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The Case for NGEM 1
What is NGEM?  – What can it do?
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• Some industrial air pollution sources have higher emission uncertainty because they can 
be spatially variable and randomly occurring (e.g., fugitive leaks, malfunctions)

• These sources have the potential to create environmental and health impacts to workers 
and nearby populations; emissions uncertainty presents challenges for decision makers

• Emerging Next Generation Emission Measurement (NGEM) approaches can help 
industry, regulators, and communities: 

• Improve knowledge of emissions sources

• Reduce emissions by quickly identifying those in need of repair

• Assist near-source communities in understanding the air they breathe



The Case for NGEM 2 
How can NGEM assist Environmental Agencies ?
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NGEM can help:

• Improve emission inventory data for fugitive/stochastic emissions

• Enable new source management strategies

• Inform new regulatory and compliance approaches

• Improve exposure assessments to protect community health

• Build trust with fenceline communities through increased transparency



Use new measurement technologies to reduce emissions, 
enhance worker safety, improve air quality, and support 

community wellbeing

Image credits: pngtree.com (school), thenounproject.com (truck, city), flaticon.com (fence, repair man), iconscout.com, vectorStock.com (wind sock, factory), istock.com (flag, houses), iconsdb.com (trees)

Goals of NGEM
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The Many Forms of NGEM
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Participatory Science 
(EPA Odor Explore App)

Near-source Sampling

Field Instruments

Mobile 
Measurements

Airborne and Satellite

Open-path Fenceline

Optical Gas Imaging

Fenceline Sensors 

In-plant Sensors
Hazardous areas

Today’s Focus



EPA Refinery 
Fenceline

Monitoring

Optical Gas 
Imaging in Oil and 
Gas Applications

South Coast AQMD 
Fenceline Air 
Monitoring        
Rule 1180

Government of 
Canada Regulation 
on release of VOCs

California Air 
Pollution Assembly 

Bill 

Bay Area AQMD 
Petroleum Refining 
Emissions Tracking

Colorado Act 
Concerning 

Emission of Air 
Toxics

Ontario Regulation 
on Air Pollution 

and Local Air 
Quality

Regulations are Starting to use NGEM
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AQMD = Air Quality Monitoring District
VOCs = Volatile Organic Compounds

https://leg.colorado.gov/bills/hb21-1189
http://www.aqmd.gov/home/rules-compliance/rules/support-documents/rule-1180-refinery-fenceline-monitoring-plans
https://www.baaqmd.gov/rules-and-compliance/rules/regulation-12-rule-15--petroleum-refining-emissions-tracking?rule_version=2021%20Amendment
https://www.ontario.ca/document/technical-standards-manage-air-pollution/petroleum-refining-industry-standard
https://gazette.gc.ca/rp-pr/p1/2017/2017-05-27/html/reg2-eng.html
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201720180AB1647
https://www.federalregister.gov/documents/2020/02/04/2020-01108/national-emission-standards-for-hazardous-air-pollutants-petroleum-refinery-sector
https://www.epa.gov/controlling-air-pollution-oil-and-natural-gas-industry/epa-webinar-proposed-optical-gas-imaging


Emission
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In-community 
Measurements

NGEM Approaches Vary by Distance to Source

Today’s Focus

Fenceline Sensors

In-plant Leak Detection

Hazardous 
Area Rated

Fenceline
Monitoring

Not Hazardous 
Area Rated
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Application Purpose Sensor/Instrument Needs

Fenceline Detect and 
characterize  
VOC emissions 

• Fast response is important

• Accuracy and sensor baseline 
drift not as important

Community Quantify 
ambient VOC 
levels

• Fast response not as 
important 

• Precise and accurate 
measurements required; 
speciation helpful

Fenceline

Community 

Higher, faster source signal

Lower, slower source signal

Source Emission Plumes Change with Distance 
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VOC = Volatile Organic Compound



Adapted from: Thoma, et al. "Rubbertown next generation emissions measurement demonstration project." Int. J. Environ. Res. Public Health 16.11 (2019): 2041.

