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Abe	
  Kruger	
  
2013	
  RESNET	
  Conference	
  	
  

abe@KrugerSustainabilityGroup.com	
  
215/385-­‐6891	
  

  Introductions	
  
  HERS	
  Industry	
  
  HERS	
  Ratings	
  
  ACCA	
  Standard	
  12	
  
  Resources	
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  HERS	
  Rater	
  &	
  Trainer/QAD	
  
  BPI	
  Building	
  Analyst	
  &	
  Proctor	
  
  LEED	
  AP	
  Homes	
  &	
  ND	
  
  LEED	
  Green	
  Rater	
  
  EarthCraft	
  Technical	
  Advisor	
  
  Educator	
  
  Curriculum	
  development	
  
 Member	
  RESNET	
  Technical	
  Committee	
  
  Utility	
  DSM	
  Program	
  Design	
  &	
  
Implementation	
  

  Audience	
  
  HERS	
  Raters?	
  
  Code	
  officials?	
  
  HVAC	
  contractors?	
  
  Insulators?	
  
  Architects?	
  
  Government	
  employees?	
  
 Where	
  from?	
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HERS	
  Raters	
  

HERS	
  Rating	
  
Providers	
  

ACCA	
  

ENERGY	
  STAR	
  

Green	
  Building	
  
Programs	
  

Utility	
  Programs	
  

Home	
  Performance	
  
with	
  ENERGY	
  STAR	
  

BPI	
  

Tax	
  Credits	
  

HERS	
  Training	
  
Providers	
  

  HERS	
  Index	
  accounts	
  for:	
  
  Heating	
  
  Cooling	
  
 Water	
  Heating	
  
  Lights	
  	
  
  Appliances	
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  HERS	
  Ratings	
  consists	
  of	
  
  Building	
  components	
  
  Envelop	
  leakage	
  
  Duct	
  leakage	
  
  Software	
  modeling	
  
  Reporting	
  
  Combustion	
  safety	
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New	
  &	
  Existing	
  Construction	
  

  Heat	
  
  Light	
  
  Nitrogen	
  Oxides	
  (NOx)	
  
 Water/water	
  vapor	
  (H2O)	
  
  Carbon	
  Dioxide	
  
  Carbon	
  Monoxide	
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  Carbon	
  Monoxide	
  (CO)	
  is	
  a	
  colorless,	
  odorless,	
  
and	
  tasteless	
  gas	
  which	
  results	
  from	
  combustion	
  
of	
  fuels.	
  	
  

  Carbon	
  monoxide	
  results	
  from	
  “incomplete	
  
combustion”	
  in	
  the	
  appliance	
  

  This	
  happens	
  when	
  there	
  is	
  an	
  improper	
  air/fuel	
  
mixture	
  

  Oxygen	
  deprivation	
  can	
  occur	
  when	
  burner	
  
flames	
  impinge	
  on	
  a	
  solid	
  surface	
  

  At	
  low	
  concentrations:	
  Shortness	
  of	
  breath,	
  
mild	
  nausea,	
  mild	
  headaches	
  

  At	
  moderate	
  concentrations:	
  Impaired	
  
vision	
  and	
  coordination,	
  headaches,	
  
dizziness,	
  confusion,	
  nausea,	
  and	
  flu-­‐like	
  
symptoms	
  

  At	
  very	
  high	
  levels:	
  Can	
  be	
  fatal,	
  causing	
  
death	
  within	
  minutes	
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  Long	
  term	
  exposure	
  at	
  low	
  levels,	
  can	
  cause:	
  
  Headache,	
  nausea,	
  vomiting,	
  muscle	
  pain,	
  joint	
  
pain,	
  chronic	
  fatigue,	
  dizziness,	
  numbness,	
  
tingling,	
  and	
  vertigo,	
  as	
  well	
  as:	
  	
  

  Cognitive	
  /	
  Memory	
  Impairments	
  
  	
  Affective	
  Disorders	
  (emotional/personality	
  
effects)	
  	
  

  Sensory	
  and	
  Motor	
  Disorders	
  

  Venting	
  moves	
  combustion	
  gases	
  to	
  the	
  
outside	
  

  Prevents	
  overheating	
  of	
  the	
  appliance	
  
  Prevents	
  condensation	
  damage	
  to	
  appliances	
  
and	
  vents	
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  Chapter	
  7:	
  Home	
  Energy	
  Audits	
  
