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Ventilation Systems & Preventative Maintenance 

 

Introduction 

 

Heating, ventilation, and air conditioning (HVAC) systems play a vital role in the overall 

comfort and well-being of occupants within a building.  It is the intent of this article to delve into 

the ventilation portion of this term, and how air circulation systems affect our health and 

comfort.   

 

Comfort, in this instance, is typically noted to be around 72˚F with a relative humidity of 50%.  

Typically, the relative humidity should not exceed 60% or drop below 40%.  In the Maryland, 

DC, Virginia area it is more common for discomfort to be caused by excessive humidity during 

the cooling season. 

 

Ventilation Systems 

 

In order to understand the air and pressure relationships described below, it is important to 

understand the equipment which affects these relationships.  In general, this equipment can be 

divided into supply air systems and exhaust air systems. 

 

Supply air is typically provided via an air handling unit (AHU).  The unit may be referred to by 

other names, including rooftop unit (RTU), makeup air unit (MAU), and a dedicated outdoor air 

system (DOAS).  All these names refer to the equipment which pulls unconditioned outside air, 

conditions it, and blows it into the building via supply air ductwork. 

 

These units vary in design, and might utilize refrigerant or chilled water for cooling, and 

refrigerant, hot water, steam, or electricity for heating.  Some units are also equipped with a 

means of dehumidification.  Their purpose is to cool the air down below setpoint (typically 55˚F) 

to remove moisture to the above-mentioned comfort levels, and re-heat the air to a higher supply 

temperature. 

 

Air handling units will frequently be utilized to recirculate air from within a building.  The air is 

pulled from the building, mixed with outside air, conditioned, and supplied back to the building.  

Air pulled from the building is called return air.  Air pulled from outside is referred to as outside 

air or make-up air.  Ventilation requires a minimum amount of outside air for spaces which are 

occupied to reduce concentrations of harmful gases such as CO2.  The amount of ventilation air 

varies based on the type of space, and is typically provided as an amount of cubic feet per minute 

(CFM) per person or CFM per square foot of floor area. 

 

An additional type of air handling unit commonly found in residential buildings and hotels is a 

fan coil unit (FCU). A fan coil unit is an air handling unit which does not utilize ductwork to 

condition the space, but rather blows the conditioned air directly into whichever room it is 

located.   
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Exhaust air is removed from buildings via exhaust fans.  These fans can be equipped with 

variable frequency drives (VFDs) which adjust the fan speed to allow for energy savings.  

Typically, a VFD is recommended to be installed on dryer exhaust risers to allow for the fan to 

slow down when less dryers are in use.  The International Mechanical Code requires 20 CFM of 

continuous exhaust for residential bathrooms and 25 CFM of continuous exhaust for residential 

kitchens. 

 

Infiltration 

 

Most frequently, the cause of excessive humidity within a building is infiltration.  Infiltration is 

the unwanted and/or accidental introduction of unconditioned outside air to a building.  

Infiltration occurs when a building’s exhaust is greater than the supply air; this is known as a 

negative air balance. 

 

Imagine a studio apartment which contains a window, a fan coil unit, a kitchen, and a bathroom.  

This apartment will be our “space”.  There is a cut under the door to the corridor to allow for 

supply air into the space, while the exhaust fans in the kitchen and the bathroom remove air from 

the space.  The fan coil unit does not provide ventilation air; it instead pulls air from the space, 

conditions it, and blows it back out. 

 

If the corridor is supplying a total of 30 CFM to the space, the bathroom exhaust fan is removing 

25 CFM from the space, and the kitchen exhaust fan is removing 25 CFM from the space, the 

space is not in balance.  The total supply air (30 CFM) is less than that of the total exhaust air (50 

CFM).  The apartment is not airtight and cannot run out of air and become a vacuum, so the 

remaining air (20 CFM) is pulled through the exterior window. 

 

Now, in order to combat this infiltration, say the window is replaced with a brand new window 

with a much tighter seal.  The exhaust is still higher than the supply, so there is still an imbalance 

in the room.  The air is pulled in through the path of least resistance; since the window was 

replaced and is now tight, the air will now likely be pulled through the face brick of the building.  

