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RegulaKon	
  rapidly	
  grew	
  more	
  strict	
  

Figuur:	
  www.mijnepb.be/evoluKe-­‐e-­‐peil/	
  



Today’s	
  theore@cal	
  approach	
  
Energy	
  performance	
  esKmated	
  using	
  simulaKon	
  soiware;	
  EPB	
  en	
  EPC	
  

Actual	
  quality/performance	
  oien	
  tuns	
  out	
  worse	
  than	
  expected	
  
Missed	
  opportuniKes	
  to	
  opKmise	
  energy	
  efficiency	
  

building	
  plans	
  and	
  specificaKons	
   building	
  delivery	
   energy	
  labelling	
  

?	
  



designed	
  energy	
  performance	
  <	
  >	
  actual	
  energy	
  performance	
  



designed	
  energy	
  performance	
  <	
  >	
  actual	
  energy	
  performance	
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Today	
  no	
  operaKonal	
  raKng	
  and	
  lifle	
  measurement	
  
based	
  opKmisaKon	
  of	
  buildings	
  
At	
  the	
  same	
  Kme,	
  we	
  see	
  following	
  trends	
  

Internet	
  of	
  Things	
   Home	
  automaKon	
   Big	
  Data	
  

To	
  what	
  extent	
  can	
  we	
  use	
  on	
  board	
  monitored	
  data	
  	
  
to	
  assess	
  the	
  energy	
  performance	
  of	
  our	
  buildings?	
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  performance	
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Support	
  the	
  development	
  of	
  replicable	
  methodologies	
  
embedded	
  in	
  a	
  staKsKcal	
  and	
  building	
  physical	
  framework	
  
to	
  characterize	
  and	
  assess	
  the	
  actual	
  energy	
  performance	
  
of	
  buildings	
  starKng	
  from	
  on	
  board	
  monitored	
  data	
  of	
  	
  

in-­‐use	
  buildings	
  

Main	
  objecKve:	
  



ANALYSIS	
  ON	
  LEVEL	
  OF	
  
BUILDING	
  DISTRICTS	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

ANALYSIS	
  ON	
  LEVEL	
  OF	
  
INDIVIDUAL	
  DWELLING	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
2	
  

Focus	
  on	
  residenKal	
  dwellings,	
  but	
  both	
  individual	
  as	
  aggregate	
  scale	
  



At	
  both	
  levels	
  the	
  development	
  of	
  characterizaKon	
  methods	
  as	
  well	
  as	
  
of	
  quality	
  assurance	
  methods	
  will	
  be	
  explored	
  

building	
  behaviour	
  iden@fica@on	
  

CHARACTERIZATION	
  METHODS	
  

physical	
  parameter	
  iden@fica@on	
  

QUALITY	
  ASSURANCE	
  METHODS	
  

•  Translate	
  the	
  (dynamic)	
  behaviour	
  
of	
  a	
  building	
  into	
  a	
  simplified	
  
model	
  

•  Simplified	
  model	
  can	
  be	
  used	
  in	
  
model	
  predicKve	
  control,	
  fault	
  
detecKon,	
  opKmisaKon	
  of	
  district	
  
energy	
  systems,…	
  	
  

•  Pinpoint	
  some	
  of	
  the	
  most	
  
relevant	
  actual	
  building	
  
performances	
  

•  For	
  instance:	
  the	
  overall	
  heat	
  loss	
  
coefficient	
  of	
  a	
  building,	
  the	
  
energy	
  efficiency	
  of	
  the	
  heaKng	
  
(cooling)	
  system,	
  air	
  Kghtness,	
  
solar	
  absorpKon,…	
  	
  



Major	
  outcome	
  

quality/cost of the data very 
detailed 

very 
rough 

requested accuracy 
of the outcome 

very high 

very low 

Evaluate	
  methods	
  regarding	
  the	
  requested	
  input	
  and	
  expected	
  outcome	
  

StaKsKcal	
  
method	
  



Major	
  outcome	
  

very 
detailed 

very 
rough 

requested accuracy 
of the outcome 

very high 

very low 

StaKsKcal	
  
method	
  

Evaluate	
  methods	
  regarding	
  the	
  requested	
  input	
  and	
  expected	
  outcome	
  

?	
  

quality/cost of the data 



	
  
	
  
