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Abstract:

This reviews ventilation strategies for different climate zones and includes schematic drawings and

photographs of various ventilation installations.
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Healthy and Affordable Housing:
Practical Recommendations for Meeting Your

Ventilation Requirements
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Residential Ventilation:Residential Ventilation:
Too Little, Too Much, or Just Right?Too Little, Too Much, or Just Right?

The Building America ExperienceThe Building America Experience
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• How do you build the enclosure?
• How should you condition the enclosure?
• How should you ventilate the enclosure?
• How do you do the above and save energy?

Building Your Home - Questions
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These questions are inter-related,
yet we attempt to answer them separately

• The Building America is an applied research
program designed find answers

• Objective - Promote system engineering to
improve home performance while reducing
energy use
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Context is Important

• What is the function of
that home?
• It is an environmental

separator
• It separates the inside from

the outside
• Creates conditions inside

that the homeowner can
control

• Allows the homeowner to
bring in the outside when
desirable, but to exclude
the outside when necessary
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Context is Important

• In order to control the air, you
must first enclose the air
• An enclosure is constructed
• This enclosure provides

closure for all six sides of the
cube

• Openings in the enclosure
should be intentional
• Doors, Windows, Exhaust

vents, Outside Air Intake
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Context is Important

• Air brought into the the home can
then be……..
• Heated
• Cooled
• Humidified
• Dehumidified
• Cleaned, Filtered
• Distributed, Mixed

• Energy is spent in the process
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Indoor Air Quality Is More Than a Fan and a Filter

• The mechanical system matters…..
• Just as we don’t want the HVAC system to

be a contaminant source (drain pans, dirty
filters)………….
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Indoor Air Quality Is More Than a Fan and a Filter

• The enclosure is
part of the
solution
• We don’t want

the enclosure to
be the
contaminant
source (moldy
buildings)
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Different Systems for Different Climates

•Closure Design

•Conditioning   
System Design

•Ventilation
System Design
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• How much outside air do you need?
• How do you distribute it throughout the house?
• How do you clean it?
• Do you add moisture or subtract moisture?

How Do You Ventilate?
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According to ASHRAE 62.2
• The same amount everywhere, every climate
• Big houses need more air than smaller houses
• Selecting materials does not affect the rates under

current thinking
• This will change as we learn more in the future

• We assume the enclosure are equally leaky everywhere
regardless of age
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• Humidity is not a pollutant-but can create one
• It takes energy to dry air
• This energy used to come from building inefficient

enclosures and using inefficient equipment
• Now with good glass, good insulation, good lights,

good appliances, we don’t have enough heat
available to run the A/C to dehumidify

Bringing in Humid Air Can Be a Problem
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• Over-Ventilating Energy Efficient Buildings
during spring, summer, and fall leads to
mold

Bringing in Too Much Humid Air is a Problem

Moisture load due to outside air exchange
(Indoor conditions: 75 F, 55% RH)
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• We do not want to bring in more than we
need

• If we build a perfectly tight enclosure and
eliminate uncontrolled air leakage,the
above is possible

Bringing in Outside Air Can Be Expensive
in Terms of Energy
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• Same metric everywhere
• What metric?

• Not too tight, not too leaky,
just right (depends on
ventilation system choice
• Trial and error

• Between 2 and 3 ach@ 50 Pa
• Leakier than the Canadian R-2000
• Tighter than the typical American home
• Achievable- Over 16,000 built to this

standard under this program

Establish Enclosure Tightness
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• On energy side, not much difference
between 1 ach@  50 Pa and 3 ach@ 50
Pa

• The controlled ventilation number we
use (ASHRAE 62.2) dominates

• Any tighter standard cannot be
practically achieved by the current
industry, trade, and technology basis

Establish Enclosure Tightness
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• Supply ventilation at 62.2 rates is able to
achieve positive pressurization (between 1 and
2 Pa) when enclosures are constructed to this
tightness metric
• .25 cfm/sq. ft. of enclosure area as

tested under pressurization at 50 Pa

• 2.5 inches of holes/100 sq. ft. of
enclosure area (at 10 Pa-CGSB
method)

