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Now, with adoption of new energy code rules
requiring mechanical ventilation in newly con-
structed homes, both sides of this equation are
incorporated into Minnesota’s building code. The
new regulations (effective April 15, 2000) promise
to result in comfortable, energy efficient homes
that provide sufficient fresh air for the health of
the people inside the home and for the control of
indoor moisture.

Indoor ventilation refers to the exchange of air
inside the home, in the space inhabited by human
occupants. It is separate from attic or roof ventila-
tion and has a very different purpose. It has two
essential functions: to exhaust pollutants, moisture,
and odors from inside the house to the outside,
and to bring in outdoor air to mix with the indoor
air. This guide is designed to help homeowners
understand the need for indoor ventilation, the
options for achieving a satisfactory ventilation sys-
tem, and how to operate the system effectively. It
is intended for both buyers of newly constructed
homes and for those thinking of installing a venti-
lation system in their present home. 

Why ventilate?
Fresh air is needed inside the home to help elimi-
nate odors and pollutants harmful to human health.
Fresh air also helps eliminate excessive moisture
that harms the building structure and furnishings
and is the source of mold and mildew growth. 

It is also important to replace the air that is
expelled out of the home by kitchen range fans,
clothes dryers, and other exhaust equipment.

Failure to replace exhaust air decreases air pres-
sure inside the home, causing outside air to be
pulled into the home through leaks and other
openings. In Minnesota, where many homes are
fairly air tight, this depressurization can result in
backdrafting of the furnace and other combustion
appliances:  carbon monoxide and other danger-
ous gases are pulled back into the house rather
than being expelled up the chimney.

Although open windows are often relied on to
supply fresh air, in a climate like Minnesota’s this
is not practical year-round. Here, homes are “built
tight” to ensure comfort and keep monthly energy
bills as low as possible, especially during the win-
ter. Although tightening up a home to prevent air
leaks and then bringing in outdoor air through
ventilation may seem like a contradiction, it is
not. Tightening is essential for comfort and energy
efficiency; controlled ventilation is necessary to
ensure that the proper amount of fresh air is
brought indoors in all seasons.

How much fresh air is needed?
Ventilation for people and their activities. A home
ventilation system designed to provide the fresh
air needed by people must have the capacity to
provide approximately a one-third (0.35) air
change per hour (ACH). The full one-third air
change per hour is usually not needed round-the-
clock, but only during periods of high occupancy
or moisture-producing activities such as cooking
or cleaning. For this reason, the total one-third
ACH required capacity can be broken into two
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Build tight and ventilate right!  for many years has been the guiding principle for advocates of
high quality cold climate housing.



parts: the minimum round-the-clock ventilation
amount and the supplemental amount needed for
peak occupancy and special activities. 

The round-the-clock fresh air need is calculated
on the basis of number of bedrooms and is mea-
sured in terms of the rate, or cubic-feet-per-
minute (cfm), at which air is brought in from
outdoors. This basic ventilation rate is 15 cfm for
each bedroom, plus 15 cfm, with a minimum of
45 cfm. A house with three bedrooms, therefore,
needs air brought in continuously at a rate of 60
cfm; a one- or two-bedroom house requires 45
cfm on a continuous basis.

The supplemental ventilation amount is the differ-
ence between the round-the-clock amount and the
total one-third air change per hour. A formula has
been worked out for calculating the total one-
third ACH: take the square footage of the house,
including the basement, and divide by 20. For
example, to achieve a one-third air change per
hour, a 3,000 square-foot home requires air to be
brought in at a rate of 150 cfm (3,000 divided by
20 = 150). This same home—if it has three bed-
rooms—requires a basic ventilation rate of 60 cfm;
the supplemental requirement, therefore, is 150
minus 60, or 90 cfm.

Makeup air needs. As important as fresh air is
for people, it is even more critical that air be
brought in to replace air exhausted out of the
house. This makeup air requirement is in addition
to the ventilation air needed for people and their
activities, and it is needed to prevent depressur-
ization of the house and the potential backdraft-
ing of combustion furnaces and other appliances.
(See side bars on combustion air and prevention
of depressurization.)  The amount of makeup air
required varies according to the number and
power (cfm) of exhaust equipment and on the
type of fuel-burning furnace or water heater,
specifically on whether the combustion equipment
relies on natural draft to exhaust its gases or
whether it has sealed combustion or direct- or
power-venting. (For a description of the various
kinds of equipment and a summary of code
requirements see the sidebar on page 4.) 

