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From:	
  	
  REDD:	
  A	
  Public	
  Data	
  Set	
  for	
  Energy	
  DisaggregaSon	
  Research	
  
J.	
  Zico	
  Kolter,	
  Ma0hew	
  J.	
  Johnson	
  
In	
  Proceedings	
  of	
  the	
  SustKDD	
  Workshop	
  on	
  Data	
  Mining	
  ApplicaAons	
  in	
  
Sustainbility,	
  2011	
  
	
  

Website:	
  hTp://www.cs.cmu.edu/~zkolter/	
  
	
  

BECC	
  poster	
  session:	
  	
  
Protocol	
  for	
  Developing	
  High	
  ResoluSon	
  Energy	
  DisaggregaSon:	
  
Reference	
  Energy	
  DisaggregaSon	
  Data	
  Set	
  (REDD)	
  

	
  	
  	
   	
  	
  Larsen	
  Plano,	
  J.	
  Zico	
  Kolter	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
  	
  Tues.,	
  6pm	
  

	
   	
  	
  The	
  Tahoe	
  Room	
  

Study	
  Context	
  



Relevant	
  REDD	
  Context	
  

	
  	
  	
  	
  	
  	
  
•  Collect	
  whole-­‐home	
  and	
  appliance-­‐level	
  electricity	
  use	
  

readings	
  at	
  a	
  high	
  sampling	
  rate,	
  for	
  50	
  homes.	
  	
  

•  Inform	
  homeowners	
  about	
  what	
  was	
  learned	
  about	
  their	
  
household	
  energy	
  consumpSon	
  (energy	
  debrief).	
  	
  

•  Pilot	
  test	
  the	
  power	
  of	
  appliance	
  specific	
  informaSon	
  to	
  
engage	
  home	
  owners	
  in	
  energy	
  reducSon.	
  

•  Use	
  the	
  opportunity	
  to	
  invesSgate	
  the	
  power	
  of	
  appliance	
  
specific	
  informaSon	
  with	
  the	
  most	
  credible	
  communica4on	
  
technique:	
  interpersonal	
  communica4on.	
  	
  



•  Increasing	
  prevalence	
  of	
  home	
  energy	
  audits,	
  feedback	
  is	
  variable.	
  	
  

•  Feedback	
  from	
  current	
  audits	
  is	
  o`en:	
  
–  Expert	
  driven	
  
–  DirecSve	
  	
  
–  Tailored	
  to	
  house	
  but	
  not	
  to	
  people	
  
–  Focused	
  on	
  more	
  costly	
  energy	
  savings	
  

•  Homeowner	
  is	
  o`en	
  not	
  engaged	
  in	
  process	
  of	
  energy	
  reducSon.	
  	
  

•  We	
  have	
  a	
  special	
  context	
  requiring	
  more	
  personal	
  engagement:	
  access	
  to	
  
appliance-­‐specific	
  and	
  plug-­‐level	
  data.	
  	
  

	
  

	
  

RaSonale	
  for	
  the	
  Energy	
  ReducSon	
  
MoSvaSonal	
  Interview	
  (ERMI)	
  



Theory:	
  Where	
  does	
  MoSvaSonal	
  Interviewing	
  Fit	
  in	
  
Behavior	
  Change	
  Strategies	
  ?	
  

h0p://www.moAvaAonalinterview.org	
  



MoSvaSonal	
  Interviewing	
  	
  

•  “.	
  .	
  .	
  a	
  collaboraSve,	
  person-­‐centered	
  form	
  of	
  guiding	
  to	
  elicit	
  and	
  
strengthen	
  moSvaSon	
  for	
  change.”	
  Miller	
  &	
  Rollnick	
  (2009)	
  

	
   	
  
	
   	
  

•  ESSENTIAL	
  CONCEPTS:	
  
•  Person-­‐centered	
  versus	
  product	
  centered,	
  house	
  centered	
  

•  Members	
  of	
  the	
  conversaSon	
  while	
  playing	
  different	
  roles	
  are	
  equal	
  	
  
•  ConversaSon	
  is	
  bidirecSonal	
  	
  

•  Listening	
  and	
  reflecSve	
  listening	
  are	
  key	
  

•  KEY	
  PRINCIPLES:	
  
•  Express	
  empathy 	
  	
  
•  Develop	
  discrepancy	
  between	
  current	
  and	
  ideal	
  acSons.	
  	
