radiance	
  Source	
  Repository	
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Inspira>onal	
  Quota>ons	
  

“To	
  nature,	
  who	
  gives	
  us	
  marvelous	
  complexity,	
  
all	
  the	
  while	
  making	
  it	
  look	
  easy.”	
  	
  	
  
-­‐	
  Greg	
  Ward,	
  “Rendering	
  with	
  Radiance”	
  

(obviously,	
  not	
  a	
  ligh>ng	
  designer)	
  
	
  

“Without	
  lamps,	
  there’d	
  be	
  no	
  light.”	
  
-­‐	
  John	
  Bender,	
  “The	
  Breakfast	
  Club”	
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OpenStudio’s	
  Energy	
  Modeling	
  Ecosystem	
  

OpenStudio	
  is	
  an	
  open	
  
source	
  plaJorm	
  that	
  
bridges	
  the	
  gap	
  between	
  
capable	
  but	
  complex	
  
engines	
  and	
  the	
  easy-­‐to-­‐
use	
  applica>ons	
  that	
  
drive	
  energy	
  savings.	
  

The	
  Technology	
  
Performance	
  Exchange	
  
(TPEx)	
  and	
  Building	
  
Component	
  Library	
  (BCL)	
  
provide	
  the	
  raw	
  data	
  that	
  
powers	
  the	
  ecosystem.	
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Who	
  Uses	
  OpenStudio?	
  

The	
  market	
  for	
  OpenStudio	
  is	
  diverse	
  and	
  includes:	
  
• Developers	
  wishing	
  to	
  quickly	
  and	
  cost-­‐effec>vely	
  bring	
  new	
  soUware	
  to	
  market;	
  
• A&E	
  prac>>oners	
  who	
  use	
  applica>ons	
  for	
  new	
  construc>on	
  and	
  retrofit	
  projects;	
  
• U>li>es	
  trying	
  to	
  reduce	
  costs	
  of	
  incen>ng	
  EE,	
  improve	
  realiza>on	
  rates,	
  and	
  assess	
  
technology	
  poten>als;	
  

•  Researchers	
  designing	
  and	
  assessing	
  new	
  technologies;	
  and	
  
•  Students	
  who	
  are	
  the	
  next	
  genera>on	
  of	
  building	
  designers.	
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OpenStudio	
  Partners	
  (Par>al	
  List)	
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Founda>ons:	
  The	
  Building	
  Component	
  Library	
  (BCL)	
  

•  An	
  Internet-­‐connected	
  source	
  of	
  building	
  energy	
  modeling	
  data:	
  
•  Enables	
  drag-­‐and-­‐drop	
  modeling	
  for	
  quick	
  technology	
  evalua>ons	
  
•  Provides	
  consistent,	
  detailed	
  inputs	
  to	
  drive	
  decision-­‐making	
  
•  Searchable	
  readily	
  available	
  within	
  applica>ons	
  
•  The	
  BCL	
  is	
  key	
  to	
  OpenStudio’s	
  extensibility	
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The	
  BCL:	
  A	
  Source	
  for	
  Reusable	
  Input	
  Data…	
  

Components:	
  
• Assembled	
  to	
  form	
  complete	
  energy	
  
models	
  

• Include	
  construc>ons,	
  lights,	
  schedules,	
  
weather	
  data,	
  PV	
  components,	
  and	
  more 
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…and	
  a	
  “Measures”	
  Repository	
  

Measures:	
  
• Contain	
  logic	
  needed	
  to	
  
transform	
  an	
  energy	
  model	
  
easily	
  and	
  consistently	
  

• Can	
  be	
  applied	
  singly	
  or	
  as	
  	
  
part	
  of	
  a	
  parametric	
  analysis	
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Knowledge	
  is	
  passed	
  one-­‐to-­‐one:	
  	
  
Inconsistent,	
  not	
  scalable,	
  not	
  transparent	
  

Watch	
  
closely.	
  

Modeling	
  Today	
  

Simula>on	
  
Program	
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A	
  be\er	
  way	
  to	
  share	
  
modeling	
  techniques.	
  

