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Two-‐Fold	  Research	  Approach	  

•  First,	  which	  households	  are	  most	  likely	  to	  par.cipate	  in	  
u.lity-‐sponsored	  energy	  efficiency	  (or	  load	  management)	  
programs?	  
–  Can	  we	  inform	  program	  marke.ng	  efforts	  target	  the	  households	  
most	  likely	  to	  be	  recep.ve	  to	  these	  programs?	  

•  Second,	  what	  is	  the	  realized	  energy	  effect	  of	  u.lity-‐
sponsored	  energy	  efficiency	  programs?	  
–  With	  high	  frequency	  Smart	  Meter	  energy	  readings,	  we	  can	  look	  
at	  both	  the	  quan%ty	  of	  energy	  savings	  and	  the	  value	  of	  that	  
savings,	  based	  on	  .me-‐varying	  marginal	  cost	  of	  produc.on.	  

	  
•  Combining	  these	  we	  can	  ask;	  from	  which	  households	  

should	  the	  demand-‐side	  program	  operator	  expect	  to	  
create	  the	  most	  valuable	  energy	  savings?	  
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The	  Data	  (1	  of	  2)	  
•  PG&E	  sample	  of	  SmartMeter	  households	  from	  the	  period	  

of	  2009-‐2011	  
–  About	  10,000	  households	  from	  each	  of	  three	  major	  climate	  
zones	  in	  their	  service	  territory	  for	  ≈	  30,000	  households.	  

–  15	  minute	  and	  daily	  energy	  readings	  for	  each	  household.	  
–  Par.cipa.on	  in	  u.lity-‐sponsored	  energy	  efficiency	  and	  load	  
management	  programs	  recorded.	  

•  PG&E	  started	  installing	  Smart	  Meters	  in	  California	  in	  
2008,	  with	  a	  gradual	  roll-‐out	  that	  con.nues.	  	  	  
–  This	  data	  is	  sample	  from	  over	  5	  million	  households	  in	  PG&E’s	  
territory	  

–  Most	  households	  in	  the	  sample	  did	  NOT	  have	  a	  Smart	  Meter	  at	  
the	  start	  of	  the	  .me	  period.	  
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Meter	  Installa.ons	  

Figures	  from	  WCAI	  presenta.on,	  October	  2012	  
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The	  Data	  (2	  of	  2)	  

•  Complement	  energy	  readings	  with	  neighborhood-‐
level	  demographic	  data	  from	  US	  Census	  
–  PG&E	  included	  Census	  blockgroup	  numbers	  as	  household	  
geographic	  iden.fiers	  (addresses	  withheld	  for	  privacy)	  

–  Can	  associate	  neighborhood	  (≈600	  households)	  
characteris.cs	  with	  each	  household.	  

•  Daily	  weather	  data	  from	  NOAA	  
–  Each	  blockgroup	  matched	  with	  the	  3	  nearest	  weather	  
sta.ons	  and	  an	  average	  of	  the	  high	  and	  low	  daily	  
temperatures	  are	  calculated.	  

–  Generate	  degree-‐day-‐“like”	  values	  by	  subtrac.ng	  20°C	  
from	  high	  (with	  zero	  bound)	  and	  subtrac.ng	  low	  from	  
20°C	  (also	  with	  zero	  bound)	  
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Background	  on	  PG&E’s	  Residen.al	  Efficiency	  
Rebates	  Program	  

•  Rebate	  program	  available	  over	  the	  period	  of	  the	  study	  (and	  before).	  
•  Households	  can	  apply	  for	  a	  rebate	  following	  the	  purchase	  of	  energy	  

consuming	  equipment	  that	  meets	  defined	  efficiency	  criteria.	  
•  Households	  apply	  for	  a	  rebate	  online,	  or	  using	  a	  mail	  in	  form.	  
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Program	  Par.cipa.on	  –	  	  
Single	  Variable	  Grouped	  t-‐tests	  
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Variable	   Difference	  In	  Means	   t	  score	  

Median	  Home	  Value*	   $82k	  (20%)	   17	  

Median	  Income*	   $16K	  (20%)	   24	  

%	  Renters	   -‐13	  points	  	  (30%)	   25	  

%	  Poor	   -‐4	  points	  (30%)	   16	  

%	  w/	  Bachelors	  (or	  >)	   6	  points	  (15%)	   13	  

*	  These	  values	  are	  top	  coded	  ($1M	  &	  $250k)	  so	  difference	  
value	  reported	  should	  be	  interpreted	  with	  cau.on	  

Neighborhood	  Characteris.cs	  for	  Households	  that	  
Par.cipate	  in	  the	  Efficiency	  Rebate	  Program	  

