
HAPEx
A low cost PM sensor to 

measure exposure from solid 
fuels



I) PRESENTATION



Specifications

• PM range: 10ug/m3 to 50,000 ug/m3

• Size: 2.5”*1”*1.3”  (1.4 oz)

• Passive: rely on natural convection/diffusion

• GP2Y1010 (IR 950nm, 60⁰ scattering)

• Accelerometer: compliance

• Battery Life: 5 years (2.6 millions sample)

• Low Cost: US$120



User Interface

• Simple

• Wireless

• Touchscreen



User Interface

• Simple

• Wireless

• Touchscreen

• Real Time streaming

• Up to 20 sensors simultaneously



II) APPLICATIONS



HAPEx field deployment location

Measurement in 12 countries: 1,000+ households



Kitchen’s PM distribution Study

• Aprovecho Research Center & Oregon State University

• Distribution of PM cookstove emissions in a test 

kitchen

• 33 HAPEx – 1 per m3



III) PERFORMANCE



Inter Device variability: before calibration
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Inter Device variability: after calibration
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Limit of detection
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HAPEx Lab Testing

Source: Transparent Climate and Health Metrics: An open Data Dashboard and Wireless Platform for Cookstove Monitoring,
Nexleaf, 2017



Lab Correlation with GRIMM OPC

Source: Transparent Climate and Health Metrics: An open Data Dashboard and Wireless Platform for Cookstove Monitoring,
Nexleaf, 2017



y = 2.0149x
R² = 0.7967
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y = 2.5265x
R² = 0.75

0

200

400

600

800

1000

1200

0 100 200 300

G
ra

vi
m

e
tr

ic
 (

u
g/

m
3

)
HAPEx (raw unit)

Hapex field calibration from Open 
Fire

Sources: Mike Hatfield, Sam Bentson 2017 Aprovecho Research Center – ETHOS 2017

Field correlation with 48h Gravimetric  



IV) LIMITS



Influence of Environmental parameters

• Influence of RH is strong above 60%

• Dust (larger than 2.5um)
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Source dependent Sensitivity

WOOD HUSK LPG

Source: Pokhrel, et al. PM2.5 in household kitchens of Bhaktapur, Nepal, using four
different cooking fuels, Atmospheric Environment (2015), doi: 10.1016/j.atmosenv.2015.04.060 

Example of UCB PATS in Nepal

y=0.0258x+49.56 y=0.038x-68.3 y=0.015x+12.89



Kitchen Air Pollution vs Cook Exposure (Kenya)
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V) SOLUTIONS
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Source Specific Calibration
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Hardware Solution - HAPEx “Pro”

• Active Sensor

• Size selective Inlet

• Self Zero (flush clean air)

• RH correction

• Oversampling



THANK YOU!