Help!	
  

What	
  We’ve	
  Needed	
  

Simula>on	
  Program	
  

?	
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OpenStudio	
  Measure:	
  
	
  

Do	
  something	
  to	
  model	
  

OpenStudio	
  Measures	
  are	
  (generally)	
  short	
  scripts	
  
that	
  transform	
  building	
  models	
  quickly	
  and	
  easily	
  

Model	
  
(Before)	
  

It	
  Exists!	
  –	
  OpenStudio	
  Measures	
  

Model	
  
(AUer)	
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Dayligh>ng	
  
Measure	
  

Sample	
  Measures	
  

Night	
  Setback	
  
Measure	
  

Add	
  Heat	
  
Recovery	
  
Measure	
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Measures	
  Workflow	
  Example	
  

Baseline	
  
Model	
  

Online	
  Database	
  of	
  Measures	
  

OpenStudio	
  Parametric	
  
Analysis	
  Tool	
  (PAT)	
  

Life cycle analysis identifies 
cost-effective measures that 

are automatically documented 
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Detailed	
  HVAC	
  
and	
  Zoning	
  

Simulated	
  End	
  
Uses	
  

OpenStudio	
  Enables	
  Automated	
  Model	
  Genera>on…	
  

Geometry	
  and	
  Space	
  
Type	
  Defini>ons	
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Cloud,	
  Cluster,	
  or	
  Localhost	
  

Scripted	
  
Analysis	
  

Server	
  

Workers	
  

.	
  

.	
  

.	
  

User	
  
Interfaces	
  

…and	
  Cloud-­‐Based	
  Analysis	
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Yes,	
  but…	
  	
  

•  What’s	
  that	
  third	
  one	
  there?	
  

•  Well,	
  that’s	
  Radiance.	
  	
  

•  Where’s	
  that	
  fit	
  in?	
  

•  Oh,	
  yeah…	
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Radiance	
  Measure	
  

Daylight	
  simula>on	
  with	
  Radiance	
  is	
  now	
  available	
  as	
  an	
  

OpenStudio	
  measure!	
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Radiance	
  Measure	
  

	
  
By	
  moving	
  the	
  Radiance	
  simula>on	
  workflows	
  to	
  the	
  OS	
  Measure	
  
Framework,	
  users	
  can	
  use	
  Radiance	
  for/with:	
  

•  GUI-­‐based	
  parameter	
  space	
  crea>on	
  (PAT)	
  

•  Large-­‐scale	
  analysis	
  (OpenStudio-­‐Server)	
  
•  Simula>ons	
  on	
  local	
  systems	
  or	
  on	
  the	
  cloud	
  (AWS,	
  other)	
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So	
  what?	
  

Evalua>ng	
  daylight	
  in	
  a	
  space	
  
constrained	
  by	
  an	
  energy	
  model’s	
  
no2on	
  of	
  architecture,	
  is	
  a	
  fool’s	
  
errand!	
  
	
  
Climate	
  based	
  daylight	
  modeling	
  and	
  
spa>al	
  daylight	
  distribu>on	
  form	
  the	
  
founda>on	
  of	
  all	
  modern	
  “dynamic	
  
daylight	
  metrics”,	
  which	
  are	
  here	
  to	
  
stay.	
  
	
  
And	
  real	
  buildings	
  have	
  people	
  in	
  them!	
  
	
  
Modern	
  metrics	
  require	
  be9er	
  tools,	
  
both	
  for	
  applica2on	
  and	
  refinement	
  

	
  

“Oh,	
  dear,	
  such	
  a	
  glare!”	
  
-­‐	
  Violet,	
  Dowager	
  Countess	
  of	
  Grantham,	
  
offering	
  her	
  opinion	
  of	
  small-­‐size,	
  intense	
  

light	
  sources	
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Why	
  Radiance?	
  

Real	
  buildings	
  are	
  par>>oned	
  by	
  
space	
  use,	
  not	
  by	
  HVAC	
  zone!	
  
	
  
EnergyPlus’	
  sense	
  of	
  interior	
  
architectural	
  space	
  has	
  no	
  
rela>onship	
  to	
  the	
  actual	
  interior	
  
architecture!	
  
