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Who are you?
Do you work for a utility/program implementer?

Are you a rater?Are you a builder?Do you build homes where the
design temperature is below 25°F?

Do you use mini split systems 
for heating and cooling?

Do you use HRV/ERVs?Do you build homes where there is Radon?Have you ever seen moisture problems in a home?
Too much or too little humidity



Part 1
What you don’t see can kill you



Millions of people die every year from
poor indoor air quality

Millions more people suffer from disease
caused by poor indoor air quality

How many builders talk about 
indoor air quality and healthy homes with 

potential home buyers?

Why don’t builders spend more time talking 
to potential home buyers about 

indoor air quality and healthy homes?







We  s p e nd
a p p roxima te ly

90% of  our  time
ind oors



439 Pe op le  pe r  ye a r  in  the  US 
d ie  from non fire  re la te d  CO



COMBUSTION RISKS THAT
MAY AFFECT IAQ

Gas Heating
Gas Hot Water
Gas cooking
Gas fireplaces/BBQs
Automobile exhaust in garage or near windows
Forest fires
Wood/pellet stoves
Depressurization
Also hobbies and workshops can cause risks







WHAT IS RH AND WHERE CAN I GET SOME?

• Relative humidity (RH) is the ratio of the 
amount of water vapor in the air at a specific 
temperature to the maximum amount that 
the air could hold at that temperature, 
expressed as a percentage







Priorities 
• Indoor Air Quality (IAQ)

• Minimal pollutants
• Odor Free

• Comfortable
• Temperature 
• Relative Humidity
• Draft Free
• Quiet
• Effective lighting
• Aesthetically pleasing

Indoor Environmental Quality (IEQ)



Household 
IAQ Risks

Radon

Toxic building materials 
VOC’s such as formaldahydeCarbon MonoxideHousehold chemicals

Particulate MatterTobaco smokeCookingDepressurization and/or improper ventilationOutdoor air – urban area with low air quality or 
forest fires

Mold



Pollutants Defined
• VOC’s = Volatile Organic Compounds
• Mold
• PM = Particle Matter 

• Generally measured in micrometers
• PM2.5 = Particle matter 2.5 micrometers or less

• Pollutant of most concern in the average home
• Ultra fine particles = Particle matter 1.0 micrometers 

or less
• Small enough to be absorbed by organs and the 

blood steam



Graphic data coute sy of the  National Ce nte r for Biote chnology Information 
http s:/ / www.ncb i.nlm.nih.gov/ pmc/ ar ticle s/ PMC3266016/

Women who work within the home have a 54% 
higher death rate from cancer than those that 
work outside the home.

International Conference on Indoor Air Quality and Climate, 
Toronto, 1990.

Numerous indoor air pollutants have been directly 
tied to causing or increasing the risk of asthma 
developing in children



Cooking on both gas and electric 
burners produces fine and ultrafine 
particles.  These particles are small 
enough to enter the lungs, bloodstream 
and other organs.

Fine particles = 1.0 – 2.5 micrometers
Ultrafine particles < 1.0 micrometers 

Recent research by LBL estimate that 10’s of millions of Californians 
cooking with gas stoves are routinely exposed to pollutant levels 
that exceed federal standards for outdoor air.

C:\ Use rs\ lh65488\ Docume nts\ Educational Mate r ials\ IAQVe ntilation
Re se arch\ Pollution in the  Home  Kitche ns Can Produce  Hazardous Leve ls 
of Indoor Pollutants  Be rke ley Lab.mht



ind
oor air quality EPA- indoor air quality 2x-5x more toxic than 

outdoor air 



Low toxic ity build ing  ma te r ia ls  imp rove  
ind oor  a ir  q ua lity a nd  he a lth



Part 2

HVAC Design for 
High Performance Homes





Do a  Ma nua l D a nd  Ma nua l T c a lc ula tion eve ry time  if  you have  duc ts   
Elite  Duc tSize , Wrights oft Right-D, or  Duc tula torDon’t ove rs ize  ASHP s ys te ms  (Ma nua l S)Us e  a n  HRV or  ERV whe neve r  pos s ib le

Cons ide r  us ing  we ll de s igne d  a irs ha re or  tra ns fe r  s ys te m whe n pos s ib le

De s ig n it r ig ht a nd  p reve nt c omfor t p rob le ms

Tight h igh pe rforma nc e  home s  cha nge  the  humid ity dyna mic  
De s ign to  ma na ge  humid ity if  ne e de d

Do a  room by room  he a ting  a nd  c ooling  loa d  c a lc  eve ry time  (Ma nua l J )
Wrig hts oft , Ad te k, Ac c uloa d s , Ene rg yGa uge, or  Sp e c Pro