Selecting a ventilation system
For new construction, the 1999 Minnesota energy
code provides a number of options for supplying

the required ventilation and makeup air. The
options include a combination of a balanced sys-
tem (where powered exhaust air is equal to pow-
ered supply air) and exhaust only (air is
exhausted by fan and supply air is not fan-pow-
ered). Under 1999 code provisions, types of venti-
lation systems are specified, depending on
whether the combustion appliances (furnace,
water heater, and fireplace) are sealed combustion
or power- or direct- vented. Following is a descrip-
tion of the various types of ventilation systems
and the conditions in which they should be used.

Balanced ventilation—a system that uses power
both to expel indoor air and its pollutants and to
bring in fresh air—is recommended to supply
basic, round-the-clock ventilation. A variety of bal-
anced ventilation systems are available and are
described below. The Department recommends a
balanced heat recovery ventilator (HRV) system as
the most effective and easily understood method
for supplying round-the-clock ventilation.

Central heat recovery ventilator (or air-to-
air heat exchanger) is probably the most
complete, readily available, and efficient
ventilation system available. It consists of
an intake fan, exhaust fan, and a duct
system. It also has a heat recovery system
that reduces indoor heating and cooling
loads by transferring heat from or to the
exhaust air. This system can run continu-
ously; it also can be controlled with
timers or a dehumidistat.

Energy recovery ventilator. Some central
ventilators are referred to as energy
recovery ventilators.They are similar to
heat recovery ventilators except that in
addition to recovering heat from the air
they also can transfer moisture from
warm air to cold air. Ask your contractor
if this is the right system for your home.

Central intake and exhaust fans with
their own duct system are similar to the
heat recovery ventilator without the heat
recovery feature. The system also can be
run continuously or by automatic con-
trols. The initial cost is significantly less
than that of a heat recovery ventilator or
energy recovery ventilator.
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An air-to-air heat
exchanger is a balanced

ventilation system,
meaning that it exhausts
out and brings in an equal

amount of air. Its heat
recovery feature makes it
one of the more energy

efficient ventilation
systems available.



Powered exhaust, powered supply intake.
This system has a number of variations,
all of which call for some form of
mechanical exhaust and supply. In one
case a centrally located exhaust fan is
installed; in another case spot exhaust
fans are used along with a whole house
exhaust installed in the main living
space. Still another variation uses a cen-
tral exhaust duct system feeding one cen-
tral fan, installed in the basement or a
location away from the living space, that
exhausts air from the kitchen range, bath,
and other selected areas. In all of these
cases air is brought in with fans or other
mechanical equipment through inlet
vents, mixed with household air to tem-
per it, and then distributed through the
home. All of these systems can be con-
trolled automatically. 

Exhaust only systems use fans to remove mois-
ture and pollutants from the house, but do not
use fans or other mechanical means to bring in
air from outdoors. They are, therefore, not bal-
anced ventilation systems. Exhaust only systems
include central exhaust systems (a central exhaust
fan connects to individual exhaust ducts) and
point source units that use fans at multiple sites
such as bathrooms and kitchens to remove mois-
ture and pollutants. These systems bring in
replacement (makeup) air from outdoors either
through vents (also called passive inlets) or by
relying on infiltration leaks, around rim joists,
windows, and doors, for example. In a newly con-
structed home built to high standards of air tight-
ness,  exhaust only systems—especially those that
rely on air leakage—may create a significant
imbalance in air pressure in the home. This
imbalance can lead to dangerous backdrafting of
the furnace, water heater, fireplace, and other
combustion appliances. For this reason, exhaust
only systems should be used only under certain
conditions. See sidebar, page 4. 

Features to look for. In selecting a ventilation
system, there are a number of features to look for
and factors to consider:

Ventilation capacity. Can the system pro-
vide the total 0.35 air-change-per-hour
needed for both basic and supplemental

ventilation?  Can it be set at a lower rate
for round-the-clock ventilation needs?
Although the Minnesota energy code
does not require that one type of ventila-
tor supply the total 0.35 ACH, such a sys-
tem is easier for the homeowner to
understand, maintain, and operate effec-
tively.

Controls should be accessible and easy to
understand. They can be automatic or
operated  manually, but a system that
allows a combination of automatic and
manual control is probably preferable
since there will be times when the home-
owner will want to control the system.
Supplemental ventilation for peak occu-
pancy and other periods of high moisture
can be controlled manually or it can be
controlled automatically through the use
of one or more devices. These include a
timer that automatically increases or
decreases rates during certain hours of
the day when a higher or lower ventila-
tion rate is needed; a dehumidistat that
increases the ventilation rate whenever
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A balanced ventilation system uses power both to exhaust moisture and pollutants to the outside and to bring in
fresh air from the outdoors. The furnace and water heater shown in the diagram exhaust their combustion gases
outside and bring in combustion air without mixing them with indoor air.
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Protection Against Depresssurization
Exhaust equipment, including kitchen range fans, clothes dryers, and other exhaust fans, profoundly influences the modern
home environment. Homes in Minnesota are relatively “air tight:” the air leaks around windows and doors, gaps in insulation,
and other leaks in exterior walls and foundations that are common in older homes have largely been sealed. The result is
a more energy efficient and comfortable home, but also one in which air leaks cannot be relied on to provide the fresh air
needed for ventilation and makeup air. This is especially true in today’s newly constructed home.