	
  
Radiance	
  and	
  the	
  OpenStudio	
  model	
  
are	
  not	
  constrained	
  by	
  thermal	
  zone	
  
boundaries	
  	
  
	
  

EnergyPlus	
  Daylight	
  Model	
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Radiance	
  allows	
  Architecturally	
  Honest	
  
Daylight	
  Simula>on	
  in	
  BEM	
  

Top vs. Typical Floor Illuminance Distribution 

Top Floor Vs. Typical Floor
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Architecturally	
  Honest	
  Simula>on	
  

Images from R. Guglielmetti 

First Floor 

Second Floor 



24	
  

Why	
  (not)	
  Radiance?	
  

The	
  OpenStudio	
  approach	
  to	
  Radiance	
  is	
  to	
  provide	
  bener	
  quality,	
  
climate-­‐based,	
  spa>o-­‐temporal	
  dayligh>ng	
  data	
  to	
  inform:	
  

•  General	
  daylight	
  metrics	
  (UDI!	
  UDI!	
  UDI!)	
  
•  Ligh>ng	
  energy	
  savings	
  poten>al	
  and	
  schedules	
  for	
  a	
  

building	
  energy	
  model	
  (BEM)	
  	
  
	
  
LM-­‐83	
  is	
  a	
  good	
  start,	
  but	
  is	
  already	
  under	
  scru>ny	
  and	
  revision	
  
proposal.	
  Also	
  requires	
  lengthy	
  calcula>ons	
  and	
  detailed	
  CFS	
  data.	
  
	
  
NREL	
  has	
  leveraged	
  the	
  OS	
  Model	
  and	
  SDK	
  for	
  integrated	
  daylight	
  
and	
  building	
  energy	
  modeling,	
  but	
  more	
  detailed	
  daylight	
  
modeling,	
  metrics	
  repor>ng,	
  and	
  >ghter	
  linkage	
  with	
  EnergyPlus	
  
model	
  objects	
  is	
  needed	
  (and	
  currently	
  not	
  funded)	
  	
  	
  =(	
  
</rant>	
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OpenStudio/Radiance	
  3-­‐Phase	
  Workflow	
  
OpenStudio	
  -­‐>	
  Radiance	
  “Forward	
  Translator”:	
  

•  Converts	
  model	
  from	
  OpenStudio	
  (.osm)	
  to	
  Radiance	
  project:	
  	
  
•  Geometry	
  
•  Materials	
  
•  Analysis	
  objects	
  (illuminance	
  grids,	
  ligh>ng	
  control	
  and	
  glare	
  analysis	
  

points)	
  
•  Weather	
  (.epw)	
  
•  Schedules	
  (ligh>ng/equipment	
  loads,	
  occupancy,	
  etc)	
  
•  Views	
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OpenStudio/Radiance	
  3-­‐Phase	
  Workflow	
  
OpenStudio	
  -­‐>	
  Radiance	
  “Forward	
  Translator”:	
  

•  Performs	
  automa>c	
  window	
  grouping:	
  
•  Uncontrolled	
  windows	
  are	
  placed	
  together,	
  calculated	
  as	
  single	
  phase	
  

•  Single	
  phase	
  method	
  
•  Controlled	
  windows	
  are	
  logically	
  grouped	
  by:	
  

•  Space	
  
•  Orienta>on	
  
•  VLT	
  
•  CFS	
  

•  OpenStudio	
  v.1.9.0	
  will	
  ship	
  with	
  BSDFs	
  for:	
  
•  Air!	
  (allows	
  to	
  compute	
  all	
  view	
  matrices	
  simultaneously)	
  
•  Blinds	
  
•  Shadecloth	
  
•  Daylight	
  redirec>ng	
  louvers	
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Window	
  Grouping	
  Example	
  

27	
  

Clear	
  glazing	
  with	
  
blind,	
  east-­‐facing	
  
(WG1)	
  

Clear	
  view	
  glazing	
  with	
  
blind,	
  south-­‐facing	
  (WG2)	
  

