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LEARNING OBJECTIVES
At the completion of this session, attendees will :

1) Recognize the potential health benefits of substantially reducing exposure to particles  
(.1 to 5 microns), & the role of filtration in addressing particles generated inside & outside 
of a home

2) Be able to describe the interactions that can result from the use of higher MERV filters, 
& longer air handler run-times, as well as specific strategies to minimize adverse impacts

3) Be able to list 5 things to consider to determine the appropriateness of using a higher 
MERV filter, & operating an air handler system 50% or more of the time

33



April 11-14, 2022 | Nashville, TN

FILTERING AIR WITH HOME HEATING 
& AIR CONDITIONING SYSTEMS

Significant missed opportunity to reduce particles

However: Major liabilities (energy use, emissions, 
energy cost, equipment life, & performance)

Our solutions reduce fine particles by 50-80% while minimizing risk

12-05-2018 2018 CHEE
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TIME FOR A                       VIDEO
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Most of our 
exposure to 
outdoor pollution 
happens 
INSIDE buildings

https://iaqscience.lbl.gov/health-effects-
outdoor-air-particles

April 12, 2022 5
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Outdoor Particles (PM) & Human 
Health

April 12, 2022 6

“Our best estimates of the US 
mortality burden associated 
with total PM2.5 exposure in 

2012 

from ~230,000 to ~300,000 
deaths.”

Azimi, P., & Stephens, B. (2020). Journal of  Exposure Science & 
Environmental Epidemiology.
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LCMP Virtual Questions & Health ImpactsMarch 2022
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I N D O O R  P A R T I C L E  D I S T R I B U T I O N :  A L L  S I T E S
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LCMP Filtration InterventionsMarch 2022

LCMP ROCIS DATA:
50% of observations are within each 
vertical box 
Particles 0.5+ μm (Dylos small)
Dylos Corporation scale (on right)

More than 20 to 1 
difference!

Median:  
~2/3 Fair

~1/3 Good / Very Good 

Majority of sites in “very good - excellent” range use 
continuous filtration: either portable or central air handler

NOTE: Very few smokers 
in LCMP participants
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LCMP Filtration InterventionsMarch 2022

Filtration only 
works when 

it is ON!
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AIR HANDLER OPERATION
LCMP Filtration Interventions

11

• Thermostat usually set to “Auto”, not “On”

• Average annual run-time is ~15% 

• Inadequate for filtration

• Call for heat & cool does not align with 
need for filtration 

• With smart thermostats more control of “on 
time”



High MERV Filter - Air Handler 
(Filter/AHU) Inquiry

Initial Question…
Is there an easy way to determine if I can use a high 
MERV filter with a longer air handler run-time without 
causing problems ($, equipment durability, 
performance, or GHG emissions)?

12April 12, 2022 Nat’l HPC 

NO !!
Diagnostic 
Screen is 
Required



Developed diagnostic protocol
Over 60+ air handler systems tested to date
Evaluate opportunity for MERV 13 plus 24/7 
operation

Next up:
Rhett Major, The Energy Doctor

Description of the diagnostic visit & intervention 

Filter/AHU Inquiry: Approach
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S P E C I A L  T H A N K S  T O :  

Scott Pigg - Slipstream
Mark Jerome - CLEAResult
Bill Graber - TEC
Steve Rogers - TEC
Building Science Corporation 

14
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We want cleaner air, but can our systems 
take the extra restrictions presented by the filter?
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1” high MERV filters tend to be very restrictive. 

We want cleaner air, but can our systems 
take the extra restrictions presented by the filter?
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T O T A L  E X T E R N A L  S T A T I C  P R E S S U R E

TESP - AKA - External Static Pressure 

17
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T O T A L  E X T E R N A L  S T A T I C  P R E S S U R E

TESP - AKA - External Static Pressure 

Combined highest Positive and Negative pressure External to the air 
handler - created by the total resistance in the entire furnace/ AC/ 
duct system.

18
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T O T A L  E X T E R N A L  S T A T I C  P R E S S U R E

TESP - AKA - External Static Pressure 

Combined highest Positive and Negative pressure External to the air 
handler - created by the total resistance in the entire furnace/ AC/ 
duct system.

