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Let’s Review 

A house has got to breathe, right? 
Why? 
oFresh indoor air 
oOutdoor air quality/allergies 
oMoisture Control  

You want me to do what? 

Why not just let it leak? 
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Infiltration Driving Forces 
 Stack effect 
 Pressure created by 

height and temperature 
difference 

 Neutral pressure plane is 
at height where holes 
don’t leak 

 Infiltration below / 
Exfiltration above 

 The further from the 
neutral pressure plane 
the higher the leakage – 
up or down 
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Infiltration Driving Forces 

Wind 

Stronger in winter 

Sensitive to location 
o Building height 
o Orientation 
o Shielding 
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Infiltration Driving Forces 
Mechanical leakage 
 Supply and Return 

leaks pressurize and 
depressurize 

 Same with 
unbalanced air flow  

 Combustion 
depressurizes 

 Exhaust air 
depressurizes 
o Clothes dryers 
o Kitchen fans 
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So Many Questions 

How much air do you need? 
o How much air do you get? 
o Where does it come from? 

How big a hole do you leave? 

Where do you put the hole? 

Can the air hurt us or the house? 

 
 

6 



Solution! 

Let’s connect the hole to a duct so we 
know where it’s going (or coming from) 

Let’s hook up a fan so we know how 
much air we are moving 

Let’s eliminate all of the other holes that 
we don’t need or want  

 

 
 

7 



 

Whole-Building Ventilation 

 

Required Ventilation Rate (cfm) = 

(0.01 x Conditioned Floor Area) + 7.5 x (bedrooms + 1) 

  

 Example (2,000 sq. ft., 4 bedroom house)  

 Ventilation rate = (2000 x 0.01) + (7.5 x 5) = 58 cfm 
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ASHRAE 62.2/ENERGY STAR 



Whole-Building Ventilation 

• Exhaust only, supply only or balanced system 

• Local exhaust fans can be used 

• Outdoor air can be supplied to the return of an air 
handler if the air meets manufacturer’s return air 
temperature criteria 

• “Fan On” as a control strategy OK with ASHRAE but not 
ENERGY STAR 
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ASHRAE 62.2/ENERGY STAR 



Intermittent vs Continuous Flow 
 Intermittently operated systems permitted, but 

ventilation rates must be increased if: 
– cycle time is greater than 4 hours and 
– fractional on time is less than 100% 

 Intermittently operated systems must be larger to 
overcome off cycles and reduced ventilation 
effectiveness 

 Oversized systems cost more money, make more noise 
and can decrease comfort – why go there? 

 

10 

ASHRAE 62.2 



Net Pressurization 

 Limitations for extreme weather conditions 
o < 7.5 cfm/100 sf net exhaust in hot humid climates 
o < 7.5 cfm/100 sf net supply in very cold climates 

 Conditions that cause problems will exist in these 
climates, but more on this later. 
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ASHRAE 62.2 
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Very Cold (CZ 7) 

Hot/Humid 

(below line) 

You are here 

ASHRAE 62.2 



Local Exhaust 

Measured air flow or 

Prescriptive exhaust duct sizing 
o Duct size, type (smooth/flex), length and number of 

elbows determined by rated airflow and required 
airflow 
• Now an option for ENERGY STAR kitchen exhaust  
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ASHRAE 62.2 



Fan Ratings 
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Fan Ratings – read the small print 
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Fan Ratings – read the small print 
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Option 1 – Exhaust 
 Local exhaust for bathrooms and kitchen 
 One bathroom fan used as exhaust only whole-

house ventilation system 
o Example:  2000 SF, 4 Bedrooms, 2 ½ Baths, 150 SF 

Kitchen 
• Whole House Ventilation = (2000 x 0.01) + (5 x 7.5) = 

57.5 cfm 
• 80 CFM ENERGY STAR bath fan set at 60 CFM 

continuous in hall bath  
• Kitchen Exhaust = 100 cfm hood or  
• 5ACH x 150 SF x 9 FT / 60 min/hr = 113 CFM general 

exhaust (will probably require 150 CFM fan) 
• 80 CFM bath fan in master bath to run on switch or 50 