Diffuse	
  skylights	
  and	
  daylight	
  clerestory	
  (WG0)	
  

Each	
  window	
  group	
  receives	
  an	
  exterior	
  solar	
  gain	
  sensor	
  for	
  shading	
  control	
  input	
  (“auto	
  shades”)	
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OpenStudio	
  Rfluxmtx	
  Integra>on	
  
OS::Radiance::ForwardTranslator	
  
•  Adds	
  necessary	
  headers	
  for	
  rfluxmtx	
  
•  Fully	
  automates	
  3-­‐phase	
  matrix	
  genera>on	
  

#	
  OpenStudio	
  Window	
  Group:	
  WG1	
  
#@rfluxmtx	
  h=kf	
  u=Z	
  o=output/dc/WG1.vmx	
  
	
  
#	
  SubSurface	
  =	
  East_Window	
  
#	
  Tvis	
  =	
  0.25	
  (tn	
  =	
  0.27)	
  
WG1	
  polygon	
  East_Window	
  
0	
  
0	
  
12	
  
8.561387500000031	
  4.110043965327130	
  2.504345203724800	
  
8.561387500000031	
  4.110043965327130	
  0.973995203724805	
  
8.561387500000031	
  1.633885650643690	
  0.973995203724805	
  
8.561387500000031	
  1.633885650643690	
  2.504345203724800	
  Clear	
  glazing	
  with	
  

blind,	
  east-­‐facing	
  
(WG1)	
  

For	
  (much)	
  more	
  on	
  using	
  rfluxmtx,	
  see	
  Andy	
  McNeil’s	
  Presenta>on	
  from	
  the	
  2014	
  Radiance	
  Interna>onal	
  Workshop:	
  
hnp://www.radiance-­‐online.org/community/workshops/2014-­‐london/presenta>ons/day1/McNeil_BSDFsandPhases.pdf	
  

ForwardTranslator	
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CFS	
  Support	
  

	
  
OpenStudio	
  1.9.0	
  will	
  include	
  BSDFs	
  for	
  
detailed	
  simula>on	
  of	
  complex	
  
fenestra>on	
  systems	
  (CFS):	
  

•  Vene>an	
  Blinds	
  
•  Shadecloth	
  (e.g.	
  Mechoshade)	
  
•  Daylight	
  redirec>ng	
  devices	
  (e.g.	
  

Lightlouver)	
  
	
  

OpenStudio	
  will	
  allow	
  you	
  to	
  use	
  BSDFs	
  as	
  
easily	
  as	
  any	
  standard	
  glazing	
  material	
  	
  

Addi>onal	
  info	
  available	
  at:	
  	
  
hnp://www.rumblestrip.org/2014/06/03/sanity-­‐tes>ng-­‐bsdfs/	
  	
  	
  	
  	
  	
  	
  	
  ß	
  Probably	
  NSFW,	
  just	
  sayin’.	
  

Vene>an	
  Blind	
  

Lightlouver	
  

Clear	
  Glazing	
  
“airBSDF”	
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New	
  OpenStudio/Radiance	
  Workflow	
  

1.  Create	
  (or	
  import)	
  model	
  in	
  SketchUp	
  
2.  Finalize	
  sexngs	
  in	
  OpenStudio	
  Applica>on	
  

(OSApp)	
  
3.  Run	
  single	
  model	
  instance	
  in	
  OSApp,	
  and/

or:	
  
4.  Create	
  parameter	
  space	
  in	
  PAT	
  and	
  run	
  

zillions	
  of	
  models:	
  	
  
•  on	
  local	
  system,	
  	
  

or:	
  
•  in	
  the	
  CLOUD!	
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New	
  OpenStudio/Radiance	
  Workflow	
  
Simula>on	
  engine	
  select	
  radio	
  bu\ons	
  are	
  gone…	
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New	
  OpenStudio/Radiance	
  Workflow	
  
User	
  now	
  adds	
  the	
  Radiance	
  Dayligh>ng	
  Measure	
  to	
  the	
  “stack”	
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New	
  OpenStudio/Radiance	
  Workflow	
  
