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• On-going cooperation w sensor manufacturers for 

• characterization of MOS, GasFET sensors & pellistors

• improvement of sensitive layers
(sensitivity, stability, selectivity)

• thick film sensors and microsensors (Si, SiC)

• Development of “virtual multisensor systems”

• dynamic operating modes 
(i.e. temperature cycling, impedance spec.,...)

• multisensor signal processing 
to improve selectivity and stability

• Main application fields

• (Indoor) Air Quality

• Odor assessment and monitoring

• Early detection of smoldering fires

• Other activities include: 

• Leak detection, safety and security, …

• Students lab, PUSH, citizen science

> Research focus: gas measurement systems

October 29, 2018
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> Status of environmental monitoring
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• Fixed measurement stations with sophisticated analytical equipment 

– Excellent data quality, but only for relatively few pollutants
(CO, NOx, SO2, ozone, PM10, PM2.5, BTX, TVOC)

– High cost – very few measurement stations: typ. < 10 stations 
even for major cities, sparse measurements outside of cities

– Low temporal resolution, typ. hourly values, sometimes only 
daily, monthly or even annual averages

• Sensor technologies for environmental monitoring

– Low-cost, wide spectrum of target pollutants incl. odor 

– Mobile, personalized systems possible

– High temporal resolution

– Data quality often poor

– No standards for testing/quality control/comparison

➢ Combine both to achieve the best of both worlds!

October 29, 2018
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> Low cost gas sensors
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Source: 

Left: MiCS (now SGX)

http://www.slideshare.net/Yole_

Developpement/ams-avmlvp2-

voc-mems-gas-sensor-2015-

teardown-reverse-costing-

report-published-by-yole-

developpement

• Metal oxide (MOX) gas sensors

• High sensitivity (ppb level)

• Robust, low-cost

• Poor selectivity

• Electrochemical cells

• IR gas sensors (for CO2)
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> Example: benzene quantification

• Quantification based on TCO allowing 
discrimination of toluene, int. gases

• Quantification uncertainty for
benzene in pure air ~ 100 ppt

• Quantification uncertainty with full 
background variation ~ 1-2 ppb

gas background type concentration

humidity [%] variant 10; 25; 40

benzene [ppb] variant 0; 0.5; 1; 2; 3; 5; 10 

toluene [ppb] variant 0; 2; 20

CO [ppb] ubiquitous, variant 150; 500

methane [ppb] ubiquitous 1,840

hydrogen [ppb] ubiquitous 500

benzene in pure air 

with up to 2 ppb 

toluene

Full combination

Error for benzene 

measurements 

1-2 ppb

T. Sauerwald et al.: J. Sens. Sens. Syst., 7, 235–243, 2018, doi: 10.5194/jsss-7-235-2018
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Low-cost BTEX sensors:

Review and performances evaluation 

within the EURAMET Key-VOCs project 

Laurent Spinelle, Michel Gerboles, Gertjan 

Kok, Stefan Persijn and Tilman Sauerwald
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Conclusion

- European Air Quality Directive, Limit value for Benzene:

5µg/m3 or around 1 ppb.

- Over more than 50 references, only 5 commercial sensors and

4 prototypes were able to meet this target value.

Current commercial sensors are not fitted for the monitoring of 

benzene in ambient air.

Sensor t90 R2 Repeatability LoD LoQ Toluene Xylene Organics

C
o

m
m

er
ci

al
s

CH2O 0.4040 6.98 ppb 16.66 ppb 55.52 ppb 112% 66% 119%

ETO 0.9606 2.09 105 ppb 2.37 107 ppb 7.89 107 ppb 33% 43% 340%

VM 0.8736 5.97 ppb 31.92 ppb 106.40 ppb 124% 139% 80%

PIDAH 0.8917 38.31 ppb 142.08 ppb 473.60 ppb 212% 18% 274%

PiDTECH 6.33 min 0.9924 1.98 ppb 31.43 ppb 104.76 ppb >100% >100% >100%

P
ro

to
ty

p
es

MOS+TCO 5 min 0.8992 4.99 ppb 15.05 ppb 50.18 ppb 6% 77% 1%

Tiger_Select 0.8011 3.87 ppb 22.48 ppb 74.92 ppb 186% 49% 86%

miniGC 35 min 0.9982 2.81 ppb 0.15 ppb 0.52 ppb 2% 9% 0%

SiC-FET 0.9334 14.58 ppb 48.31 ppb 161.05 ppb 44% 138% 40%
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• Sensor network at Heathrow airport

> Network deployment: fixed monitoring stations

Source: Rod Jones, EuNetAir meeting Istanbul, Dec 2014
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> Network deployment: fixed monitoring stations
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> Network deployment: fixed monitoring stations
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• Sensor network for odor nuisance 
monitoring (“Warndt project”)

Source: 3S, Warndt project, final presentation, 22.10.2015

air outlet
air inlet

wind sensor power supply
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Source: Jan Theunis, EuNetAir meeting Rome, Dec 2012

• Example: SensorBox, project 
EveryAware

• 10 sensor e-nose –
7 sensors which react on 
traffic pollution

• Ozone, Temperature and RH 
for sensor correction

Air Sensing Round Table    – FrankfurtOctober 29, 2018

> Network deployment: mobile monitoring stations
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> MOX gas sensors go digital

Source: 
http://www.mems.me/mems/device_analysis_201802/6047.html

New generation of MOX gas sensors: integrated gas measurement for IoT

MEMS gas sensor(s) combined with ASIC for 
dynamic operation (TCO) and signal processing

• Bosch Sensortec BME680 (since 2017)
MOX gas sensor, pressure, temp., rel. humidity
→ environmental sensor unit (3 * 3 * 1 mm³)

• Sensirion SGP30 (since this summer)
four gas sensing layers on CMOS-hotplate 
(2,45*2,45*0,9 mm3, DFN package)

• Austria Microsystems CCS811 (since 2017) 
2,7 * 4,0 * 1,1 mm³ LGA

• Integrated Device Technology Inc. (IDT)
ZMOD4410, since this summer
3 * 3 * 0.7 mm³, power req. <14 mW

typically I2C interface and output values 
for eCO2 / eTVOC (equivalent/estimated)
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Source: Wikipedia: Operational Street 

Pollution Model, Department of Atmospheric 

Environment, Aarhus University

• Fixed monitoring stations provide very sparse data

• Insufficient to capture all causes and effects

→ sometimes relative measurements are sufficient!

Source: Rod Jones, U Cambridge

> Benefit of mobile phone sensors
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> Gas measurement systems - more than sensors
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Differences between analytical and sensor systems

• Higher temporal and spatial resolution possible

• Cross sensitivities → multiparameter measurements required

• Reduced absolute accuracy, but relative measurements possible

• On-site/on-the-fly/in network recalibration possible
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> Environmental monitoring in the future
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High-
performance 

fixed 
monitoring 

stations

Low-cost, 
ubiquitous 

sensor
technologies

Data analysis, 
modelling, 

simulation and 
visualization

Environmental 
information services

Our approach and vision:

• Collaboration: 
scientific communities in 
environmental monitoring, 
sensors, data analysis and 
information services need 
to join forces

• Complementarity: 
sensor technologies will 
not replace analytical 
measurements, but 
enhance their value

• Awareness influences 
behavior: Improved 
information will lead to 
more environment-friendly 
actions and reduce our 
eco impact
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