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Why	  do	  we	  do	  this?	  

•  Accountability	  and	  integrity	  
•  To	  quanJfy	  “green”	  
•  To	  close	  feedback	  loops	  for	  organizaJonal	  
learning	  

•  Sales	  and	  markeJng	  impact	  



“Which	  road	  do	  I	  take?”	  asked	  Alice.	  
	  
"Where	  do	  you	  want	  to	  go?”replied	  the	  cat.	  
	  
"I	  don't	  know,"	  Alice	  answered.	  
	  
"Then,”	  said	  the	  cat,	  “It	  doesn't	  maRer.”	  



Measuring	  Impact:	  Our	  Method	  

•  Simple	  method	  
– Compare	  pre-‐project	  v.	  post-‐project	  usage	  data	  

•  ProjecJon	  method	  
– What	  would	  the	  home	  use	  if	  we	  hadn’t	  done	  the	  
work?	  

– Create	  “if	  no	  work”	  projecJon	  based	  on	  pre-‐
project	  usage	  	  

– Compare	  “if	  no	  work”	  projecJon	  to	  actual,	  
measured	  post-‐project	  usage	  



How	  We	  Project	  Usage	  
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Key	  AssumpJons	  

•  Weather	  normalizaJon	  (source:	  Michael	  Blasnik)	  

HDD	  60	  	  
CDD	  70;	  +4	  for	  1st	  CDD	  (we	  may	  be	  changing	  to	  CDD	  68)	  

•  Primary	  Energy	  factors	  
Grid	  electricity:	  3.34	  (source:	  NREL)	  
Natural	  Gas:	  1.047	  (NREL)	  
Oil:	  1.01	  	  (NREL)	  
PV:	  0.2	  	  (David	  White,	  Right	  Environments)	  

•  Homes	  with	  PV	  (David	  White)	  
Site	  =	  kwh	  produced	  +	  kwh	  grid	  
Primary	  =	  (kwh	  produced	  	  x	  .2)	  +	  (kwh	  grid	  	  x	  3.34)	  





Data	  Sources	  &	  CollecJon	  

•  Weather	  data	  (NOAA)	  
	  

•  UJlity	  bills	  
– electricity	  &	  gas:	  wegowise	  	  
– oil:	  manual	  collecJon	  and	  input	  
	  

•  PV	  producJon	  &	  net	  metering	  
	  
•  eMonitor	  (occasionally)	  

	  



Two-‐family	  
deep	  energy	  retrofit	  











Solar	  hot	  water	  and	  electricity	  

Solar	  hot	  water	  with	  two	  electric	  backup	  tanks	  metered	  separately	  for	  each	  unit.	  Solar	  
photovoltaic	  power	  linked	  to	  upstairs	  unit	  (power	  generaJon	  value	  shared	  with	  lower	  

unit	  by	  monthly	  accounJng).	  
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Two	  Family	  Deep	  Energy	  Retrofit:	  	  
Monthly	  Primary	  Energy	  Savings	  
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Ranch	  house	  deep	  energy	  retrofit	  





March	  2,	  2014	   Rachel	  White,	  "What's	  a	  Winning	  Score?"	   19	  



March	  2,	  2014	   Rachel	  White,	  "What's	  a	  Winning	  Score?"	   20	  



March	  2,	  2014	   Rachel	  White,	  "What's	  a	  Winning	  Score?"	   21	  



March	  2,	  2014	   Rachel	  White,	  "What's	  a	  Winning	  Score?"	   22	  
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Phased	  bungalow	  
deep	  energy	  retrofit	  
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Two-‐family	  

Deep	  Energy	  Retrofits	  Compared:	  
Annual	  Primary	  Energy	  Savings	  

Pre-‐Project	  

Current	  

-‐78%	  

Ranch	   Bungalow	  

-‐62%	  



Basement	  #1:	  
Victorian-‐era	  single-‐family	  

•  Wall	  and	  floor	  insulaJon	  
•  Turned	  into	  habitable	  space	  
•  Install	  mini-‐split	  for	  basement	  heaJng	  and	  
cooling	  

•  Added	  HRV	  
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Basement	  #2:	  
Colonial-‐era	  single	  family	  

	  
•  Basement	  wall	  and	  floor	  insulaJon	  
•  Not	  habitable	  space	  
•  Converted	  from	  oil	  to	  gas	  









Basement	  #3:	  
Early	  20th	  century	  	  

farmhouse/hodge-‐podge	  

•  Insulated	  walls	  and	  floor	  only	  
•  Insulated	  adjacent	  crawlspace	  
•  Could	  do	  nothing	  with	  adjacent	  slab-‐on-‐grade	  
addiJons	  
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Basement	  Retrofits	  Compared:	  
Annual	  Primary	  Energy	  Use	  

Pre-‐Project	  

Current	  

-‐6%	  

-‐27%	  

-‐9%	  



Atcs	  



McMansion	  	  

•  Removed	  badly	  “installed”	  fiberglass	  baRs	  
•  Air-‐sealed	  atc	  floor	  

•  Installed	  18”	  cellulose	  
•  Removed	  separate	  ducted	  forced-‐air	  system	  
for	  master	  suite	  and	  installed	  a	  mini-‐split	  for	  
that	  space	  











Blower	  door	  results	  

•  Pre-‐project:	  3950	  cfm@50	  
•  Post-‐project:	  2800	  cfm@50	  
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Federal-‐era	  house	  

