
What Does a 
Check Box 
Signify?

A Breath of Fresh Air: Talking About IAQ in Homes, 
Beyond Ventilation



Two guys who like to talk

Dan Wildenhaus Bruce Manclark



Who’s in the 
room?

Raise your hand if you are a…



We Are Not The First To 
Worry about IAQ

• Published in the 1920’s. Big Concerns:
• Diminution of oxygen

• Vitiated air 
• Ground air
• Cellar air

“When a definite animal or musty odor begins to be 
perceptible. The air is said to be “rather close” and the 
exhaled carbon dioxide is found to amount to 4 or 5 parts 
per 10,000. When the portion increases 7 or 8 the air is 
called “very close” When its in excess of 12 the air 
pronounced “very bad”



Survey to start

What do you think matters the most 
regarding IAQ?



The Components Of Good Indoor Air Quality

Dilution
Exhaust of 
“bad” air 
sources

Distribution Filtration

Does it get 
used

Can it be 
maintained

Low VOC 
materials

Good House 
Keeping

Good IAQ = Low-Risk of Bad IAQ



Current Trends:  Outdoor &
Indoor AQ
• Worse outdoor air quality

• More frequent and larger wildfires

• More and a longer pollen season 

• Hotter, longer, and more frequent heat waves

• More exposure time indoors

• Increasing population density and proximity to 
traffic & industrial emissions
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Pre Test
• Is the outside air always better than 

indoor air? (y/n)

• When does the average person receive 
the most exposure from outside air 
pollutants? (Inside or Outside)

• Does the current ASHRAE 62.2 Standard 
have filtration requirement? (y/n)

• For verifiers, what's the hardest part of a 
house to verify



The Pro and Cons: Reality Check
Type Cost Ability of Humans 

to Install Correctly
Potential Negatives Potential Positives Energy  Impacts

Exhaust Only Low High House under negative 
pressure. No 
distribution

House acts as a 
MERV 6 Filter

Low

Supply (Hole in 
return)

Medium Medium Comfort complaints
Introduction of 
particulate matter

Can be balanced. 
Distribution

High with wrong 
fan type

ERV/HRV High Low Difficulty. High energy 
Use if Done well

Can be filtered
Great distribution

Very low if done 
well

The Ideal 
continuous 
distribution and 
filtration, easy to 
maintain with HRV

Needs attention Filtration, 
distribution, 
filtration

Low if done well



Are Healthy 
Homes 

Marketable?



Who Knew 
There Was A 
state Of The 
Air Report
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Dang, l 
Thought the 
Northwest 
had “good” 

Air



PM=Particulate
Matter, The 

number is their 
size in microns 



PM10: Particulate matter less than 10 µm in diameter 
PM2.5: Particulate matter less than 2.5 µm in diameter 
• ROCIS LCMP Dylos: PM0.5+: Particulate matter is greater than 0.5 µm 

in diameter (1/100 of human hair!) 

Particles

OUTDOOR BLACK CARBON
50 nm to 1 µm
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Linda Wigington
ROCIS Air Handler Inquiry

Results & Implications
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Making the Invisible Visible 

Dylos 1700 Optical Particle Counter: 
# Particles per 1/100 ft3, 1 min. resolution 

2 size ranges: 
> 0.5+ μm (Dylos “Total”)
> 2.5+ μm (Dylos “Large”)

Cost: $300 - 400; 1 week data storage
3 Dylos / Site 

 Outside, Inside (living area) Roamer (usually bedroom)

NOTE:  Scale at right is from 
manufacturer; not health based

Dylos 1700 http://www.dylosproducts.com/dc1700.htmlNHPC Conference  ROCIS  4-24-18

http://www.dylosproducts.com/dc1700.html


Big Issues 
with 24/7 

High MERV 
Filter!

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

Duct leaks  (energy waste & pressure-related problems)

1 $0.12/kWh



Example 2

Pre-retrofit



Example 2
Post-retrofit

New ductwork & filters
About $500.00

(parts and labor)



Lessons Learned: An Early Change-out 

In search of an easy fix….  Don’t do this!!!

Not Effective!
1) Return drop restricted due to size 

(8” x 25”)
2) Poor design at throat w hard 90 

degree angle

2) Filter still only 16” x 25”



90 degree transition designed 
for better air flow; lower static 

(with turning vanes)



Pressure Drops Matter



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?



MERV Filter Rating – Particle Size
…your mileage will vary at any given MERV rating

MERV Particle Size Range Typical controlled contaminant

1–4 > 10 μm Pollen, dust mites, cockroach debris, sanding dust, 
spray paint dust, textile fibers, carpet fibers

5–8 3 – 10 μm Mold, spores, dust mite debris, cat and dog dander, 
hair spray, fabric protector, dusting aids, pudding mix

9–12 1 – 3 μm Legionella, humidifier dust, lead dust, milled flour, 
vehicle emission particles, nebulizer droplets

