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ABSTRACT  
The   Energy   Conservation   Building   Code   (ECBC)  
was  launched  in  India  in  May  2007  under  the  Energy  
Conservation   Act,   2001.      It   offers   two   compliance  
approaches   -­   Prescriptive   and   Whole   Building  
Performance   (WBP).   According   to   the   EC   Act,  
compliance   with   the   ECBC   has   to   be   expressed   in  
terms   of   Energy   Performance   Index   (EPI)   which   is  
the   annual   energy   consumption   per   square  meter   of  
floor   area,   and   is   only   possible   via   the   WPB  
compliance   approach.   However,   as   the   Prescriptive  
compliance  approach  is  relatively  easy  to  implement  
and   enforce,   it   may   be   assumed   that   once   ECBC   is  
made   mandatory   at   local   level,   the   Prescriptive  
approach   will   be   a   more   widely   used   compliance  
path  over  WBP  owing  to  ease  of  integration  with    the  
existing  building   regulations.This  paper  aims   to   link  
ECBC   Prescriptive   requirements   to   the   EPI  
performance   metric   in   order   to   bridge   the   gap   that  
exists   between   EC   Act   and   ECBC   Prescriptive  
compliance  method.    
The   simulation   results   help   in   understanding   the  
relative   impact   of   ECBC   Prescriptive   requirements  
and   prioritizing   the   Energy   Conservation   Measures  
(ECMs).   The   results   are   extrapolated   to   understand  
the   long-­term  impact  of   the  code  on  national  energy  
savings.  The  paper   also  provides   an   insight   into   the  
sensitivity  of   the  various  ECMs  in  different  climatic  
zones.    

INTRODUCTION  
India  is  a  fast  developing  economy,  projected  to  grow  
at  a  rate  of  6.1%  in  2010  and  likely  to  have  a  GDP  of  
USD  4  trillion  (McKinsey,  2009).  This  in  turn  has  led  
to   exponential   surge   in   new   construction   in   the  
country   over   the   last   five   years.   Based   on   a  
McKinsey  stud
a   rate   of   about   7.5%   until   2030   (McKinsey,   2009).  
With   increased   urbanization   and   growing   need   for  
energy,   India  will   play   a   very   critical   role   at   a   time  
when   discussions   on   climate   change   and  
environmental   sustainability   are   as   intense   as   they  
are.    
Total  floor  space  in  India  is  currently  estimated  to  be  
around   12   billion   m2   (1   billion   m2   for   commercial  
and  11  billion  m2  for  residential  floor  space).  This  is  
projected  to  grow  to  about  41  billion  m2  at  a  growth  

rate  of  6.6%  per  year  (McKinsey,  2009).  ECO-­III  has  
also   come   up   with   estimates   for   total   commercial  
floor   space   for   India,   based   on   various   sources,   its  
ongoing   commercial   buildings   benchmarking  
exercise   and   expert   insights   (USAID   ECO-­III  
Project,   2010a).   These   have   been   used   later   in   the  
paper  to  understand  the  long  term  impact  of  the  code.  
Based   on   McKinsey   projections,   however,   almost  
70%  of  the  floor  space  (projected  till  2030)  is  yet   to  
be   added.   In   this   context   energy   efficient   building  
design   and   construction   in   near   future   will   play  
important   role.   The   74th  
constitution   on   urban   reforms   translates   into  
reduction   of   emissions   by   nearly   310   MtCO2e   by  
reducing   energy   consumption   in   buildings,  
appliances,  lamps  and  street  lights  (McKinsey,  2010).  
Central   Electricity   Authority   (CEA)   estimates   that  
the  country  is  currently  facing  electricity  shortage  of  
9.9%   and   peak   demand   shortage   of   16.6%   (CEA,  
2009).It   is   estimated   that   the   total   national   power  
demand  can  be  reduced  by  as  much  as  25%  by  2030  
by   increasing   energy   efficiency   in   buildings   and  
other   sectors   such   as   agriculture,   transportation   and  
appliances  (McKinsey,  2010).    
Residential   and   commercial   building   design   and  
construction   technology   along   with   new   materials  
and  appliances  will  play  an  important  role  in  making  
them   more   energy-­efficient.   The   Energy  
Conservation  Building  Code   (ECBC),   developed   by  
Bureau   of   Energy   Efficiency   (BEE)   provides  
minimum   requirements   for   energy-­efficient   design  
and  construction  of  buildings  in  five  climatic  regions  
of   India.   It   applies   to   building   envelope,   HVAC,  
lighting,   service   hot   water   systems   and   motors   and  
pumps.      ECBC   is   applicable   to   buildings   with   a  
connected   load   greater   than   100   kW   or   demand  
greater   than   120   kVA   which   would   translate   into  
very   small   commercial   establishments   as  not   falling  
under   the   scope   of   the   code   (The   Energy  
Conservation  (Amendment)  Bill.  2010).    
Compliance  with  ECBC  is  currently  voluntary,  but  is  
expected  to  be  made  mandatory  in  near  future.  A  few  
states   have   taken   a   lead   in   the   implementation   and  
have   either   already  made   it  mandatory  or   are   in   the  
process  of  doing   so.     The   state  governments  will  be  
responsible   for   enforcing   ECBC   through   local  
municipal   authorities  who   also   enforce   building   by-­
laws.  ECBC  compliance,  once  it  becomes  mandatory,  