  

•  Roll	
  with	
  resistance.	
  	
  

•  Support	
  self-­‐efficacy	
  to	
  change.	
  	
  

•  INTERVIEWING/CONVERSATION	
  TECHNIQUES	
  	
  
•  Open-­‐ended	
  quesSons	
  

•  AffirmaSons	
  
•  ReflecSve	
  listening	
  	
  	
  

•  Summary	
  statements	
  	
  
	
  
Miller,	
  W.R.	
  &	
  Rollnick,	
  S.	
  (2009).	
  Ten	
  things	
  that	
  MoAvaAonal	
  Interviewing	
  is	
  not.	
  Behavioural	
  and	
  Cogni0ve	
  Psychotherapy,	
  37,	
  129-­‐-­‐-­‐140.	
  	
  



•  ParAcipants	
  
– Homeowners	
  in	
  high	
  resoluAon	
  data	
  collecAon	
  project	
  
–  IRB	
  
–  Project	
  up	
  to	
  40	
  ERMI	
  parAcipants	
  (13	
  to	
  date)	
  

•  Data	
  	
  
– Data	
  collected	
  in	
  data	
  doc	
  during	
  interview	
  	
  
– Ask	
  for	
  access	
  to	
  PG&E	
  data	
  (13)	
  
–  Install	
  TED	
  device	
  for	
  free	
  (6)	
  
– Ask	
  to	
  sign	
  up	
  for	
  an	
  energy	
  disaggregaAon	
  feedback	
  
program	
  and	
  allow	
  us	
  access	
  to	
  data	
  	
  

ERMI	
  Pilot	
  EvaluaSon	
  



ERMI	
  5	
  Step	
  Process	
  	
  

Arrange	
  Appointment:	
  60	
  minutes,	
  enAre	
  family	
  welcome,	
  walk	
  through	
  
	
  
Step	
  1:	
  Walk	
  through:	
  Energy	
  counselors	
  and	
  parAcipants	
  look	
  at	
   	
  
	
  home	
  to	
  idenAfy	
  addiAonal	
  energy	
  saving	
  opportuniAes	
  &	
  clarify	
  data	
  	
  

	
  
Step	
  2:	
  Review	
  home	
  energy	
  data	
  &	
  five	
  highest	
  energy	
  consumers	
  	
  
	
  using	
  ERMI	
  principles	
  

	
  
Step	
  3:	
  ERMI,	
  Change	
  talk	
  
	
  
Step	
  4:	
  Summary	
  chart	
  and	
  data	
  report	
  folder	
  for	
  parAcipants	
  
	
  
Step	
  5:	
  Follow-­‐up	
  	
  

	
  



By	
  Ame	
  of	
  interview	
  all	
  equipment	
  has	
  been	
  
removed	
  
•  Brief	
  on	
  content	
  of	
  feedback	
  session	
  
•  Invite	
  all	
  members	
  of	
  household	
  
•  Inform	
  about	
  walk	
  through	
  
•  Allow	
  one	
  hour	
  
•  Set	
  date	
  and	
  Ame	
  

Set	
  up	
  ERMI	
  Appointment	
  



Step	
  1:	
  ERMI,	
  Walk	
  Through	
  

Goals:	
  	
  
•  Clarify	
  evaluated	
  data	
  	
  
•  IdenSfy	
  new	
  energy	
  saving	
  opportuniSes	
  

•  Walk	
  through	
  home	
  with	
  2	
  Energy	
  Counselors.	
  	
  
•  	
  Look	
  at	
  home	
  shell,	
  outlets,	
  windows,	
  and	
  appliances,	
  noAng:	
  

•  LighAng,	
  room	
  by	
  room 	
   	
   	
  	
  
•  HVAC	
  
•  Water	
  heaters	
  
•  Large	
  appliances	
  	
  
•  Entertainment	
  &	
  computer	
  areas	
  
•  Unusual	
  consumers	
  &	
  opportuniAes	
  



	
  Data	
  Review:	
  	
  
	
   	
  -­‐	
  Circuit	
  level	
  data	
  
	
   	
  -­‐	
  Plug-­‐level	
  data	
  	
  
	
   	
   	
   	
  	
  
	
   	
   	
   	
   	
  NoAng:	
  	