  Chapter	
  8:	
  Performance	
  Testing	
  &	
  Work	
  Scope	
  

  Building	
  enclosure	
  air	
  tightness	
  testing	
  
  Duct	
  leakage	
  testing	
  
  Ventilation	
  airflow	
  testing	
  
  Gas	
  leakage	
  testing	
  
  Worst	
  case	
  depressurization	
  testing	
  
  Carbon	
  monoxide	
  testing	
  
  Work	
  scope	
  for	
  contractors	
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  Purpose	
  
  Establish	
  minimum	
  criteria	
  by	
  which	
  deficiencies	
  in	
  
existing	
  residential	
  buildings	
  are	
  identified	
  by	
  audit,	
  
improvement	
  opportunities	
  are	
  assessed,	
  scopes	
  of	
  
work	
  are	
  finalized,	
  work	
  is	
  performed	
  in	
  accordance	
  
with	
  industry	
  recognized	
  procedures,	
  and	
  
improvement	
  objectives	
  were	
  met.	
  

  Scope	
  
  Applies	
  to	
  existing	
  site-­‐constructed	
  or	
  manufactured	
  
one-­‐	
  and	
  two-­‐family	
  dwellings	
  and	
  townhouses	
  not	
  
more	
  than	
  three	
  stories	
  above	
  grade	
  in	
  height.	
  

  Conduct	
  interview	
  to	
  identify	
  occupant	
  
behaviors	
  and	
  use	
  patterns	
  that	
  impact	
  
energy	
  use,	
  occupant	
  perceived	
  problems	
  
and	
  concerns	
  relating	
  to	
  energy	
  use.	
  

  Use	
  interview	
  questions	
  in	
  Appendix	
  A.	
  

Source:	
  DSB	
  Energy	
  Services	
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  Record	
  the	
  following	
  
  R-­‐values	
  &	
  location	
  of	
  wall/ceiling/floor	
  insulation	
  
  Square	
  footage,	
  volume,	
  and	
  age	
  of	
  home	
  
 Windows	
  
  HVAC	
  equipment	
  and	
  distribution	
  system	
  
  Foundation	
  type	
  
  Lights	
  &	
  appliances	
  
  Durability	
  issues	
  

  3.3.1	
  –	
  CO	
  testing	
  
  3.3.2	
  –	
  Gas/Oil	
  leakage	
  testing	
  
  3.3.3	
  –	
  Unvented	
  combustion	
  appliances	
  
  3.3.4	
  –	
  CAZ	
  volume	
  
  3.3.5	
  –	
  Depressurization	
  test	
  (atmospherically	
  
vented	
  appliances)	
  

  3.3.6	
  –	
  Combustion	
  Appliance	
  Venting	
  
(atmospherically	
  vented	
  appliances)	
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 Measure	
  and	
  record	
  CO	
  levels	
  in:	
  
  Combustion	
  appliance	
  flue	
  gases	
  
  Accessible	
  venting	
  systems	
  
  Combustion	
  appliance	
  zone	
  (CAZ)	
  

  Acceptable	
  Procedures	
  
  Appendix	
  A	
  
  RESNET	
  Standards	
  
  BPI	
  Standards	
  

  Equipment	
  used	
  to	
  measure	
  CO	
  shall:	
  
 Measure	
  (CO)	
  levels	
  from	
  0	
  to	
  2,000	
  ppm	
  
  Resolution	
  of	
  1	
  ppm	
  
  Visual	
  readout	
  
  Accuracy	
  rate	
  of	
  +	
  5%	
  
  Calibrated	
  annually	
  by	
  the	
  manufacturer	
  and	
  have	
  
evidence	
  of	
  the	
  calibration.	
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 Measure	
  the	
  outdoor	
  CO	
  level,	
  use	
  as	
  
baseline.	
  

  Run	
  CO	
  measurement	
  equipment	
  
continuously.	
  

  If	
  CO	
  levels	
  of	
  9	
  ppm	
  are	
  detected	
  for	
  more	
  
than	
  15	
  minutes,	
  then	
  the	
  Auditor	
  has	
  the	
  
discretion	
  to	
  stop	
  all	
  CO	
  testing	
  and	
  
depressurization	
  testing.	
  