• 1.25 inches of holes/100 sq. ft. of
enclosure area (at 4 Pa - ASTM
method)

Establish Enclosure Tightness



© 2004 Building Science Corporation

• Practice Source Control
• Moisture metric

• Design to exclude water
• Design to dry should it get wet

• Combustion Appliances
• Uncoupled from the conditioned space
• Dedicated combustion air
• Power-vent exhaust of combustion products

• Spot Ventilation
• Baths, kitchens, points of pollution generation

• Control Duct Leakage
• All ducts must be tight
• Duct must be located within the conditioned space

so they don’t leak to the outside

Other Criteria
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Purposes of Mechanical Ventilation

Point-source ventilation - Remove Pollutants
•exhaust fans: kitchen, bath, laundry, trash rooms

Whole-building ventilation - Dilute Pollutants
•supply, exhaust, or balanced fans distributing to all
rooms
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• ASHRAE 62.2
• 7.5 cfm per person based on

number of bedrooms plus
one

•  plus .01 cfm per sq. ft.
• Example- A three bedroom

1500 sq. ft. house would take ;
– 7.5 x 4 plus 1,500 x .01 = 45

CFM

• Example - A three bedroom
10,000 sq. ft. house would take:

– 7.5 x 4 plus 10,000 x .01 = 175
CFM

How Much Do you Need?
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• Provide exhaust fans at
pollutant generation
location that can be run
when required
• Example - Bathroom Fan

• Kitchen exhaust hood

• Fan in Trash room

• These fans have off-on
switches and/or timers

Dealing With Specific Pollutant Sources
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• Design system to boost the existing supply
ventilation - approximately twice required amount
• Example - The 1,500 sq. ft. house that

required 45 CFM continuously, would have the
ability to be boosted to 90 CFM

• Example - The 10,000 sq. ft. house that
required 175 CFM continuously, would have
the ability to be boosted to 350 CFM

Dealing With Temporary Occupancy Loads
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Requires Airtight building envelope
and ducts

• Exhaust ventilation
• single- or multi-point

• Supply ventilation
• single- or multi-point
• integrated with central system

fan

• Balanced ventilation
• single- or multi-point
• integrated with central system

fan
• with or without heat or energy

recovery

Controlled Ventilation - Options

Exhaust

Supply

Balanced
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• Exhaust, supply, and balanced
ventilation systems were tested, none
of the systems were independently fully
ducted because of the high installation
cost

•  All of the ventilation systems tested
provided adequate air exchange and
ventilation air distribution as long as
there was periodic whole-house mixing
provided by the central air distribution
system.

• Only those systems that utilized
periodic whole-house mixing provided
by recycling of the central air
distribution system fan showed
excellent ventilation air distribution, as
determined by multizone age-of-air and
air change rate measurements

Controlled Ventilation - Options

Exhaust

Supply

Balanced
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What System Got it Right?
Central-Fan-Integrated  Supply Ventilation

• Requires airtight building envelope and ducts
• Properly sized duct extending from an outside

fresh air source to the air handler return
• low pressure drop wall cap
• insulated duct (R-4 to 6)
• accessible outside air filter
• balancing damper
• optional motorized damper

• Fan recycling control
• assures distribution of fresh air when there is no

thermostat demand
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Fan Recycling Application

• Activates the central system fan for a selectable ON time
if it has been inactive for a selectable OFF time

• Improved comfort control by periodic mixing

• Improved indoor air quality by periodic full
distribution of ventilation air
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Cold Climate



Cold Climate



© 2004 Building Science Corporation

Cold Climate
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Mixed Dry Climate
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Hot Dry Climate



Hot Dry Climate



Hot Dry Climate
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Mixed Humid Climate
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Mixed Humid Climate
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Hot Humid Climate
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Fan Cycling in Extreme Climates
• Hot Humid Climates

