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Abou t  me
Cha l lenges  – perspec t i ve  o f  the  a rch i tec tu ra l  eng ineer
Proposed  methods
• Uncer ta in ty  ana lys i s  (UA)  and  sens i t i v i t y  ana l ys i s  (SA)
S ta tus  on  the  p ro jec t
Examp les  on  “p re -des ign  i n fo rmat ion ”
• Ou tpu t  d i s t r i bu t i on  (UA)

Agenda

• Ou tpu t  d i s t r i bu t i on  (UA)
• Sens i t i v i t y  ana l ys i s
• Mon te  Car lo  F i l t e r i ng  
What ’s  nex t
Ques t i ons  and  comments?  

P R E - D E S I G N  I N F O R M A T I V E  S I M U L A T I O N S  – P A G E  2 - 2 7 / 0 9 / 2 0 1 4

D E P A R T M E N T  O F  C I V I L  E N G I N E E R I N G  /  A R C H I T E C T U R A L  E N G I N E E R I N G
A A L B O R G  U N I V E R S I T Y



• Name /  n im i =  Torben  Øs te rgå rd
• Indus t r i a l  PhD s tuden t

- Enro l l ed  a t  Aa lbo rg  Un ive rs i t y,  Denmark
- Emp loyed  by   

Consu l t i ng  |  Eng ineer ing ,  Denmark  &  Norway,  ~550  emp loyees
• 3  years  – June  2014  � May 2017

About me

• Spare  t ime  (hope fu l l y )?
- Spor ts  (c l imb ing ) ,  t rave l l i ng  and  much  more
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I nc reas ing  regu la to ry  demands  
• Many ob jec t i ves  and  i nc reas ing  use  o f  LEED,  BREEAM,  DGNB

� Need  fo r  ho l i s t i c  approach
• Mu l t i p le  so f tware  packages  and  t ime-consuming  mode l  genera t i on

Coopera t i on  w i th  a rch i tec ts
• Keep  up  w i th  the  pace  o f  change  i n  ear l y  des ign  phase

Challenges (some of them)

• Keep  up  w i th  the  pace  o f  change  i n  ear l y  des ign  phase
• Prov ide  prompt and  re levan t  dec i s ion  suppor t  
• Fo resee  cha l l enges  and /or  consequences  
• Foresee  favo rab le  des ign  i npu t  reg ions

Dev ia t ions  f rom expec ted  and  measured  bu i l d ing  pe r fo rmance
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Globa l  sens i t i v i t y  ana l ys i s  (SA)  and  uncer ta in ty  ana lys i s  (UA)
− Stochas t i c  mode l l i ng  w i th inpu t  d is t r i bu t ions  � more  i n fo rmat ion
− Demons t ra te  wors t -case  /  bes t -case  scenar ios
− H igh l igh t  mos t  impor tan t i npu t  ( concur ren t l y  chang ing )
− Ind i ca te  favo rab le  and  un favorab le  reg ions  o f  i npu t  doma in
− Ind i ca te  des ign  robus tness

Methods of interest

Eva lua te  separa te  ( re levan t )  ob jec t i ves  s imu l taneous ly
− e .g . energy consumpt ion ,  ove rhea t i ng ,  day l i gh t  fac to r,  embod ied  

energy  e tc .

Genera te  knowledge-based inpu t  da tabases  fo r  qu i cker  mode l l i ng
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UA / SA – A quickie
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Pro to type  us ing  Exce l  VBA and  s imp le  “eng ines ”  
(used  fo r  bu i l d ing  comp l i ance  i n  Denmark )
• Energy mode l  – Be10  (EN 13790 ,  DK)
• Therma l  modu le  – “Summer  comfo r t ”  (EN 13790 ,  DK)
• G lass / f l oor  ra t i os  (domes t i c  bu i l d ings ,  DK)

Status on the project
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Setting up input

Input til UA/SA DistributionMin Max Steps 

ID IncludeBundleParameter Unit Category _dist1 _dist2 _dist3 _dist4

#1 1 Heat capacity Wh/K m² Quality Steps 40 120 8

#4 1 U-value, roof W/m² K Quality Steps 0,08 0,15 10

#5 1 U-value, terrain W/m² K Quality Steps 0,1 0,15 10

#6 1 U-value, floor W/m² K Quality Steps 0,07 0,12 10

#7 1 U-value, wall W/m² K Quality Steps 0,1 0,2 10

#8 1 Linear heat loss, windowsW/m K Quality Steps 0 0,03 6

#9 1 Linear heat loss, foundationW/m K Quality Steps 0,2 0,6 8

#10 1 Linear heat loss, balconysW/m K Quality Steps 0,1 0,4 6

#11 1 U-value, windows W/m² K Quality Steps 0,6 1,2 12

#12 1 g-value, windows - Quality Steps 0,4 0,65 10

#13 1 Frame factor - Form and function Steps 0,7 0,9 8
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#13 1 Frame factor - Form and function Steps 0,7 0,9 8