Proceedings of Building Simulation 2011: 
12th Conference of International Building Performance Simulation Association, Sydney, 14-16 November. 

- 1571 -



will  become  a  significant  challenge  for  the  municipal  
bodies   by   requiring   the   authorities   to   put   in   place  
procedures   for   adoption,   implementation   and  
enforcement   of   the   code.   Code   compliance   can   be  
achieved   through   two  distinct  approaches  mentioned  
in   the   ECBC,   namely   Prescriptive   and   Whole  
Building  Performance  methods.  However,  as  per  the  
EC   Act,   ECBC   needs   to   be   linked   to   the   Energy  
Performance   Index   (EPI)   in   terms   of   kWh/m2/year  
for  both  aforementioned  approaches.  This  study  aims  
to   map   ECBC   prescriptive   requirements   to  
performance  metrics  and  defines  the  process  through  
which  prescriptive  requirement  of  the  ECBC  needs  to  
be  mapped  to  performance  requirements.    
The  objective  of   this   study   is  also   to  understand   the  
relative   impact   of   each   of   energy   conservation  
measure  listed  in  the  ECBC.  The  goal  is  to  determine  
the   relative   importance   of   these   ECMs   and   help   in  
the  ECBC  implementation  through  a  tiered  approach.  
Results  from  the  study  along  with  the  baseline  energy  
used   in   buildings   will   help   in   understanding   future  
energy   saving  potential   of   each  ECM  of  ECBC  and  
its  impact  in  terms  of  national  energy  savings.  

METHODOLOGY  
The   Business-­as-­Usual   (BAU)   case,   representing   a  
typical   commercial   building   in   India,   formed   the  
basis   for   the   development   of   180   reference   cases  
used  for   this  study.  The  BAU  derived  from  surveys,  
results   published   in   various   walk-­through   and  
investment  grade  audits  and  industry  practice.      
Following   is   the   list   of   non-­ECBC   regulated  
variables   that   were   used   in   various   permutations   to  
develop  the  reference  cases.  
   Climate  zone:  Hot  &  Dry  -­  HD  (Jodhpur),  Warm  
&  Humid  -­  WH  (Kolkata),  Composite  -­  CT  (New  
Delhi),  Moderate   -­  MD   (Bangalore)   and  Cold   -­  
CD   (Guwahati).   See   Table   5   at   the   end   of   the  
paper   for   a   summary   of   climate   zone  
characteristics   (Bansal   et   al.,   1995)   (Krishan   et  
al.,  1999).    

   Building  Operation:  8-­hour  daytime  use  and  24-­
hour  use  

   Floor  plate  size:  500  m2  and  1000  m2  
   Aspect  Ratio  (floor  plate):  1:1  and  1:2  
   Orientation:  North-­South  and  East-­West  
   Window-­Wall-­Ratio   (WWR):   20%,   40%   and  
80%   (It   should   be   noted   here   that   ECBC  
Prescriptive   Compliance   approach   does   not  
allow   WWR   to   exceed   60%.   The   80%   WWR  
case   was   included   to   represent   the   full-­glazed  
façade   type   of   construction   that   dominates   the  
commercial   building   design   and   practice   in  
India)  

These   reference   cases   were   then   simulated  with   the  
following   ECBC   regulated   variables   or   ECMs  