…and	
  op>onally	
  loads	
  in	
  PAT	
  for	
  parametric	
  analysis	
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New	
  OpenStudio/Radiance	
  Workflow	
  
Individual	
  space	
  illuminance	
  maps	
  are	
  saved	
  in	
  sql	
  format…	
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New	
  OpenStudio/Radiance	
  Workflow	
  
Individual	
  space	
  illuminance	
  maps	
  are	
  saved	
  in	
  sql	
  format…	
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New	
  OpenStudio/Radiance	
  Workflow	
  
…and	
  daylight	
  metrics	
  are	
  stored	
  in	
  CSV	
  format	
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Why	
  don’t	
  you	
  
show	
  them?	
  (demo)	
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Wall	
  Thickness	
  
OS::Window::FrameAndDivider	
  
•  Support	
  for	
  wall	
  thickness,	
  mullions	
  and	
  framing	
  
•  Translates	
  to	
  Radiance	
  model	
  (and	
  EnergyPlus)	
  

hnp://nrel.github.io/OpenStudio-­‐user-­‐documenta>on/tutorials/tutorial_windowproperty_frameanddivider/	
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Radiance	
  on	
  GitHub	
  
	
  
•  Mirror	
  of	
  Radiance	
  CVS	
  source	
  code	
  repository	
  
•  Refreshed	
  every	
  15	
  minutes	
  
•  Full	
  revision	
  history	
  
•  Use	
  “combined”	
  branch	
  for	
  latest	
  history!	
  
•  NREL	
  installers	
  (Windows,	
  Mac,	
  Unix)	
  
•  Release	
  snapshots	
  
•  hnps://github.com/NREL/Radiance	
  
•  Thanks/fist-­‐bumps	
  to	
  Nick	
  Long	
  (NREL),	
  Zack	
  Galbreath	
  (Kitware),	
  

and	
  US	
  Department	
  of	
  Energy	
  for	
  this	
  resource!	
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Radiance	
  on	
  GitHub	
  

GitHub	
  mirror	
  of	
  Radiance	
  source	
  
repository	
  

•  Easy	
  access	
  to	
  Radiance	
  source	
  
code	
  

•  Release	
  tags	
  
•  Revision	
  history	
  
•  Installers	
  (Packages)	
  
•  hnps://github.com/NREL/

Radiance	
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Radiance	
  on	
  GitHub	
  

GitHub	
  mirror	
  of	
  Radiance	
  source	
  
repository	
  

•  Easy	
  access	
  to	
  Radiance	
  source	
  
code	
  

•  Release	
  tags	
  
•  Revision	
  history	
  
•  Installers	
  (Packages)	
  
•  hnps://github.com/NREL/

Radiance	
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Radiance	
  on	
  GitHub	
  

GitHub	
  mirror	
  of	
  Radiance	
  source	
  
repository	
  

•  Easy	
  access	
  to	
  Radiance	
  source	
  
code	
  

•  Release	
  tags	
  
•  Revision	
  history	
  
•  Installers	
  (Packages)	
  
•  hnps://github.com/NREL/

Radiance	
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OpenStudio/Radiance	
  Roadmap 	
  	
  

For	
  v1.9.0	
  (September	
  30,	
  2015)	
  
•  Radiance	
  Measure	
  
•  Tes>ng/valida>on	
  
•  Documenta>on	
  
	
  

FY2016	
  (Begins	
  October	
  1,	
  2015)	
  
•  Con>nued	
  support	
  of	
  Radiance	
  source	
  code	
  mirror	
  on	
  GitHub	
  
•  Cross	
  plaJorm	
  Radiance	
  installers	
  
•  Auto	
  grid	
  genera>on	
  (either	
  internal	
  tool	
  or	
  CBEIs	
  dxGridmaker)	
  
•  Data	
  visualiza>on	
  

•  Report	
  “Measure”	
  
•  JavaScript/Angular.js,	
  etc…	
  
•  ?	
  

	
  



44	
  

How’s	
  that	
  
demo	
  going?	
  (woof.)	
  