•  Slate	  roof	  
•  Hip	  roof	  
•  Ducts	  and	  air	  handler	  in	  atc	  

•  Air-‐sealed	  atc	  floor	  

•  Replaced	  incandescent	  can	  lights	  with	  LED	  
cans	  

•  Installed	  18”	  of	  cellulose;	  buried	  ductwork	  















Blower	  door	  results	  

•  Pre-‐project:	  7272	  cfm@50	  
•  Post-‐project:	  4400	  cfm@50	  



Victorian	  

•  Mostly	  a	  kitchen	  renovaJon	  
•  We	  felt	  duty-‐bound	  to	  do	  some	  energy	  
improvements	  at	  the	  same	  Jme	  as	  the	  kitchen	  







Blower	  door	  results	  

•  Pre-‐project:	  6800	  cfm@50	  
•  Post-‐project:	  4986	  cfm@50	  
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Victorian	  (ParOal)	  

AMc	  Retrofits	  Compared:	  
Annual	  Primary	  Energy	  Use	  

Pre-‐Project	  

Current	  

-‐20%	  

+2%	  

McMansion	   Federal	  

-‐4%	  



Atc	  and	  basement	  



Contemporary	  classical	  revival	  

•  Removed	  atc	  fiberglass	  insulaJon	  
•  Moved	  thermal	  boundary	  to	  ravers	  to	  bring	  
HVAC	  indoors	  

•  Installed	  Thermax	  HD	  on	  basement	  walls	  

•  Installed	  rigid	  foam	  and	  Advantech	  on	  floor	  

•  Added	  whole-‐house	  HRV	  











Blower	  door	  results	  

•  Pre-‐project:	  2669	  cfm@50	  
•  Post-‐project:	  1150	  cfm@50	  



Victorian	  coRage	  

•  Busy	  street:	  Sound,	  truck	  exhaust,	  and	  rat	  miJgaJon	  	  
•  Insulated	  dirt	  basement	  floor	  and	  poured	  slab	  on	  top	  
•  Spray-‐foamed	  fieldstone	  foundaJon	  walls	  	  

•  1/4	  wire	  mesh	  on	  floors	  and	  walls	  
•  Removed	  drywall	  and	  fiberglass	  baRs	  from	  atc	  
ravers	  and	  insulated	  with	  open-‐cell	  foam;	  re-‐
plastered	  	  

•  Replace	  window	  sashes	  for	  sound	  aRenuaJon	  
•  No	  change	  to	  mechanical	  systems	  
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Contemporary	  Classical	  Revival	  

AMc	  +	  Basement	  Retrofits	  Compared:	  	  
Annual	  Primary	  Energy	  Use	  

Pre-‐project	  

Current	  

-‐7%	  

Victorian	  CoTage	  

-‐18%	  



“Zoning”	  heat	  pump	  #1	  

•  Oil	  boiler	  
•  One-‐pipe	  steam	  

•  One	  zone	  for	  whole	  house	  
•  Main	  occupancy	  in	  2	  first	  floor	  rooms	  







“Zoning”	  heat	  pump	  #2	  

•  Kitchen	  addiJon:	  6-‐sided	  cube	  exposed	  to	  
outdoor	  ambient	  on	  5	  sides	  

•  Large	  skylight	  on	  flat	  roof;	  major	  summerJme	  
solar	  gain	  

•  Convoluted	  duct	  run	  from	  exisJng	  gas	  forced-‐
air	  system	  
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Project	  Type	   Pre-‐Project	  (MMBTUs)	   Current	  (MMBTUs)	   Impact	  
Atc	   	  282	  	   	  164	  	   -‐42%	  
Atc	   	  367	  	   	  295	  	   -‐20%	  
Atc	   	  290	  	   	  233	  	   -‐20%	  
Atc	   	  453	  	   	  433	  	   -‐4%	  
Atc	   	  275	  	   	  268	  	   -‐2%	  
Atc	   	  519	  	   	  531	  	   +2%	  
Basement	   	  251	  	   	  122	  	   -‐51%	  
Basement	   	  181	  	   	  194	  	   -‐9%	  
Basement	   	  361	  	   	  331	  	   -‐6%	  
Basement/Atc	   	  173	  	   	  136	  	   -‐22%	  
Basement/Atc	   	  155	  	   	  142	  	   -‐8%	  
DER	   	  304	  	   	  68	  	   -‐78%	  
DER	   	  292	  	   	  111	  	   -‐62%	  
DER	   	  264	  	   	  133	  	   -‐50%	  
DER	   	  223	  	   	  139	  	   -‐38%	  
DER/AddiJon	   	  167	  	   	  191	  	   +14%	  
Heat	  Pump	   	  295	  	   	  190	  	   -‐36%	  
Heat	  Pump	   	  285	  	   	  281	  	   -‐1%	  
Roof	   	  206	  	   	  90	  	   -‐56%	  
Roof/AddiJon	   	  129	  	   	  116	  	   -‐10%	  
Walls	   	  196	  	   	  170	  	   -‐13%	  

Annual	  Primary	  Energy	  Savings	  by	  Project	  Type	  
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Lessons	  Learned	  
•  Whole	  enchilada	  deep	  energy	  retrofits	  work	  
•  ParJal	  retrofits	  achieve	  modest	  savings	  
•  If	  you’re	  not	  doing	  the	  whole	  enchilada,	  try	  to	  target	  
the	  weakest	  parts	  of	  the	  house	  first	  

•  If	  you	  miss	  an	  opportunity	  this	  Jme,	  it	  could	  be	  half	  a	  
century	  unJl	  the	  next	  Jme	  

•  The	  more	  energy	  you	  use	  to	  begin	  with,	  the	  more	  
you	  can	  save	  

•  PV	  works!	  	  
•  Zoning	  with	  minisplits	  works?	  
•  You’ll	  have	  to	  cherry-‐pick	  your	  projects	  if	  you’re	  
interested	  in	  significant	  por{olio-‐wide	  savings	  


