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Our  Role  at  ACAT


Educate	
  and	
  connect	
  various	
  “stakeholders”	
  
• Builders	
  
• Homeowners	
  
• Policy-­‐makers	
  



Mark  D.  Houston 



•  AHFC	
  cer>fied	
  Energy	
  Rater.	
  

•  First	
  Passive	
  House	
  (PHIUS)	
  Cer>fied	
  Rater	
  in	
  Alaska.	
  

•  Founding	
  board	
  member	
  and	
  VP	
  Alaska	
  Associa>on	
  of	
  Energy	
  Professionals	
  (AAEP).	
  

•  Board	
  member	
  Alaska	
  Center	
  for	
  Appropriate	
  Technology	
  (ACAT).	
  	
  Guiding	
  Alaska	
  towards	
  Net	
  
Zero	
  Construc>on.	
  

•  Adjunct	
  in	
  Construc>on	
  Management	
  Program	
  UAA.	
  

•  Instructor	
  for	
  (ACHP)	
  Alaska	
  CraRsman	
  Home	
  Program.	
  



Introduc.ons


• Name	
  
• Organiza>on	
  
• What	
  brought	
  you	
  here	
  
today?	
  



Defining  Net  Zero


Net	
  Zero	
  Ready	
  
	
  

Net	
  Zero	
  
	
  

Net	
  Posi>ve	
  



Net  Zero  Ready


•  DOE	
  Zero	
  Energy	
  Ready	
  Homes	
  are	
  verified	
  by	
  a	
  qualified	
  third-­‐party	
  and	
  are	
  at	
  least	
  40%-­‐50%	
  
more	
  energy	
  efficient	
  than	
  a	
  typical	
  new	
  home.	
  	
  

•  This	
  generally	
  corresponds	
  to	
  a	
  Home	
  Energy	
  Ra$ng	
  System	
  (HERS)	
  Index	
  Score	
  in	
  the	
  low-­‐	
  
to	
  mid-­‐50s,	
  depending	
  on	
  the	
  size	
  of	
  the	
  home	
  and	
  region	
  in	
  which	
  it	
  is	
  built.	
  

•  They	
  are	
  designed	
  with	
  plumbing	
  and	
  wiring	
  chases	
  and	
  conduit,	
  installed	
  during	
  new	
  
construc>on.	
  	
  

•  	
  	
  
•  This	
  allows	
  for	
  easy	
  installa>on	
  at	
  a	
  future	
  >me.	
  



Net  Zero:  DOE’s  Energy  Star  for  Homes


•  Comply	
  with	
  ENERGY	
  STAR	
  for	
  Homes	
  and	
  the	
  Inspec$on	
  Checklists	
  for	
  
Thermal	
  Enclosure,	
  HVAC	
  Quality	
  Installa>on	
  specifica>ons.	
  	
  

•  Meet	
  2012	
  Interna>onal	
  Energy	
  Conserva>on	
  Code	
  levels	
  for	
  
insula>on.	
  Follow	
  the	
  latest	
  proven	
  research	
  recommenda>ons	
  by	
  
installing	
  ducts	
  in	
  condi>oned	
  space.	
  Conserve	
  water	
  and	
  energy	
  
through	
  an	
  efficient	
  hot	
  water	
  distribu>on	
  system	
  that	
  provides	
  rapid	
  
hot	
  water	
  to	
  the	
  homeowner.	
  Provide	
  comprehensive	
  indoor	
  air	
  
quality	
  through	
  full	
  cer>fica>on	
  in	
  EPA’s	
  Indoor	
  airPlus	
  Program.	
  	
  

•  Accomplish	
  savings	
  on	
  the	
  cost	
  of	
  future	
  solar	
  installa>ons	
  by	
  following	
  
provisions	
  from	
  the	
  Consolidated	
  Renewable	
  Energy	
  Ready	
  Home	
  
(RERH)	
  checklist	
  for	
  climates	
  with	
  significant	
  solar	
  insola>on.	
  	
  

•  This	
  checklist	
  references	
  EPA's	
  solar	
  electric	
  guide	
  and	
  the	
  solar	
  
thermal	
  systems	
  guide.	
  



Net  Posi.ve 



•  Provides	
  MORE	
  electricity	
  than	
  the	
  building	
  needs	
  and	
  can	
  contribute	
  that	
  back	
  to	
  the	
  grid.	
  

•  You	
  can	
  over-­‐size	
  your	
  electrical	
  genera>ng	
  system	
  to	
  make	
  excess	
  electricity	
  as	
  long	
  as	
  you	
  have	
  
a	
  Net	
  Metering	
  Policy	
  with	
  your	
  local	
  electric	
  provider	
  to	
  buy	
  it	
  back.	
  

•  Alaska?	
  



The  reasons  for  Net  Zero


•  The	
  problem:	
  	
  The	
  average	
  2400-­‐square-­‐foot	
  house	
  burns	
  around	
  100	
  
million	
  Btu	
  of	
  fuel	
  per	
  year.	
  $$$$$$$$$$$$$	
  

•  Health-­‐	
  Poor	
  indoor	
  Air	
  Quality.	
  Mold/Mildew.	
  CO	
  ,	
  CO2,	
  Radon.	
  

•  Comfort-­‐	
  cold	
  and	
  hot	
  spots	
  through	
  the	
  building.	
  

•  Air	
  leakage	
  from	
  the	
  building.$$$$$$$$	
  

•  Durability/Life	
  Cycle	
  of	
  the	
  building.$$$$$$$$$$	
  

•  Energy	
  independence.	
  Savings	
  $.	
  

•  The	
  money	
  you	
  save	
  can	
  be	
  used	
  for	
  anything	
  you	
  want!	
  	
  Financial	
  security	
  
for	
  re>rement,	
  inves>ng,	
  traveling!!!!!!	
  



Types  of  fuel  in  Alaska


•  Oil	
  
•  Gas	
  
•  Propane	
  
•  Coal	
  
• Wood/Biomass	
  
•  Electric	
  
•  Solar-­‐	
  Thermal	
  and	
  Electric,	
  Passive	
  
•  Heat	
  Pumps	
  
• Wind/Tidal/Hydro	
  



Change  the  complexity!


•  Cost	
  of	
  installing	
  hea>ng	
  system	
  and	
  fuel	
  rough-­‐in	
  for	
  a	
  standard	
  building.	
  	
  	
  

•  Installa>on	
  costs	
  for	
  Copper,	
  boiler,	
  side-­‐arm,	
  ect.	
  	