(setpoint   strategy   being   an   exception   since   it   is   not  
regulated  by  the  code).  
   Wall  ECM:  Assembly  U-­factor  or   Insulation  R-­
value  

   Window   (Vertical   fenestration)   ECM:   U-­value,  
Solar  Heat  Gain  Coefficient  (SHGC)  and  Visible  
Light  Transmission  (VLT)  

   Roof  ECM:  Assembly  U-­factor  or   Insulation  R-­
value  

   Shading  ECM:  0.6m  deep  overhang  
   LPD  ECM:  Reduction  in  Lighting  Power  Density  
   HVAC  ECM:  System  efficiency  
   Increase   in   Cooling   Setpoint   (This   particular  
strategy  was  studied  to  add  value  to  the  exercise  
with   an   objective   of   initiating   a   discussion   and  
bringing   forth   the   critical   issue   of   Adaptive  
Thermal  Comfort  for  India  within  the  process  of  
Code  development  and  revision.)  

The   ECBC   Prescriptive   inputs   and   the   BAU   inputs  
for  the  aforementioned  ECMs/strategies  are  given  in  
Table  1.  
Each  case  was  modeled  and  simulated  as  a  10-­storey  
building,   with   typical   ground   and   top   floors   and  
intermediate  adiabatic  floors,  with  equipment  density  
of   15   W/m2,   occupant   density   0.1   people/m2,   and  
0.55   L/s.m2   of   fresh   air   (calculated   using   minimum  
ventilation   rates   from  ASHRAE  62.1-­2004).  A   total  
of   1,620   parametric   energy   simulation   runs   were  
carried   out   using   EnergyPlus   simulation   engine   to  
test  the  impact  of  proposed  ECBC  measures.  
  

Table  1,  BAU  and  ECBC  regulated  parameters  and  
simulation  inputs  

  

Element   BAU  value  
  

ECBC  value  

Wall  
Assembly  U-­value    
(W/m2.K)  

2.177   0.440  (8-­hour,  24-­hour;;  
All  except  CD)  
0.352  (8-­hour;;  CD)  
0.369  (24-­hour;;  CD)  

Vertical  
Fenestrati
on  

U-­value    
(W/m2.K)  

5.778   3.30  All  except  MD  
6.90  MD  

SHGC   0.819  
HD,  WH)  

  
  

60%;;  CT,  HD,  WH)  

60%;;  MD)  

60%;;  CD)  
VLT   0.881   0.27  (WWR  20%)  

0.20  (WWR  40%)  
0.13  (WWR  80%)  

Roof  
Assembly  U-­value    
(W/m2.K)  

2.177   0.409  (8-­hour  -­  All;;  24-­
hour  -­  MD)  
0.261  (24-­hour  -­  All  
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except  MD)  
Shading   none   0.6  m  deep  overhang  
LPD  (W/m2)   15   10.8  
Cooling  Set  point  1  
(°C)   24  

25.5  

Cooling  Set  point  2  
(°C)  

27  

HVAC   Packaged  
DX  

VAV  with  terminal  
reheat    

  

OBSERVATIONS  
In  the  text  that  follows,  observations  have  been  made  
on   the   impact   of   each   energy   conservation  measure  
on  buildings  in  different  climate  zones,  and  different  
typologies  of  floor  plate  sizes,  and  operation.  
The   graph   in   Figure   1   clearly   shows   that   wall  
insulation   (with   ECBC   regulated   R-­value)   is  
generally   not   effective   in   Cold   and   Moderate  
climates.   Adding   insulation   to   the   walls   provides   a  
small  benefit  as  it   traps  heat  from  escaping  from  the  
envelope   of   a   daytime   use   building   in   Moderate  
climates   and   causes   the   air   conditioner   to   work  
harder   at   the   beginning   of   the   next   day,   thereby  
increasing   energy   use   marginally.   Negative   savings  
from  insulation  in  Cold  climate,  however,  is  counter-­
intuitive.   The   reason   why   insulation   seems   to   be  
ineffective   in   Cold   climate   is   because   Guwahati   in  
Assam,  which  was  used  as  a  location  in  Cold  climate,  
is  not   the  best   representation  of   that   zone.  Based  on  
the  Heating  Degree  Days  (HDD)  and  Cooling  Degree  
Days   (CDD),   it   is  more   like   a   location   in  Moderate  
climate.   Unavailability   of   an   appropriate   location  
(weather   file)   for   Cold   climate   proved   to   be   a  
limitation.  
Wall  insulation  is  most  effective  in  Warm  &  Humid,  
Composite  and  Hot  &  Dry  climates,  with  maximum  
EPI   savings   of   2.3%   in   Warm   &   Humid.   Average  
EPI   savings   from   wall   ECM   range   from   -­0.2%  
(Moderate)  to  0.7%  (Warm  &  Humid,  Composite).  

