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•  Number	   of	   modeling	   methods	   available	   in	  
literature.	  	  

•  a	   single	   slab	   (or	   a	   wall)	   to	   modeling	   of	   a	  
complete	  building.	  	  

•  Clarke	   in	  1985	  gave	  a	   three	  stage	  process	   for	  
model	  formula=on.	  

•  Models	   developed	   to	   simulate	   the	   building	  
energy	   systems	   can	   be	   divided	   into	   many	  
types.	  
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•  Buildings	   responsible	   for	   about	   33	   –	   40	   percent	  
of	  total	  energy	  use.	  

•  The	  absolute	  figure	  is	  rising	  fast,	  due	  to	  increased	  
urbaniza=on,	  especially	  in	  countries	  such	  India.	  

•  Buildings	  contribute	  to	  GHG	  emission	  levels	  
•  Overall:	  19%;	   India:	  15%;	  China,	   Japan:	  20%	   (2010	  

levels)	  

•  Dedicated	   agencies	   or	   organiza=ons:	   Indian	  
Green	  Buildings	  Council	  (IGBC),	  Bureau	  of	  energy	  
efficiency	   (BEE),	   Indian	   Ins=tute	   of	   Technology	  
(IIT),	  TERI	  
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•  Different	   control	   techniques	   are	   used	   to	  
improve	  energy	  efficiency	  of	  buildings.	  	  

•  Most	  significant	  part	  is	  modelling.	  	  
•  It	  is	  crucial	  to	  have	  good	  precise	  models	  of	  the	  
systems	   in	   order	   to	   design	   and	   tune	   the	  
controllers	  and	  to	  simulate	  their	  performance.	  

•  P ropo s ed	   r e s e a r c h	   c on c e r n s	   w i t h	  
development	   of	   energy	   exchange	   /	   transfer	  
model	  of	  buildings.	  	  	  
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•  Construc=ng	  an	  accurate	  and	  a	  generic	  model	  to	  
interpret	   the	   energy	   dynamics	   of	   a	   building	  
involves	   solving	   the	   heat	   transfer	   equa=ons	   of	  
conduc=on,	   convec=on	   and	   radia=on,	   mass	  
transfer	  equa=ons	  and	  energy	  balance	  equa=ons.	  	  

•  Fundamental	   step:	   To	   map	   the	   dynamic	  
processes	  of	  energy	  exchanges	  in	  buildings.	  	  

•  Quan=fica=on	   of	   linkages	   between	   temperature	  
condi=ons	   and	   level	   occupancy	   (number	   of	  
occupants,	   occupancy	   schedule,	   nature	   of	  
ac=vity)	  within	  building	  space	  
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•  Building	  energy	  
systems	  can	  be	  
defined	  as	  those	  
which	  are	  
responsible	  for	  
consump=on	  of	  
energy	  in	  buildings.	  
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•  Physical	  processes	  occurring	  within	  a	  building	  
space	  that	  encounter	  heat	  and	  mass	  transfer	  
processes	  are	  modeled	  using	  mathema=cal	  
equa=ons.	  

•  The	  complete	  building	  model	  is	  comprised	  of	  
the	  following	  sub	  systems:	  

•  ?&,6"OP%("*N%0"$*
•  L(#"$%&"*N%0"$	  
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·∙ 	   Exterior, adjacent, lobby walls surface 
Temperatures (°C)

·∙ 	   Floor and roof surface temperatures 
(°C)

·∙ 	   Outdoor air dry bulb temperature (°C)
·∙ 	   Internal (Causal) sensible heat gain (W)
·∙ 	   hvac plant sensible heat output (W)
·∙ 	   Ventilation & infiltration air change rate 

(h-1)
·∙ 	   Outdoor air relative humidity (%)
·∙ 	   Internal (Causal) latent heat gain (W) 

Input parameters

Space Zone Model

( Model of both heat and 
mass energy balance 

equations)

Air dry bulb temperature

Air relative Humidity

Output parameters

1)  Construc=on	   elements	   of	   the	   building	   like	   wall,	   roof,	   etc	   are	   lumped	   into	   a	   single	  
thermal	  capacitance.	  

2)  Temperature	   of	   the	   layers	   of	   the	  walls	   and	   roof	   are	   the	   same	   and	   are	   equal	   to	   the	  
indoor	  air	  temperature.	  

3)  Heat	  loss	  occurs	  only	  due	  to	  ven=la=on	  (including	  heat	  loss	  due	  to	  small	  air	  gaps).	  
4)  Air	  inside	  the	  room	  is	  well	  mixed.	  
5)  Heat	  transfer	  in	  the	  building	  materials	  is	  isotropic.	  
6)  Proper=es	  of	  the	  material	  are	  independent	  of	  temperature.	  
7)  No	  internal	  heat	  source	  or	  sink	  exists.	  
8)  Heat	   transfer	   in	   the	   direc=on	   across	   the	   thickness	   of	   each	   wall	   or	   any	   other	   slab	   is	  

considered.	  
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•  Energy	  models	  for	  the	  construc=on	  elements	  
making	  up	  the	  condi=oned	  space,	  indoor	  
environment	  including	  causal	  and	  non	  causal	  
heat	  gains	  are	  developed.	  
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·∙ 	   Conditioned space air dry bulb 
temperature (°C)

·∙ 	   Transmitted solar radiation per unit 
surface area (W/m2) 

·∙ 	   Outdoor air dry bulb temperature

Wall Model
(State space model of walls 
of conditioned space, roof 

and floor)

Interior surface 
temperature

•  A	  building	  envelope	  or	  building	  enclosure	  
provides	  physical	  separa=on	  between	  the	  
indoor	  and	  outdoor	  environments.	  
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STOP

Compute total Rth & 
Cth for every 

construction element.