#14 1 Shading factor - Form and function Steps -0,6 -0,95 10

#15 1 Horizon % Robustness Steps 0 20 4

#16 1 a Fins, left % Form and function Uniform 0 15 8

#17 1 a Fins, right % Form and function Uniform 0 15 8

#18 1 Overhang % Form and function Steps 0 40 8

#19 1 Opening % Form and function Steps 0 15 6

#20 1 Ventilation, qvm l/s m² HVAC Steps 0,3 0,5 4

#21 1 Ventilation, qvm, dayl/s m² HVAC Steps 0,3 0,5 4

#22 1 Venting, day l/s m² HVAC Steps 0,9 3,6 12

#23 1 Venting, night l/s m² HVAC Steps 0 2 8

#28 1 b People load W/m² Robustness Steps 1 2 2

#29 1 b Equipment load W/m² Robustness Steps 2 7 5

Total 23



Setting up output

ID Include Parameter Unit Function

¤1¤ 1 Net energy demand kWh/m² ¤3¤ + ¤4¤ + ¤5¤

¤2¤ Energy demand, DK regislation kWh/m²

¤3¤ Heating demand kWh/m²

¤4¤ DHW demand kWh/m²

¤5¤ Electricity demand kWh/m²

¤6¤ Overheating kWh/m²

¤7¤ Lighting kWh/m²

¤8¤ Ventilation kWh/m²

¤9¤ Cooling kWh/m²
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¤9¤ Cooling kWh/m²

¤10¤ Minor electricity contributions kWh/m² ¤5¤ - ¤7¤ - ¤8¤ - ¤9¤

¤11¤ 1 Thermal comfort, h>26 C h

¤12¤ Thermal comfort, h>27 C h

¤13¤ Glass/floor-ratio %

¤14¤ 1 Transmission loss (envelope) W/m²

¤15¤ Holistic score %



1)  Choose  samp l ing  s t ra tegy ( random,  LHS,  Sobo l )
2 )  Choose  number  o f  s imu la t ions  – the  more ,  the  mer r i e r  ☺
3)  Run  s imu la t i ons

Run simulations

1000  s imu la t ions  ~  1 -2  m inu tes  (on  l ap top )

P R E - D E S I G N  I N F O R M A T I V E  S I M U L A T I O N S  – P A G E  1 0 - 2 7 / 0 9 / 2 0 1 4

D E P A R T M E N T  O F  C I V I L  E N G I N E E R I N G  /  A R C H I T E C T U R A L  E N G I N E E R I N G
A A L B O R G  U N I V E R S I T Y



Output distribution (uncertainty)
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BEST CASE
Choosing the best input

WORST CASE



Sensitivity analysis – 23 input, 3 output
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Rank ing  and  quan t i ta t i ve  sens i t i v i t y

Sensitivity analysis – 23 input, 3 output
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RLJ4 Mærkeligt at solafskærmning kun er #7 - men det må vel ha' noget med inputfordelingerne at gøre
Rasmus Lund Jensen; 22.9.2014



” W h i c h  f a c t o r  o r  g r o u p  o f  f a c t e r s a r e  m o s t  r e s p o ns i b l e  f o r  p r o d u c i ng  m o d e l  
o u t p u t s  w i t h i n  o r  o u t s i d e  s p e c i f i ed  b o u n d s ”  ( S a l t e l l i e t  a l . ,  2 0 0 8 )

I n p u t  s p a c e O u t p u t  s p a c e

Monte Carlo Filtering
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Two subsets for input space , Xi:
(Xi|B) produce behavioural (acceptable) results

Two subsets for output space , Y:
B represent behavioural results



1 . Se tup  un i fo rm i npu t  d i s t r i bu t i ons
2 . Per fo rm s imu la t ions  rep resen t i ng  a  l a rge  op t i on  space  
3 . F i l t e r  resu l t s  us ing  cons t ra in ts / requ i rements
4 . Observe  wh ich  i npu t  a re  mos t  l i ke l y  to  p roduce  accep tab le  resu l t s  

Monte Carlo Filtering
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RLJ5 Den her slide forstår jeg ikke - men din forklaring hjælper nok på det

Du har 1-4 i punktopstillingen og a-d i figurerne!?
Rasmus Lund Jensen; 22.9.2014



Ordered  by  sens i t i v i t y

22  pa ramete rs  (un i fo rm d i s t . )

F i l t e red  by  10  % bes t  (ho l i s t i c )

Recommenda t ions  based on  

Example: SA + MCF

Recommenda t ions  based on  
h i s tog rams
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I npu t - i npu t  co r re la t i ons
• Examp le :  3000  s imu la t i ons  >  so r t i ng top  10  %

Monte Carlo Filtering
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Parallel coordinate plot
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Parallel coordinate plot
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FILTER
Max 250 h > 26 C



Parallel coordinate plot
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FILTER
Heat capacity max 120 Wh/m2 floor area



• Con t i nue  l i t e ra tu re  rev iew
• Tes t  p ro to type  on  domes t i c  bu i l d ings
• F ind  appropr ia te  s imu la t ion  so f tware  (hour l y  based)
• Crea te  knowledge  based  i npu t  da tabases  fo r  qu i ck  mode l l i ng
• Programming  p la t fo rm? Python ,  C# ,  VB ,  web ,  j ava…?
• In teg ra te  op t im iza t ion  techn iques?

What’s next?

• Unknown/known cha l l enges
• Mu l t i p le  zones  – how to  ca l cu la te  and  eva lua te?
• B IM compat ib i l i t y?
• Speed  o f  s imu la t ion  – c lus te r i ng  o r  c loud  comput ing?
• Arch i tec ts ’ needs ,  commun ica t i on  fo rm,  v i sua l i za t ion ,  e tc .?
• …
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cc

Questions and/or critical remarks?
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I n fo rmed  dec i s ion  mak ing ,  te rm p re -des ign  DM (adap ted  f rom A t t i a )
Inpu t - i npu t  pa ramete rs
Examp le :  i f  PV  poss ib le  – no  need  to  op t im ize  (SA)  on  severa l  
pa ramete rs ,  bu t  i ns tead  focus  on  cha l l enged  a reas  (SA impor tan t  
pa ramete rs  fo r  the rma l ,  day l i gh t ,  e tc . )
Mon te  Car lo  F i l t e r i ngMonte  Car lo  F i l t e r i ng
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