  

•  Types	
  of	
  fuels.	
  

•  Sizing	
  issues,	
  heat	
  loads.	
  

•  Electrical	
  loads	
  of	
  hea>ng/ven>la>ng	
  systems,	
  Ect.	
  









Do  the  Math!!!


•  A	
  home	
  that	
  costs	
  $200,000	
  would	
  be	
  about	
  $240,000.	
  Extra	
  20%	
  cost	
  
to	
  build.	
  

•  Federal	
  Tax	
  Credits	
  NOT	
  included!	
  

•  Good	
  un>l	
  the	
  end	
  of	
  2016!	
  

•  30%	
  tax	
  credit	
  on	
  a	
  $35,000	
  Heat	
  Pump/	
  Solar	
  system	
  would	
  be	
  
$10,500.	
  

•  $40,000	
  extra	
  cost-­‐$10,500=$29,500	
  aRer	
  Tax	
  Credit.	
  	
  



On  Gas


•  The	
  annual	
  hea>ng	
  cost	
  for	
  a	
  Net	
  Zero	
  home	
  in	
  Anchorage	
  would	
  be	
  about	
  $120.	
  	
  
•  	
  $1200-­‐$120=$1080	
  Savings	
  per	
  year.	
  

•  $1080	
  x	
  20yrs	
  =	
  $21,600*	
  savings.	
  

•  $29,500	
  Tax	
  Credit	
  	
  
	
  	
  
•  $240,000-­‐$29,500*=$210,500	
  ini>al	
  investment.	
  
	
  
•  *This	
  DOES	
  NOT	
  factor	
  the	
  increase	
  of	
  gas	
  over	
  the	
  next	
  20	
  years!	
  

•  Will	
  the	
  cost	
  of	
  gas	
  over	
  20	
  years	
  go	
  down?	
  



On  oil


•  Same	
  home	
  on	
  oil:	
  Annual	
  Cost	
  $3600	
  

•  $3600	
  -­‐	
  $360	
  =	
  $3240	
  savings	
  annually.	
  
•  $3240*20years=$64,800	
  savings	
  over	
  20	
  years.	
  

•  20	
  year	
  life	
  cycle	
  -­‐	
  $40,000	
  up	
  front	
  -­‐	
  $64,800=(+$24,800)!	
  

•  The	
  money	
  you	
  save	
  can	
  be	
  used	
  for	
  anything	
  you	
  want!	
  	
  Financial	
  security	
  for	
  
Re>rement,	
  Inves>ng,	
  Traveling!!!!!!	
  









How  can  we  get  there?


•  DOE	
  programs	
  
•  Passive	
  house	
  	
  
•  Living	
  Building	
  Challenge	
  

•  Build	
  Sustainable	
  Buildings!	
  
•  Creates	
  good	
  paying	
  jobs	
  
worldwide.	
  

•  SAVES……………….	
  



Passive  House  Defini.on
















Driving  down  Heat  Loads


•  The	
  only	
  ways	
  to	
  reduce	
  hea>ng	
  losses	
  is	
  air	
  $ghtness	
  and	
  thermal	
  containment.	
  

•  Thermal	
  storage	
  can	
  provide	
  long	
  term	
  control	
  over	
  losses	
  as	
  well.	
  This	
  also	
  helps	
  
controls	
  	
  temperature	
  swings.	
  

•  Use	
  exhaus>ng	
  air	
  as	
  heat	
  source.	
  	
  You	
  already	
  “own”	
  the	
  heat!	
  	
  





Good  Thermal  Boundaries


•  R	
  Values	
  will	
  differ	
  depending	
  on	
  climate	
  zones.	
  	
  We	
  have	
  7	
  in	
  Alaska	
  alone.	
  

•  TOTAL	
  thermal	
  control	
  is	
  mandatory	
  to	
  drive	
  down	
  BTU	
  consump>on.	
  

•  This	
  includes	
  below	
  the	
  building	
  and	
  Thermal	
  Bridging.	
  





Thermal  Bridging






Old  vs.  New  Concepts?


•  R19	
  walls	
  

•  R38	
  ceilings	
  

•  Liule	
  insula>on	
  in	
  crawlspaces,	
  	
  
	
  especially	
  in	
  the	
  middle	
  of	
  floor	
  

	
  
•  80%	
  furnaces	
  and	
  boilers	
  

•  54%	
  water	
  hea>ng	
  

•  High	
  air	
  leakage!	
  



Passive  House  Metric


	
  Hea>ng	
  load	
  ≤	
  10	
  W/m2h	
  (1.76	
  BTU	
  per	
  s.f.	
  per	
  hour).	
  	
  
	
  

•  This	
  is	
  derived	
  from	
  3	
  separate	
  values.	
  	
  
•  First,	
  fresh	
  air	
  supply	
  of	
  1000	
  cubic	
  feet	
  per	
  hour	
  per	
  
person	
  for	
  good	
  indoor	
  air	
  quality.	
  	
  

•  Second,	
  the	
  specific	
  heat	
  capacity	
  of	
  air.	
  	
  
•  Third,	
  the	
  amount	
  you	
  can	
  increase	
  the	
  temperature	
  of	
  
fresh	
  air	
  temperature	
  without	
  burning	
  dust	
  in	
  the	
  air.	
  	
  

	
  
	
  From	
  these	
  3	
  factors,	
  we	
  know	
  that	
  we	
  can	
  supply	
  300	
  W	
  of	
  heat	
  per	
  
hour	
  per	
  person	
  by	
  a	
  fresh	
  air	
  hea>ng	
  system.	
  	
  



WaRs  /  Sq  Ft


•  PHI	
  defini>on:	
  Supply	
  air	
  hea>ng	
  sufficient.	
  
•  	
  	
  Can	
  be	
  done	
  if	
  peak	
  heat	
  load	
  <	
  10	
  W	
  per	
  m2	
  of	
  	
  

	
  	
  	
  floor	
  area.	
  	
  
•  Expensive	
  hydronic	
  hea>ng	
  system	
  can	
  be	
  eliminated	
  -­‐	
  tunnel	
  through	
  cost	
  barrier.	
  	
  



Tight  Air  requirements


•  Passive	
  House	
  REQUIRES	
  .6ACH	
  blower	
  door	
  or	
  LOWER	
  to	
  meet	
  lower	
  Heat	
  Loads.	
  	