CFM bath fan with controller set to 20 CFM continuous 
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Option 1 – Exhaust 
 Ventilation Control - intermittent/continuous 

oSwitch mounted (third party) 
• Intermatic 
• Tamarack 

 
oFan mounted 

• Panasonic 
• Broan/Nutone 
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Option 1 – Exhaust 
• Least expensive to install 
• Does not require extensive design 

consideration – no distribution system required 
• Lowest power draw 

 
• No energy recovery or humidity control 
• No control of fresh air quality  

– Can’t be filtered 
– Source unknown 

• House depressurization can contribute to 
moisture problems in hot humid climates 
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Option 2 – Supply 
 Local exhaust for bathrooms and kitchen 
 Outside air tied into HVAC return air duct with 

damper and controller  
o Example:  2000 SF, 4 Bedrooms, 2 ½ Baths, 150 SF 

Kitchen 
• Whole House Ventilation = (2000 x 0.01) + (5 x 7.5) = 

57.5 cfm 
• min. 6” outside air duct with motorized damper, 

controller.  Limit outside air to maintain RA within 
manufacturer specs. 

• Kitchen Exhaust = 100 cfm hood or  
• 5ACH x 150 SF x 9 FT / 60 min/hr = 113 CFM general 

exhaust (will probably require 150 CFM fan) 
• 80 CFM bath fan in both baths to run on switch or 50 

CFM bath fan with controller set to 20 CFM continuous 
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Option 2 – Supply 
 Controller operates blower and damper 

o Available Control Products in Marketplace 
• Honeywell 
• Aprilaire 
• AirCycler  

– Hybrid  
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Recommended 



Option 2 – Supply 
• Low installed cost 
• Limited distribution system required 
• Fresh air from known location 
• Fresh air filtered prior to distribution 
• Fresh air tempered or conditioned prior to distribution 

 
• No energy recovery or humidity control 
• Temperature of blended return air must be considered 
• House pressurization can contribute to moisture problems 

in very cold climates 
• Highest cost to operate – better with ECM blower 
• Potentially lowest cost to operate as a hybrid 
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Option 3 – Balanced with Energy/Heat 
Recovery 

 Local exhaust for bathrooms and kitchen  
 Exhaust/Outside air through ERV/HRV tied into 

HVAC return air duct  
o Example:  2000 SF, 4 Bedrooms, 2 ½ Baths, 150 SF 

Kitchen 
• Whole House Ventilation = (2000 x 0.01) + (5 x 7.5) = 

57.5 cfm 
 ERV/HRV sized to meet or exceed  
• Kitchen Exhaust = 100 cfm hood or  
 5ACH x 150 SF x 9 FT / 60 min/hr = 113 CFM general 

exhaust 
 (will probably require 150 CFM fan) 
• 80 CFM bath fan in both baths to run on switch or 50 

CFM bath fan with controller set to 20 CFM continuous 
 
 

 
23 



Option 3 – Balanced with Energy/Heat 
Recovery 

Reduced 
sizes/cost now 
available 

HRV controls 
temperature of 
outside air 

ERV controls 
humidity as well 

Complexity of 
distribution 
system highly 
variable 
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Option 3 – Balanced with Energy/Heat 
Recovery 

• Fresh air from known location 
• Fresh air filtered prior to distribution 
• Fresh air tempered or conditioned prior to distribution 
• Reduces cost of re-conditioning ventilation air 
• Energy Recovery controls humidity winter and summer 

 
• Highest installed cost 
• Distribution system required  
• Largest space requirements 
 
• House is under neutral pressure 
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Performance – How do we know it works? 

Plan: Fan Selection & Duct Sizing 

 Manufacturers Fan Rating data 

 ACCA Manual D Calculations (probably not needed) 

 ASHRAE 62.2 Prescriptive Tables 

 
Verify: Actual Flow Rates 

 Post installation testing 
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Manufacturer’s Data:  
Rated Airflow  

Fan Specifications  
o Rated @0.1 or @0.25 in wc? 