  
  

Figure  1  Impact  of  Wall  ECM  
  

  
  

Figure  2  Impact  of  Window  ECM  
  

Maximum  percentage   savings   are   in   cases  with   low  
WWR  due  to  greater  wall  surface  area.  Generally,  the  
ECM  seems   to  be   equally   effective   for   24-­hour   and  
daytime  use  buildings.  The  one  significant  exception  
is  500  m2   floor  plate   in  Warm  &  Humid  where  EPI  
saving   is   as   high   as   2.3%.   The   ECM   is   also   most  
effective   for   smaller   floor   plate   because   of   the   high  
surface-­to-­volume  ratio.  The  graph  also  indicates  that  
for  the  typology  of  the  cases  simulated  for  this  study  
and   based   on   the   simulation   assumptions,   having  
wall   insulation   may   lead   to   negative   savings   (EPI  
penalty)   for  daytime  use  buildings  with   large  WWR  
across   all   climate   zones.   This   is   because   for   these  
cases  the  business-­as-­usual  glazing  has   low  U-­factor  
and   high   SHGC,   making   it   a   significant   source   of  
heat  ingress,  especially  for  cases  with  high  WWR.  It  
is   important   to   note   here   that   this   negative   saving  
over   the   reference  case  could  also  be  a   result  of   the  
wall   insulation   being  modeled   as   the   only   envelope  
strategy   without   any   efficient   glazing.   The   savings  
diminish  as  the  WWR  increases.  Therefore,  for  cases  
with   80%   WWR,   the   ECM   does   not   show   any  
savings   in   daytime   use   buildings   in   any   climate.  
Average   EPI   savings   from   wall   ECM,   normalized  
over  climate  zones,  floor  plate  area  and  building  use  
is  around  0.4%  which  is  not  significant.  
Window   ECM   (Figure   2)   shows   positive   savings  
across  all  climate  zones  but   is  most  effective   in  Hot  
&   Dry   and   Composite,   with   average   EPI   saving   of  
6.4%   and   5.6%   respectively   and   least   effective   in  
Cold  climate  with  a  saving  of  1.8%.  Efficient  glazing  
is   most   effective   in   Hot   &   Dry   climate   for   high  
WWR   with   10%   reduction   in   EPI.   Savings   are  
generally   higher   for   small   floor   plates,   with   an  
average  of  5.5%,  because  of  the  greater  contribution  
of  the  envelope  in  relatively  lesser  surface-­to-­volume  
ratio.   Also,   EPI   savings   are   higher   for   daytime   use  
cases  that  show  a  reduction  of  5.4%  as  compared  to  a  
reduction  of  4.4%   in  24-­hour  use   cases,  most   likely  
because   of   a   larger   share   of   heat   gain   from   solar  
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radiation   in  daytime  use  buildings.   Savings   increase  
as  the  WWR  increases.  Overall  savings  from  window  
ECM   averaged   across   climate   zones,   building   size  
and  use  is  5%.  

  
  

Figure  3  Impact  of  Roof  ECM  
  

  
  

Figure  4  Impact  of  Shading  ECM  
  

The   study  clearly   shows   that   roof   insulation   (Figure  
3)   is   generally   ineffective   in   Cold   and   Moderate  
climates,   for   the   reason   highlighted   above   for  
ineffectiveness   of   wall   insulation.   It   works   best   in  
Warm  &  Humid,  Composite  and  Hot  &  Dry  climates,  
with   maximum   EPI   savings   of   1.3%   in   Warm   &  
Humid.  Average  EPI   savings   from   roof  ECM  range  
from   -­0.2%   (Moderate)   to   0.5%   (Warm   &   Humid,  
Composite).   This   ECM   shows   marginally   higher  
savings  in  500  m2  daytime  use  cases.    
The   results   show   shading   (Figure   4)   to   be   the  most  
effective  of  all  envelope  ECMs,  with  significant  EPI  
savings  across  all  climate  zones,  buildings  sizes,  uses  
and  WWRs.  Shading   is  most  beneficial   in  Moderate  
and  Hot  &  Dry  with  almost  3%  savings   in  EPI  over  
the  reference  case.  Having  shading  leads  to  more  EPI  