  	
  

•  Anchorage	
  average	
  is	
  about	
  4.20ACH	
  

•  Fairbanks	
  average	
  is	
  about	
  2.4ACH	
  

•  This	
  means	
  VENTILATE	
  RIGHT!	
  

•  Bath	
  exhaust	
  and	
  fresh	
  intakes	
  won’t	
  cut	
  it!	
  

•  HRV	
  and	
  ERV	
  is	
  REQUIRED	
  in	
  order	
  to	
  meet	
  0.6ACH!	
  







Balanced  Pressures


•  The	
  building	
  needs	
  to	
  have	
  balanced	
  pressure	
  between	
  the	
  inside	
  and	
  
outside	
  air.	
  

• With	
  a	
  super	
  insulated,	
  Air	
  >ght	
  envelope,	
  how	
  is	
  this	
  accomplished?	
  

• Balanced	
  Ven>la>on	
  with	
  HRV/ERV’s	
  



Ven.la.on


• With	
  a	
  blower	
  door	
  test	
  requiring	
  0.6ACH50,	
  the	
  only	
  way	
  for	
  the	
  
home	
  to	
  have	
  acceptable	
  IAQ	
  (Indoor	
  Air	
  Quality)	
  is	
  with	
  complete	
  air	
  
change	
  over.	
  

•  The	
  EPA	
  has	
  concluded	
  that	
  a	
  healthy	
  level	
  is	
  5	
  complete	
  Air	
  Changes	
  
per	
  24	
  hour	
  period.	
  



Bath  fan  and  fresh  intake

•  Exhausts	
  100%	
  of	
  heat	
  when	
  running.	
  	
  No	
  Recovery!	
  
	
  
•  Brings	
  in	
  cold	
  through	
  leakage	
  in	
  the	
  building	
  or	
  passive	
  
vents	
  	
  (fresh	
  80/100).	
  

•  Wastes	
  heat	
  when	
  you	
  need	
  it	
  the	
  most,	
  to	
  prevent	
  mold	
  
and	
  mildew	
  issues.	
  	
  WINTER!	
  

•  If	
  no	
  intakes,	
  this	
  can	
  bring	
  pollutants	
  into	
  the	
  home:	
  
fiberglass	
  from	
  walls,	
  CO	
  down	
  flues,	
  Radon	
  and	
  allergens	
  
from	
  crawlspaces,	
  basements	
  and	
  through	
  air	
  inlets.	
  	
  

•  Not	
  going	
  to	
  work	
  on	
  a	
  Net	
  Zero	
  Building!	
  



HRV/ERV  the  best  solu.on 



•  Balanced	
  Pressure	
  between	
  inside	
  and	
  outside.	
  	
  Prevents	
  moisture	
  from	
  being	
  driven	
  into	
  walls	
  
and	
  insula>on.	
  

•  Heat	
  Exchanger	
  -­‐Brings	
  in	
  fresh	
  outside	
  air,	
  pre-­‐warms	
  it	
  with	
  exhaus>ng	
  air	
  which	
  has	
  high	
  RH,	
  
pollutants	
  and	
  odors.	
  

•  75%-­‐95%	
  Heat	
  recovery.	
  	
  This	
  becomes	
  your	
  main	
  source	
  of	
  hea>ng.	
  

•  This	
  is	
  heat	
  you	
  have	
  already	
  paid	
  for!	
  	
  (or	
  got	
  it	
  free	
  from	
  passive	
  solar	
  gains	
  and	
  internal	
  gains!)	
  

	
  	
  	
  

•  The	
  building	
  will	
  keep	
  it	
  in!	
  
	
  



GET  OVER  THE  PRICING!


• We	
  have	
  stepped	
  in	
  to	
  a	
  new	
  type	
  of	
  building!	
  	
  	
  
•  You	
  have	
  essen>ally	
  made	
  it	
  air	
  >ght!	
  
•  IT	
  NEEDS	
  TO	
  BREATHE!	
  
•  You	
  have	
  driven	
  the	
  heat	
  load	
  down	
  to	
  10%	
  of	
  a	
  conven>onal	
  building.	
  You	
  no	
  
longer	
  need	
  conven>onal	
  hea>ng	
  systems,	
  therefore	
  you	
  have	
  the	
  budget	
  for	
  
this	
  product.	
  



A  new  way  of  thinking  about  buildings


•  Super	
  Insulated	
  Envelope	
  

• Air	
  >ght	
  

• Balanced	
  Pressures	
  

• Air	
  Exchange/Heat	
  Recovery	
  

•  Internal	
  recoverable	
  Heat	
  Loads	
  



Super  Insulated  Envelope


• Ayc	
  
• Walls	
  
•  Fenestra>on	
  
•  Founda>ons	
  



R-60 walls 

R-100 ceilings 

R-60 below 
floors 



Fenestra.on


•  Openings	
  in	
  Thermal	
  Boundary.	
  

• Windows/Doors.	
  
	
  
•  U>lity,	
  Ven>la>on,	
  other	
  penetra>ons.	
  

•  Air	
  >ght	
  installa>on	
  requires	
  special	
  details.	
  
	
  





PHIUS  Window  By  Climate  Zone














Penetra.ons 



• Reduce	
  the	
  number	
  of	
  penetra>ons.	
  
•  Plumbing	
  
•  Electrical-­‐lights,	
  outlets	
  
•  Roof	
  jacks-­‐range	
  hood,	
  bath	
  fan,	
  dryer	
  vent.	
  

•  Tapes	
  and	
  foam	
  sealants	
  and	
  caulks.	
  
•  Isocell	
  
•  Siga	
  



Founda.ons 





Air  .ghtness/  Balanced  Pressures


•  .6ACH	
  

•  How	
  do	
  you	
  reach	
  this	
  level?	
  

•  TEST,TEST,TEST!	
  	
  3	
  Stage	
  Tes>ng.	
  

•  You	
  WILL	
  need	
  the	
  HRV/ERV	
  system!	
  

•  Due	
  to	
  low	
  hea>ng	
  loads	
  you	
  will	
  NOT	
  need	
  conven>onal	
  oil	
  or	
  gas	
  
boilers!	
  	
  You	
  do	
  not	
  want	
  them	
  anyway,	
  They	
  are	
  a	
  liability!	
  







Air  changes


•  5	
  Complete	
  Air	
  Changes	
  per	
  24Hrs.	
  (EPA)	
  
	
  
•  You	
  WILL	
  need	
  the	
  HRV/ERV	
  system!	
  	
  

•  This	
  provides	
  the	
  changes	
  necessary	
  due	
  to	
  the	
  >ghtness.	
  