Panasonic FV-08VQ5 (nominally 80 CFM fan) 
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Manufacturer’s Data: 
Fan Curve 

• Standard is 4” hard metal duct 
• Using Ductulator 
• 80 CFM through 4” duct: 

– Friction rate of 0.4 in wc/100 ft 
– @ 0.1 in wc this allows for 25 ft 

of duct run  

• 62 CFM through 4” duct 
– Friction rate of 0.25 in wc/100 ft 
– @ 0.25 in wc this allows for 100 

ft of duct run 

• Fan Curve is conservative and 
has reduced length of run by 
about 20% 
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ASHRAE 62.2 Prescriptive Comparison 

ASHRAE 62.2-2007  

29 

62 

43 

62 

77 



Manufacturer’s Data: 
Duct Runs 
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Field Results…. 

What went wrong ??? 
 

• Actual field conditions were 
different: 
– Damper got sealed in place 

at exterior wall  
– Interior damper taped in 

place at factory  
– Added an elbow to change 

location of exterior grille 
– Exterior hood was not 

available in 5” transitioned 
up to 6” 
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Unit # Kitchen Fan     Flow 
Rate 

1201 25 CFM 

1202 45 CFM 

1203 75 CFM 

3201 90 CFM 

3202 106 CFM 

3203 101 CFM 



Field Conditions…. 
Many things can go wrong 

o Field variations in ducting (obstructions, architectural opinions) 
o Factory tape on fan damper 
o Stuck dampers 
o Multiple dampers 
o Ceiling radiation dampers 
o Flex vs. Hard Duct 
o Crushed flex duct 
o Various types of outlets (4" v 6", wall caps, soffit caps, roof caps) 
o Tight building structure reduces air flow 
o Different duct configurations (turbulence) 
o Different testing methods/conditions produce different results 
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Recommendations 

1. Specify a fan with the same size collar as 
duct (fans with 6” collars are available)  

2. Don’t transition duct/cap sizes 
3. Ensure there is enough spare capacity to 

accommodate field issues that arise 
4. Specify a fan with a variable speed motor 

that will provide the required CFM over a 
range of static pressure 
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Back to Net Pressurization  

 From Recent Experience 
o Extreme weather does exist in Climate Zones 3-6 

(summer 2013/winter 2014 in NE) 
o Risk level is lower, but the damage can be the same 
o Condensation problems experienced during hot/wet 

period during early summer 2013 
• MF Buildings 
• HVAC systems installed in floor ceiling assemblies 
• Exhaust ventilation 
• Relatively tight construction  
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Back to Net Pressurization  

From Recent Experience (cont.) 
oConclusions 

• Continuous depressurization during extreme weather 
resulted in high moisture 

• Floor systems leaky relative to rest of envelope 

• Small dwelling units more likely to be oversized for 
A/C 

• Uninsulated ductwork lowered 
temperature/increased RH in floor assembly and 
became condensing surface 

• Tight ducts may be contributing factor 
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Back to Net Pressurization  

From Recent Experience (cont.) 
oRecommendations 

• Insulate all ducts in floor assemblies 

• Pay more attention to floor assembly leakage – good 
application for spray foam 

• Stand-alone dehumidification 

• Make ceiling intentionally leaky to the inside (fire 
rated)?? 

• Eliminate unbalanced exhaust only systems 
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First Cost Considerations 

Exhaust Fan/Controller  
o Equipment cost about $200 
o No additional installation with integral 

controller 
o Careful ducting required 

Supply Air Control/Damper/Transformer  
o Equipment Cost <$200 
o Additional duct/installation cost 
o Location / clearance of fresh air inlet must 

considered 
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First Cost Considerations 
Hybrid Supply/Exhaust 

o Equipment Cost <$400 with an ENERGY STAR fan 
o Additional duct/installation cost 
o Location / clearance of fresh air inlet must 

considered 

ERV/HRV 
o Equipment Cost $500-$1200  

• Small (40 CFM) standalone from Panasonic online 
for <$400 

o Additional duct/installation cost variable 
depending on complexity of system 

o Space for installation and connection to duct 
systems may be a factor 
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Case Study 

1200 SF Townhouse – interior unit 
o 2 stories, 2 Bedrooms 
o Minimum ventilation requirement = 12 + 3*7.5 = 34.5 CFM 
o Infiltration – 833 CFM50 
o Estimated Operating Cost - $1,300 yr 

including $230 service charges and Philadelphia rates 
o Ventilation Comparisons 

• None 
• 2 exhaust fans (ESTAR PSC and ECM) 
• Air Cycler with PSC and ECM air handlers 
• Compact ERV 
• Traditional ERV 
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Case Study 
System Type None Exhaust Exhaust 