Update allocating factors 
using a nonlinear time 
invariant constrained 
optimization algorithm

Compute square root of sum 
squared error of both responses 
by varying the allocating factors.

Numerically solve heat balance 
equation using a finite-

difference algorithm using a 
large number of spatial slices.

Compute unit step 
response of 3R2C 
model for outdoor 

temperature excitation.

Determine 
allocating factors: 

x1,x2,x3 & y1,y2.

Satisficing 
solution obtained 
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·∙ 	   Outdoor air dry bulb temperature (°C)
·∙ 	   Outdoor air relative humidity (%)
·∙ 	   Solar Radiation (WHm-2)
·∙ 	   Wind characteristics (Direction & 

Speed)

Window Model
(SO & LJ model are used to 
estimate direct and diffuse 
components of the global 
solar radiation received on 

building surface )

Transmitted radiation per unit 
area of the building surface 

(W/m2)
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•  Modeling	  of	  a	  complete	  hvac	  system	  involves	  
development	   of	   mathema=cal	   models	   for	  
various	   system	   components	   (e.g.	   the	   heat	  
emiler,	   valve	   and	   other	   hydraulic	   sub	  
systems)	   and	   then,	   linking	   the	   sub	   system	  
models	  together	  to	  obtain	  a	  complete	  system	  
model.	  	  
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! " Outdoor air dry bulb temperature (°C)
! " Building space air dry bulb temperature 

(°C)
! " Wind characteristics (Direction & 

Speed)

Ventilation Model
(Designed ventilation & 
infiltration air change 

rate per hour)

Conditioned space air 
change rate (per hour)
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Heat Exchanger
(Third order lumped 
parameter hot water 
heat emitter model)

Control Valve
(Model of a 

motorized valve)

PID 
Controller
(Pre-defined 
values for P,I 

and D constants)

Thermostat set point 
temperature (¡C)

Building space air 
temperature (¡C)

Control Signal

(Open or Close)

Mass flow rate 
(kg/s)

Occupancy 
schedule

Cooling water 
temperature (¡C)

hvac load (W)

Heat	  Exchanger	  system	  
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•  Inputs	   to	   the	   BES	  model	   such	   as	   outdoor	   air	  
temperature,	   rela=ve	   humidity,	   solar	  
radia=on.	  
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•  Energy	   transfer	  model	   for	   a	   building	   space	   condi=oned	  with	   a	   hvac	  

system	  is	  developed.	  	  
•  The	   dynamic	   processes	   which	   act	   as	   load	   to	   a	   hvac	   system	   are	  

mapped	  into	  the	  model.	  
•  Building	  space	  zone	  is	  modelled	  for	  both	  sensible	  and	  latent	  thermal	  

energy	  transfer.	  	  
•  State	   space	   approach	   is	   used	   to	   model	   the	   building	   construc=on	  

elements	  such	  as	  walls,	  etc	  making	  up	  the	  condi=oned	  room.	  	  
•  hvac	   system	   is	   modelled	   with	   a	   control	   valve,	   heat	   emiler,	  

occupancy	  driven	  ven=la=on	  controlled	  through	  a	  PID	  controller.	  	  

EinB2014	  -‐	  3rd	  Interna=onal	  Conference	  “ENERGY	  in	  BUILDINGS	  2014”	  
	  

19	  



•  Parameters	  affec=ng	  the	  energy	  consump=on	  of	  a	  building	  such	  as	  	  
!   thermal	  proper=es	  of	  materials	  of	  construc=on,	  orienta=on,	  planning,	  

and	  design	  specifica=ons;	  	  
!   clima=c	  parameters	  of	  temperature,	  radia=on,	  and	  air	  movement	  and	  	  
!   occupancy	  factors	  such	  as	  the	  func=onal	  use	  of	  a	  building	  space	  	  
are	   also	   modelled	   which	   would	   establish	   the	   required	   comfort	  
condi=ons	  and	  resultant	  energy	  loads.	  	  

•  The	  model	  simula=ons	  show	  that	  MATLAB/Simulink	  can	  model	  the	  
building	  energy	  systems	  and	  thus,	  can	  provide	  a	  good	  plamorm	  to	  
develop	   the	   necessary	   control	   techniques	   to	   develop	   control	  
strategies	  to	  save	  energy	  and	  maintain	  comfort	  and	  produc=vity	  for	  
the	  energy	  systems	  of	  buildings.	  
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