The greater the TESP, the more restricted the airflow.

19
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Greatest Positive Pressure

Greatest Negative Pressure

Test Holes

Drill test holes very carefully!
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M E A S U R I N G  E X T E R N A L  S T A T I C  P R E S S U R E  &  O E M  F A N  T A B L E

23

Equipment Needed
• Standard 

Manometer/Magnehelic or 
Digital

• 1 or 2 Static Pressure Probes
• Tubing

• Other equipment
o Drill with ¼ inch bit
o Step Drill bit



Measure Static Pressure with manometer

• Drill ¼ inch ports, insert static tip

Return Plenum After Filter Before Coil Supply Plenum







Every furnace or air handler has the maximum static pressure
on the manufacturers label. 
I transfer this number to my static pressure test sheets.







I record the static pressure measurements from these 4 locations here,
& start doing the calculations







High Static pressure values indicate problems



High Static pressure values indicate problems
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T R U E F L O W  P R E S S U R E  A N D  F L O W  A N A L Y S I S

35
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Why Should  I  Care  About 
Stat ic  Pressure?

36

• High static pressure may cause:
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• High static pressure may cause:

• High amp draw on ECM and variable 
speed motors
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Stat ic  Pressure?
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• High static pressure may cause:

• High amp draw on ECM and variable 
speed motors
• High energy usage
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Why Should  I  Care  About 
Stat ic  Pressure?
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• High static pressure may cause:

• High amp draw on ECM and variable 
speed motors
• High energy usage
• Blower motor and/or compressor failure
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• Low static, high quality ducted applications will run 
slowly, quietly and efficiently….. 

while delivering the correct airflow.

Airflow Control Tips
For Constant Volume ECMTM
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• Low static, high quality ducted applications will run 
slowly, quietly and efficiently….. 

while delivering the correct airflow.

• High static applications will run fast, be noisy and 
power hungry…. The ECM may still provide the correct 

airflow, but at a price!

Airflow Control Tips
For Constant Volume ECMTM

Use good duct design practices and hold static pressure to 
less than .8”, ideally less than .5”

This is a measurement - not a setting!
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A M P  D R A W  V S .  E X T E R N A L  S T A T I C  P R E S S U R E  - E C M  /  V A R I A B L E  S P E E D
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Slide credit: 
Mark Jerome - CLEAResult
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K WH/YEA R V S .  EXT ERNA L S T A T I C P RES S U RE - ECM /  V A RI A BLE S P EED
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Slide credit: 
Mark Jerome - CLEAResult
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M E A S U R I N G  W A T T  D R A W
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• Clamp-on style Current Transformer (CT) (OWL, 
Energy Detective, Sense)
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M E A S U R I N G  W A T T  D R A W

53

• Clamp-on style Current Transformer (CT) (OWL, 
Energy Detective, Sense)

• Converts magnetic field to Wattage
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M E A S U R I N G  W A T T  D R A W
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• Clamp-on style Current Transformer (CT) (OWL, 
Energy Detective, Sense)

• Converts magnetic field to Wattage

• Wireless monitor display 



Clamp-on style Current Sensor (CT)



The wireless monitor shows the instantaneous 
wattage draw for the fan. 



The wireless monitor shows the instantaneous 
wattage draw for the fan. 

(This wattage is high, as it's capturing electric backup heat also.)
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Total External Static Pressure

• What can increase TESP?
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Total External Static Pressure

• What can increase TESP?

• Wrong fan speed
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Total External Static Pressure

• What can increase TESP?

• Wrong fan speed
• Dirt - primarily in the filter &/or coil
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Total External Static Pressure

• What can increase TESP?

• Wrong fan speed
• Dirt - primarily in the filter &/or coil
• Restrictions in the ductwork system or filter
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Total External Static Pressure

• What can increase TESP?