  If	
  CO	
  levels	
  of	
  25	
  ppm	
  are	
  detected,	
  stop	
  all	
  
CO	
  testing	
  and	
  depressurization	
  testing.	
  

  For	
  atmospherically	
  vented	
  appliances:	
  
  Take	
  a	
  measurement	
  of	
  combustion	
  gases	
  at	
  the	
  
flue	
  before	
  the	
  draft	
  diverter	
  and	
  around	
  the	
  
external	
  perimeter	
  of	
  accessible	
  vent	
  piping	
  joints.	
  

  Appliance	
  must	
  operate	
  for	
  at	
  least	
  5	
  minutes	
  
before	
  taking	
  sample.	
  

  Take	
  sample	
  during	
  depressurization	
  test.	
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CO	
  measurements	
  
taken	
  

Ambient	
  
Air	
   Draft	
  

Diverter	
  

Source:	
  NYSERDA	
  

  For	
  direct	
  vented	
  appliances:	
  
  Sample	
  must	
  be	
  taken	
  at	
  vent	
  connection	
  and	
  
around	
  the	
  external	
  perimeter	
  of	
  accessible	
  vent	
  
piping	
  joints	
  

  Appliance	
  must	
  operate	
  for	
  at	
  least	
  5	
  minutes	
  
before	
  getting	
  sample	
  

  Take	
  sample	
  during	
  depressurization	
  test	
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Supply Air 

Return Air 

Heat Exchangers 

Combustion Chamber 

Combustion  
Air Inlet 

Exhaust  
Gases 

Exterior 
Wall 

Do	
  not	
  drill	
  holes	
  or	
  test	
  for	
  draft	
  

Source:	
  NYSERDA	
  

  Open	
  a	
  window	
  or	
  door	
  to	
  the	
  outside	
  
  Remove	
  any	
  foil	
  or	
  cooking	
  utensils	
  within	
  the	
  oven	
  
  Verify	
  that	
  the	
  oven	
  is	
  not	
  in	
  self-­‐cleaning	
  mode	
  
  Turn	
  oven	
  on	
  to	
  highest	
  temperature	
  setting	
  
  Close	
  the	
  oven	
  door	
  and	
  monitor	
  CO	
  levels	
  in	
  the	
  kitchen	
  
  Measure	
  the	
  CO	
  levels	
  within	
  the	
  oven	
  vent.	
  

  Samples	
  must	
  be	
  taken	
  while	
  burner	
  is	
  firing.	
  
  Operate	
  burner	
  for	
  at	
  least	
  5	
  minutes,	
  or	
  per	
  OEM	
  instructions	
  
  Record	
  the	
  lowest	
  CO	
  reading	
  in	
  ppm	
  and	
  turn	
  off	
  oven.	
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  If	
  CO	
  levels	
  are	
  ≥100	
  ppm	
  or	
  an	
  appliance	
  fails	
  to	
  meet	
  
manufacturer’s	
  benchmarks	
  for	
  CO	
  production:	
  
  Notify	
  the	
  client	
  of	
  the	
  need	
  to	
  call	
  a	
  qualified	
  technician	
  
to	
  have	
  the	
  appliance	
  repaired/tuned.	
  

  Do	
  not	
  perform	
  air	
  sealing	
  measures	
  on	
  the	
  home.	
  

  If	
  CO	
  levels	
  are	
  ≥300	
  ppm:	
  
  Document	
  that	
  the	
  equipment	
  is	
  unsafe	
  for	
  continued	
  
operation.	
  

  Document	
  that	
  the	
  client	
  was	
  informed	
  of	
  this	
  condition.	
  
  Do	
  not	
  perform	
  air	
  sealing	
  measures	
  on	
  the	
  home.	
  

  Verify	
  that	
  all	
  accessible	
  exposed	
  gas/oil	
  piping	
  
in	
  the	
  building	
  has	
  been	
  inspected	
  for	
  leaks,	
  and	
  
leak	
  locations	
  have	
  been	
  identified.	
  

  If	
  gas	
  odor,	
  everyone	
  must	
  evacuate	
  and	
  notify	
  
the	
  appropriate	
  authorities	
  and	
  utility	
  providers.	
  
  Ensure	
  that	
  switches	
  are	
  not	
  operated	
  while	
  exiting	
  
and	
  no	
  ignition	
  sources	
  are	
  present.	
  	