  
	
   	
   	
   	
   	
  	
  	
  -­‐	
  Day	
  of	
  data	
  collecAon	
  (weekday,	
  weekend,	
  high)	
  
	
   	
   	
   	
   	
  	
  	
  -­‐	
  Axes	
  and	
  stacking	
  of	
  graph	
  	
  
	
   	
   	
   	
   	
  	
  	
  -­‐	
  Components	
  of	
  pie	
  chart	
  
	
   	
   	
   	
   	
  	
  	
  -­‐	
  Highest	
  consumers	
  

	
  

Step	
  2:	
  REDD	
  Data	
  review	
  



Step	
  2:	
  Data	
  review	
  (circuit	
  level	
  graph)	
  	
  	
  



Step	
  2:	
  Data	
  review	
  (circuit	
  level	
  pie	
  chart)	
  



Step	
  2:	
  Data	
  review	
  (plug-­‐level	
  data)	
  	
  	
  



•  ERMI	
  oden	
  begins	
  during	
  data	
  review.	
  	
  
•  Counselors	
  use	
  ERMI	
  key	
  principles	
  and	
  techniques	
  if	
  so.	
  
•  Interviewer	
  1:	
  Counselor	
  	
  	
  	
  	
  	
  Interviewer	
  2:	
  data	
  doc	
  	
  

	
  
	
  

Step	
  2:	
  Data	
  review,	
  ERMI	
  



Begin	
  ERMI	
  with	
  open-­‐ended	
  quesSon:	
  	
  
	
  
“Does	
  anything	
  surprise	
  you	
  in	
  the	
  data	
  	
  

	
   	
   	
   	
   	
   	
  we’ve	
  reviewed?”	
  
	
  
Further	
  probes:	
  	
  
	
  	
  	
  	
  	
  	
  	
  “Are	
  there	
  any	
  opportuniAes	
  you	
  can	
  see	
  for	
  saving	
  energy?”	
  

	
  “What	
  types	
  of	
  changes	
  might	
  be	
  possible	
  for	
  you	
  and	
  your	
  family?”	
  

	
  

Step	
  3:	
  ERMI	
  	
  



	
  

Step	
  2:	
  Data	
  review,	
  ERMI	
  	
  

Armel,	
  K.	
  C.,	
  Gupta,	
  A.,	
  Shrimali,	
  G.,	
  Albert,	
  A.	
  (revisions	
  requested	
  from	
  Energy	
  Policy).	
  
Is	
  DisaggregaAon	
  The	
  Holy	
  Grail	
  of	
  Energy	
  Efficiency?	
  The	
  Case	
  of	
  Electricity.	
  	
  
	
  



Encourage	
  parScipant	
  to	
  iniSate	
  preparaSve	
  change	
  talk	
  for	
  the	
  
idenAfied	
  opportuniAes	
  for	
  energy	
  reducAon	
  using	
  open	
  ended	
  
quesAons.	
  	
  
	
  
DARN:	
  	
  Desire,	
  Ability,	
  Reason,	
  &	
  Need	
  	
  	
  

•  Desire	
  	
  	
  “I	
  want	
  to..”	
  
•  Ability	
  	
  	
  	
  “I	
  can..”	
  
•  Reason	
  	
  	
  “It’s	
  important	
  to..”	
  
•  Need	
  	
  	
  	
  	
  	
  	
  “I	
  should..”	
  

	
  
	
  

Step	
  3:	
  ERMI,	
  	
  
PreparaSon	
  for	
  change	
  talk	
  	
  	
  



	
  

•  Encourage	
  parAcipants	
  to	
  use	
  change	
  talk	
  by	
  
asking	
  them	
  to	
  rate	
  ease	
  of	
  acAons	
  on	
  a	
  scale	
  
of	
  1-­‐10,	
  1	
  easy	
  to	
  change	
  &	
  10	
  hard	
  to	
  change.	
  