• Wrong fan speed
• Dirt - primarily in the filter &/or coil
• Restrictions in the ductwork system or filter

• The greater the TESP, the less the airflow with 
PSC motors, or the higher the wattage draw 
(with ECM)



Slide credit:          Scott Pigg, Slipstream



Wrong fan speed - PSC
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Wrong fan speedWrong fan speed - PSC



Wrong fan speedWrong fan speed - PSC



Wrong fan speedRight fan speed - PSC



Wrong fan speedWrong fan speed - PSCRight fan speed - PSC



Slide credit: Scott Pigg, Slipstream





Static Pressure -
effect on ECM



Static Pressure -
effect on ECM



Static Pressure -
effect on ECM



Slide credit:  Building Science Corporation
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CHE CK HE AT-RISE  - TO E VALUATE  APPROPRIATE NE SS OF  F AN SPE E D.

77
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H E A T  R I S E / T E M P  R I S E  B A S I C S

• The slower the airflow 
(thru the heat exchanger) 
the greater the heat rise.

79
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H E A T  R I S E / T E M P  R I S E  B A S I C S

• The slower the airflow 
(thru the heat exchanger) 
the greater the heat rise.

• The faster the airflow, 
the lower the heat rise.
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H E A T  R I S E / T E M P  R I S E  B A S I C S

• The slower the airflow 
(thru the heat exchanger) 
the greater the heat rise.

• The faster the airflow, 
the lower the heat rise.

• Compare this heat-rise 
to Manufacture’s spec 
on furnace.

81
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A D J U S T  F A N  S P E E D S  A S  N E E D E D
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A D J U S T  F A N  S P E E D S  A S  N E E D E D
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Not as hard as you think!  
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A D J U S T I N G  F A N  S P E E D S
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A D J U S T I N G  F A N  S P E E D S

85

The furnace installation manual usually has a color chart
to tell you which colors represents which speed.
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A D J U S T I N G  F A N  S P E E D S
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The furnace installation manual usually has a color chart
to tell you which colors represents which speed.





Some models are a little more complex,  
they have tiny dip switches that need to be adjusted 

according to the desired settings
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R E - C H E C K  H E A T - R I S E / T E M P - D R O P
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Example 1

High TESP



Example 1

Low heat rise
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A D J U S T  F A N  S P E E D  D O W N
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Example 1
retest

Lower  TESP



Lower speed = higher heat rise, and 
lower static pressures

Example 1      
Retest        
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W H A T  E L S E  C A N  I N C R E A S E  T E S P ?

Dirt - primarily in the filter &/or coil

95

Total External Static Pressure



These 1” filters are often the culprit - they offer too much restriction when 
clean, and way too much restriction when dirty (which they often are).



A wider filter (4") has about four times the surface area as the 1“ filter, 
and offers less restriction to the system. 

The problem is they are expensive, so people don't want to 
change them as often as they ought to be changed.



Tests for Pressure Drop and Efficiency on Air Filters

Filter Depth 300 fpm 400 fpm 500 fpm Ambient Particles Particles After Filter % Particle Drop

Precisionaire Easy Flow 1" .10" .12" .14"

True Blue Fiberglass 1" .10" .11" .13"

Filtrete 300 1" .19" .21" .24" 1567000 1468000 6.32%

Filtrete 600 1" .21" .24" .26" 1168000 943000 19.26%

Filtrete 1000 1" .22" .24" .27" 740000 549000 25.81%

Filtrete 1250 1" .22" .24" .27" 831000 716000 13.84%

Filtrete 1700 1" .25" .27" .31" 767000 493000 35.72%

MERV 7 1" .17" .19" .22" 940000 890000 5.32%

MERV 7 2" .14" .16" .18"

MERV 7 4" .10" .13" .14"

Carbon 2" .14" .16" .18" 992000 948000 4.44%

MERV 11 1" .26" .28" .31" 972000 865000 11.01%

MERV 11 2" .20" .23" .25" 945000 821000 13.12%

MERV 12 2" .23" .24" .26" 701000 452000 35.52%

Polyester 1" .14" .15" .16" 1333000 1303000 2.25%

Polyester 2" .30" .33" .37" 1322000 1303000 1.44%

Ring Panel 2" .27" .30" .34" 1304000 1240000 4.91%

1304000 135400 -3.83%

MERV 13 2" .35" .38" .42" 168000 647000 39.42%

MERV 14 2" .39" .44" .48" 1021000 508000 50.24%

MERV 14 4" .29" .36" .40" 935000 455000 51.34%
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Dirty Filters are a big 
problem
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T O T A L  E X T E R N A L  S T A T I C  P R E S S U R E
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• What else can increase TESP?