savings   in   daytime   use   cases,   averaging   to   around  
3%,  as  compared   to  24-­hour  use  cases   that   show  an  
average  saving  of  2.3%.  It   is  also  more  effective  for  
500  m2  floor  plate  as  against  the  1000  m2  floor  plate,  
with   average   savings   of   3%   and   2.3%   respectively.  
An   important   observation   is   that   EPI   savings   from  
overhang  peak  for  cases  with  40%  WWR.  A  possible  
explanation   could  be   that   20%  WWR   is   already   too  
small  for  any  substantial  heat  gain  and  80%  translates  
into  a  lot  of  fenestration  area  (and  heat  gain),  making  
shading  ineffective  in  both  cases.  Average  (across  all  
climate   zones,   building   sizes   and   uses)   EPI   saving  
from  just  overhangs  alone  is  2.7%.  

  
  

Figure  5  Impact  of  LPD  ECM  
  

Decreasing   the   lighting   power   density   (Figure   5)  
from   15   W/m2   to   10.8   W/m2,   shows   an   average  
saving  of  almost  10%.  It  is  a  very  effective  efficiency  
measure   in   all   climate   zones   and   across   all   building  
types.  Lighting  load  is  be  greater  for  building  with  a  
large  floor  plate  or  one  that  operates  for  24  hours,  as  
compared  to  a  building  with  smaller  floor  plate  and  8  
hours  of  operation.  For  this  reason  savings  are  greater  
in  1000  m2  floor  plate  and  24-­hour  use  cases,  ranging  
from  9.5-­10%.  
For  the  purpose  of  this  study,  the  reference  case  was  
modeled  with  a  Packaged  DX  cooling  system  and  the  
ECM  case  with  a  central  VAV  system.  Results  show  
a  maximum  saving  of  28%  and  an  average  of  17%  in  
compressor  (chiller)  energy.  However,  using  a  VAV  
also  led  to  the  addition  of  auxiliary  energy  for  pumps  
and  heat  rejection,  which  exceeded  the  savings  in  the  
chiller   energy   and,   consequently,   resulted   in  
increased   total   energy   consumption   for   the   HVAC  
ECM  over  the  reference  case.  

expanding   the   thermal   comfort   band   on   energy  
consumption   for   fully   air   conditioned   buildings.   Of  
all  the  ECMs,  increasing  the  cooling  setpoints  stands  
out   as   the   most   effective   energy   efficiency   strategy  
(Figures  6  and  7).  This   is   not  an  ECM  regulated  by  
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the   code   but   was   studied   and   modeled   in   order   to  
make   the   case   for   initiating   a   discussion   adaptive  
thermal  comfort   in   the  process  of  code  development  
and  enhancement.  Results  indicate  that  by  increasing  

by  about  9%  on  an  average,  almost  as  much  as  can  be  
achieved   by   reducing   the   LPD.   Savings   are   highest  
for   larger   floor   plate   24-­hour   use   buildings   because  
these   have   relatively   higher   cooling   loads.   Building  
operation  has   the  most   significant   impact   on   energy  
savings   from  a   high   cooling   setpoint.   Increasing   the  

the  reference  case.  In  other  words,  a  saving  of  5-­6%  
per   degree   increase   in   thermostat   set-­point  
temperature   can   be   accomplished,   with   greater  
savings   accruing   on   the   lower   set-­point   temperature  
side.  