Using exhaust equipment to expel air from indoors but failing to bring in outside air to replace (or make up) this air can
cause air pressure to drop in the home. In a depressurized home, combustion (fuel-burning) equipment can backdraft:
dangerous gases (including carbon monoxide) are brought into the house rather than being expelled up the chimney. For
this reason, the new Minnesota Energy Code strictly limits conditions in newly constructed homes under which exhaust
equipment can be used without bringing in an equal amount of fresh air either though passive inlets or by powered intake.
DPS recommends that these guidelines be used in existing homes as well.

The conditions for ensuring adequate amounts of makeup air are based on what type of combustion equipment— furnace,
water heater, and fireplace — are in the home. The safest type of combustion equipment has sealed combustion, which
means that it brings in combustion air directly from the outdoors and exhausts gases directly outside without mixing with
indoor air. Other types of combustion equipment include those that bring outdoor combustion air directly to the appliance,
through a vent, and those that take combustion air from inside the building but use a fan to exhaust gases to the
outdoors through a separate vent. The combustion equipment having the greatest risk of backdrafting is the
atmospherically vented furnace or appliance, which takes combustion air from inside the home and exhausts gases up a
chimney or vent without the aid of a fan or other powered device.

Following is a summary of code conditions and restrictions based on the type of combustion equipment in the home.
Although they apply to and were designed specifically for newly constructed homes, they can also serve as a guide when
remodeling or making other improvements affecting indoor air pressure.

• The extent to which passive inlets or infiltration (air leaks) can be relied on to bring in fresh air for ventilation and
makeup air is determined by what type of furnace, water heater, and fireplace is in the home and on the power of the
exhaust equipment.

• If furnace, water heater, and fireplace are all sealed combustion or power vented, powered intake must be provided for
only the most powerful exhaust equipment.

• If neither the furnace nor water heater is sealed combustion or power vented, powered intake must be provided for
supplemental ventilation and all exhaust makeup air.

• A carbon monoxide detector must be installed in all homes except those in which the furnace, water heater, and fireplace
are sealed combustion or power vented.

• Under a performance option, any type of combustion, ventilation, and exhaust equipment can be installed as long as the
home passes specified test procedures demonstrating that it is not subject to depressurization.



the relative humidity of a room exceeds a
certain value; a pollution monitor or sen-
sor that detects the level of various pollu-
tants such as carbon dioxide and adjusts
the ventilation rate accordingly.

Air filters. The Department recommends
that all ventilation systems filter incom-
ing air, removing a good portion of
incoming dust and pollutants. If a sepa-
rate air filter is to be installed with the
ventilator, select the two together so that
the equipment is compatible. 

Energy efficiency. The energy efficiency
provided by a heat recovery ventilator (or
air-to-air heat exchanger) is a valuable
feature. The heat recovered is used to pre-
heat incoming air. Although the heat
recovery feature adds some cost to the
purchase price of the ventilation system,
it is generally cost effective in the
Minnesota climate.

Noise level. It is important for the ventila-
tion system to operate quietly. Not all
ventilation systems are rated for sound;
for those that are, DPS recommends a
maximum sound rating of 1.0 sones.

Some fans have a rating as low as 0.3. A
noise level of 1.0 is equivalent to the
sound of a newer refrigerator running. 

Installation 
The ventilation system can have its own separate
supply and exhaust ducts, or either the supply or
the exhaust duct may be connected to the forced
air heating system. Both supply and exhaust ducts
can be connected to the forced air heating system,
provided controls are installed to ensure that the
furnace blower fan runs whenever the ventilation
system runs. Also, the exhaust air duct must be
connected at least three feet upstream of the out-
door supply air duct. Because the furnace fan runs
more often if the ventilation system uses the
forced air system, selecting a furnace with a
multi-speed or variable speed fan is recommend-
ed, since it uses less electricity. 