• Restrictions in the ductwork system (harder to 
fix)



Example 2
Pre-retrofit



Example 2  

Very High TESP



Example 2    

This fan speed is too low & should be adjusted up –
furnace shut down on high limit

But restrictions in the ductwork prevented proper airflow.
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T O T A L  E X T E R N A L  S T A T I C  P R E S S U R E

107

• What else can increase TESP?

• Restrictions in the ductwork system (harder to 
fix)



Dirty Coils are a bigger 
problem



HVAC tech removed the dirty coil first     

Example 2
Pre-retrofit



Example 2
Pre-retrofit
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Example 2
Post-retrofit

New ductwork & filters
About $500.00
(parts and labor)
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The new filter system - 4” Honeywell MERV 13 with a 1” fiberglass pre-filter 

Much less restrictive than a clean 1” filter.





The pre-filter is there to catch the largest “boulders”, 
and should be changed monthly.

This enables the larger filter to last 6 months or longer



After Improving air flow, we are able to change out the inefficient permanent split 
capacitor motor (PSC) with a replacement ECM (Constant Torque). The drop in 
wattage (same airflow) is often very significant. 



This model also allows us to set up a very low continuous movement of air 
for filtration, ~400 - 700 CFM, @120 - 180 Watts of power.
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Example 2

New ECM motor install-
an additional $500.00 

parts and labor



Example 2 - post retrofit  - TESP nearly cut in half



24/7 Filtration for less than $200 a year (instead of $854.00 pre-retrofit)

Example 2 - post retrofit



Example 3    



Example 3    

What the heck?   



Example 3    



Example 3    



April 11-14, 2022 | Nashville, TN 125

Removing Mastic from old ductwork   
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Learning as I go  
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Replaced PSC motor with ECM 
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L E S S O N S  L E A R N E D :  A N  E A R L Y  C H A N G E - O U T  
In search of an easy fix….  Don’t do this!!!

128

Not Effective!

1) Return drop restricted due to size 
(8” x 25”)

2) Poor design at throat w hard 90 
degree angle

3) Filter still only 16” x 25”

Too much airflow (system oversized) 
for this return drop





90 degree transition 
designed for better air 

flow; lower static 
(with turning vanes)

Example 3    



Larger return 
drop

2-part filter rack
(20” x 25”)
Horizontal

(4” MERV 13 +
1” pre or post filter)



Fan speed adjusted to 
optimize heating, 
cooling, & continuous 
performance.



Much Better Performance!

Example 3 



RESULTS:
5 yr. old home
Significant comfort 
improvement!

About $1000 investment
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RESULTS:
5 yr. old home
Significant comfort 
improvement!

About $1000 investment

In continuous mode:
➢3.38 CFM/watt
➢TESP Pre: 138, Post: 52
➢360 Watts (reduction)
➢$142/ yr. elec. use 

($583.00 Pre)
➢$441/yr savings

Much Better Performance!

Example 3 



NE Virtual Home Performance Conference

2-part filter rack
(20” x 25”)
Horizontal
(4” MERV 13 +
2” pre or post filter)

Larger return drop

90 degree transition 
designed for better air 
flow  (heel & throat); 
lower static 

ECM 
replacement

RESULTS:

In continuous mode:
➢ 4.27 CFM/watt
➢ 120 Watts

➢ Pressure drop across 
filter Pre: 93 Pa, Post: 
16 Pa

➢ Allowable TESP: 
125 Pa (total system)

Example : Air Handler Retrofit 2.0 

Fan speed adjusted to 
optimize heating, cooling, 
& continuous 
performance.

