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Overview	
  of	
  Two	
  Studies 

1.  How	
  effec5ve	
  are	
  demand-­‐side	
  management	
  
programs	
  at	
  reducing	
  energy	
  consump5on,	
  
given	
  studies	
  of	
  varying	
  quality?	
  

2.  How	
  do	
  decisions	
  about	
  energy	
  efficiency	
  
compare	
  to	
  what	
  people	
  “should”	
  do?	
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Main	
  Results 

1.  Effec5veness	
  of	
  demand-­‐side	
  management	
  
–  Reported	
  effects	
  are	
  likely	
  biased	
  and	
  may	
  

overes5mate	
  true	
  effects	
  by	
  a	
  factor	
  of	
  2	
  

2.  Energy	
  efficiency	
  decisions	
  
–  Ra5onal	
  analysis	
  captures	
  some	
  important	
  

features:	
  uncertainty	
  and	
  5me	
  preferences	
  
–  Misses	
  others:	
  debt	
  aversion	
  and	
  insensi5vity	
  to	
  

split	
  incen5ves	
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Study	
  One 

1.  How	
  effec5ve	
  are	
  demand-­‐side	
  management	
  
programs	
  at	
  reducing	
  energy	
  consump5on,	
  
given	
  studies	
  of	
  varying	
  quality?	
  

2.  How	
  do	
  decisions	
  about	
  energy	
  efficiency	
  
compare	
  to	
  what	
  people	
  “should”	
  do?	
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Assessing	
  Uncertainty	
  in	
  Demand-­‐side	
  	
  
Management	
  (DSM)	
  Programs 

•  U5li5es	
  are	
  moving	
  toward	
  wirelessly	
  
communica5ng	
  smart-­‐meters,	
  with	
  a	
  promise	
  
of	
  helping	
  people	
  conserve	
  energy	
  and	
  reduce	
  
peak	
  demand	
  

•  Pilot	
  studies	
  of	
  technologies/programs	
  
enabled	
  by	
  smart	
  meters	
  vary	
  in	
  their	
  quality	
  
and	
  repor5ng,	
  leading	
  to	
  significant	
  
uncertainty	
  in	
  expected	
  effects	
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Risk-­‐of-­‐Bias	
  Uncertainty	
  Assessment 

•  Medical	
  researchers	
  must	
  assess	
  uncertainty	
  
in	
  clinical	
  trials	
  

•  The	
  Cochrane	
  Collabora5on	
  provides	
  guidance	
  
on	
  systema5c	
  reviews	
  (meta-­‐analyses)	
  of	
  
clinical	
  medical	
  trials	
  

•  Those	
  methods	
  were	
  applied	
  to	
  DSM	
  field	
  
trials,	
  where	
  there	
  are	
  no	
  currently	
  accepted	
  
standards	
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Meta-­‐Analysis 

All	
  studies	
  examining	
  effec5veness	
  of	
  three	
  
smart-­‐grid	
  enabled	
  programs	
  up	
  to	
  2012:	
  
•  In-­‐home	
  displays	
  	
  
•  Dynamic	
  pricing	
  	
  
•  Automa5on	
  	
  
	
  
32	
  studies	
  in	
  total	
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Meta-­‐Analysis:	
  Biases	
   

•  Volunteer	
  bias	
  
•  Interven5on	
  selec5on	
  bias	
  
•  Sequence	
  genera5on	
  bias	
  	
  
•  Alloca5on	
  concealment	
  bias	
  	
  
•  Blinding	
  bias	
  
•  A_ri5on	
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Volunteer	
  Selec5on	
  Bias 

•  People	
  who	
  volunteer	
  for	
  a	
  study	
  might	
  
respond	
  differently	
  than	
  the	
  general	
  
popula5on	
  	
  

•  BC	
  Hydro	
  Power	
  Smart	
  Study	
  
– Those	
  with	
  higher	
  educa5on	
  and	
  income	
  were	
  
more	
  likely	
  to	
  volunteer	
  for	
  a	
  pilot	
  test	
  of	
  dynamic	
  
pricing	
  and	
  in-­‐home	
  displays	
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Interven5on	
  Selec5on	
  Bias 

•  Par5cipants	
  who	
  select	
  their	
  own	
  treatment	
  
group	
  might	
  systema5cally	
  differ	
  from	
  non-­‐
selectors	
  	
  