For all ventilation systems it is a good idea to
locate exhaust grilles high on interior walls, run
the ducts within the interior wall, and have the
outlet from the fan exit out the rim joist. This
avoids breaks in the ceiling air barrier, keeps air
from rising through the duct when the system is
not running, and prevents condensation from
forming inside the duct in the attic and dripping
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Air moves into and out of the house because of differences in air pressure. Wind, temperature, and fans all affect air pressure. Powerful exhaust fans can cause lower air pressure inside the
house, as illustrated by the home at left. In such a depressurized home, combustion appliances that rely on atmospheric pressure to exhaust their combustion gases are susceptible to back-
drafting. Indoor and outdoor air pressure are in balance in the center home. In the home on the right, indoor air pressure is higher than outdoor air pressure, a situation that if it persists, could
drive moisture into the walls, damaging insulation and the building structure.



COMBUSTION AIR
All fuel burning furnaces
and appliances need a
supply of outside air to
operate properly. This air is
in addition to the air
brought in by a ventilation
system. No special means
of supplying combustion air
was provided in most older
homes — the needed air
was simply assumed to
flow in through leaks in the
structure. We realize now,
however, that factors such
as temperature differences
between indoors and
outdoors and outdoor wind
speeds affect air flow, and
therefore it is not safe to
rely on building leakage to
provide combustion air.

Combustion air from
outside is directly supplied
to sealed combustion
(sometimes called direct-
vented) furnaces and
water heaters, and the
department strongly
recommends buying this
type of combustion
equipment. In addition to
having the safety feature
of directly supplying
combustion air, these
appliances have a high level
of energy efficiency.

If you do not have a sealed
combustion furnace or
water heater, you should
install a combustion air
supply for each fuel-
burning appliance.
Instructions on how to do
this are provided in the
guide on Combustion Air.
Call the Energy Information
Center for a free copy
(see page 8).

back down through the grille. New ventilation
system components should be installed to mini-
mize noise and vibration transmission. 

It is also important to locate the ventilator or fans
where they are easily accessible for operation and
maintenance.

Ventilating an existing home
The question of whether and what kind of ventila-
tion system to install in an existing home is open
to consideration and depends on the type of appli-
ances in the home and the possible interaction of
appliances with each other and the ventilation
system. We recommend that the ventilation stan-
dards set out in the new energy code and
described above be used as a guide. 

Homeowners should consider installing a ventila-
tion system if they are planning  major remodel-
ing or home improvements that are likely to alter
the air tightness and air pressure characteristics of
their home; these include:

• adding a room or in other ways expanding the
home’s square footage

• adding insulation

• installing exhaust fans 

• replacing windows

• installing a new furnace or other combustion
appliance

• sealing air leaks, caulking around windows and
doors

If the home has heavy condensation on windows,
mold on ceilings or walls, or other symptoms of
moisture problems, installing ventilation may be
considered, but only after evaluating the moisture
source such as gutters, grading, or rim joist prob-
lems. The Department of Commerce strongly rec-
ommends that the homeowner consult a building
performance specialist and consider having a
blower door test before deciding whether addi-

tional ventilation is needed. This test measures
the house tightness and tests the performance of
combustion appliances that rely on natural draft
to exhaust their gases. 

In a home with a forced air heating system, the
least expensive option may be to use the heating
duct system to distribute the ventilation air. If you
plan to connect the ventilation system to both
supply and exhaust heating ducts, it is extremely
important to meet the provisions set out in the
1999 energy code—see the section on installation
above.

Operation and maintenance of
ventilation system
The ventilation system providing basic fresh air
needs should run continuously whenever the house
is occupied, even on those days when windows are
open. The ventilation system is needed in all sea-
sons. Although it might be expected that running
the ventilation system is more important in the
winter, mechanical ventilation is needed during
spring, summer, and fall to ensure that a proper
amount of fresh air is brought in from outdoors.

In a new home, it is especially important to run
the system continuously during the first year or
two after construction to ventilate the extra mois-
ture and gasses emitted from construction materi-
als, carpets, and other new furnishings. If the
ventilation system is not equipped with a timer or
dehumidistat, the homeowner must manually
increase the ventilation rate for those periods
when supplemental ventilation is required. See the
above section on “How much fresh air is needed?”

Cleaning the fans, changing the filters, and clean-
ing the intake openings are important mainte-
nance tasks. Filters should be changed at least
twice a year. Having the ventilation system
inspected annually by the heating contractor or
other qualified service is also advised. 
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Should I Ventilate
My Existing Home?
According to recent
studies, more than 25
percent of older homes in
Minnesota need a
ventilation system; many
others could benefit from
such a system. Also,
almost any remodeling
project — whether it be an
addition, adding insulation,
or installing exhaust fans —
could alter the indoor air
characteristics in your
home. In such a case, you
should definitely consider
adding ventilation.

In deciding whether to add
ventilation, homeowners
are advised to consult a
building performance
specialist who can perform
a series of tests to
determine air leakage,
combustion air safety, and
other factors affecting
indoor air quality and
pressure. Call the Energy
Information Center for a
list of these building
specialists.
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