
Do heating and air-conditioning filters affect energy use or indoor air quality?

High efficiency filters in heating and air-conditioning (HAC) systems are 
assumed to improve indoor air quality. They also usually have a high pressure 
drop across them and are widely assumed to increase energy consumption in 
residential and low-rise light-commercial buildings. But do they do either?

 new filter installed new filter installed Residential Light-commercial

Test House System 1 Test House System 2

Brent Stephens1,* and Jeffrey A. Siegel1
1Department of Civil, Architectural and Environmental Engineering and the NSF IGERT Program in Indoor Environmental Science and Engineering, The University of Texas at Austin

Low-MERV High-MERV

When switching to a high efficiency filter, what happens to:

We tested systems in occupied buildings and an unoccupied test house to find out.

Occupied Field Sites
Filter pressure drop and system airflow rates were measured once per month for one year at 17 HAC systems in 
occupied residential and light-commercial buildings in Austin, Texas. Three levels of filter efficiency (low, medium, and 
high-MERV, or Minimum Efficiency Reporting Value, as defined by ASHRAE Standard 52.2) were installed for three 
months at a time, capturing changes due to real dust loading. In general, the increase in filter pressure drop due to 
medium- and high-efficiency filters decreased system airflow rates, albeit with considerable scatter. Filter pressure 
drop generally increased with loading in time and caused airflow rates to decrease as well.

Figure 1. Filter pressure drop and system airflow rates measured during each field visit. Each bar represents one 
monthly visit. Low-MERV = MERV <5, mid-MERV = MERV 6-8, High-MERV = MERV 11-12, as rated by the 

manufacturers using ASHRAE Standard 52.2 lab tests.
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Unoccupied Test House
Two systems in an unoccupied test house with constant thermostat settings were continuously monitored for 
approximately 50 days with low- and high-efficiency filters installed (MERV <5 and MERV 11).
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We refined a method for measuring the particle removal efficiency of HAC filters in residential and light-commercial buildings. The method consists of elevating particle concentrations and measuring the subsequent decay with and 
without a filter installed in an operating HAC system in a well-mixed environment, while simultaneously measuring air exchange rates with a tracer gas. Whole-house particle loss rates are estimated and filter efficiency can be estimated if 
both the airflow rate through the HAC system and the volume of the space are measured. 
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Figure 3. Daily energy consumption (kWh) by the two systems in the test house versus daily average outdoor 
temperature. Because the regression slopes overlap between filters, there was no significant difference in 

energy consumption between periods with low-efficiency and high-efficiency filters installed in either system.

Figure 2. Average pressure distribution for the two systems 
in the test house with low- and high-efficiency filters.

Figure 4. Particle removal rates for five filter conditions 
and six particle size bins in the unoccupied test house.

BG = Background w/ HAC off, NF = HAC on w/ no filter, 
<5 = HAC on w/ MERV <5, 7 = HAC on w/ MERV 7, 

11 = HAC on w/ MERV 11

Figure 6. Predicted indoor concentrations of outdoor particulate 

matter less than 2.5 μm diameter (PM2.5) in the test house.

Assuming no indoor sources, a constant air exchange rate of 0.35 per hour, average 
outdoor PM2.5 data for 2009 in Austin, TX, an outdoor particle penetration efficiency 

of 0.72, 1-3 μm particle removal rates from Figure 4, and average operating times 
across all field sites from Figure 5.
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Figure 5. Average fractional operational times for the 17 
residential and light-commercial systems in the field study.

Error bars represent standard deviations across all measurements
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Higher efficiency filters reduced system airflow rates slightly, but did 
not increase energy consumption.

Higher efficiency filters can reduce indoor concentrations of particulate 
matter, but their effectiveness is highly dependent on HAC system cycling.
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