  
  

Figure  6  Impact  of  Cooling  Setpoint  1  
  

  
  

Figure  7  Impact  of  Cooling  Setpoint  2  
  
One  of  the  limitations  of  this  study  is  that  the  models  
have   been   simulated   with   one   energy   conservation  

strategy   at   a   time,   so   the   cumulative   effect   of  more  
than   one   ECMs   bundled   together,   has   not   been  
captured.  This  could  be  one  of  the  reasons  why  most  
envelope   strategies   are   not   effective   in   Moderate  
climate   (they   in   fact   show   negative   savings).   It   is,  
however,   important   to   note   here   that   the   EPI   for   a  
given  reference  case  (derived  from  a  BAU  scenario)  
in   Moderate   climate   is   lower   as   compared   to   other  
climates,  around  an  average  of  190  kWh/m2/yr.  This  
results   in   a   reduction   in   potential   savings   in   this  
climate.  
According  to  the  results,  the  largest  reduction  of  all  is  
achieved   by   resetting   the   internal   temperature  
thermostat,   with   Setpoint   1   representing   a   change  

however,  that  relative  humidity  in  the  spaces  are  not  
considered   in   these   simulation   outputs,   as   DX   air-­
conditioning   systems   are   not   able   to   control   this  
parameter  well,   particularly   in   the   warm   and   humid  
locations.    

Long-­term  impact  of  ECBC  in  India  
In  a  report  published  by  the  ECO-­III  project  in  June,  
2010,   total   commercial   floor   space   estimates   were  
derived  for  India  based  on  estimates  for  floor  area  per  
economic   unit   and   electricity   use   intensities,   by  
category/service,   and   triangulated   these   estimates  
based   on   CEA   data   for   total   commercial   electricity  
use  in  the  country  (USAID  ECO-­III  Project,  2010a).  
Table   2   summarizes   the   comparison   of   commercial  
floor   space   estimates   across   different   sources   that  
were  referred  for  this  study.  
Based   on   the   effective   compounded   annual   growth  
rate  (CAGR)  of  5%,  according  to  ECO-­III  estimates,  
the   total  commercial   floor  space   in  India  as  of  2010  
is   approximately   660   M.   sq.   m.   The   estimated  
addition   to   this   figure   from  2010   till  2030  would  be  
around   1090  M.   sq.  m.  Assuming   that   approx.   70%  
of   this   additional   building   stock   falls   within   the  
purview   of   ECBC   compliance   (based   on   the  
connected   load/contract   demand   thresholds   that  
define  the  scope  of  the  code),  and  assuming  that  50%  
of   such   buildings   are   close   to   the   reference   cases  
derived   from   the   business-­as-­usual   scenario   for   this  
particular  study,  approximately  380  M.  sq.  m.  of  the  
additional   floor   area   would   be   similar   to   the  
aforementioned  reference  cases.  
In   order   to   understand   the   impact   of   ECBC  
prescriptive   measures   on   the   energy   savings   in  
commercial  building  sector,   the  average  EPI  savings  
from  each  ECM  were  multiplied  with   the  additional  
floor   space   to   calculate   the   total   savings   that  would  
result   from   each   measure   if   all   new   buildings   (that  
are  similar  to  the  reference  cases)  from  2010  till  2030  
were  fitted  with  these  measures  (one  at  a  time).  Table  
3   summarizes   the   energy   savings   for   the   various  
ECBC  prescriptive  measures  (except  for  HVAC),  and  
from  the  increase  in  cooling  setpoint.  
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Table  2,  Total  Commercial  Floor  Space  Estimates  from  different  Sources
  

  
  

Table  3,  Total  savings  from  ECBC  ECMs  by  2030  
  

ECM   EPI  Savings  
(kWh/m2/yr)  

Total  savings  by  2030  
(million  kWh  or  GWh)  

Wall   0.8   304  
Window   10.3   3914  
Roof   0.4   152  
Shading   5.5   2090  
LPD   19.7   7486  
Setpoint  1   20.3   7714  
Setpoint  2   32.6   12388  
  