• We found we need supplemental humidity
control

• No system would work without supplemental
humidity control with our more efficient building
enclosures

• Very Cold/Severe Cold Climates
• Concerns for making the heat exchangers too cold
• Leads to corrosion from condensation of the products of

combustion
• The mixed temperature of the outside air and the inside

air needs to stay above 50 degrees
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Hot Humid Climate

Central-fan-integrated supply
with fan recycling, damper, and
dehumidifier

•Air handler unit in conditioned
space closet, placed on platform
high enough to place dehumidifier
underneath

•Dehumidifier controlled by
dehumidistat in conditioned space

•Normal cycling of air handler and
fan recycling distributes ventilation
air and dehumidified air
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Systems Tested – Houston, TX USA
STAND-ALONE IN CLOSET

19803 Ash., 2 story, 2386 ft2

19902 Ash., 2 story, 2397 ft2

STAND-ALONE IN ATTIC

19950 Ash., 2 story, 2397 ft2

2731 Sun., 2 story, 2448 ft2

ULTRA-AIRE

19915 Ash., 1 story, 2100 ft2

19938 Ash., 2 story, 2448 ft2

19923 Ash., 2 story, 2397 ft2

FILTER-VENT + STAND-ALONE

19934 Ash., 1 story, 1830 ft2

19922 Ash., 1 story, 2100 ft2

19954 Ash., 2 story, 2386 ft2

ERV

19926 Ash., 1 story, 1830 ft2

19942 Ash., 1 story, 2197 ft2

19930 Ash., 2 story, 2448 ft2

2-STAGE + ECM AHU 

19422 Col., 1 story, 2197 ft2

ENERGY EFFICIENT REFERENCE

2802 Sun., 2 story, 2386 ft2

2814 Sun., 1 story, 2197 ft2

19906 Ash., 2 story, 2386 ft2

STANDARD REFERENCE

19622 Her., 2 story, 2448 ft2

4818 Cot., 1 story, 2197 ft2

6263 Clear., 2 story, 3300 ft2
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Humidity control performance of tested systems

0% 5% 10% 15% 20% 25%

Stand-alone in closet

Stand-alone in attic

Ultra-Aire

Filter-Vent with dehum

ERV

2-stage cooling + ECM

Standard BA

Pre BA

Percent of hours above 60% relative humidity

System Humidity Control Performance
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Total Cooling, Heating Fan, Ventilation, and
Dehumidification Energy Consumption

Average daily electrical energy consumption

0 5 10 15 20 25 30 35 40 45

Stand-alone in closet

Stand-alone in attic

Ultra-Aire

Filter-Vent with dehum

ERV

2-stage cooling + ECM

Standard BA

Pre BA

Energy Consumption (kW-h/day)

Cool

AHU

Fan cyc

Dehum

Vent fan
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System’s Material and Installation Cost

Dehumidification and Ventilation System Cost

0 500 1000 1500 2000

Stand-alone in closet

Stand-alone in attic

Ultra-Aire

Filter-Vent

ERV

2-stage + ECM

Std. BA

Pre BA

U.S. Dollars ($)

material

installation
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Supply
Very Cold Climate

•Continuously operating supply with central fan recycling for distribution
and mixing
•Limitations: Forgiving envelope, low interior RH
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Exhaust
Very Cold Climates

•Continuously operating exhaust with
central fan recycling for distribution
and mixing (sealed combustion
space/DHW heating)
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Balanced
Very Cold Climates

• Balanced heat
recovery ventilation
with central fan
recycling for distribution
and mixing or

•Fully-ducted multi-
point HRV system
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Fan Recycling Advantage