•  Free	
  hea>ng	
  by	
  over	
  90%	
  heat	
  recovery!	
  



Hea.ng


•  The	
  building	
  is	
  so	
  well	
  insulated	
  and	
  air	
  >ght,	
  only	
  supplemental	
  heat	
  is	
  be	
  required.	
  

•  The	
  use	
  of	
  Thermal	
  Mass	
  to	
  retain	
  Solar	
  Gains	
  helps	
  keep	
  temperatures	
  stable	
  over	
  
long	
  periods	
  of	
  >me.	
  

•  The	
  BTU	
  load	
  is	
  lower	
  than	
  90%	
  that	
  of	
  a	
  home	
  the	
  same	
  square	
  footage!	
  
•  The	
  building	
  will	
  be	
  heated	
  with	
  the	
  Recovery	
  Unit	
  as	
  the	
  primary	
  heat	
  source!	
  



Air	
  Ven>lator/Heat	
  Exchanger	
  

•  Brings	
  in	
  fresh	
  outside	
  air,	
  pre-­‐warms	
  it	
  with	
  exhaus>ng	
  air	
  which	
  has	
  high	
  RH,	
  
pollutants	
  and	
  odors.	
  

•  This	
  unit	
  now	
  becomes	
  your’	
  primary	
  heat	
  source,	
  re-­‐capturing	
  losses	
  of	
  the	
  gains	
  
from	
  solar,	
  internal	
  loads	
  and	
  occupants	
  of	
  the	
  building.	
  



Shall	
  we	
  take	
  a	
  break	
  to	
  absorb	
  this?	
  

•  We	
  have	
  driven	
  the	
  Heat	
  Load	
  calcula>ons	
  for	
  the	
  building	
  
down	
  to	
  about	
  10%	
  of	
  a	
  typical	
  building.	
  

•  It	
  would	
  be	
  impossible	
  and	
  too	
  expensive	
  to	
  get	
  to	
  0%.	
  
•  What	
  we	
  have	
  done	
  is	
  set	
  ourselves	
  up	
  to	
  control	
  the	
  indoor	
  
air	
  temperature	
  and	
  quality	
  with	
  an	
  Air	
  Ven$lator/Heat	
  
Exchanger.	
  	
  HRV	
  or	
  ERV.	
  

•  We	
  have	
  eliminated	
  the	
  need	
  for	
  fossil	
  fuels	
  for	
  hea>ng	
  and	
  
hot	
  water	
  produc>on,	
  thus	
  elimina>ng	
  the	
  un-­‐predictable,	
  
cost	
  of	
  hea>ng.	
  

•  We	
  have	
  replaced	
  that	
  with	
  a	
  building	
  that	
  can	
  retain	
  the	
  
heat	
  from	
  passive	
  solar	
  gain,	
  the	
  heat	
  from	
  the	
  occupants	
  
and	
  other	
  heat	
  from	
  appliances	
  that	
  can	
  be	
  re-­‐captured	
  like	
  
refrigerators,	
  freezers,	
  dryers,	
  computers,	
  televisions,	
  exc.	
  

•  We	
  can	
  now	
  produce	
  enough	
  extra	
  energy	
  required	
  with	
  
other	
  natural	
  no-­‐carbon	
  devices.	
  



Let’s	
  Review  
Now	
  that	
  we	
  have	
  done	
  all	
  this	
  we	
  can	
  address	
  the	
  supplemental	
  hea>ng	
  needs.	
  




	
  

•  We	
  have	
  driven	
  the	
  Heat	
  Load	
  calcula>ons	
  for	
  the	
  building	
  down	
  to	
  
about	
  10%	
  of	
  a	
  typical	
  building.	
  

•  It	
  would	
  be	
  impossible	
  and	
  too	
  expensive	
  to	
  get	
  to	
  0%.	
  
	
  
•  What	
  we	
  have	
  done	
  is	
  set	
  ourselves	
  up	
  to	
  control	
  the	
  indoor	
  air	
  
temperature	
  and	
  quality	
  with	
  an	
  Air	
  Ven>lator/Heat	
  Exchanger.	
  	
  HRV	
  or	
  
ERV.	
  

•  We	
  have	
  eliminated	
  the	
  need	
  for	
  fossil	
  fuels	
  for	
  hea>ng	
  and	
  hot	
  water	
  
produc>on,	
  thus	
  eliminated	
  the	
  un-­‐predictable,	
  cost	
  of	
  hea>ng.	
  

•  We	
  have	
  replaced	
  that	
  with	
  a	
  building	
  that	
  can	
  retain	
  the	
  heat	
  from	
  
passive	
  solar	
  gain,	
  the	
  heat	
  from	
  the	
  occupants	
  and	
  other	
  heat	
  from	
  
appliances	
  that	
  can	
  be	
  re-­‐captured	
  like	
  refrigerators,	
  freezers,	
  dryers,	
  
computers,	
  televisions,	
  cooking	
  ect.	
  



Heat	
  Recovery-­‐Primary	
  Heat	
  Source!	
  

•  We	
  have	
  reduced	
  our	
  Heat	
  Load	
  Calcula>ons	
  to	
  the	
  lowest,	
  cost	
  effec>ve	
  levels,	
  and	
  kept	
  the	
  
building	
  from	
  being	
  a	
  liability	
  to	
  itself.	
  

•  By	
  turning	
  to	
  the	
  Heat	
  Recovery	
  system	
  we	
  are	
  capturing	
  over	
  90%	
  of	
  the	
  heat	
  that	
  is	
  already	
  in	
  
the	
  building	
  AND	
  changing	
  the	
  air	
  in	
  the	
  building	
  at	
  the	
  same	
  >me!	
  

•  We	
  will	
  use	
  that	
  as	
  our	
  primary	
  heat	
  source!	
  

•  We	
  only	
  need	
  to	
  supplement	
  that	
  with	
  other	
  sources	
  for	
  the	
  coldest	
  >mes	
  of	
  the	
  year.	
  



Let’s	
  look	
  at	
  “Fuels”	
  types	
  in	
  Alaska	
  again.	
  

•  Recovered	
  Heat	
  Loss	
  through	
  HRV/ERV	
  systems	
  
•  Oil	
  
•  Gas	
  
•  Propane	
  
•  Coal	
  
•  Wood/Biomass	
  
•  Electric	
  
•  Solar-­‐	
  Thermal	
  and	
  Electric,	
  Passive	
  
•  Heat	
  Pumps	
  

•  Wind/Tidal/Hydro	
  



Throw	
  out	
  Oil,	
  Gas,	
  Propane,	
  as	
  Coal	
  op>ons!	
  