(Census	  Blockgroups	  ≈	  600	  households)	  



	  	  	  

Program	  Par.cipa.on	  –	  	  
Single	  Variable	  Grouped	  t-‐tests	  
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Variable	   Difference	  In	  Means	   t	  score	  

Average	  Daily	  kWh	   17	  (25%)	   17	  

Average	  Weekday	  kWh	   17	  (25%)	   17	  

Average	  Weekend	  kWh	   18	  (25%)	   18	  

*	  Excluding	  households	  repor.ng	  >1,000kWh/daily	  on	  average	  (7)	  

Energy	  Characteris.cs	  for	  Households	  that	  
Par.cipate	  in	  the	  Efficiency	  Rebate	  Program	  



	  	  	  

Program	  Par.cipa.on	  –	  	  
Probit	  Probability	  Es.ma.on	  

•  Direc.on	  of	  these	  effects	  
consistent	  with	  expecta.ons	  
from	  univariate	  uests	  

•  Cannot	  interpret	  these	  
coefficients	  directly	  (due	  to	  
func.onal	  form)	  

•  Sign	  and	  significance	  of	  
coefficients	  robust	  to	  alternate	  
model	  func.onal	  forms	  (logit,	  
tobit,	  linear)	  
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Variable	   Coefficient	  
Es.mate	  (β)	  

Average	  Daily	  kWh	   1.93x10-‐3*	  

Median	  Home	  Value	   4.35x10-‐7*	  

Median	  Income	   4.13x10-‐7	  

%	  Renters	   -‐7.91x10-‐3*	  

%	  Poor	   -‐7.93x10-‐4	  

%	  w/	  Bachelors	  (or	  >)	   5.32x10-‐2	  

Intercept	   -‐1.44*	  

(pseudo)	  R2	   0.0498	  

*	  denotes	  sta.s.cal	  significance	  at	  >99%	  



	  	  	  

Reminder	  –	  Research	  Goal	  

•  How	  can	  DSM	  operators	  get	  smart	  about	  marke.ng	  
and	  deploying	  residen.al	  efficiency	  programs?	  

•  Have	  a	  model	  for	  program	  par.cipa.on	  
•  Next,	  what	  is	  are	  the	  energy	  effects	  once	  a	  
household	  has	  par.cipated?	  
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Es.ma.ng	  Effect	  Size	  –	  Daily	  kWh	  
Consumed	  
Time	  Fixed-‐Effects	  Model	  	  
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•  Interes.ng	  finding	  
–  First	  rebate	  is	  poin.ng	  in	  the	  
wrong	  direc.on?	  

–  Subsequent	  rebates	  lead	  to	  
energy	  savings.	  

•  This	  is	  an	  average	  effect	  
(across	  seasons,	  .me	  since	  
rebate,	  etc.)	  

•  Interpreta.on?	  
–  Consuming	  more	  energy	  
services?	  	  Free-‐riders?	  	  New	  
homeowners?	  

Variable	   Coefficient	  
Es.mate	  (β)	  

Daily	  High	  Temp	   0.551	  

Daily	  Low	  Temp	   0.083	  

%	  Renter	  Occupied	   -‐0.222	  

%	  Poor	   0.120	  

Median	  Home	  Value	   -‐8x10-‐6	  

Median	  Income	   2x10-‐4	  

Rebate	  (1st)	   4.476	  

Rebate	  (2nd)	   -‐1.766	  

Rebate	  (3rd)	   -‐2.006	  

Rebate	  (4th)	   -‐8.542	  

intercept	   51.365	  

Adj	  R2	   0.1402	  
Temperature	  measured	  in	  tenths	  of	  degrees	  C	  
All	  coefficients	  sta.s.cally	  significant	  at	  >99%	  



	  	  	  

Next	  Steps	  

•  We’ve	  found	  an	  interes.ng	  daily	  average	  effect,	  but	  
the	  smart-‐meters	  let	  us	  do	  more.	  	  	  
–  Are	  there	  interes.ng	  energy	  effects	  once	  we	  drill	  down	  to	  
more	  narrow	  .me	  slices?	  	  	  

–  Can	  we	  detect	  a	  change	  in	  the	  rela.onship	  between	  
temperature	  and	  15min	  energy	  demand?	  

–  Are	  there	  ways	  to	  segment	  households	  to	  iden.fy	  the	  
ones	  with	  energy	  reduc.ons	  post-‐interven.on?	  

•  Are	  there	  ways	  to	  cluster	  households	  by	  energy	  
consump.on	  pauerns	  that	  can	  help	  predict	  program	  
par.cipa.on?	  
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