VOC = Volatile Organic Compound Environmental Conditions Impact Baseline Drift

Sensor Data Analysis Changes with Distance  
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https://cfpub.epa.gov/si/si_public_record_Report.cfm?dirEntryId=346341&Lab=NRMRL


1
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Fenceline-style (time-based) baseline correction 
isolates emission plumes from sensor drift and 
calibration offset

But also removes some VOC airshed signal
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SPod and Leak Detection Sensor Development
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In-plant Leak 
Detection Sensors 

CRADA*

Time (years)

EPA Prototype 
SPod Research

SPod Fact Sheet

EPA Initial 
SPod Research

Ongoing SPod 
Research and 

Analytics

*CRADA = Cooperative Research and Development Agreement

chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/19january2017snapshot.epa.gov/sites/production/files/2016-04/documents/spod_fact_sheet.pdf
https://cfpub.epa.gov/si/si_public_record_report.cfm?dirEntryId=354782&Lab=CEMM&simplesearch=0&showcriteria=2&sortby=pubDate&searchall=fenceline&timstype=&datebeginpublishedpresented=07/21/2020
https://www.youtube.com/watch?v=jUTQrVVTYNg
https://cfpub.epa.gov/si/si_public_record_report.cfm?Lab=CEMM&dirEntryId=350905
https://cfpub.epa.gov/si/si_public_record_Report.cfm?dirEntryId=346341&Lab=NRMRL
https://www.tandfonline.com/doi/full/10.1080/10962247.2016.1184724
https://www.youtube.com/watch?v=ACFm8-WhMRU
https://agu.confex.com/agu/fm22/meetingapp.cgi/Paper/1108865
https://cfpub.epa.gov/si/si_public_record_report.cfm?Lab=NRMRL&dirEntryId=345124


Prototype VOC Fenceline Sensor Pod (SPod)
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• SPod combines 1 Hz wind measurements with non-
speciated volatile organic compound (VOC) data to 
help detect and locate source emissions plumes

• SPod can automatically trigger a canister grab sample 
while in an emission plume for laboratory speciation 

• EPA’s prototype open-source SPod fenceline design is 
now being commercialized

• Current SPods use a heated 10.6 eV photoionization 
detector (PID) sensor element (detects select VOCs) 

• Similar concepts to SPod are now available for other 
compounds like methane

Sonic 
Anemometer

PID Sensor

Canister

Canister 
Trigger
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• Modulated VOC time series is caused by emission plume moving on and off the SPod

• Combine VOC and wind data to inform source location

• This source is northeast of the SPod site 

SPod VOC Emission Detection and Location
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Source Direction 
Indicator (SDI) Plot

Median 

ppbv



Image from Bing Maps 

Rubbertown NGEM Demonstration Project
SPod Site located near a facility in west Louisville, KY

Images from: MacDonald, M.; Thoma, E.; George, I.; Duvall, R. Demonstration of VOC 
Fenceline Sensors and Canister Grab Sampling near Chemical Facilities in Louisville, 
Kentucky. Sensors 2022, 22, 3480. https://doi.org/10.3390/s22093480

SPod 1

Source Direction Indicator (SDI)
Two EPA SPods with different 10.6 
PID sensors were compared over 
19 months and over 200,000 
time-aligned 5-minute datapoints

SPod 2

SPod 2

SPod 1
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SPod Canister Trigger               
13:55:31 to 13:56:11
1,3-butadiene = 36 ppbv
cyclohexane = 637 ppbv
other compounds low 

SPod-triggered 
Canister from 

Rubbertown Study  



Informing VOC Emissions from Storage Tanks

SPods provide wind and VOC data on source direction

2 SPods and 4 

canister grabs

Billboard Deployment 

Solar-powered Deployment 

OGI

Commercial SPods 

based on EPA open-

source design

VOC ppb

• SPod fenceline sensors and triggered grab samples

• Greensboro, NC study in process (4 sites)

• Optical gas imaging (OGI) visualization

• Inverse source modelling 

Lab Sample

17
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Site 1
- 4 sensors (2 collocated)
- 10/26/21 – 10/17/22
- 178,468 5-min values

Site 1A
- 1 sensor
- 6/30/22 – 9/27/22
- 13,720 5-min values

SPod Signal Triangulation
SPod Sites located near a terminal storage facilities in Greensboro, NC



Standardizing SPods Methods 
Transition from prototype to commercial forms

1
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• Wider SPod adoption requires standard procedures and commercial 
availability 

• Emerging commercial SPods offer robustness and communication 
advantages over the home-made EPA prototype SPods

• EPA is currently using one commercial VOC fenceline sensor for near-term 
field work (the Sensit SPOD)*

• This sensor performed acceptably in EPA fenceline collocated precision 
studies and replicates aspects of EPA’s open-source SPod design

• EPA continues development of open-source fenceline methods and 
analysis software that can work with any similar commercial SPod-type 
sensor 

*EPA’s current use of the Sensit SPOD dose not constitute an endorsement or 
recommendation for use (your application needs may vary) 

EPA Prototype SPod 

Sensit Commercial SPod 



Standardizing SPod Deployment 

1
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Quality 
Assurance 

Checks 

Power Options 

Mounting 
Options 

Isobutylene 
calibration gas

Solar or land 
power

Ground or elevated  
mounting (e.g., billboard) 

with canister enclosure



Canister Grab Samples 

1
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• SPods can automatically trigger a 
canister grab sample 

