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Low-Cost Air Quality Sensors

» Rapidly proliferating

» Tremendous potential
o Low-cost
o Ease of use

» Multiple potential applications
o Spatial/Temporal air quality info
o Fence-line applications
o Regulatory/Academic/Citizen scientist

» How reliable/accurate are they??

» Need to systematically evaluate their
performance
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Background

» Established in July 2014
> Over $600,000 investment

» Main Goals & Objectives

o Provide guidance & clarity for ever-
evolving sensor technology

o Catalyze successful evolution/use of
sensor technology

o Minimize confusion

» Sensor Selection Criteria
o Commercially available
=  Optical
= Flectrochemical
=  Metal oxide

o Real- or near-real time
o Criteria pollutants & air toxics
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Overview

FIELD TESTING LAB TESTING
(Controlled conditions)

(Side-by-side comparison with FRMs)

RH=30%T=25C

%o
Conc=10ppb “<*

RESULTS

(Categorize sensors based on performance)

-




< AQ:SPEC

South Coast

[Xel¥is]  Air Quality Sensor Performance Evaluatlon Center-f

Overview (cont.)
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SCAQMD
Website / Clearinghouse
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Field Testing

» Started on 09/12/2014

o Sensor tested in triplicates
o Two month deployment

o <~ $2,000: purchase

o >~ $2,000: lease or borrow

» Locations:

o Rubidoux station (main)
* Inland site
* Fully instrumented
o |-710 station
* Near-roadway site
* Fully instrumented
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Aerosol Test Laboratory TeSting Gas Test
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Laboratory Testing (cont.)

Particle testin

» Particle generation systems

» Particle monitors: mass
concentration and size
distribution

Gas testing
» Gas generation / dilution system

» Gas monitors: CO, NOy, O,
SO,, H,S, CH,/NMHC

T and RH controlled: T (0-50 °C); RH (5-95%)
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PM Sensors
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Results

Most PM sensors showed:

* Minimal down time
* Moderate intra-model variability

« Strong correlation (R?) with
FEMs

However...

» Sensor “calibration” is needed
in most cases

» Very small particles (e.g. < 0.5
micrometers) are not detected

 Bias in algorithms used to
convert particle counts to
particle mass



Gaseous Sensors
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Results (cont.)

Most gaseous sensors showed:
» Acceptable data recovery
* Wide intra-model variability range

* CO; NO; O5 (when measured

alone): good correlation with
FRMs

* O;+ NO,: low correlation with
FRM (potential O;/NO,
interference)

+ SO,; H,S; VOC: difficult to
measure with available sensors



Sensor Applications

« Categorize sensors based on performance
* |dentify application(s) based on sensor capabilities

» Characterize spatial variations
» Wide area coverage

* Improve network design

» Set-up monitors in high concentration

areas
* Permitting

» Monitoring before and after construction

* Fence-line Monitoring

» Large refineries and emission sources

« Community concerns
» Local impact of freeways, airports,
refineries, etc.

Required Data Quality

Higher

Ambient Air Legal
Monitoring Compliance
Network

- Supplement
Community Air

Based

s Monitoring
Monitoring

Network

Screening for
Hot Spots

litativ e
Qualitative Lower

Personal

Monitoring

EPA’'s “DRAFT Roadmap for Next Generation
Air Monitoring”




Current SCAQMD Activities

Sensor Network: Pilot Study #1

Monitor fugitive emissions from a Waste
Disposal facility in Southern California

9 sensor nodes deployed at facility
fence-line in June 2016

Wireless network / remote server

Real-time PM,, PM, ; and PM,, monitoring




Current SCAQMD Activities
(cont.)

Sensor Network: Pilot Study #1

« Dedicated website
»  www.aqgmd.meshify.com
* Real-time data logging, display, and mapping
« Data analytics
» Email and/or text alerts
« Project benefits
» Correlate PM measurements with on-site activities
« Measure PM levels before and after facility upgrades

PM2.5 Average Chart (2016-08-14 to 2016-08-20, hourly)
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Current SCAQMD Activities
(cont.)

Sensor Network: Pilot Study #1

HEATMAPS

! I 8/16/2016, 12:20 pm ‘ ]

Ry Ll - i s I 8/18/2016, 1220 pm ‘ =

y | PM10

'y AT A \ & \\,\ 7. |
A r‘f‘ Je I ; S— ¥ ; g - . MandreliD i - -—_——
RN VLN ' | T | 1Howr o]

500ms

H PAUSE B STOP

il

2:00:00 pm




Current SCAQMD Activities
(cont.)
Sensor Network: Pilot Study #2

rrrrrr ay
- W Grind * 31 low-cost’ PM sensors
i) i Rialto San Bernardino E 1P deployed In the Redlands’ CA
= S=as - @ Redland;% @ a re a
Declezville g‘ et ROESIn Plymou 7l o H
SR N Co Y ol « Real-time PM,, PM, .and PM,,
e - Loty monitoring
Ri .d W R = .
e T S « Wireless network / remote
o server
o Sensor device/data management:

Microsoft Azure loT + Power Bi

* Project goals

o Test sensor durability

o Show ability to scale up in near
future

o Help improve accuracy of satellite
data




Current SCAQMD Activities
(cont.)