13–16 0.3 – 1 μm
Bacteria, droplet nuclei (sneeze), cooking oil, most 

smoke and insecticide dust, most face powder, most 
paint pigments

17–20[4] < 0.3 μm Virus, carbon dust, sea salt, smoke

Source: Adapted from EPA, 2009 in Wikipedia, 2018

1
1Mwec 16 bi
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Due to air resistance, filters over MERV 13 not recommended in home HVAC systems

https://en.wikipedia.org/wiki/Minimum_efficiency_reporting_value#cite_note-4


Tests for Pressure Drop and Efficiency on Air Filters

Filter Dept
h

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%

Filter Table



0% 25% 50% 75% 100%

Outside - Small

Inside - Small

Roamer - Small

Proportion of time

Lo
ca

tio
n

PARTICLE LEVELS IN AND AROUND YOUR HOUSE

Excellent
Very Good
Good
Fair
Poor
Very Poor

Pre & Post – Air Handler Retrofit

0% 25% 50% 75% 100%

Outside

Inside

Roamer

Proportion of time

Lo
ca

tio
n

PRE

Excellent

Very Good

Good

Fair

Poor

Very Poor 0% 25% 50% 75% 100%

Outside - Small

Inside - Small

Roamer - Small

Proportion of time

Lo
ca

tio
n

POST

Excellent

Very Good

Good

Fair

Poor

Very Poor

Week ending 5-24-2017  (windows open)   vs. 7-31-2017, poorer outdoor counts

INTERVENTION:
ECM blower (lower air flow & energy cost on continuous setting)
New return (larger 20” x 25” MERV 13 filter &  pre-filter)
Cost – labor & materials:  $1,000

RESULTS: Lower CO2 in bedroom  24/7 annual operating cost: $131.40

ROAMER

INSIDE        

OUTSIDE
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Are ECMs the 
Solution?
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Not by themselves…

Even with ECMs, 24/7 operation of central AHU 
can have a huge adverse impact on energy use 

Not X13 motors but version 2 or higher

Correct blower speed, TESP, & good ducts are 
essential

Must avoid clogged filters & inappropriate 
filters



The other “V”

Spot Ventilation!



Maintence: Who Does 
What
Is this a good place for a “Fresh Air Inlet”
Or an exhaust vent?



The standards

Kitchen: 

100 cfm 
intermittent or 25 
cfm continuous (or 
operable window) 

or 5 ACH

Bath:

50 cfm 
intermittent or 20 
cfm continuous (or 
operable window)



Why Do Many Ventilation 
Systems Get turned off

• Comfort problems

• Lack of understanding as to the purpose

• Energy concerns

• Maintenance



Is it getting 
used?



Kitchen range hoods



Pollutants 
from burners 
and cooking



Range hoods better than 
general kitchen exhaust

200 cfm range hood or 
kitchen exhaust fan 
(lab simulations)

• 15,000 btu/h
• 800 ng/J CO



Capture 
Efficiency

Measuring capture efficiency 
using CO2



Is it getting used?



What determines health outcomes?

>5% - Genetics/biology

~20% - Lifestyle/behavior

~20% - Medical care

~55% Physical & social 
environment

It’s not your genetic 
code… it’s your zip 
code!

Source: https://www.cdc.gov/nchhstp/socialdeterminants/faq.html



Scary Statistics

90% - Time we spend indoors

75% - Deaths caused by chronic 
disease, up from 13% in 1800

85% - Of the 82,000 chemicals 
in use, this % lacks available 
health data!

Today’s kids are the 
first generation 
expected to have 
shorter life 
expectancy than 
their parents 

Source: Fitwel Ambassadors Training Video 2017



We are just 
really 

learning 
about toxic 
materials 
impacts



Resources



Resources: On the way!



Programs



The Ideal 
IAQ 
House(Its 
integrated)

IDEAL IAQ 
HOUSE

Tight 
Construction

Low VOC 
materials

Merv 11 
flirtation

Controlled 
dilution air

Distributed  
fresh air

Maintenance



Bottom Line!

Integrated solutions are needed to enhance 
health, resilience, energy efficiency, 
comfort, & durability (engagement, building 
tightness, source control, O&M)

Ideally, improve outdoor air quality!



Resources: Filtration & 
Air Cleaners

Available from:
U.S. EPA's web site
http://www.epa.gov/iaq/pubs/residair.html

Residential Air Cleaners
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http://www.epa.gov/iaq/pubs/residair.html
http://www.epa.gov/iaq/pubs/residair.html
https://www.epa.gov/indoor-air-quality-iaq/residential-air-cleaners-second-edition-summary-available-information-0


TOPICS
 Building Ventilation
 Indoor Dampness
 Indoor Volatile Organic Compounds 
 Human Performance and Productivity
 Benefits of Improving Indoor Environmental Quality
 Air Cleaning Effects on Health and Perceived Air Quality
 Climate Change, Indoor Environmental Quality, & Health

https://iaqscience.lbl.gov/
NHPC Conference  ROCIS  4-24-18

https://iaqscience.lbl.gov/


Session Survey Instructions
At the end of each session, you will be given 5 
minutes to complete the session survey.

• Surveys will be distributed before the end of 
the session

• Complete the survey and provide it to the room 
moderator or drop them by the registration 
desk 

• We greatly appreciate your feedback as it 
assists in improving the conference

• Assistance available at the BetterBuiltNW table

48
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