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ABOUT VENTILATION
What are ventilation and ventilation rates?
Ventilation can be either mechanical (provided by a heating or air conditioning system) or natural (coming directly from the outdoors). 
· Mechanical Ventilation

Typically a fan delivers outside air in buildings with mechanical ventilation.  Complex air handling systems have an outdoor air intake and use fans and ducts to distribute the air throughout a building.1  Simpler units, found in homes and small buildings, that only move heated or cooled air do not provide “ventilation” in the sense of delivering outside air unless they also have an outdoor air intake.  The exhaust fan in a bathroom or kitchen works as a means of “source control” by removing unwanted gases, particles, and water vapor.  Such exhaust systems are operated as needed and remove air from a single room.  The replacement or “supply” air for residential exhaust systems as well as “fresh” air for comfort is supplied via natural ventilation.
· Natural Ventilation

Outside air that enters buildings through open windows and doors is considered “natural” ventilation.  The amount of air that is exchanged is determined by windiness and the pressure or temperature difference inside and outside the building. 

Besides intentional natural ventilation, air inevitably enters buildings by “infiltration,” which is the uncontrolled flow of air into a space through gaps and cracks.  Think of the draft you may feel on a cold day from a poorly sealed door.  The rate of air infiltration depends on the characteristics of the building shell and the strength of the driving forces of wind and temperature.2
The rate at which outdoor air replaces indoor air is described as the “air change rate,” which is the sum of mechanical ventilation, natural ventilation, and infiltration.  The air change rate (reported as air changes per hour, ACH) equals the total ventilation rate when infiltration is negligible, as in a well-sealed or “tight” building.  ACH is calculated by dividing the rate at which outside air is brought into a building (measured in cubic meters per hour, m3/h, or cubic feet per minute, cfm) by the volume of the space being ventilated (measured in cubic meters, m3, or feet, ft3).  On average, the air in a building with 1 ACH of outdoor ventilation is replaced once per hour while that in a building with 10 ACH is replaced ten times in an hour. 
ADD PICTURES OF HOMES, SCHOOLS, OFFICES, STORES, … SHOWING DIFFERENT TYPES OF HVAC SYSTEMS AND NAMING THE DIFFERENT PARTS.
What are the available ventilation standards and codes?
Standards and codes establish minimum ventilation rates to provide comfortable indoor environments and protect human health.3  The American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) recommends minimum ventilation rates for different types of buildings and spaces (see ASHRAE Std 62.1-2007 and ASHARE Std 62.2-2007), which are often incorporated into national, state, and local codes. Typically standards and codes specify the minimum ventilation rate “per person” or “per unit of floor area” (square meter, m2, or square foot, ft2). The minimum varies with the type of building or usage of the space, for example, a higher air change rate is recommended for xxx than for xxx because xxx.  The California code identifies the minimum ventilation rates required for California buildings (see California's Energy Efficiency Standards for Residential and Nonresidential Buildings). 
California workers are fortunate that not only must workplace mechanical ventilation systems be designed and built to meet code requirements, the systems also must: (i) be operated to provide at least the quantity of outdoor air required by code, (ii) be operated continuously during working hours (with exceptions), (iii) be inspected at least annually and problems corrected within a reasonable time, (iv) be maintained, and (v) records of all system inspections and maintenance be kept in writing and available within 48 hours of request (see the Cal/OSHA Minimum Ventilation Standard).
How does the ventilation affect indoor air quality and health?
Ventilation is an important control strategy for maintaining good indoor air quality (IAQ) and improving poor IAQ.  Ventilation should be used in conjunction with source control (preventing contaminants from entering the air) and, in some cases, air cleaning (see ???). Ventilation can be used to reduce the concentrations of many air contaminants and to address other common problems such as dampness.  In general, increasing the ventilation rate will more quickly dilute particles and gases in indoor air and prevent contaminants from accumulating to levels that may cause health or comfort problems. Properly designed ventilation can also remove excessive moisture and prevent fungal growth, for example, mold and mildew. Lower ventilation rates have been associated with higher rates of adverse health effects. However, if a contaminant is not released indoors but is present in the outdoor air that enters a building, increasing the ventilation rate may worsen rather than help the situation unless the air is treated to remove the contaminant .3  Another consideration is that increasing the ventilation rate may increase energy consumption if the outdoor or recirculated air must be “conditioned,” that is, cooled or heated and perhaps dehumidified or humidified. In practice, building ventilation rates need to balance energy consumption with the known or expected health and comfort benefits.  More information regarding the effect of ventilation rate on IAQ, health, and productivity can be found at the Lawrence Berkeley National Laboratory’s Indoor Environment Department website (Ventilation Rates and Technologies).   
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How can air change rate be measured?
The total air change rate, that is infiltration plus outdoor air flow through the ventilation system, can usually be measured only by a “tracer gas” method.3  The tracer gas, such as sulfur hexafluoride (SF6), can be injected continuously or in a single burst into the supply air duct or released directly in the ventilated space. The rate at which the tracer concentration declines is then monitored, from which the air change rate can be estimated.
Another procedure, the blower door test, is commonly used to measure the air infiltration or leakage rate of a small building or home.  The blower door test measures the amount of air that flows into or out of the building while it is maintained at a set pressure difference between the indoors and outside. By using a calibrated fan and metering equipment, airflow can be measured at a variety of pressure differences. Test results are expressed in three ways: (i) air changes per hour (ACH), (ii) airflow (m3/h or cfm), or (iii) equivalent leakage area (m2 or ft2) ¿under natural conditions or at a given test pressure?.4
Other techniques for measuring ventilation rates may include the use of a flow hood or an air velocity traverse at the outdoor air intake.3 

How do I know if I have problem because of  inadequate ventilation?
The design and operation of a ventilation system can differ significantly for residences, offices, schools, commercial buildings, and institutions. Many U.S. homes have no mechanical ventilation system.  A residential heating or cooling unit may have a fan and be ducted to move the conditioned air throughout the building, but if there is no means of introducing outside air such systems do not provide ventilation. Thus, there is no single way to diagnose or correct ventilation problems. 
For residences, a Homeowner’s Guide to Ventilation from the New York State Energy Research and Development Authority (NSERDA) website is a good guide. It provides information on how to conduct a self-evaluation of your home’s ventilation system and how to properly select a contractor when necessary.  If you would like to learn more about mechanical ventilation systems, a brochure is available at the Energy Star website (http://www.energystar.gov/ia/new_homes/features/MechVent_062906.pdf). 
For schools, a Ventilation Checklist is available at the U.S. Environmental Protection Agency (USEPA) website.

Building professionals can find more information at Ventilation Rates and Technologies from the Lawrence Berkeley National Laboratory’s Indoor Environment Department website.   

 Ventilation for Homes (http://www.epa.gov/iaq/homes/hip-ventilation.html).

2 What is Ventilation? (http://www.aivc.org/frameset/frameset.html?../Faq/faq1.html~mainFrame).

3 Ventilation Rate and Technologies (http://eetd.lbl.gov/IE/viaq/v_rates_1.html).
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