•  Olympic	
  Peninsula	
  Project	
  	
  
– Par5cipants	
  could	
  choose	
  their	
  favored	
  tariff	
  
group	
  (fixed	
  rate,	
  5me-­‐of-­‐use	
  with	
  cri5cal	
  peak	
  
pricing,	
  real-­‐5me	
  pricing)	
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Sequence	
  Genera5on	
  Bias 

•  Researchers	
  might	
  assign	
  par5cipants	
  using	
  
non-­‐random	
  methods	
  	
  

•  Bal5more	
  Gas	
  and	
  Electric	
  Smart	
  Energy	
  
Pricing	
  Pilot	
  
– Customers	
  recruited	
  sequen5ally	
  to	
  real-­‐5me	
  
pricing,	
  then	
  peak	
  rebate,	
  etc.	
  (24	
  study	
  
condi5ons)	
  

– Most	
  eager	
  respondents	
  will	
  be	
  given	
  the	
  first	
  
condi5on,	
  etc.	
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Alloca5on	
  Concealment	
  Bias 

•  Researchers	
  or	
  par5cipants	
  can	
  manipulate	
  
random	
  assignment	
  if	
  they	
  know	
  it	
  
beforehand	
  
– Believe	
  someone	
  would	
  really	
  benefit	
  from	
  
treatment	
  

– Give	
  someone	
  in	
  a	
  larger	
  house	
  a	
  smart	
  
thermostat,	
  expec5ng	
  greater	
  savings	
  

– Medical	
  researchers	
  have	
  tried	
  to	
  decipher	
  
random	
  assignment	
  by	
  holding	
  sealed	
  envelopes	
  
up	
  to	
  a	
  light	
  to	
  see	
  the	
  contents	
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Blinding	
  Bias 

•  If	
  par5cipants	
  or	
  researchers	
  know	
  what	
  
treatment	
  a	
  person	
  received	
  they	
  may	
  act	
  
differently,	
  or	
  be	
  treated	
  differently	
  
– People	
  can	
  guess	
  treatment	
  based	
  on	
  the	
  taste	
  of	
  
a	
  pill,	
  leading	
  to	
  differen5al	
  symptom	
  repor5ng	
  
(knowing	
  they	
  got	
  a	
  placebo)	
  

– Consumers	
  told	
  they	
  were	
  in	
  an	
  energy	
  
consump5on	
  study	
  reduced	
  their	
  electricity	
  use	
  
by	
  ~	
  3%	
  (Hawthorne	
  Effect)	
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A_ri5on	
  Bias 

•  Par5cipants	
  who	
  withdraw	
  or	
  are	
  excluded	
  
aker	
  the	
  study	
  begins	
  might	
  differ	
  
systema5cally	
  from	
  those	
  who	
  remain	
  
–  If	
  those	
  who	
  do	
  not	
  benefit	
  drop	
  out,	
  results	
  
among	
  those	
  who	
  are	
  lek	
  in	
  the	
  study	
  will	
  seem	
  
more	
  effec5ve	
  

– Connec5cut	
  Light	
  &	
  Power’s	
  Plan-­‐it-­‐Wise	
  study	
  
found	
  a	
  1%	
  monthly	
  dropout	
  rate	
  for	
  unknown	
  
reasons	
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Bias	
  Classifica5on	
  Criteria 
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Bias	
  Classifica5on	
  Criteria 
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Cochrane	
  Adjustments	
  for	
  Bias 
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Cochrane	
  Adjustments	
  for	
  Bias 
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Peak	
  Shaving:	
  	
  
Reported	
  and	
  Adjusted	
  Es5mates 
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Peak	
  Shaving:	
  	
  
Reported	
  and	
  Adjusted	
  Es5mates 
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Peak	
  Shaving:	
  	
  
Reported	
  and	
  Adjusted	
  Es5mates 
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Peak	
  Shaving:	
  	
  
Reported	
  and	
  Adjusted	
  Es5mates 
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Peak	
  Shaving:	
  	
  
Reported	
  and	
  Adjusted	
  Es5mates 
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Peak	
  Shaving:	
  	
  
Reported	
  and	
  Adjusted	
  Es5mates 
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Peak	
  Shaving:	
  	
  
Reported	
  and	
  Adjusted	
  Es5mates 
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Peak	
  Shaving:	
  	
  
Reported	
  and	
  Adjusted	
  Es5mates 
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Peak	
  Shaving:	
  	
  
Reported	
  and	
  Adjusted	
  Es5mates 
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Peak	
  Shaving:	
  	