Community Scale Study (EPA Grant)
« Use “SPODs” to:

o Monitor VOC emissions from

refineries in real-time B SPodwith §
. ! : # INVErse source
o Assess potential impacts on algorithms

nearby communities

o Study temporal and spatial
dispersion of VOCs

(Technology: PID sensor + 2D
anemometer)

« Use of Optical Remote Sensing
(ORS) methods to:
o Validate “SPOD” data

o Estimate annual refinery (VOC)
emissions

(Technology: SOF/DOAS/FTIR)




Current SCAQMD Activities

(cont.)
Community Scale Study (EPA Grant)

*  Mobile ORS: quarterly surveys of emission
measurements and concentrations mapping

« “Low-cost” sensors network: long-term monitoring of
VOC and PM2.5 at facility fence-line and inside
communities

K " T §i 14 I'= 3

Example of benzene concertation mapping




Current SCAQMD Activities

(cont.)
Community Scale Study (EPA Grant)
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Current SCAQMD Activities
(cont.)

U.S. EPA Science To Achieve Results (STAR) project

Provide California communities with the knowledge necessary to select,
use and maintain low-cost sensors and to correctly interpret the collected

data

Four specific aims: — E
#1: Develop educational material for communities SmSThrllgy ne.
#2: Evaluate / identify candidate sensors for deployment .. —=—1
#3: Deploy selected sensors in California communities P = A!
#4. Communicate the lessons learned to the public r communities
/ * EJareas
* 200+ subjects

Three year study in collaboration with:

« University of California Los Angeles (UCLA; Co-PI)
* Sonoma Technology Inc. (STI; Co-Pl) by

- BAAQMD

« Santa Barbara County APCD
*  Community Groups -
«  Weather Underground Y
« University of Auckland (New Zealand) GRS

> 150 sensors




Low-cost Sensors / High-cost Networks

e Single user (e.g. 1 sensor)
> Cost: $

o Hardware
o Minimal maintenance

e Small sensor network (e.g. 9 sensors)
» Cost: $$

o Hardware a— a . g

o Maintenance & calibration | | =

o Sensor connectivity & ) - e
o Data logging and management g a a g ( I ) g

o Data validation and analysis &
o Visualization and reporting a a a

e Large sensor network (e.g. > 100 sensors) —
» Cost: $$$% | \ | .0

sss Sss B8 ses (8ss| S8 : T ﬂf;'ﬂ
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o Hardware Ras |aesl [ses e e+ P e -
o Maintenance & calibration | | | o T
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M| “Making Sense of Sensors”

September 27-28, 2017

The South Coast Air Quality Management District [SCAQMD) and the California
Air Pollution Control Officers Association (CAPCOA) invite you to attend the
“Making Sense of Sensors” Conference, which will be held Wednesday and
Thursday, September ¥7-28, 2017, In Diamond Bar, CA. This networking
conference will gather experts from government, academia, emvironmental
and research crganizations, and the industry to learn and share the latest
infarmation an air quality sensors, All participants will have an cppartunity to

tour the AQ-3PEC Testing Center.
4 Topics will include:

= State of sensor technology, data quality and applicabons
+ Sensor network development

« \alidation, analysis and interpretation of sensor data

« Stakeholders’ perspectives and expectations

« Sonsordatzs disserminaton

veesadlid MRIOTE

Whaore:

South Coast AOMD Headquarters
11865 Copley Drive
Diamond Bar, California 31765

For more information, visit wwwa.agmd.gov/ag-spec or WWWw.ca pcoa.org.
To sign up to receive electronic updates on the upco ming event, go £o
wraw.agmd. gov/sign-up, enter your name and emall, scrofl down to New
Technology, and click the box next to AC-SPEC and/or Technology Forums.

For sponsar and exhibit opportunities, please contact Ms. Drue Hargis at
(209) 396-3237 or by email at dharpis@ agmd.gov.

September 27-28, 2017 at SCAQMD Headquarters

21845 Copley Dr. Diamond Bar. CA 51745

H u E E &ir Dy k&uﬂ-Ju%EtEEvEu:InnLlﬂlr .
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Thanks!

The AQ-SPEC Team

* Dr. Andrea Polidori

* Dr. Vasileios Papapostolou
» Brandon Feenstra

* Dr. Hang Zhang

* Berj Der Boghossian

 Dr. Olga Pickelnaya



Sensor Network Example - ISPEX

* Relatively cheap and inaccurate sensors can provide useful information
when used appropriately

« ISPEX
o ~%4 add-on for smart-phone cameras
o Measures Aerosol Optical Thickness to
estimate atmospheric aerosols!!!
o Daytime, cloud-free measurements only
o Project led by Frans Snik, Leiden
University (Netherlands)

entrance slit
polarization optics
collimator lens
transmission grating

camera lens
detector chip

MODIS
B.Jul 2013
16812

8 Jul 2013
14:00-21:00

o Thousands of (free) iISPEX used

Sfige 8= 5 05 to for three days in 2013
:: ;{; P e o Results comparable to ground-
o ) based, network, and satellite
AR . measurements

ISPEX Homepage



http://ispex.nl/en/
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