  

  The	
  audit	
  shall	
  not	
  proceed	
  until	
  the	
  proper	
  
authorities	
  have	
  deemed	
  it	
  safe	
  to	
  re-­‐enter	
  the	
  
building.	
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  Gas	
  lines:	
  
  Inspect	
  all	
  fittings	
  and	
  joints	
  in	
  supply	
  lines	
  and	
  
appliances	
  with	
  the	
  appropriate	
  gas	
  detector	
  
capable	
  of	
  measuring	
  20	
  ppm.	
  

  Confirm	
  measured	
  leaks	
  with	
  leak-­‐detection	
  fluid.	
  
  Oil	
  lines	
  shall	
  be	
  visually	
  inspected	
  for	
  oil.	
  

ANSI	
  Z21.11.2:	
  Gas-­‐Fired	
  room	
  heaters	
  Volume	
  II,	
  unvented	
  room	
  heaters	
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 Measure	
  the	
  volume	
  of	
  the	
  space	
  or	
  openings	
  
providing	
  combustion	
  air	
  to	
  fossil	
  fuel	
  
appliances.	
  

  Acceptable	
  Procedures:	
  
  National	
  Fuel	
  Gas	
  Code	
  §9.3,	
  or	
  
  Authority	
  having	
  jurisdiction	
  (AHJ).	
  

  Provide	
  evidence	
  that	
  the	
  combustion	
  appliance	
  is	
  
installed	
  in	
  a	
  safe	
  condition	
  for	
  continuing	
  use	
  during	
  
periods	
  of	
  depressurization	
  generated	
  by	
  the	
  
occupants.	
  

  Acceptable	
  Procedures:	
  	
  
  Appendix	
  A	
  
  CAN/CGSB	
  51.71-­‐2005	
  
  Original	
  Equipment	
  Manufacturer	
  (OEM)	
  specified	
  
procedure	
  

  AHJ	
  (e.g.,	
  IRC	
  APPENDIX	
  D)	
  
  RESNET	
  Standards	
  
  BPI	
  Standards	
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  Close	
  exterior	
  windows	
  &	
  doors	
  
  Turn	
  on	
  all	
  indoor	
  exhaust	
  fans	
  
  Open/close	
  interior	
  doors	
  to	
  achieve	
  the	
  
highest	
  pressure	
  differential	
  in	
  the	
  CAZ	
  room	
  
with	
  reference	
  to	
  (wrt)	
  the	
  outdoors.	
  

  Turn	
  on	
  smallest	
  Btu	
  input	
  appliance	
  
  Test	
  for	
  spillage	
  
  If	
  multiple	
  appliances	
  in	
  CAZ,	
  turn	
  on	
  next	
  one	
  

Watch	
   Smoke	
  Stick	
  

CO	
  Monitor	
  

Source:	
  NYSERDA	
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  Record	
  evidence	
  that	
  the	
  combustion	
  
appliance	
  vent	
  exhaust	
  system	
  is	
  installed	
  
incorrectly.	
  

  Inspect	
  the	
  vent	
  exhaust	
  system	
  and	
  record	
  
the	
  presence	
  of	
  the	
  following:	
  
  Blockages	
  
  Soot	
  
  Corrosion	
  or	
  oxidation	
  
  Proper	
  support,	
  slope	
  and	
  termination	
  

Evidence	
  of	
  Spillage	
  and	
  Improper	
  Draft	
  

Source:	
  NYSERDA	
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  Perform	
  blower	
  door	
  test	
  	
  
  Acceptable	
  Procedures	
  

  Appendix	
  A	
  
  RESNET	
  Standards	
  

Source:	
  Southface	
  

  Determine	
  the	
  minimum	
  ventilation	
  
requirement	
  for	
  the	
  occupants	
  of	
  the	
  building	
  
(in	
  accordance	
  with	
  ASHRAE	
  62.2	
  –	
  2010).	
  	
  

  The	
  mechanical	
  ventilation	
  airflow	
  shall	
  be	
  
measured.	
  	
  

  Verify	
  that	
  exhaust	
  fans	
  and	
  clothes	
  dryers	
  
vent	
  to	
  outdoors.	
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  Determine	
  the	
  insulation	
  levels	
  in	
  the	
  
applicable	
  building	
  components	
  (walls,	
  
ceilings,	
  roofs,	
  floors,	
  slabs,	
  and	
  crawlspaces).	
  