• User-defined VOC trigger thresholds 
or triggered by wind sector

• We use “mini-cans” for the grab 
samples (easy to ship)

• Canisters analyzed in the Laboratory  
(e.g., TO-15 Method)

• Speciated VOC data can be compared 
to PID response factors to calibrate 
plume response

chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www3.epa.gov/ttnamti1/files/ambient/airtox/to-15r.pdf
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.fieldenvironmental.com/assets/files/Literature/Ion-Science-PID-Response-Factors.pdf


SPod Data Processing (SENTINEL)

1
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1
• Download raw data from Sensit Connect and store in a file system

2
• Access all code via bitbucket repository 

3
• Process data with processing script and store in 10 sec/ 5 min folders

4
• Use these files in the SENTINEL App to analyze data over time  

5
• Output reports, images, and quality assurance tables for specific times 

SENTINEL = SEnsor NeTwork Intelligent Emissions Locator



SENTINEL Data Processing App                                                                                    
User-friendly, Automated Quality Assurance (QA), Batch-processing, Visualization

Interactive dashboard 
to view SPods

User Menu
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Integrated Maps

Upload data files



SENTINEL Data Processing App                                                                                    
User-friendly, Automated Quality Assurance (QA), Batch-processing, Visualization

PDF report generator
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QA Records
This sensor 
needs to 
be zeroed. 

If a canister is triggered, codes will 
appear here



EPA Region 4 Sensor Loan Program

• EPA Region 4 Program to loan commercial 
SPods to state and local partners*

• Sensor kit with all supplies for deployment

• SPod/tripod/solar panel

• Canister grab sample system

• Calibration gear

• SENTINEL open-source data analysis code

• Technical guidance and assistance provided

• SPod Operating Procedures 

• SENTINEL App User Guide
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*Anticipated program launch in Fall 2022
R4 contacts Jake Carpenter Carpenter.Jacob@epa.gov
and Ryan Brown, Brown.Ryan@epa.gov

mailto:Carpenter.Jacob@epa.gov
mailto:Brown.Ryan@epa.gov


SPod Resources for Loan Program

SPod SOP SENTINEL User Guide
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Take Home Messages

1

• NGEM approaches (like the SPod fenceline sensor) can help us 
understand industrial air pollution sources, creating benefit for 
industry, regulators, and communities

• EPA’s SENTINEL open-source data analysis code helps users make 
sense of complex fenceline sensor data (development continues)

• Commercial VOC fenceline sensors (like EPA’s SPod) are becoming 
available to early adopters through efforts like the EPA Region 4 
SPod loan program
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SPod Fenceline Sensor and NGEM Impact

1

28

Industry 
• Safety and product loss
• Efficient work practices
• Lower regulatory burden
• Improved public relations 
• Monetization (future)

Communities
• Reduced exposure
• Improved Air Quality 
• Empowerment 

• Environmental Justice

NGEM = 
actionable  
information

NGEM information 
unlocks benefits for 
multiple groups:

Regulators
• Source knowledge 
• SIPs, HAPs, Permits
• New regulatory tools 
• Improved inventories
• Compliance (verified)

SIPs = State Implementation Plans
HAPs = Hazardous Air Pollutants 



Ongoing Research on Near-source Sensing

• Test commercial SPod-type sensors

• Improve open-source analytics
• SENTINEL App advancements

• Automated processing and QA

• Multiple node triangulation

• Develop better inverse modeling
• Source emission estimation

• Integrate other near-source data
• Mobile data 

• EPA’s Odor Explore App data

Prototype inverse model
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https://www.epa.gov/air-research/odor-explore-participatory-science-project-using-mobile-app-and-new-measurement
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• Jacobs Technology: Brittany Thomas, Jerome Gilberry, Russell Logan, Garrett Wiley, Mark Holland
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SPod Contributor Acknowledgements
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EPA ORD SPod Contacts
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The views expressed in this presentation are those of the authors and do not necessarily reflect the views or policies of the US EPA. Any mention of trade names, 
products, or services does not imply an endorsement by the US Government or EPA. EPA does not endorse any commercial products, services, or enterprises.31

NGEM website

mailto:macdonald.megan@epa.gov
mailto:thoma.megan@epa.gov
https://www.epa.gov/air-research/next-generation-emission-measurement-ngem-research-fugitive-air-pollution


NGEM at Work Wind

Leak Detection Sensor Networks 

located near sources 
Source: Microsoft Bing Maps (© Microsoft Corporation  Pictometry Bird’s Eye © 2010  
Pictometry International Corp )

SPod Fenceline Sensors
Improve source understanding and community protection
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Thanks!