•  Commitment	
  
•  AcAvaAon	
  
•  Taking	
  steps	
  	
  	
  

	
  
	
  

Step	
  3:	
  ERMI	
  
Change	
  talk	
  	
  	
  



Step	
  4:	
  ERMI	
  Summary	
  	
  

Energy	
  saving	
  opportuniSes	
  

Replace	
  refrigerator	
   Switch	
  out	
  bulbs	
  with	
  leds	
  	
  

	
  	
  	
  	
  Unplug	
  wine	
  cooler	
  

Put	
  living	
  room	
  electronics	
  on	
  
	
   	
   	
  	
  smart	
  strips	
  

Hang	
  dry	
  towels	
  

Program	
  thermostat	
  	
  



•  Oden	
  during	
  the	
  ERMI	
  discussion,	
  homeowners	
  will	
  generate	
  
quesAons	
  that	
  require	
  further	
  analysis	
  of	
  the	
  data	
  that	
  we	
  
presented,	
  or	
  further	
  research	
  into	
  relevant	
  products	
  or	
  energy	
  
saving	
  techniques.	
  

•  In	
  these	
  cases,	
  energy	
  counselors	
  will	
  generate	
  a	
  detailed	
  follow	
  up	
  
doc	
  to	
  send	
  to	
  homeowners.	
  	
  

	
  

Step	
  5:	
  Follow	
  up	
  



1.  During	
  ERMI	
  open	
  ended	
  process,	
  homeowners	
  generate	
  
challenges/barriers/obstacles	
  AND	
  soluAons.	
  

2.  Homeowners	
  idenAfy	
  personal	
  habits	
  that	
  deepen	
  their	
  
understanding	
  of	
  energy	
  consumpAon,	
  e.g.	
  refrigerator	
  
open	
  during	
  salad	
  making.	
  

3.  AffirmaAons	
  useful	
  to	
  reinforce	
  owner	
  generated	
  soluAons.	
  	
  
	
  “Your	
  understanding	
  of	
  how	
  to	
  help	
  your	
  family	
  save	
  

	
  energy	
  by	
  reducing	
  dryer	
  loads	
  with	
  hang	
  drying,	
  and	
  your	
  
enthusiasm	
  about	
  doing	
  so	
  is	
  wonderful.”	
  	
  

4.  InteresAng	
  soluAon	
  types:	
  conduct	
  experiments,	
  discuss	
  
with	
  spouse,	
  prioriAzing,	
  invesAgaAng,	
  seeking	
  more	
  
informaAon.	
  	
  

Insights	
  to	
  date	
  	
  	
  



Data	
  CollecSon	
  
QuanStaSve	
  Analysis–	
  Lessons	
  	
  	
  

Reason	
   1	
  

Need	
   2	
  

Desire	
   3	
  

Ability	
   4	
  

Commitment	
   1

AcAvaAon	
   2

Taking	
  steps	
   3

Energy	
  Saving	
  Opportunity	
  	
   R	
  N	
  D	
  A	
  	
   C	
  A	
  T	
  	
  

1	
   Put	
  second	
  fridge	
  on	
  Amer	
   2	
   2	
  

2	
   Unplug	
  Instahot	
   2	
   3	
  

3	
   Close	
  refrigerator	
  during	
  salad	
  making	
   4	
   1	
  

4	
   Switch	
  to	
  more	
  efficient	
  lighAng	
  in	
  kitchen	
   4	
   1	
  

5	
   Put	
  hot	
  water	
  pump	
  on	
  Amer	
   4	
   3	
  

DARN	
   CAT	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  RNDA	
  



ERMI,	
  What’s	
  Next?	
  

•  In	
  the	
  middle	
  of	
  an	
  iteraAve	
  process	
  to	
  define	
  the	
  ERMI	
  
process.	
  	
  

•  Completed	
  #13	
  of	
  ~40.	
  	
  

•  We’ve	
  edited	
  the	
  protocol	
  about	
  every	
  second	
  ERMI,	
  and	
  
are	
  sAll	
  refining.	
  	
  

•  ConAnuing	
  qualitaAve	
  and	
  quanAtaAve	
  data	
  analysis.	
  	
  

•  Looking	
  for	
  other	
  opportuniAes	
  &	
  venues	
  for	
  the	
  ERMI.	
  	
  



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  THANK	
  YOU!	
  

sarahjo@stanford.edu	
  
	
  
	
  

This	
  material	
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  based	
  upon	
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  of	
  Energy	
  ARPA-­‐E	
  under	
  award	
  number	
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  of	
  authors	
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  do	
  not	
  

necessarily	
  state	
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  reflect	
  those	
  of	
  the	
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  States	
  Government	
  or	
  any	
  agency	
  thereof.	
  

	
  