• Better than running the fan continuously @ full speed
• about 60% less fan energy consumed
• less wear on fan components
• less moisture re-evaporation off of wet cooling

coil
• no moisture condensation in cool supply ducts
• provides effectively the same whole-house

mixing benefit

• Better than timer-motor type controls
• no overlapping, or short-cycling operation of the

fan
• all of the above advantages apply



© 2004 Building Science Corporation

Ventilation Strategies Compared

• Base 1:  No mechanical ventilation
• SLA=0.0005, ELA=108 in2

• Base 2: Multi-point supply ventilation
• 40 cfm continuous, no infiltration

• Cen Fan1: Central-fan-integrated supply vent
• 60 cfm intermittent at 33%

• SLA=0.0002, ELA=44 in2

• ducts in unconditioned space

• Cen Fan2: Central-fan-integrated supply vent
• same as Cen Fan1 except ducts in conditioned space
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Ventilation System Cost Estimates

• Central-fan-integrated system
• $320:  $65 fan recycling control, $65 motorized damper,

$30 duct parts, $160 labor

• Multi-point supply system
• $1,200:  $650 supply fan with filter and four inlet ports

(outside air and recirculation air) and one outlet port, $150
ducts and grilles, $400 labor
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Energy Costs Comparisons

• Central-fan-integrated ventilation compared to
uncontrolled infiltration
• $22 to $47 savings with ducts in conditioned space

• $3 to $27 cost with ducts in unconditioned space

• Central-fan-integrated ventilation compared to multi-
point supply ventilation
• $50 more (Chicago) to $33 less (Orlando) for ducts in

conditioned space
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Why Central-Fan-Integrated Ventilation Works

• Effective central-fan-integrated ventilation:
• air tight ducts or ducts in conditioned space

• fan recycling control

• 5” to 9” insulated fresh air duct to return air side
of central fan

• air filtration

• balancing damper for flow adjustment

• motorized damper

• relay for exhaust fan to create balanced system
(optional)
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Whole House
How Much Did the Whole System Improvements Cost?

System Improvements
• Leak Free Construction +$  250 to  500
• Tight Ducts in Conditioned Space +$  250 to  500
• Upgrade Combustion Appliances  +$  250 to  500
• Addition of Ventilation System +$  250 to  500

 Incremental Cost Incremental Cost                                     +$ 1, 250 to  2,250

System Savings due to trade-offs
• Smaller Mechanical Systems             -$ 1, 250 to  2,250

Total Incremental CostTotal Incremental Cost +$  0

Typical Energy Savings             -$   250 to  500
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What Did We Learn?

• If you have a lousy enclosure, a positive
pressure cannot fix it in the south, and a
negative pressure cannot fix it in the north

• If you have a leak-free enclosure, supply,
exhaust, or balanced ventilation will work
• That is, don’t worry about pressurization of

depressurization if you design your building
enclosure to dry

• 30 to 70 cfm does not change system
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Where Are We Going Next?
• We move to stand alone systems that are non-integrated

with the heating and cooling system.  This system will
provide filtration at its return and will periodically distribute
and mix the air.

• We will use a small efficient fan to bring in outside air that
will only be passively connected to the main air handler and
will have its own controls.  This fan will have a carbon and
particle filter in front of it to remove pollen and ozone.

• We will use a separate dehumidification system that will
only be passively connected to the main air handler and will
its their own controls.
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Non-Integrated Supply
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Non-Integrated Supply



© 2004 Building Science Corporation

Non-Integrated Balanced
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About this Report

Support for the production of this document was provided by the U.S. Department of
Energy.

Direct correspondence to:

Building Science Corporation, 70 Main Street, Westford, MA   01886

Limits of Liability and Disclaimer of Warranty:

Building Science documents are intended for professionals.  The author and the publisher of this article have used their best efforts to
provide accurate and authoritative information in regard to the subject matter covered.  The author and publisher make no warranty of
any kind, expressed or implied, with regard to the information contained in this article.

The information presented in this article must be used with care by professionals who understand the implications of what they are
doing.  If professional advice or other expert assistance is required, the services of a competent professional shall be sought. The author
and publisher shall not be liable in the event of incidental or consequential damages in connection with, or arising from, the use of the
information contained within this Building Science document.