11/11/2020



Opportunities at Changeout time



Opportunities at Changeout time

New Furnace 



Opportunities at Changeout time

New Furnace 

Adding AC



Opportunities at Changeout time

Downsize Furnace



Opportunities at Changeout time

Downsize Furnace

Change Return Drop & Filter







Example 4 
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Example 4 
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Example 4 
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Example 4 











Constant Torque ECM



Slide credit: Scott Pigg, Slipstream
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Brand new Carrier system

INITIALLY: 
• 1” filter & return drop too restrictive
• Airflows not adjusted properly
• TESP too high in Stages 2 & 3, & AC

INTERVENTION:
• Carrier tech adjusted airflows
• ROCIS installed new return drop w larger deeper 

MERV 13 Aprilaire filter

POST:
• Fan only: 42 watts, 317 CFM, TESP 49 Pa
• Stage 2 & AC: 193 watts, 670 CFM; TESP 94 Pa
• Stage 3: 310 watts, 720 CFM, TESP 114 PA

FAN ONLY PERFORMANCE:
7.54 CFM/Watt
24/7 operation:  $53/year

TESP System Limit: 125 Pa
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Rhett Major
The Energy Doctor

www.energydoc.info
TheEnergyDoctor@Comcast.net
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BIG ISSUES WITH 24/7 HIGH MERV FILTER
ntions

Air handler (AHU) energy use can be high due to 500 to 1,500 watt-draw  
• High cost of running air handler continuously 

(360 kWh to 1080 kWh/month = ~$500 to $1500/year1)

Wrong blower speed
• Seldom set in field
• Often defaults to high speed, not low, in continuous mode
• Higher energy cost, less effective filtration

Ductwork issues introduce additional problems
• Static pressure too high (can lead to equipment failure)
• Duct leaks  (energy waste & pressure-related problems)

1 $0.12/kWh

162
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March 2022 LCMP Filtration Interventions
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80%

68%

67%

52%

48%

30%

27%

17%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

High TESP

High Static…

High Static…

High Airflow

AC…

High Static…

HVAC…

Space… Problems identified 
in 60 diagnostic 
inspections of SW PA 



ROCIS 24/7 Air Handler Checklist

April 12, 2022 Nat’l HPC 164

Guidance is 
specific to 
our typical
residential 
basement 
HVAC 
systems

Air Handler Inquiry | ROCIS.org

https://rocis.org/air-handler-inquiry
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LCMP Filtration InterventionsMarch 2022

Air Handler Interventions
Pre-Post Continuous Watt-Draw
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Original Watt Draw

Post Watt-Draw

Even lower post Watt-
draws should be 
possible with a 
constant air-flow ECM
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FILTER ESSENTIALS
Deep filter (we prefer 4”)
Large filter (surface area)
Low resistance filter (check label on filter)
Minimize filter bypasses

MERV 13 to reduce 0.3 to 0.5 μm particles (MERV is like R-Value; performance depends on 
installation/operation)

Adequate run/on time (if system passes diagnostic screening)

Performance Tested Comfort Systems (PTCS)
Great program in the Pacific NW that addresses system sizing, air flow, & static pressure:  
https://ptcs.bpa.gov/

March 2022 LCMP Filtration Interventions
166

https://ptcs.bpa.gov/
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LCMP Filtration Interventions

0% 25% 50% 75%100%

outside - Small

Inside living room -
Small

Roamer hallway -
Small

Proportion of time

Lo
ca

tio
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PARTICLE LEVELS IN AND AROUND 
YOUR HOUSE

Excellent

Very Good

Good

Fair

Poor

Very Poor

LCMP Top Performer
Air Handler 24/7 – MERV 13 Filter
Indoor tracks outdoor
Indoor uniform – 2 locations
Also – 2nd floor portable air cleaner

Continuous Mode: $12/month
Post: 110 watts; 500 CFM 
Pre-Post: 400 watt reduction
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DYLOS SMALL  PARTICLES
outside Inside living room Roamer hallway

Outdoor 

Dylos small (0.5+ microns)   (#/1/100 ft3)

Green – Outdoor;  Blue Living Room;  Yellow – 2nd Floor Hallway

Indoor
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Filter Bypass: 
Relatively Common in Homes