•  Recovered	
  Heat	
  Loss	
  through	
  HRV/ERV	
  systems	
  over	
  90%.	
  

•  Wood/Biomass.	
  

•  Electric-­‐	
  Wind/Tidal/Hydro	
  .	
  

	
  
•  Solar	
  -­‐	
  Thermal,	
  Passive	
  and	
  Electric.	
  

	
  
•  Heat	
  Pumps	
  -­‐	
  Electricity	
  REQUIRED!	
  

	
  



It’s	
  all	
  about	
  the	
  Envelope!	
  
Review	
  

•  We	
  have	
  a	
  heat	
  load	
  10%	
  of	
  a	
  typical	
  home.	
  

•  Remember:	
  The	
  Reason	
  for	
  Net	
  Zero?	
  

•  The	
  problem:	
  	
  The	
  average	
  2400-­‐square-­‐foot	
  house	
  burns	
  around	
  100	
  million	
  
Btu	
  of	
  fuel	
  per	
  year.	
  $$$$$$$$$$$$$	
  

•  Health	
  -­‐	
  Poor	
  indoor	
  Air	
  Quality.	
  Mold/Mildew.	
  CO,	
  CO2,	
  Radon.	
  

•  Comfort-­‐	
  cold	
  and	
  hot	
  spots	
  through	
  the	
  building.	
  

•  Air	
  leakage	
  from	
  the	
  building.$$$$$$$$	
  

•  Durability/Life	
  Cycle	
  of	
  the	
  building.$$$$$$$$$$	
  

•  Problem	
  Solved	
  by	
  building	
  a	
  Net	
  Zero	
  Building!	
  



75%-­‐85%	
  Heat	
  recovery	
  OLD	
  Style	
  

•  Old	
  style	
  HRV/ERV	
  

•  High	
  electrical	
  usage	
  

•  Lower	
  energy	
  recovery	
  rates	
  (70-­‐85%)	
  
	
  

•  Leaky	
  duct	
  work,	
  Rarely	
  balanced!	
  



HRV’s	
  

•  Heat	
  Recovery	
  Ven>lators.	
  

•  Some	
  have	
  web	
  enabled	
  online	
  access.	
  

•  Some	
  have	
  the	
  ability	
  to	
  be	
  controlled	
  by	
  Smart	
  Home	
  systems.	
  

•  LOW	
  wauage	
  consump>on,	
  36w@60cfm,120w@150.	
  

•  Pre-­‐heat	
  through	
  ground	
  loops,	
  Heat	
  pumps.	
  

•  Best	
  NOT	
  to	
  use	
  electric	
  resistance	
  or	
  fossil	
  fuels	
  for	
  pre-­‐heat	
  in	
  cold	
  temperatures.	
  

•  Tend	
  to	
  Dry	
  Out	
  the	
  building.	
  



PHIUS	
  Level	
  HRV-­‐	
  NEW	
  Style	
  

•  Higher	
  Heat	
  Recovery	
  than	
  older	
  styles.	
  
•  90-­‐95%	
  
•  Have	
  Ground	
  source	
  pre-­‐hea>ng.	
  
•  Tight	
  ducts!	
  	
  Easily	
  balanced	
  
•  Some	
  have	
  web	
  enabled	
  online	
  access.	
  
•  Some	
  have	
  the	
  ability	
  to	
  be	
  controlled	
  by	
  Smart	
  Home	
  systems.	
  
•  LOW	
  wauage	
  consump>on	
  PHIUS	
  mandated.	
  

•  “Finally	
  you	
  will	
  list	
  the	
  HRV	
  or	
  ERV	
  for	
  your	
  project.	
  	
  If	
  your	
  unit	
  has	
  not	
  
been	
  cer>fied	
  by	
  PHI,	
  they	
  will	
  take	
  12%	
  efficiency	
  off	
  of	
  any	
  accredited	
  
score	
  the	
  unit	
  has.	
  	
  They	
  do	
  this	
  because	
  some>mes	
  the	
  reported	
  
manufacturing	
  figures	
  are	
  a	
  bit	
  elevated	
  because	
  of	
  ideal	
  test	
  condi>ons,	
  
and	
  not	
  real	
  world	
  condi>ons.”	
  	
  The	
  Passive	
  House	
  Blog	
  by	
  Linda	
  Whaley	
  



PHIUS	
  Level	
  ERV-­‐	
  New	
  Style90-­‐95%   



•  NOT	
  just	
  for	
  warm	
  humid	
  climates	
  anymore.	
  

•  Some	
  ERV’s	
  are	
  capable	
  of	
  reversing	
  flow	
  to	
  de-­‐frost	
  at	
  cold	
  temperatures,	
  
down	
  to	
  -­‐20F.	
  

•  Can	
  also	
  have	
  ground	
  loops	
  like	
  HRV’s	
  for	
  colder	
  areas.	
  

•  ERV’s	
  have	
  humidity	
  controls	
  which	
  keep	
  the	
  home	
  from	
  drying	
  out.	
  
•  Work	
  best	
  with	
  Triple	
  pane,	
  Low	
  U	
  Value	
  windows.	
  

•  Some	
  have	
  web	
  enabled	
  online	
  access.	
  

•  Some	
  have	
  the	
  ability	
  to	
  be	
  controlled	
  by	
  Smart	
  Home	
  systems.	
  

•  LOW	
  wauage	
  consump>on	
  36w@60cfm,120w@150.	
  

•  Control	
  the	
  humidity	
  levels!	
  



FRESH	
  AIR!!!	
  

•  These	
  systems	
  change	
  the	
  air	
  in	
  the	
  building	
  5	
  >mes	
  per	
  day!	
  

•  They	
  have	
  minimal	
  MERV	
  requirements	
  of	
  8	
  but	
  the	
  beuer	
  ones	
  are	
  12-­‐15.	
  	
  This	
  is	
  
in	
  the	
  range	
  of	
  HEPA	
  filters.	
  

•  They	
  filter	
  out	
  dust,	
  pollen,	
  smoke*	
  and	
  other	
  unhealthy	
  air	
  from	
  outside	
  the	
  
building.	
  	
  

•  CONTROL	
  HUMIDITY	
  

•  *In	
  Alaska	
  we	
  have	
  wild	
  fires!	
  Remember	
  last	
  summer?	
  