  Assign	
  insulation	
  grade	
  in	
  accordance	
  with	
  
RESNET	
  Standards.	
  

  3.7.1	
  –	
  Validation	
  of	
  capacity	
  to	
  load	
  
  3.7.2	
  –	
  Airflow	
  testing	
  
  3.7.3	
  –	
  Distribution	
  System	
  Temperature	
  
Difference	
  	
  

  3.7.4	
  –	
  Room	
  temperature	
  difference	
  
  3.7.5	
  –	
  Duct	
  leakage	
  testing	
  
  3.7.6	
  –	
  Room-­‐pressure	
  differences	
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  The	
  Auditor	
  shall	
  determine:	
  
  Name	
  plate	
  efficiency	
  and	
  age	
  of	
  the	
  water	
  
heater(s)	
  

  Hot	
  water	
  piping	
  insulation	
  R-­‐value	
  

  Determine	
  the	
  following	
  in	
  accordance	
  with	
  
RESNET	
  Standards:	
  
  U-­‐values	
  and	
  solar	
  heat	
  gain	
  coefficients	
  (SHGC)	
  
for	
  glazing	
  components	
  (windows,	
  glass	
  doors,	
  
skylights,	
  etc.)	
  

  Existing	
  shading	
  (overhangs,	
  awnings,	
  etc.).	
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  Identify	
  appliances	
  and	
  equipment	
  that	
  can	
  
be	
  replaced	
  with	
  those	
  that	
  are	
  more	
  energy	
  
efficient.	
  

  Visually	
  inspect	
  plumbing	
  fixtures	
  
 Measure	
  water	
  flow	
  rates	
  
  Identify	
  the	
  fixtures	
  that	
  would	
  benefit	
  from	
  being	
  
upgraded	
  to	
  meet	
  EPA’s	
  WaterSense	
  
specifications.	
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  The	
  building	
  shall	
  have	
  systems	
  to	
  prevent	
  
damage	
  from	
  rain	
  and	
  ground	
  water.	
  	
  

  Any	
  existing	
  interior	
  or	
  exterior	
  moisture	
  
issues	
  need	
  to	
  be	
  identified	
  for	
  remediation	
  
prior	
  to	
  air	
  sealing	
  and/or	
  further	
  insulating	
  
the	
  building	
  shell.	
  

  The	
  Auditor	
  shall	
  ensure:	
  
  Safety:	
  Note	
  type	
  of	
  suction	
  outlet	
  cover(s)	
  and	
  
flow	
  rating.	
  

 Motor	
  efficiency:	
  Record	
  the	
  total	
  horsepower	
  of	
  
the	
  pump	
  motor,	
  type	
  of	
  controls,	
  and	
  timers	
  
being	
  used	
  for	
  the	
  pool	
  or	
  spa.	
  

  Heated	
  pools:	
  Record	
  the	
  type	
  of	
  pool	
  heater,	
  the	
  
water	
  temperature,	
  the	
  location	
  of	
  the	
  heater’s	
  
on-­‐off	
  switches,	
  if	
  switch	
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  The	
  audit	
  file	
  includes	
  
  Data	
  (e.g.,	
  measurements,	
  observations,	
  test	
  results,	
  
etc.)	
  for	
  each	
  specified	
  building	
  audit	
  requirement,	
  a	
  
record	
  of	
  the	
  model	
  and	
  serial	
  numbers	
  of	
  all	
  
equipment	
  audited,	
  supporting	
  measurements,	
  and/
or	
  calculations.	
  

  Additional	
  information	
  applicable	
  to	
  the	
  audit	
  activity	
  
undertaken	
  (drawings,	
  photographs,	
  etc.).	
  

  Copies	
  of	
  documents	
  from	
  §3.14.1.1,	
  including	
  the	
  
modeling	
  software	
  file,	
  are	
  maintained	
  at	
  the	
  
Auditor’s	
  place	
  of	
  business.	
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ACCA	
  
	
  www.acca.org	
  

BPI	
  
	
  www.bpi.org	
  

RESNET	
  	
  
	
  www.resnet.us	
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Thank	
  You!	
  

Abe	
  Kruger	
  
abe@KrugerSustainabilityGroup.com	
  

215/385-­‐6891	
  

www.KrugerSustainabilityGroup.com	
  