Total  energy  savings  from  ECMs  were  converted  into  
avoided   power   plants   (Table   4)   by   using   the  
Equivalence   Matrix   prepared   by   ECO-­III   (USAID  
ECO-­III   Project,   2010b),   wherein   a   typical   (coal-­
fired)  thermal  power  plant  is  defined  as  having  a  600  
MW  generation  capacity,  running  for  7060  hours  per  
year,  and  thus  generating  4.24  billion  kWh  annually,  
(or   4.24   billion   units)   of   electricity.   However,  
considering   the   thermal   efficiency  of   a   typical   coal-­
fired   steam   power   plant   to   be   32.69%,   the   typical  
thermal  power  plant  consumes  12.97  billion  kWh  of  
primary   energy   in   the   form   of   coal   combustion   to  
generate  4.24  billion  kWh  of  electrical  energy  at   the  
power   station.   Additionally,   transmission,  
distribution   and   unaccounted   electricity   losses   were  
27.20%   during   the   year   2007-­08,   which   means   that  
the   actual   electricity   sold   to   consumers   would   only  
be  72.80%  of   the  4.24  billion  kWh  generated   at   the  
power  plant,  that  is,  3.09  billion  kWh     or,  100  units  
of  electricity  saved  on  site  avoid  the  need  to  generate  
137   units   at   the   source.   Effectively,   this   gives   a  
primary   energy   factor  of   4.20   for   coal-­fired   thermal  
power  plants      that   is,   4.20  units   of   primary   energy  
are  consumed  to  provide  one  unit  of  electricity  where  
it  is  used.  Conversely,  one  unit  of  electricity  saved  on  
site,  avoids  the  consumption  of  4.20  units  of  primary  
energy  at  a  typical  coal-­fired  power  plant.  So,  energy  
sold   or   used   at   site   (3.09   billion   kWh)  was   used   to  
calculate  avoided  power  plants.  The   same   table  also  
lists   the  MtCO2e   avoided   for   each   of   the   ECMs   (1  
kWh   of   electricity   =   1.11   kg   CO2e   per   unit)  
(Zamunda  et  al.,  2007).  
  
  

  
  

Table  4,  Total  savings  from  ECBC  ECMs  by  2030  
converted  to  avoided  power  plants  and  CO2  

emissions  
  

ECM  
Avoided  Typical  

power  plant  (600  MW  
x  7060  hours/year)  

Avoided  CO2  
(MtCO2e)  

Wall   0.1   0.4  
Window   1.0   4.8  
Roof   0.0   0.2  
Shading   0.5   2.6  
LPD   2.0   9.2  
Setpoint  1   2.0   9.5  
Setpoint  2   3.2   15.2  
  

CONCLUSION  
The   study   clearly   indicates   that   most   of   the   energy  
efficiency   strategies   related   to   building   envelope  
have  little  impact  on  energy  savings  for  the  typology  
of  buildings  modeled  and  studied   in   this  paper.  This  
is  especially  true  for  wall  and  roof  insulation.  Studies  
have   shown   that   for   large   floor   plate,   high   rise  
commercial   buildings   with   high   internal   loads,  
envelope   has   a   small   role   to   play   as   far   as   energy  
savings   are   concerned.  A  more   in-­depth   analysis   on  
the   quantifiable   impact   of   insulation   on   energy  
consumption  in  commercial  buildings  in  India  needs  
to   be   conducted.   However,   based   on   the   BAU  
reference   cases   simulated   for   the   purpose   of   this  
study   one  might   emphasize   the   need   to   be   cautious  
while   designing   an   insulated   envelope   for   the  
predominantly   hot-­warm-­temperate   climate   of   India  
in  terms  of  carefully  understanding  the  heat  exchange  
mechanism   in   conjunction   with   the   building  
operation.   Insulation   might   work   for   tightly  
controlled   spaces,   with   a   provision   for   night-­time  
cooling.  Also,  a  large  portion  of  the  existing  building  
stock   is   the   country   is   mixed-­mode   type   where   air  
conditioning   is   turned  on  as  and  when   required.  For  
these  building   types,   insulation  as  a   strategy  may  or  
may   not   be   effective.   It   is,   therefore,   critical   to   run  
detailed   simulation   models   and   undertake   a  
comprehensive   study   to   understand   the   impact   of  
insulation   in   the   various   climates   zones   that   exist  
here,   and   with   real-­life   reference   cases   (and   small  
commercial   establishments   that   would   need   to   be  

   Million  m2   Effective  Compounded  
Annual  Growth  Rate  

2005   2006   2007   2008   2009   2010     
McKinsey  Estimate   697   752   812   877   947   1022   8.0%  
LBNL  Estimate   860   885   912   939   966   995   3.0%  
ECO-­III  Estimate   516   542   569   597   627   659   5.0%  