  
Reported	
  and	
  Adjusted	
  Es5mates 

29	
  



Conserva5on:	
  	
  
Reported	
  and	
  Adjusted	
  Es5mates 
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Conserva5on:	
  	
  
Reported	
  and	
  Adjusted	
  Es5mates 
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Summary 

Risk	
  of	
  Bias	
  in	
  Study	
  Outcomes	
  
•  High	
  risk-­‐of-­‐bias	
  from	
  volunteerism,	
  interven5on	
  
selec5on,	
  and	
  a_ri5on	
  

•  Bias	
  could	
  plausibly	
  reduce	
  observed	
  effects	
  by	
  half	
  
Repor5ng	
  Standards	
  
•  Almost	
  no	
  repor5ng	
  of	
  random	
  assignment,	
  how	
  
people	
  were	
  informed	
  of	
  assignment,	
  and	
  whether	
  
people	
  knew	
  about	
  alterna5ve	
  treatments	
  

•  Poor	
  repor5ng	
  of	
  uncertainty	
  
•  Standardized	
  conduct	
  and	
  repor5ng	
  would	
  allow	
  
assessment	
  of	
  uncertainty	
  and	
  bias	
  (CONSORT)	
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Main	
  Results 

•  Effec5veness	
  of	
  demand-­‐side	
  management	
  
–  Reported	
  effects	
  are	
  likely	
  biased	
  and	
  may	
  

overes5mate	
  true	
  effects	
  by	
  a	
  factor	
  of	
  2	
  
•  Best	
  es5mates	
  of	
  peak	
  shaving	
  effects	
  

–  Dynamic	
  pricing:	
  3-­‐6%,	
  +/-­‐	
  1%	
  
–  Dynamic	
  pricing	
  +	
  Automa5on:	
  14%	
  +/-­‐	
  3%	
  

•  Best	
  es5mates	
  of	
  conserva5on	
  effects	
  
–  Any	
  treatment:	
  1-­‐3%	
  +/-­‐	
  1%	
  (~	
  a	
  Hawthorne	
  

effect)	
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Study	
  Two	
  
 

1.  How	
  effec5ve	
  are	
  demand-­‐side	
  management	
  
technologies	
  at	
  reducing	
  energy	
  
consump5on,	
  given	
  studies	
  of	
  varying	
  
quality?	
  

2.  How	
  do	
  decisions	
  about	
  energy	
  efficiency	
  
compare	
  to	
  what	
  people	
  “should”	
  do?	
  

34	
  



	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
22M	
  k2	
  in	
  downtown/Oakland	
  

Pittsburgh B/C offices 
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    Class A  
•  Above average rents 
•  High quality finishes 
•  State of the art systems 

    Class B  
•  Average rents 
•  Fair to good finishes 
•  Adequate systems 

    Class C  
•  Below average rent 
•  “Functional” space 



Uptake of programs in Duquesne Light  
territory 
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Uptake of programs in Duquesne Light  
territory 
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Research Question 

1.  How	
  do	
  decisions	
  about	
  energy	
  efficiency	
  
among	
  class	
  B/C	
  office	
  building	
  owners	
  
compare	
  to	
  what	
  people	
  “should”	
  do?	
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Behavioral Decision Research Approach 
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Behavioral Decision Research Approach 

1.   Norma(ve	
  analysis	
  of	
  investment	
  decision	
  
problem	
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Behavioral Decision Research Approach 

1.   Norma(ve	
  analysis	
  of	
  investment	
  decision	
  
problem	
  

2.   Descrip(ve	
  analysis	
  using	
  interviews	
  and	
  a	
  
survey	
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Normative Analysis 

Energy	
  savings	
  should	
  outweigh	
  the	
  costs,	
  
subject	
  to:	
  
1.  Uncertainty	
  in	
  energy	
  savings	
  
2.  Time	
  discoun5ng	
  
3.  Capital	
  constraints	
  
4.  Split	
  incen5ves	
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Normative Analysis Summary 

1.  Provides	
  rate	
  of	
  return	
  with	
  enough	
  certainty	
  
2.  Provides	
  rate	
  of	
  return	
  be_er	
  than	
  

alterna5ves	
  
3.  Owner	
  has	
  enough	
  cash	
  to	
  pay	
  (or	
  available	
  

financing)	
  