Balanced  Ven>la>on  Systems




Passive	
  House	
  Level	
  Ven>la>on	
  Systems	
  

Air Pahoda 

•  Comfort	
  criterion	
  Minimum	
  supply	
  air	
  temperature	
  of	
  
16.5°C	
  	
  

•  Efficiency	
  criterion	
  (Heat)	
  The	
  effec>ve	
  dry	
  heat	
  recovery	
  
efficiency	
  must	
  be	
  higher	
  than	
  75	
  %	
  with	
  balanced	
  mass	
  
flows	
  at	
  external	
  temperatures	
  of	
  between	
  –	
  15	
  and	
  +	
  10	
  
°C	
  and	
  dry	
  extract	
  air	
  (ca.	
  20	
  °C).	
  	
  	
  

•  Electrical	
  efficiency	
  criterion	
  At	
  the	
  designed	
  mass	
  flow	
  
rate	
  the	
  total	
  electrical	
  power	
  consump>on	
  of	
  the	
  
ven>la>on	
  device	
  may	
  not	
  exceed	
  0.45	
  W	
  per	
  (m3/h)	
  of	
  
transported	
  supply	
  air	
  flow.	
  	
  

•  Balancing	
  and	
  controllability	
  Outdoor	
  air	
  and	
  exhaust	
  air	
  
mass	
  flows	
  must	
  be	
  balanceable	
  for	
  the	
  rated	
  air	
  flow	
  
rate,	
  with	
  controllability	
  of	
  at	
  least	
  3	
  levels	
  (basic	
  
ven>la>on	
  (70-­‐80%),	
  standard	
  ven>la>on	
  (100%),	
  
increased	
  ven>la>on	
  (130%)).	
  	
  

•  Sound	
  absorp$on	
  Noise	
  level	
  in	
  installa>on	
  room	
  <	
  35	
  
dB(A),	
  in	
  living	
  areas	
  <	
  25	
  dB(A),	
  
in	
  func>onal	
  areas	
  <	
  30	
  dB(A).	
  	
  

•  Room	
  air	
  hygiene	
  Outdoor	
  air	
  filter	
  at	
  least	
  F7,	
  extract	
  
air	
  filter	
  at	
  least	
  G4	
  	
  

•  Frost	
  protec$on	
  Frost	
  protec>on	
  for	
  heat	
  exchanger	
  
without	
  supply	
  air	
  interrup>on,	
  frost	
  protec>on	
  for	
  an	
  air	
  
heater	
  in	
  case	
  of	
  failure	
  of	
  the	
  extract	
  air	
  fan	
  or	
  frost	
  
protec>on	
  heater	
  coil	
  	
  



Research  confirmed  systems  


•  Passive	
  House	
  level	
  systems	
  pass	
  stringent	
  tes>ng.	
  

•  Over	
  90%	
  efficiency.	
  

•  Low	
  electrical	
  loads.	
  

•  High	
  MERV	
  Ra>ngs.	
  	
  Clean	
  Air!	
  





Wood/Biomass	
  

• Wood	
  Stoves	
  
	
  
•  Masonry	
  fireplaces	
  

•  Everyone	
  loves	
  a	
  fire!	
  	
  How	
  do	
  you	
  want	
  yours?	
  



Wood  Stoves	
  

•  Free	
  standing	
  Stoves	
  EPA	
  Cer>fied	
  

•  Inserts	
  

•  Pellet	
  Stoves	
  

•  Combus>on	
  air	
  from	
  OUTSIDE.	
  	
  The	
  fire	
  does	
  not	
  care	
  if	
  it	
  is	
  20F	
  or	
  minus	
  50F!	
  	
  Helps	
  with	
  blower	
  
door	
  requirement.	
  



Wood  Stoves	
  



Masonry	
  Fireplaces	
  

•  Wood	
  burns	
  for	
  short	
  periods,	
  at	
  
very	
  high	
  temps.	
  

•  Can	
  help	
  with	
  Thermal	
  Mass	
  BTU	
  
storage	
  systems.	
  





Electric	
  Heat  



• We	
  need	
  electricity	
  for	
  the	
  building	
  anyway.	
  

• We	
  can	
  use	
  it	
  for	
  hea>ng.	
  	
  

• We	
  can	
  use	
  it	
  as	
  baseboard	
  or	
  Heat	
  pump.	
  	
  

•  Heat	
  Pumps	
  use	
  DC	
  for	
  highest	
  efficiency.	
  
	
  



Where	
  do	
  we	
  get	
  it?	
  

•  Wind	
  

•  Micro	
  Hydro	
  

•  Solar	
  

•  Co-­‐Genera>on	
  

•  Local	
  Grid	
  

•  TEG-­‐	
  Thermal	
  Energy	
  Generator	
  

•  All	
  systems	
  are	
  designed	
  for	
  the	
  load.	
  	
  Remember,	
  You	
  have	
  taken	
  that	
  to	
  the	
  lowest	
  level	
  possible!	
  



Thermal	
  Electric	
  Generator	
  



Electric	
  needs	
  

•  Household	
  loads-­‐	
  cooking,	
  work,	
  laundry,	
  entertainment,	
  ligh>ng,	
  ect.	
  

•  Hea>ng	
  and	
  Ven>la>on	
  

•  Domes>c	
  Hot	
  water?	
  
•  With	
  excess	
  Photovoltaic	
  dumping.	
  

	
  



Electrical	
  changes	
  for	
  Net	
  Zero	
  

•  All	
  Ligh>ng	
  to	
  be	
  LED	
  or	
  beuer	
  Low	
  Voltage.	
  

•  All	
  Appliances	
  Energy	
  Star	
  Cer>fied.	
  These	
  are	
  the	
  top	
  10%	
  efficiency	
  of	
  their	
  type.	
  

•  Install	
  Re-­‐circula>ng,	
  Charcoal	
  filter	
  kitchen	
  hoods,	
  so	
  you	
  are	
  not	
  loosing	
  heat	
  at	
  100-­‐300cfm	
  when	
  
running.	
  

	
  	
  	
  	
  	
  	
  	
  Hea>ng	
  circula>on	
  and	
  Ven>la>on	
  are	
  available	
  in	
  DC	
  design!	
  
	
  
•  These	
  loads	
  can	
  be	
  supplied	
  by	
  Photovoltaic	
  solar	
  collec>on,	
  even	
  in	
  Alaska!	
  

•  The	
  sizing	
  of	
  the	
  systems	
  are	
  based	
  on	
  loads.	
  