Air Cycler 
w/PSC 

Air Cycler 
w/ECM 

Air Cycler 
w/ECM Compact ERV Ducted ERV 

Vent Rate   40 CFM 40 CFM 40 CFM 40 CFM 40 CFM 40 CFM 60 CFM 

Hours/Day   24 24 N/A N/A N/A 24 16 

Power   15W 5W 300 W 200 W 125 W 23 W 94 W 
Heat Energy 
(MMBtu/yr)                 

Infiltration 6.6 2.9 2.9 2.9 2.9 2.9 6.6 6.6 

Ventilation 0 6.1 6.1 6.1 6.1 6.1 2.1 1.3 

Total 6.6 9 9 9 9 9 8.7 7.9 
Cool Energy 
(MMBtu/yr)                 

Infiltration -0.1 0 0 0 0 0 0 0 

Ventilation 0 -0.1 -0.1 -0.1 -0.1 -0.1 0 0 

Total -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 0 0 

Design Heat Load 
(kBtu/hr)                 

Infiltration 2.5 1.1 1.1 1.1 1.1 1.1 2.5 2.5 

Ventilation 0 2.3 2.3 2.3 2.3 2.3 0.8 0.5 

Total 2.5 3.4 3.4 3.4 3.4 3.4 3.3 3 

Design CoolLoad 
(kBtu/hr)                 

Infiltration 1.1 0.3 0.3 0.3 0.3 0.3 1.1 1.1 

Ventilation 0 1.7 1.7 1.7 1.7 1.7 0.6 0.4 

Total 1.1 2 2 2 2 2 1.7 1.5 
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Case Study 
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System Type None Exhaust Exhaust 
Air Cycler 

w/PSC 
Air Cycler 

w/ECM 
Air Cycler 

w/ECM 
Compact 

ERV 
Ducted 

ERV 

Vent Rate   40 CFM 40 CFM 40 CFM 40 CFM 40 CFM 40 CFM 60 CFM 

Hours/Day   24 24 N/A N/A N/A 24 16 

Power   15W 5W 300 W 200 W 125 W 23 W 94 W 

                  

Heat Cost/yr ($) 198 225 227 194 205 213 220 203 

Cool Cost/yr ($) 87 91 89 111 104 98 91 97 

Vent Fan Cost/yr ($) 0 20 7 266 178 111 31 86 

Total Cost/yr ($) 285 336 323 571 487 422 342 386 

                  

HERS Index 63 65 64 74 70 68 65 65 

Note:  Air Cycler as a “hybrid” supply/exhaust not included.  In theory, operating cost 

would be less than for a comparable exhaust system due to less runtime of the 

exhaust fan.  HERS index predicted to be equal or better than exhaust. 



Case Study 

Conclusions 
o Ventilation can cost as little as $40/year (that’s $0.11 a day) 
o For installation and operating cost, you can’t beat a good bath fan 
o It’s all about fan power draw – even with an ERV  
o Air cycler more expensive to operate ($140 – $180/year), but … 

• Source of air is known 
• Ventilation is distributed 
• Hybrid adds installation cost but major reduction operating cost 

o Compact ERV is good option for small homes 
• low first cost 
• simple ducting 
• known air source 
• good operating cost 
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New Technology 

Can high tech save you money? 
o ECM bath fans (Panasonic, Broan, Nutone) 

• Save operating costs 
• Precise airflow under a variety of conditions 
• Reliable delivery where verification is required 

– Whole house and exhaust for LEED and ENERGY STAR 
– Reduce/eliminate call backs for failed tests 

• With or without controls 

o ECM motors in ERVs (Honeywell) 
• Save operating costs – its all about the motor 
• Precise/adjustable airflow 
• Save callbacks when verification is required 

o Supply air control/Hybrid systems/ 
o Exhaust systems with passive inlets 
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Thank you!! 
 

Questions? 

Contact me 
dougmccleery@magrann.com 