This represents an even greater concern as the humid air passes through the brick, insulation, and 

drywall into the apartment.   

 

In addition to general discomfort, excessive humidity levels promote the growth of mold and 

mildew within the walls, leading to further health concerns.  Older buildings were often designed 

to pull air in through the windows as a means of natural ventilation.  Outside air was pulled into 

the space to reduce concentrations of harmful gases such as CO2.  While ventilation is vital to 

occupant health, the excessive humidity seen in our region can have adverse side effects as noted 

above.  In order to properly combat infiltration, a building requires air balancing. 

 

Air Balance 

 

Air balance in a building is determined by the total amount of supply air subtracted by the total 

amount of exhaust air.  If the net result is positive (supply is greater than exhaust) the building is 

under a positive pressure.  If the net result is negative as noted in our studio apartment above 



  

Page 3 of 7 

(exhaust is greater than supply) the building is under a negative pressure.  If the net result is zero 

(supply and exhaust are equal) the building is considered neutral. 

 

In addition to the humidity concerns listed above, if a building is under a significant negative 

pressure it also risks introducing unwanted and dangerous particulates and fumes such as odors 

from kitchens and bathrooms, carbon monoxide from an attached parking garage, combustion 

appliance exhaust, and particulates from any nearby construction.   

 

Infiltration will also result in additional energy costs, as fan coil units and/or other heating and 

cooling appliances will have to work harder to heat or cool the unconditioned air in the space to 

the desired temperatures.  In the studio apartment example above, the fan coil unit will need to 

condition the additional 15 CFM of air pulled in through the skin of the building. 

 

The opposite air balance condition, a positive pressure building, will prevent the introduction of 

undesired particulates, fumes, and humidity.  It will, however, result in exfiltration of 

conditioned air to the outside, which represents a significant energy cost.  It is also difficult to 

achieve a positive pressure in most large-scale residential buildings, as code requires exhaust for 

every kitchen and bathroom which typically exceeds the supply air provided based on 

occupancy.   

 

The third condition, a neutral air balance, is desirable but difficult to achieve.  Under this 

condition there will be minimal infiltration of unconditioned air resulting in less humidity and 

temperature control issues along the exterior of the building.  There will also be less excess 

conditioned air wasted to outdoors.  This balance represents a more energy efficient system 

while also achieving tenant comfort. 

 

In reality, a total building is a complex system which should not be defined by a single number.  

Kitchens, bathrooms, and mechanical rooms should be under a negative pressure to prevent the 

transmission of odors or harmful gasses, while a corridor should remain under a positive pressure 

to prevent transfer between units (air cannot pass from one unit to another across the hall if the 

corridor is “pushing” air into each unit). 

 

Typically, high-rise residential buildings were designed for a slightly negative pressure.  In the 

studio apartment example at the beginning of the article, an ideal design would be something as 

follows: 

 

• 40 CFM of conditioned ventilation air is supplied to the space from the corridor. 

• 20 CFM of air is removed from the space via the bathroom exhaust fan. 

• 25 CFM of air is removed from the space via the kitchen exhaust fan. 

• The net air balance is -5 CFM, which was intended to be pulled in through the window 

for additional ventilation. 

 

Code does not permit corridor ventilation to be the sole-source of makeup air to a living space, 

but it is recommended as an incidental source of ventilation.  In many buildings, however, there 

is a significant difference between the supply and exhaust.  In a typical negative pressure 

building, our studio apartment would have a balance as follows: 
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• 30 CFM of conditioned ventilation air is supplied to the space from the corridor. 

• 50 CFM of air is removed from the space via the bathroom exhaust fan. 

• 80 CFM of air is removed from the space via the kitchen exhaust fan. 

• The net air balance is -100 CFM, which is pulled in through the window. 

 

If the owner of the studio apartment put a “door snake” or some other form of blockage in front 

of the gap under the door to the corridor, the supply air drops from 30 CFM to 0 CFM, resulting 

in 130 CFM of infiltration which further exacerbates the issue. 