	
  	
  

	
  

	
  



Ven>la>ng	
  Kitchen-­‐	
  Heat	
  Recovery	
  

NO	
  GAS	
  RANGES!!!	
  
Direct	
  heat	
  loss	
  during	
  use.	
  
Re-­‐circula>ng	
  vent	
  hoods	
  ONLY.	
  
Use	
  Carbon	
  or	
  Charcoal	
  filters.	
  
Energy	
  Recovery	
  System	
  return	
  in	
  the	
  zone.	
  
	
  





Domes.c  Hot  Water


•  Solar	
  Thermal	
  
•  Tankless-­‐Electric	
  
• Heat	
  Pump	
  Water	
  Heaters	
  
• Air/Ground	
  source	
  De-­‐Super	
  Heaters	
  



Heat  Pump  Water  Heater




De-­‐Superheaters	
  

• A	
  desuperheater	
  is	
  a	
  secondary	
  heat	
  exchanger,	
  on	
  a	
  Heat	
  Pump,	
  that	
  
transfers	
  heat	
  from	
  the	
  earth	
  in	
  the	
  winter,	
  and	
  from	
  your	
  home	
  in	
  
the	
  summer,	
  into	
  your	
  domes>c	
  hot	
  water	
  tank.	
  The	
  desuperheater	
  is	
  
part	
  of	
  the	
  geothermal	
  heat	
  pump's	
  domes>c	
  hot	
  water	
  genera>ng	
  
system.	
  



Hea>ng	
  Net	
  Zero	
  Buildings	
  

•  Heat	
  Pumps-­‐	
  Different	
  types	
  

•  Masonry	
  Heaters	
  

•  Wood	
  Stoves	
  

•  Electric	
  

•  Solar-­‐Electric	
  and	
  Hydronic	
  



Mini	
  split	
  systems	
  

•  Outside	
  heat	
  pump	
  unit	
  
• Wall	
  mount	
  radiators	
  
•  Radiant	
  floor	
   	
  	
  
•  Ductless	
  Interior	
  heads	
  	
  
•  Ducted-­‐	
  HRV/ERV	
  
•  COP	
  1.5-­‐3.	
  
•  Beware	
  of	
  claims	
  of	
  high	
  
COP	
  and	
  lowest	
  nega>ve	
  
temperature	
  performance	
  
in	
  our	
  cold	
  climate.	
  

•  Daikon,	
  Mitsubishi,	
  Sanyo.	
  
	
  	
  







Ground	
  and	
  Lake	
  source	
  

•  Consistent	
  temperatures	
  

•  COP	
  2-­‐5	
  

•  NO	
  Carbon	
  Monoxide	
  issues!	
  

•  Higher	
  cost/Tax	
  Credit	
  



Other	
  sources	
  of	
  heat.	
  	
  Be	
  Inquisi>ve	
  and	
  Innova>ve!	
  

•  “Waste	
  Heat”	
  
•  Ground	
  source	
  collec>on	
  from:	
  

•  Storage	
  tanks	
  (solar	
  collec>on).	
  
•  Sep>c	
  systems-­‐	
  	
  Consistent	
  heat	
  source	
  



Thermal	
  Storage	
  

•  Collect	
  BTU’s	
  all	
  Summer	
  in	
  
Alaska!	
  

•  Can	
  also	
  collect	
  from	
  masonry	
  
fireplaces.	
  

•  Save	
  for	
  Winter	
  Use.	
  

•  Analogous	
  to	
  having	
  a	
  backup	
  
Generator.	
  

•  Use	
  for	
  heat	
  pumps.	
  

	
  

	
  

	
  
	
  



Evacuated	
  Tube	
  Solar	
  



Dryers-­‐Part	
  of	
  the	
  hea>ng	
  strategy 


•  Dryers	
  need	
  to	
  be	
  Ventless,	
  or	
  
heat	
  pump	
  so	
  you	
  are	
  NOT	
  
extrac>ng	
  500cfm	
  every	
  >me	
  
you	
  run	
  them!	
  	
  As	
  a	
  heat	
  pump,	
  
they	
  actually	
  help	
  with	
  the	
  
hea>ng	
  of	
  the	
  home!	
  

•  Bosch,	
  Electrolux	
  and	
  now	
  
Whirlpool,	
  Samsung	
  and	
  LG.	
  

•  Can	
  be	
  DC	
  electric	
  for	
  low	
  
wauage.	
  



DC	
  POWERED	
  Heat	
  Pumps	
  and	
  Ven>la>on	
  

•  Most	
  manufacturers	
  make	
  DC	
  powered	
  heat	
  pumps.	
  

•  Most	
  HRV/ERV	
  manufacturers	
  also	
  make	
  their	
  products	
  DC.	
  
•  These	
  help	
  with	
  the	
  electrical	
  load	
  calcula>ons	
  for	
  Passive	
  House	
  cer>fica>on!	
  

• We	
  have	
  AC/DC	
  converters	
  to	
  make	
  them	
  run	
  in	
  our	
  conven>onal	
  grid	
  homes.	
  	
  
AC	
  consumes	
  more	
  electricity,	
  and	
  there	
  are	
  losses	
  in	
  the	
  conversion!	
  

•  Not	
  necessary	
  when	
  we	
  are	
  already	
  are	
  making	
  power	
  from	
  Alterna>ve	
  on	
  the	
  
home.	
  



Benefits	
  of	
  Net	
  Zero	
  Buildings 



•  90%	
  or	
  lower	
  consump>on	
  of	
  energy	
  than	
  conven>onally	
  built	
  
buildings.	
  

• No	
  Carbon	
  Monoxide	
  or	
  greenhouse	
  gas	
  producing	
  heat	
  systems.	
  	
  	
  
• Balanced	
  heat	
  and	
  controlled	
  humidity	
  with	
  air	
  changes	
  needed	
  for	
  
healthy	
  indoor	
  air	
  quality. 	
  	
  



Combining	
  Systems 



•  HRV/ERV	
  +	
  Heat	
  Pump	
  +	
  HPHW	
  
• When	
  all	
  are	
  DC	
  powered	
  by	
  Photovoltaic	
  Electric	
  panels	
  the	
  loads	
  are	
  reduced	
  
drama>cally	
  due	
  to	
  ECM	
  motors.	
  

•  Add	
  Solar	
  Thermal-­‐	
  Evacuated	
  tube	
  or	
  Flat	
  panel-­‐	
  drain	
  back	
  systems.	
  	