April 12, 2022
Nat’l HPC 168

Even small leaks (bypasses) can 
make a big difference 

One change – we now use 
manufactured filter boxes for a 
better seal around the filter
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4 CHALLENGES
1) No option for AHU upgrade
2) How to determine optimal fan run-time
3) Don’t miss the boat – at point of replacement 
4) Clarify the value proposition

169169
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FAN/FILTER INTERVENTION: LOW 
COST, MERV 13

170

4” MERV 13 filter ($35) on 
20” x 20” box fan  (~$20)

Box fan in room or in window

UL-rated fan with overheat 
protection
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FAN/FILTER OPTIONS
2 0 ”  B O X  F A N  W  H I G H  M E R V  F I L T E R S

Use multiple filters for better air flow (2 in V, or 4 in box)

= LCMP Filtration Interventions
171

Image Credit: Comparetto Comfort Solutions

Known as the Corsi-Rosenthal Cube
https://m.box.com/shared_item/https%3A%2F%2Fucdavis.box.com%2Fs%2Fkgo937lk0d02g0k2bxvpxxqbfatd7czu

Image Credit: Comparetto Comfort Solutions

https://m.box.com/shared_item/https%3A%2F%2Fucdavis.box.com%2Fs%2Fkgo937lk0d02g0k2bxvpxxqbfatd7czu
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4 CHALLENGES
1) No option for AHU upgrade
2) How to determine optimal fan run-time
3) Don’t miss the boat – at point of replacement 
4) Clarify the value proposition

172172
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PARTICLE LEVELS INSIDE
R E L A T I V E  T O  O U T S I D E

173173

Shorter fan run-time 
needed when 
outdoor air is best 

Indoor when Outdoor 
air is worst (25%)

Indoor when Outdoor 
air is best (25%)

ROCIS LMCP Data Explorer http://rocis.org/rocis-data-explorer

http://rocis.org/rocis-data-explorer
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PARTICLE LEVELS INSIDE
R E L A T I V E  T O  O U T S I D E

174174

Shorter fan run-time 
needed when 
outdoor air is best 

Indoor when Outdoor 
air is worst (25%)

Indoor when Outdoor 
air is best (25%)

ROCIS LMCP Data Explorer 
http://rocis.org/rocis-data-explorer

http://rocis.org/rocis-data-explorer
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PARTICLE LEVELS INSIDE
R E L A T I V E  T O  O U T S I D E  ( 2 4 / 7  A H U  O P E R A T I O N )

175175

Shorter fan run-time 
needed when 
outdoor air is best 

Indoor when Outdoor 
air is worst (25%)

Indoor when Outdoor 
air is best (25%)

ROCIS LMCP Data Explorer http://rocis.org/rocis-data-explorer

http://rocis.org/rocis-data-explorer
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4 CHALLENGES
1) No option for AHU upgrade
2) How to determine optimal fan run-time
3) Don’t miss the boat – at point of replacement
4) Clarify the value proposition

176176
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177

Downsize HVAC to reduce static pressure!!

Incorporate return drop modification & option for larger, deeper filter
Set blower speeds for optimal performance

Address duct system shortcomings

To ponder…
• How can potential filtration health & comfort  benefits add impetus to 

getting HVAC systems designed & installed correctly?

h 2022

BIG OPPORTUNITY
AT  HVAC SYSTEM REPLACEMENT
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4 CHALLENGES
1) No option for AHU upgrade
2) How to determine optimal fan run-time
3) Don’t miss the boat – at point of replacement 
4) Clarify the value proposition

178178
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QUESTIONS / COMMENTS?
Rhett Major, Principal
The Energy Doctor
1739 Guffey Road, 
North Huntingdon, PA 
theenergydoctor@comcast.net

Linda Wigington, Team Leader
ROCIS, Reducing Outdoor Contaminants in Indoor Spaces
Waynesburg, PA
lwigington1@outlook.com

www.ROCIS.org
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mailto:theenergydoctor@comcast.net
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http://www.rocis.org/
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