4.  Energy	
  savings	
  flow	
  to	
  owner,	
  not	
  tenant	
   43	
  



Descrip5ve	
  Analysis	
  

•  Comprehensive	
  list	
  of	
  327	
  B/C	
  office	
  building	
  
owners	
  (504	
  buildings)	
  in	
  Pi_sburgh	
  
– CoStar,	
  Allegheny	
  County	
  Records,	
  deed	
  searches	
  

•  Recruited	
  132	
  owners	
  (40%)	
  
– 1)	
  Mail,	
  2)	
  postcard,	
  3)	
  phone/email,	
  4)	
  in-­‐person,	
  
5)	
  second	
  mailing	
  

•  Mostly	
  owner	
  occupiers	
  (98/120	
  repor5ng)	
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Descriptive Analysis 

What	
  is	
  the	
  perceived:	
  
1.  Uncertainty	
  in	
  energy	
  savings	
  
2.  Time	
  discoun5ng	
  
3.  Capital	
  constraints	
  
4.  Split	
  incen5ves	
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Policy	
  Preferences	
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Uncertainty	
  and	
  Informa5on	
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Uncertainty	
  and	
  Informa5on	
  

•  Respondents	
  wanted	
  a	
  guarantee	
  and	
  
economic	
  cost-­‐benefit	
  assessment	
  

•  Guarantee	
  reflected	
  concern	
  about	
  project	
  
performance,	
  uncertainty	
  in	
  savings	
  

•  Cost-­‐benefit	
  assessment	
  reflected	
  desire	
  for	
  
informa5on	
  

•  These	
  two	
  concerns	
  were	
  separable	
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Capital	
  Constraints	
  

53	
  



Capital	
  Constraints	
  

•  79%	
  (87/110	
  responding)	
  said	
  they	
  could	
  pay	
  out	
  of	
  pocket	
  
•  Capital	
  availability	
  may	
  not	
  be	
  a	
  major	
  issue	
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Time	
  Discoun5ng	
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Time	
  Discoun5ng	
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Time	
  Discoun5ng	
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Time	
  Discoun5ng	
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Time	
  Discoun5ng	
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Time	
  Discoun5ng	
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Time	
  Discoun5ng	
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Time	
  Discoun5ng	
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Time	
  Discoun5ng	
  

•  Most	
  of	
  the	
  discoun5ng	
  of	
  energy	
  savings	
  was	
  
not	
  accounted	
  for	
  by	
  5me	
  preferences	
  

•  Interes5ngly,	
  many	
  respondents	
  refused	
  to	
  
give	
  a	
  WTP	
  or	
  WTA	
  for	
  loans	
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Debt	
  Aversion	
  

69	
  



Debt	
  Aversion	
  

70	
  



Debt	
  Aversion	
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Split	
  Incen5ves	
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Split	
  Incen5ves	
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Split	
  Incen5ves	
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Split	
  Incen5ves	
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Split	
  Incen5ves	
  

•  Who	
  pays	
  the	
  energy	
  bills	
  did	
  not	
  factor	
  much	
  
into	
  respondent	
  hypothe5cal	
  choices	
  

•  Many	
  were	
  owner-­‐occupiers	
  
•  In	
  pretest	
  interviews,	
  many	
  were	
  much	
  more	
  
concerned	
  about	
  tenant	
  reten5on	
  than	
  
energy	
  bills	
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Normative and Descriptive Analyses 

•  Uncertainty	
  
•  Building	
  owners	
  should	
  care	
  about	
  uncertainty	
  in	
  the	
  energy	
  
savings	
  and	
  it	
  is	
  their	
  biggest	
  concern	
  

•  Time	
  Discoun5ng	
  
•  The	
  5me	
  value	
  of	
  money	
  should	
  make	
  energy	
  efficiency	
  
investments	
  less	
  a_rac5ve	
  

•  For	
  respondents	
  this	
  is	
  true,	
  but	
  other	
  factors	
  account	
  for	
  more	
  
discoun5ng	
  than	
  5me	
  preferences	
  

•  Capital	
  constraints	
  
•  Most	
  respondents	
  can	
  pay	
  and	
  are	
  debt	
  averse	
  
•  Some	
  exhibit	
  nega5ve	
  discount	
  rates,	
  preferring	
  to	
  pay	
  the	
  full	
  
cost	
  up	
  front	
  

•  Split	
  incen5ves	
  
–  Shouldn’t	
  care	
  about	
  energy	
  efficiency	
  unless	
  they	
  can	
  make	
  

money	
  off	
  it,	
  but	
  split	
  incen5ves	
  didn’t	
  ma_er	
  much	
  to	
  them	
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