	
  

	
  method	
  2	
  

Major	
  outcome	
  

quality/cost of the data 
 

very 
detailed 

very 
rough 

requested accuracy 
of the outcome 

very high 

very low 

StaKsKcal	
  
method	
  

Evaluate	
  methods	
  regarding	
  the	
  requested	
  input	
  and	
  expected	
  outcome	
  

method	
  3	
  

method	
  4	
  



First	
  exploraKve	
  results	
  

Based	
  on	
  the	
  on-­‐site	
  measured	
  data,	
  parKcipants	
  are	
  requested	
  to:	
  
	
  

	
  -­‐	
  develop	
  a	
  model	
  to	
  predict	
  indoor	
  temperature	
  (ST2)	
  
	
  -­‐	
  calculate	
  the	
  overall	
  heat	
  transfer	
  coefficient	
  (ST3)	
  



EsKmate	
  global	
  as-­‐built	
  heat	
  transfer	
  coefficient	
  HTC,	
  	
  
based	
  on	
  measured	
  data	
  during	
  normal	
  operaKng	
  condiKons	
  

First	
  exploraKve	
  results	
  ST3	
  

​𝐶↓𝑖 ​𝜕​𝜃↓𝑖 /𝜕𝑡 = ​𝛷↓ℎ + ​𝛷↓𝑖𝑛𝑡 + ​𝛷↓𝑠𝑜𝑙 + ​𝛷↓𝑙 + ​𝛷↓𝑡𝑟 + ​𝛷↓𝑣 + ​𝛷↓𝑚 	
  

HTC	
  ?	
  



​𝐶↓𝑖 ​𝜕​𝜃↓𝑖 /𝜕𝑡 = ​𝛷↓ℎ + ​𝛷↓𝑖𝑛𝑡 + ​𝛷↓𝑠𝑜𝑙 + ​𝛷↓𝑙 + ​𝛷↓𝑡𝑟 + ​𝛷↓𝑣 + ​𝛷↓𝑚 	
  

​Φ↓𝑡𝑟 = ​Φ↓𝑡𝑟↑𝑒 + ​Φ↓𝑡𝑟↑𝑛 + ​Φ↓𝑡𝑟↑𝑎𝑑𝑗 ​+Φ↓𝑡𝑟↑𝑔 	
  

​Φ↓𝑡𝑟↑𝑒 ​+Φ↓𝑡𝑟↑𝑔 ~  𝐻𝑇𝐶	
  

A	
  needle	
  in	
  a	
  haystack?	
  



​𝐶↓𝑖 ​𝜕​𝜃↓𝑖 /𝜕𝑡 = ​𝛷↓ℎ + ​𝛷↓𝑖𝑛𝑡 + ​𝛷↓𝑠𝑜𝑙 + ​𝛷↓𝑙 + ​𝛷↓𝑡𝑟 + ​𝛷↓𝑣 + ​𝛷↓𝑚 	
  

ExploraKon	
  of	
  different	
  methods:	
  
	
  -­‐	
  Averaging	
  method	
  
	
  -­‐	
  Energy	
  signature	
  model	
  
	
  -­‐	
  AR(MA)X-­‐models	
  
	
  -­‐	
  grey	
  box	
  models	
  
	
  -­‐	
  …	
  

HTC	
  



Gainsborough	
  case	
  

A:	
  Bayesian	
  -­‐	
  MCMC,	
  	
  B:	
  BEECHAM,	
  	
  C:	
  Linear	
  regression,	
  D:	
  ARX,	
  	
  	
  	
  E:	
  Average,	
  F:	
  RC	
  (LORD),	
  G:	
  Grey-­‐box	
  (CTSM-­‐R)�	
  
	
  



Preliminary	
  conclusions	
  
	
  

-­‐  Different	
  techniques	
  can	
  be	
  applied	
  to	
  assess	
  the	
  
operaKonal	
  performance	
  of	
  a	
  building	
  

-­‐  Methods	
  differ	
  in	
  input	
  data	
  and	
  accuracy	
  of	
  output	
  
data	
  

-­‐  Several	
  quesKons	
  remain	
  to	
  be	
  answered:	
  
-­‐  robustness,	
  reliability	
  and	
  accuracy	
  of	
  the	
  methods	
  	
  
-­‐  required	
  accuracy	
  for	
  different	
  use	
  cases	
  
-­‐  acceptable	
  costs	
  for	
  different	
  use	
  cases	
  
-­‐  ….	
  

More	
  results	
  in	
  due	
  Kme!	
  



	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

QuesKons? 	
  	
  
	
  
	
  
	
  
	
  