Climate  Works  Foundation  
EDS  Estimate   346   376   408   442   480   521   8.5%  
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code  compliant  but  have  a  greater  surface-­to  volume  
ratio)   to   include   all   building   construction   and  
operation   typologies.   Following   ECBC   Prescriptive  
requirements  for  wall  and  roof  insulation  without  the  
aid   of   detailed   guidelines   for   designing,   modeling  
and   constructing   properly   insulated   envelope,  might  
lead  to  energy  penalty.    
The  study  also  indicates  that  overhang  shading  could  
be  a  very  effective  and  simple  strategy  to  reduce  heat  
gain   through   the   envelope.   There   are   studies   that  
have   quantified   the   importance   of   overhangs,  
especially   in   case   of   small   windows.   It   can   be  
assumed   that   if   the   shading   depth   is   appropriately  
optimized   keeping   in   mind   the   solar   inclination  
angles  through  the  year,  overhangs  might  prove  to  be  
an  efficient  way  of  reducing  total  loads  even  for  large  
windows.  This   fact   is   very   important   in  view  of   the  
cost   implications   of   using   highly   efficient   glazing.  
Overhangs   and   such   static   shading   devices   have  
immense   possibilities   that   can   be   translated   into  
practical   solutions   provided   the   local   building  
regulations  allow  more  flexibility  instead  of  limiting  
the  overhang  depth  to  0.6  m  (Manu.  2009).  
Another   important  conclusion   to  be  drawn  from  this  
study   is   the   need   for   a   context   appropriate   adaptive  
thermal  comfort  model  to  establish  a  relaxed  cooling  
setpoint.   As   more   and   more   existing   buildings   are  
being  fitted  with  air  conditioning,  and  the  majority  of  
new  commercial  floor  space  being  added  each  year  is  
already   controlled,   it   is   increasingly   becoming  
critical   to   recognize   the   impact   of   allowing   for   a  

point,   based   on   external   environmental  
indicators  such  as  temperature,  humidity,  wind  speed  
and  behavioral  and  psychological  adaptations  by   the  
occupants.   The   potential   economic   and  
environmental   benefits   of   a   shift   to   a   contextually  
sensitive  model  of  thermal  comfort  can  be  significant  
with   an   avoided   generation   capacity   of   2   GW,   or  
three   typical   coal-­fired   power   plants   that   would   not  
need  to  be  built  over  the  next  20  years  and  about  15  
MtCO2e  of  avoided  CO2.  
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Table  5,  Summary  of  typical  climatic  features  of  the  Climate  Zones  in  India  (Bansal  et  al.,  1995)  (Krishan  et  al.,  
1999)  

  

Climate  
Zone  

Mean  Temperature  (°C)   Mean  
Relative  
humidity  

Annual  
Precipitation  

Sky  Conditions  

Summer  
midday  
(High)  

Summer  
night  
(Low)  

Winter  
midday  
(High)  

Winter  
night  
(Low)  

Diurnal  
Variation  

Hot  &  Dry  
(HD)  

40  to  45   20  to  30   5  to  25   0  to  10   15  to  20   Very  
Low  25-­
40%  

Low  <  500  
mm/yr.  

Cloudless  skies  
with  high  solar  
radiation,  causing  
glare  

Warm  &  
Humid  
(WH)  

30  to  35   25  to  30   25  to  
30  

20  to  
25  

5  to  8   High  70  
to  90%  

High  >  1200  
mm/yr.  

Overcast  (cloud  
cover  ranging  
between  40  and  
80%),  causing  
unpleasant  glare  

Moderate  
(MD)  

30  to  34   17  to  24   27  to  
33  

16  to  
18  

8  to  13   High  60  
to  85%  

High  >  1000  
mm/yr  

Mainly  clear,  
occasionally  
overcast  with  dense  
low  clouds  in  
summer  

Cold  (CD)   17  to  24  
or  20  to  
30  

4  to  11  
or  17  to  
21  

(-­7)  to  
8  or  4  
to  8  

(-­14)  to  
0  or  (-­
3)  to  4  

25  to  25  
or  5  to  15  

Low:  10-­
50%  or  
High:  70-­
80%  

Low:  <  200  
mm/yr  or  
Moderate  
1000mm/yr  

Clear  with  cloud  
cover  <  50%  or  
Overcast  for  most  
of  the  year  

Composite  
(CT)  

32  to  43   27  to  32   10  to  
25  

4  to  10   35  to  22   Variable  
Dry  
Periods  =  
20-­50%  
Wet  
Periods=  
50-­95%  

Variable  500-­
1300  mm/yr,  
during  
monsoon  
reaching  250  
mm  in  the  
wettest  
month  

Variable  Overcast  
and  dull  in  the  
monsoon  
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