 

Air System Evaluation 

 

In buildings where the exhaust is significantly higher than the allowable code-minimums, or in 

buildings where no review has been done in recent years, an air system review and balance is 

recommended.  For a consulting firm, this means reviewing a building’s air systems to determine 

the following: 

 

1. What was the original design intention of the system? 

2. How is the system currently operating? 

3. What is the ideal configuration of the system? 

4. What modifications can be made to approach the ideal configuration? 

 

For the first three bullet points, a firm must determine the size, quantity, and functionality of the 

supply and exhaust systems.  It is often the case that modifications have been made to the system 

over the lifetime of the building.  Exhaust fans are replaced with larger models, air handling units 

are no longer original, ductwork is not cleaned, and the system no longer functions as it was 

intended. 

 

In one building in Alexandria, an air system evaluation found that the original system (#1) was 

significantly negative, with three supply air handling units and 36 exhaust fans according to the 

original mechanical drawings.  The current system in the building (#2) had five air handling units 

installed, two of which were disconnected, and one of which no longer provided outside air as it 

was originally designed. 

 

The “ideal configuration” previously noted is one where the system is close to neutral.  The 

methods of achieving this depend on the building configuration, limitations of the ductwork and 

available sources of heating and cooling, and available funding.  Point #4 listed above states 

modifications should be made to “approach” the ideal configuration.  This is because it is not 

always possible to achieve a neutral balance. 

 

As an example, picture our studio apartment as being one of ten apartments in a building.  Each 

apartment has a total of 100 CFM of exhaust air, for a total building exhaust of 1,000 CFM.  The 

supply air handling unit is currently sized to supply 300 CFM to the building, resulting in a 

negative pressure. 
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The existing exhaust fans can be replaced and reduced to code minimums, allowing for a 

reduction to 20 CFM per bathroom and 25 CFM per kitchen as noted at the beginning of this 

article.  This reduction results in 450 CFM of exhaust in the building. 

 

If, however, the existing supply air ductwork is only large enough to supply 300 CFM of air to 

the building, a true neutral balance cannot be achieved.  Another common limitation is the 

capacity of the chilled water system for AHUs which utilize chilled water coils.  The ductwork 

may be able to support an increase in airflow to 450 CFM, but there is not sufficient chilled 

water to condition the extra air.  These limitations represent restrictions on achieving the “ideal” 

neutral condition. 

 

It is important to review the existing system capacities to determine these limitations before 

changes to the system are made.  Increasing the airflow in smaller ductwork will result in higher 

velocities and noise, while increasing the size of the unit will result in less effective cooling, or 

will “rob” the chilled water system resulting in one of the apartments not receiving cooling for 

their fan coil unit. 

 

Balancing a Building 

 

An air system balance is an adjustment of air distribution systems to achieve the desired airflow.  

Typically, a licensed contractor will be retained to balance a system to the airflow values 

determined in #4 of the air system evaluation listed above.  This air balance should be conducted 

any time a significant change to the air systems is made, including the following: 

 

• Replacement of an air handling unit or exhaust fan. 

• Cleaning of ductwork. 

• Installation of new ductwork. 

• Installation of new dampers. 

• Replacement of windows or exterior doors, or other modifications to the “skin” of the 

building. 

• Installation and/or modification of the controls of the air systems 

 

Note that the controls refers to changing the operating conditions of the air systems, such as 

installing a new controller to modulate the dampers of a mixed air unit based on outside air 

conditions rather than running on a manual switch.  Building Automation Systems (BAS) 

installed to monitor, but not alter, the existing unit controls will not require an air balance. 

 

Air Circulation in Buildings 

 

Air balancing between the interior and exterior of the building is vital to promote energy 

efficiency and comfortable conditions for building occupants.  It is equally as important, 

however, to promote circulation within a building.  This can be achieved via placement of supply 

and exhaust systems, or by utilizing return-air air handling units. 

 

An example of supply and exhaust placement common to residential buildings is the location of 

supply and exhaust risers for corridors.  The supply air will be fed from the center of the 
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corridor, and drawn to either end via two exhaust fans.  The exhaust fans should be sized 

significantly smaller than the corridor supply fan to allow for an overall positive pressure; 

however, the exhaust fans assist in airflow across the length of the corridor. 