  Install	
  
Mass	
  Storage	
  systems	
  for	
  Hea>ng	
  and	
  Hot	
  Water.	
  

•  Can	
  the	
  Heat	
  Pump	
  work	
  beuer	
  in	
  Alaska,	
  by	
  taking	
  heat	
  from	
  the	
  Mass	
  Storage?	
  	
  	
  



Puyng	
  it	
  all	
  together	
  

•  Passive	
  house	
  shell.	
  
•  Low	
  heat	
  load	
  means	
  small	
  hea>ng	
  system.	
  	
  

•  Heat	
  from	
  internal	
  loads	
  of	
  Dryer,	
  Refrigerator,	
  Freezer,	
  Cooking	
  recycled	
  heat	
  all	
  retained!	
  	
  
•  High	
  efficiency	
  HRV/ERV.	
  DC	
  Electric.	
  

•  Heat	
  Pumps.	
  DC	
  Electric.	
  

•  Masonry	
  Heaters.	
  
•  Mass	
  Heat	
  Storage.	
  

•  Integrate	
  ALL	
  systems	
  when	
  Possible	
  for	
  greatest	
  Energy	
  Recovery!	
  
•  Low	
  electric	
  loads	
  means	
  you	
  can	
  install	
  small	
  affordable	
  Electric	
  collector	
  system,	
  sized	
  for	
  your	
  
needs.	
  	
  They	
  can	
  always	
  be	
  upgraded!	
  





Emerge	
  Alliance	
  

•  Focus	
  will	
  be	
  placed	
  on	
  the	
  task	
  of	
  incorpora>ng	
  the	
  use	
  of	
  both	
  AC	
  and	
  DC	
  electricity	
  in	
  a	
  whole	
  
house	
  residen>al	
  hybrid	
  electric	
  power	
  configura>on	
  that	
  beuer	
  facilitates	
  the	
  use	
  of	
  modern	
  
electronics-­‐including	
  personal	
  devices	
  to	
  LED	
  Ligh>ng,	
  power	
  saving	
  appliances,	
  hybrid	
  and	
  all	
  
electric	
  vehicles,	
  on-­‐site	
  solar,	
  other	
  renewable	
  and	
  emergency	
  back-­‐up	
  energy	
  sources,	
  and	
  local	
  
electric	
  energy	
  storage.	
  The	
  EMerge	
  Alliance	
  is	
  reinven>ng	
  electric	
  power	
  by	
  crea>ng	
  forward	
  
thinking	
  standards	
  for	
  the	
  highly	
  efficient	
  use	
  of	
  hybrid	
  AC/DC	
  electric	
  power	
  in	
  residen>al	
  
buildings.	
  
	
  	
  

•  hup://www.emergealliance.org	
  



Emerge	
  Alliance	
  Partners	
  

	
  	
  

•  An	
  open	
  industry	
  associa>on	
  developing	
  standards	
  leading	
  to	
  the	
  rapid	
  adop>on	
  of	
  DC	
  power	
  distribu>on	
  in	
  buildings.	
  

•  	
  These	
  innova>ve	
  standards	
  integrate	
  interior	
  infrastructures,	
  power,	
  controls	
  and	
  devices	
  in	
  a	
  common	
  microgrid	
  
pla~orm	
  to	
  facilitate	
  the	
  hybrid	
  use	
  of	
  AC	
  and	
  DC	
  power	
  throughout	
  buildings	
  for	
  unprecedented	
  design	
  and	
  space	
  
flexibility,	
  greater	
  energy	
  efficiency	
  and	
  improved	
  sustainability.	
  

•  	
  The	
  Alliance	
  will	
  simplify	
  and	
  accelerate	
  market	
  adop>on	
  of	
  EMerge	
  Alliance	
  standards.	
  The	
  Alliance	
  will	
  ensure	
  that	
  its	
  
standards	
  deliver:	
  	
  	
  

•  Required	
  solu>ons	
  based	
  on	
  market	
  requirements	
  and	
  ecosystem	
  approval.	
  	
  Buyer	
  assurance	
  with	
  products	
  evaluated	
  
against	
  our	
  standards	
  and	
  registered	
  for	
  public	
  view.	
  	
  Increased	
  supply	
  choices	
  in	
  the	
  value	
  chain	
  that	
  spans	
  the	
  needs	
  of	
  
different	
  commercial	
  interiors.	
  	
  

•  	
  EMerge	
  Alliance	
  is	
  a	
  member	
  of	
  the	
  U.S.	
  Green	
  Building	
  Council.	
  	
  EMerge	
  Alliance	
  is	
  an	
  approved	
  American	
  Ins>tute	
  of	
  
Architects	
  (AIA)	
  Con>nuing	
  Educa>on	
  (CES)	
  Provider. 	
  	
  



Closing	
  thoughts	
  

• We	
  can	
  build	
  good,	
  high	
  quality,	
  affordable,	
  Net	
  Zero	
  buildings	
  in	
  
Alaska.	
  

• We	
  will	
  not	
  be	
  able	
  to	
  afford	
  NOT	
  to	
  Buid	
  Net	
  Zero	
  buildings	
  as	
  
energy	
  costs	
  rise.	
  

• We	
  ALL	
  need	
  to	
  work	
  on	
  the	
  concepts,	
  techniques	
  and	
  applica>on	
  of	
  
innova>ve	
  ideas	
  to	
  make	
  this	
  work.	
  

• We	
  need	
  to	
  share	
  these	
  findings.	
  



Get	
  Involved!	
  

•  Join	
  PHIUS	
  Passive	
  House	
  Ins>tute	
  US.	
  

•  Join	
  Emerge	
  Alliance.	
  

•  Write	
  and	
  talk	
  to	
  your	
  elected	
  officials	
  and	
  get	
  them	
  thinking	
  the	
  same	
  way;	
  Federal,	
  State,	
  Local,	
  
City	
  Planning.	
  

•  We	
  all	
  win	
  by	
  building	
  healthier,	
  safer	
  buildings	
  as	
  or	
  ready	
  for	
  Net	
  Zero!	
  



Ques>ons?	
  

	
  Thank	
  you	
  for	
  auending	
  ACAT	
  Presenta>ons!	
  
	
  

Please	
  join	
  ACAT	
  or	
  renew	
  your	
  memberships!	
  
	
  

	
  



Some	
  Net	
  Zero	
  Houses	
  	
  Yes,	
  we	
  are	
  evolving!	
  






























