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How do you rate the indoor air a:
your home?



What is the biggest probler
indoor air quality in vour !






Why do we need IAQ monit

* Measure things we can’t percei
* Early warning of hazz

* Closed loop contro!

* Data to evaluate controls or pre / pos!

* Track system performance ove
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Which IAQ parameters would
like to measure in homes?

* Temperature and * Indoor pollutants
: zgm;d”; nd * PM,;, PM,, ultrafines
conztr(())ri Veerrpﬁ;?aﬁn,. e Acrolein, NO,, CO
e Total VOC * Formaldehyde, radon
* |rritants
- * Allergens

e Qutdoor pollutant
* Diesel PM / black carbor

e Ozone

* PM, ., PM,,, ultrafines, NO

* Dampness & mold



Which IAQ parameters would
like to measure in homes?

* Temperature and * Indoor pollutants
humidity e PM, ., PM,,, ultrafines

. C02 for demand Acrolein, NO,, CO
control ventilation ’
Formaldehyde, radon

Irritants

Allergens

e Qutdoor pollutant
e Diesel PM / black carbor

e Ozone

* PM,, PM,,, ultrafines, NO

* Dampness & mold



Which IAQ paramete

like to measure i

* Temperature
humiA:J--

* CO, for dem
control ventilati

e Odors

People detect
these easily

* Indoor polluf
* PM, ., PM,,, ultraf

* Acrolein, NO
* Formaldehyde
e
e

e Outdoor poll
* Diesel PM / black

e Ozone

. PMZ.S/ PM‘Inr ultrafi

e e



Nothing accurate
and affordable is
available



like 1
e Tor o lnA
L.,
* PM altrafines
* CO, for demand e Acrolein NO
control ventilation ! :
* VOCs
* lrritants
e Odors
» Allergens

Can detect relevant . Diesel

levels, but expensive  * Ozone

and requires * PM, s PMyo, ertrafines, NO,
: : * Dampness-&mold
frequent calibrations



Which |
like

e
L.

* CO, for demand
control ventilation

* VOCs
e Odors

Relatively
Inexpensive time-
integrated tests
available

e Ind

* PM wtrafines
* Aerolein NO,

* Formaldehyde, radon

» Allergens

e Nino

* PM ultrafines NO,
* Dampress&meld



Which 12
like 1
* Temperature and
humidity

* CO, for demand
control ventilation

* VOCs
e Odors

Inexpensive sensors
available, accurate
enough and durable

(2+y)

Inc

* PM wtrafines
* Aerelein. NO, CO

* Formaldehyde, radon

» Allergens

e Niec

* PV P10 ultrafines NO,
* Dampress&meld



Which 172

like 1
* Temperature and * Ind
humidity * PM,., PM,, ultrafines
* CO, for demand e Acrolein NO. CO
control ventilation ! o dz q
* Formailde e, raaon
* VOCs y
e lrritants
e Odors
» Allergens

N\

Inexpensive sensors
available and

accurate enough;
durability uncertain ° BampressErmola



Which 172
like 1

* Temperature and
humidity

* CO, for demand
control ventilation

* VOCs
e Odors

Inexpensive and
accurate enough
sensors being used
for research

e Ind

* PM, ., PM,,, uitrafines
* Aerolein NO, CO

* Formaldehyde, radon
 lrritants

* Allergens

.f\

e Diesel PM / black carbon

* PM, ., PM,,, witrafines NO,

* Dampress&meld



Which |

like 1
* Temperature and e Ind
humidity - PM, ., PM,,, ultrafines
* CO, for demand e Acrolein NO. CO
control ventilation F o dz )
* Formailde e, raaon
. VOCs y
* lrritants
e Odors
» Allergens
Inexpensive » Diesel PM / black carbon

Available, but costly

Coming soon " PMas, PMy, itratines, NO,

* Dampress&meld



What’s available to measure hc



Birdi (NA)
Koto Air Cubes
Netatmo
Speck
Airmentor
Awair
BlueAir-Aware
Foobot

Air Quality Egg
Dylos-DC 1100
uHoo (NA)

$119
$139
$149
$149
$183
$199
$199
$199
$280
$290
$299




e e I R

Birdi (NA) $119

Koto Air Cubes $139

Netatmo $149 @ ® o

Speck $149 @ @)

Airmentor $183 @ o o o © ® o

Awair $199 @ ® o ® ® O
BlueAir-Aware  $199 o ® o @ — W,

Foobot $199 @ ® o @ o O

Air Quality Egg $280 ® @ ®e o o ©
Dylos-DC 1100 $290 ® o

uHoo (NA) $299 @ ® o o ® o o

O o ® o



PM2.5

2.5



PM2.5

2.5



Volume distribution

Mass distribution

Low cost sensors see only the part to right of red line

Burning oak wood Meat charbroiling Smoking cigarette







Laser-based particle count






Heart of an optical sens












#_  Download on the
¢ App Store

K ecobee Honeywell

FTTT On LUX



Build v

* UPOD: Open

aualit
Universit
http://mobilesensingtechnology.com/
T, RH, P, CO,, O

e NDnen S
inois |
http://www.osbss.com/
T RH

delta—P

state



DIY / Maker offering

* Perhaps a robust sensor, and the abilit
what you want

* A community is springing up offer parts i
plans for devices

e ~S50



Perfc

Sensor Characteristics Device Characteristics

—

o Camcit

e R~ ®



o

How to check a mc

* Multiple units sid
* Deploy alongside or nearb

e Controlled e;
e Standard sc

e Varied environment

This is most difficult for most users.
Need manufacturers and standards to ensure quality.



Do they work?

* EPA has done some work focusing on ¢

e South Coast AQMD is working on outd
chamber tests

* Carnegie Mellon has done some work and d
the SPECK

* Air quality in Chir



AIdr Quality Egg v- 2 PM vs FEM GRINVIM P






Frco o>t SSera=s<>r ~= FE=Na ES.Poa CF—nea



FPurple Alir Sensor wvws FEMNM GRINMIDNMN (PPN

Pols




Speck Particle NMass vs FEN BANM P




Responses vary for residential s



Responses vary for residential s



Residential IAQ sensing — Fe!

* For many indoor sources, low-cost sensors ¢
particles that comprise most of th

* No low-cost sensors for ultrafin
* Target range for NO, is at low end of current se

* The most common O; and NO, sensors are cr

* Accurate CO, sensors cost $80-200+; confirmed
top of cost range. Lower cost units may |

* VOC sensors mostly measuring compounds that
at environmental levels. Also calibration and tail



Particle measurements - Fe!

* Many products available for und

* Some appear to detect most significant indoor
events. (Some don’t). Useful for ¢

* Some can be used for semi-quantitative
improvements with control equipment. Most useful
when sources & environment are t+

* Only a few appear to be sensitive and consis
manage indoor exposures to outdoor

* Without repeat calibration checks agai
instruments, none are good enough to make
improvements to PM



The Future: Sensor Improven

* Low-cost PM mass sensc
* Improved NO, reliability & sensing

* Lots of people working on selective VOC
including formaldehvde

* Low-cost sensor for diesel PM (black
being tested now



Tough Questions

* What are the most important parame
measure?

* What threshold(s) to use for con
* What monitor should | k

e Can | use one of these monitors to pr
client that their IAQ is good?

* If the monitor says things are bad, wha
do?
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