 

Circulation is necessary in buildings for temperature and air quality control.  We exhale CO2, 

polluting the air and reducing the overall air quality.  There are also multiple sources of heat 

within buildings.  In an office, people, lights, and electrical equipment such as computers and 

printers, all produce heat which will gradually increase the temperature of the space.  Circulation 

of airflow is necessary to remove localized temperature and air quality issues and replace the 

stale air with freshly conditioned air. 

 

As previously discussed, ventilation requirements are often given in terms of CFM per person or 

CFM per square foot.  Another term which is commonly used is air changes per hour (ACH).  An 

“air change” is when the entire volume of air within a space is replaced entirely.  As an example, 

a 100ft2 room with an 9’ ceiling has a volume of 900ft3.  In order to provide one air change per 

hour, the space requires 900 cubic feet per hour, or 15 CFM.  Air changes per hour can present a 

better visual representation of providing fresh air to a space. 

 

Preventative Maintenance 

 

While a properly balanced system is vital to ensure the building is provided with fresh air in an 

energy-efficient manner, it is equally as important to perform preventative maintenance on these 

systems to ensure they continue to operate to the design conditions.  Common preventative 

maintenance on air systems includes: 

 

• Cleaning of dryer exhaust ductwork and vents to ensure lint is removed.  Lint is 

flammable and represents a risk to the building if allowed to accumulate over time. 

• Change filters on air handling units.  This should be done twice per year as a baseline.  If 

the filters appear to have significant buildup on them, it may be necessary to replace them 

more frequently. 

• Check fan belts twice per year, replacing if necessary. 

• Check fan motors, and lubricate bearings 2-4x per year to ensure efficient continued 

operation. 

• Clean the coils on air handling units and fan coil units.  Buildup on the coils will reduce 

overall efficiency. 

• Check and clean condensate drain systems to ensure the drains do not become clogged. 

 

This work can be done via an in-house technician or a certified service contractor.  It is important 

to ensure systems are operating to design conditions; if the systems are not it will alter the 

building air balance.  It is important to ensure the maintenance is constantly performed to help 

the system operating conditions and to extend the overall lifetime of the equipment. 

 

Building Automation Systems and Maintenance 

 

A building automation system allows for a manager or engineer to view the operating conditions 

of a building.  In the case of ventilation systems this may include which air handling units and 
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exhaust fans are in operation, what the supply air temperature (and possibly humidity) is at the 

discharge of that unit, what the air temperature (and possibly humidity) is in the space the unit is 

serving, and the outside air conditions. 

 

The operating status of equipment will allow building personnel to determine at a glance whether 

there is a piece of equipment that is not functioning and in need of replacement.  The operating 

information for the supply unit can be compared to the temperature (and humidity) setpoints to 

determine whether the supply air unit is functioning properly. 

 

In the case of our studio apartment building, say there is a building automation system set to 

monitor the supply air fan and the operating status of the 20 exhaust fans.  The system is also set 

up to show temperature and humidity setpoints at the AHU, and further down the corridor where 

the thermostat is located. 

 

Without a BAS, the engineer would need to manually inspect each exhaust fan and the air 

handling unit, take airflow temperature and humidity readings at the unit, and out in the corridor, 

in order to determine the operating conditions of the system.  With a building automation system, 

this information is available on a computer at a moment’s notice.  Alarms can also be configured 

to text or email the engineer if one of the pieces of equipment goes offline unexpectedly. 

 

An additional benefit to the installation of a BAS is the data-logging capabilities.  If a problem is 

noticed with the air handling unit, the logs can be reviewed to determine when the issue first 

began. 

 

A building automation system will allow for personnel to have better knowledge of the operating 

conditions of the equipment.  It will also allow for much faster response times should a problem 

with the equipment occur. 

 

Conclusion 

 

Ventilation air is vital to providing comfort in terms of air quality to a space.  It is equally as 

vital, however, to properly condition this air to ensure the thermal comfort of the space is 

maintained.  Balancing supply and exhaust systems is also important to ensure that the space 

comfort is maintained in a cost-effective manner. 