Design a good ventilation system for improved comfort, health, and energy efficiency

Check your turndown ratio to ensure good shoulder season performance

Oversized ASHPs will have poor energy performance and comfort performance



What do ducts really do? 
Distribute 

heating and cooling 
in a home

Unless you use a 
ductless heat pump system Exhaust stale air Supply fresh air

Improve Comfort, IAQ, and health



Ductwork for Space Conditioning



Horizontal Ducte d  Syste ms



Passive Home Project 

Boise, Idaho

Affordable Home Builder



Manual J

Room by room 
heating and cooling 

load calculation

Be sure to correctly account for 

Air infiltration

Ventilation heating and cooling load

Latent removal when needed



Why is  the re  a  U turn  in  th is  duc twork?



Whic h is  more  e ne rg y e ffic ie nt?  
Duc ts  in  c ond itione d  s p a c e  or  

Ins ula te d  d uc ts  running  outs id e  of  c ond itione d  s p a c e

Aud ie nc e  Que s tion #3
Firs t to  ra is e  ha nd  a nd  a ns we r  c orre c tly



Manual D – Duct design
All s p a c e  c ond itioning  e q uip me nt with  d uc twork

ne e ds  to  have  p rope rly de s igne d  duc twork
All ve ntila tion d uc twork ne e d s  to  b e  p rop e rly d e s ig ne d

Sp a c e  c ond itioning  d uc twork a nd  HRV d uc twork 
s hould  b e  in  c ond itione d  s p a c e  

Duc twork s hould  b e  d e s ig ne d  to  p reve nt c ond e ns a tion p rob le ms   
(wa rm humid  a ir   ins id e  of  d uc ts  running  in to  c old  s urfa c e s )

Mini s p lits  c a n e limina te  a nd /or  re d uc e  the  ne e d  for  
s p a c e  c ond itioning  d uc twork

2018 IECC a llows  bur ie d  d uc ts
b e tte r  tha n d uc twork ove r  ins ula tion 

s till not a s  good  a s  d uc ts  in  c ond itione d  s p a c e



INPUTS & DATA REQUIRED TO PERFORM A 
MANUAL D

Total External Static Pressure (ESP)



MANUAL T – AIR TERMINAL DEVICE SELECTION



MANUAL D LOAD SOFTWARE



MANUAL D – SUPPLEMENTAL TOOLS
DUCTULATOR



What is in your ductwork?



DUMB DUCT DESIGN

RANGE HOOD CAPTURE EFFICIENCY - ASTM E3087-17



Smart Duct Design
Use a good duct design tool
Ducts should be as straight as possible

Make sure your static pressure matches your ductwork
Soft turns over hard turns

Use dampers and good duct terminations
Air needs a return path in order to move through the home

Use stack effect to your advantage for heating and cooling



DUCT INSIDE THE ENVELOPE!
LESS DUCT - SOFFITS



DUCT INSIDE THE ENVELOPE!
PLENUM TRUSS DESIGN AND OPEN WEB TRUSS



PLENUM TRUSS DESIGN 
TRUSS CHASE AND COMPACT DUCT DESIGN

Plenum Truss Design – Truss Chase and 
Compact Duct Design



COMPACT DUCT DESIGN



BURIED DUCTS – YES OR NO?
• Be  care ful! A p rob le m with b ur ie d  ducts is conde nsation on the  

outside  of the  duct insulation, e spe cially in hot, humid  climate s 
dur ing  the  cooling  se ason. 

• Burie d  ducts must b e  we ll se ale d  and  insulate d

• Encapsulating  the  attic ducts in close d -ce ll sp ray foam 
insulation will he lp  ove rcome  conde nsation.

• Use  caution if conside r ing  b ur ie d  ducts.





























Hig h 
p e rforma nc e  
s he ll



Ene rgy e ffic ie nt he a ting  a nd  c ooling



He a ting  loa d  21,479 BTU

Cooling  loa d  13,875 BTU

Room by room 
he a ting  a nd  c ooling  loa d  c a lc ula tion 

Ma nua l J

Be d room 3 only 1,709 BTU





Hig h p e r forma nc e  Fre s h  Air  s ys te m

He a t re c ove ry whole  home  ve ntila tion  fa n  p lus  whole  
home  filte r  for  he a lthy ind oor  a ir  q ua lity



INDOOR AIR QUALITY AND 
VENTILATION BEST PRACTICES

Loc a l ve ntila tion for  
b a throoms , kitc he n,a nd la und ry roomsMinimize  toxic  c he mic a ls  in  home

Ke e p  the  c he mic a ls  out of  the  living  s p a c e

Le s s  toxic  build ing  ma te r ia ls

Good  filtra tion

Alwa ys  run b a th  fa ns  whe n b a thing

Alwa ys  run kitc he n fa n whe n c ookingCO d e te c tors
Sup p ly fre s h a ir  to  b e d rooms  for  

imp rove d  s le e p  q ua lityWhole  home  fre s h a ir  s ys te m to  
me e t ASHRAE 62.2 re q uire me nts



Natura l Ve ntila tion
Driving Force = Pressure difference (ΔP)

•Temperature difference
•Stack effect
•Wind

ΔP varies seasonally

http://www.cnn.com/2014/02/10/us/winter-weather/index.html



*



*

Note the highest pressure out nearest the top, highest pressure pushing in at the very bottom.  Pressures are lower closer to the middle.







 






Natura l Ve ntila tion
Air out = Air in



Natura l Ve ntila tion?

Outside “Fresh” Air

Crawl
space  air

Attache d
g arage  air

Othe r



ASHRAE 62.2
Most state s now mand ate  local and  
whole  house  me chanical  ve ntilation 
by code .

Build  tight

Ve ntilate  r ight



Supply Integrated with 

Central Forced Air

Common Whole House Ventilation 
System Types

Exhaust Only



WHOLE HOUSE VENTILATION SYSTEM 
EFFECTIVENESS

Exhaust Only Syste ms



LOCAL EXHAUST VENTILATION

Baths*
50 cfm intermittent

•80 cfm in Oregon
•20 cfm continuous

Kitchens
•100 cfm intermittent
•25 cfm continuous
•Systems over 400cfm must provide 
makeup air

*some states require local exhaust in utility/laundry rooms

Condensation 
sensor on 
fan?



AVOIDING DEPRESSURIZATION

SOURCES OF NEGATIVE PRESSURE 
IN A HOME ARE 

Range hoods
Exhaust fans

Dryers
Central Vacuum

Bad HVAC system design



Make 
Up
Air



WHOLE HOUSE MECHANICAL 
VENTILATION



WHOLE HOUSE MECHANICAL VENTILATION
INTERMITTENT OPERATION



WHOLE HOUSE MECHANICAL VENTILATION
CONTINUOUS OPERATION

2010

2013



WHOLE HOUSE VENTILATION 
SYSTEM EFFECTIVENESS



WHOLE HOUSE VENTILATION SYSTEM 
EFFECTIVENESS

Exhaust Only Systems



High Pe rforma nc e  Ve ntila tion 

Ind oor  
Air  

Qua lity

Low 
toxicity 
building 

materials

Balanced 
ventilation

Smart duct 
design

Filtration

Humidity 
management



WHOLE HOUSE VENTILATION SYSTEM 
EFFECTIVENESS

Central Integrated Supply Systems



Not-So-Common Whole House 
Ventilation System Types



Benefits of an HRV/ERV

Good ventilation improves indoor air quality and healthNew airtight high performance homes need 
mechanical ventilation to provide fresh air

HRV/ERV’s reduce the need for space conditioning and 
improve the energy efficiency of the envelopeBalanced ventilation reduces risk of pressurization or 

de-pressurization on envelope

Whole home balanced ventilations systems may help with 
space conditioning distribution 

They are not the whole answer



HRV/ERVs are a great choice for ventilation
HRV/ERVs will not work for 

distribution of heating and cooling

HRV/ERVs must have good duct design

Spot HRV/ERVs can be a great choice for 
a smaller home

Whole Home HRV/ERVs are a great choice 
for larger homes





WHOLE HOUSE VENTILATION SYSTEM 
EFFECTIVENESS

Balanced System



WHOLE HOUSE VENTILATION SYSTEM 
EFFECTIVENESS STUDY 

HTTPS://CONDUITNW.ORG/PAGES/FILE.ASPX?RID=2585

https://conduitnw.org/Pages/File.aspx?rid=2585


HRV/ERV BEST PRACTICES

Spot ventilation for bathrooms, kitchens, and maybe 
laundry room is best 

If you are using an HRV for bathroom and/or kitchen ventilation, 
make sure you have controls for boost mode

Any HRV/ERV return air grills near kitchen should have pre-
filtersAll HRV/ERV ductwork should be in conditioned space.

Be sure and have return air pathways in each room 
supplied by HRV/ERV

Supply fresh air to all bedrooms from HRV/ERV

HRVs are recommended in the Pacific NW.   
Different climates may need an ERV to help manage humidity too.



Part 3

Case Studies 













8-12 MPG

Cha nge  is  c oming !
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