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Motivation

Years of life lost: 

PM2.5: 4 200 000

NO2 : 707 000

O3 : 160 000

Ammonium nitrate ~ 65 % of

particulate matter

25 Mrd. €

870 M€
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Targets

• Minimum detection limit: 1 ppm

• Robustness

• No moving parts

• Gas temperature 190°C

• Low production costs

Measurement principle

• Absorption spectroscopy in the deep

ultraviolet region

• Simple and robust technology

• Very high absorption features of NH3 and NO

• No interference to H2O, CO2 and CO

Light source

Optics Optics
Testcell Spectrometer
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Components

1. Lightsource

2. Spectrometer

3. Optical fiber

4. Test cell (path length 0.5 m)

5. Temperature and pressure sensors

6. Heating

7. Data acquisition

Measurement system

Sampling rate

NH3 and NO as fast as necessary

NO2: 1 Hz
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Measurement set-up

Chassis dynamometer Vehicle
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Lab- Measurements: Ammonia – comparison to FTIR

y_FTIR = 1.00285 y_uv -1.93

• FTIR-Standard measurement systems

• Engine exhaust + additional NH3

• Very good agreement

• Detection limit ~0.1 ppm
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NO – comparison to FTIR

Good agreement with FTIR

Lower Peaks @ ViF-system
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Diesel Euro 6dtemp

• NO-peaks at accelerationphases

• NO is the only gas detected with UV-spectroscopy in diesel exhaust gas

• Traces of N2O at coldstart

• Short episodes of NO2

Acknowledgement:
This dataset was generated by a 

test vehicle provided by AVL List 

GmBH and the authors want to 

express their thanks.
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Gasoline Euro 6c - Ammonia

• High ammonia emissions of gasoline engines
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Gasoline Euro 6c - NO 

• High NO emissions of gasoline engines during cold start phase



© VIRTUAL VEHICLE14.11.2019 A3PS – Diverse Powertrain Concepts for a carbon neutral future 12

Gasoline aromatic compounds

Benzene

Toluene

• UV-spectrumshows features of aromatic compounds
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Assessment of emissions

Not in the scope of

this study CO

Very high emissions of gasoline engines

@ cold start (some 10000 ppm)

Gasoline will never meet any regulation

N2O

https://en.wikipedia.org

Well known – diesel

engine more efficient

CO

CO2
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Comparison

About the same for both fuel

types – more highwaydata

needed for gasoline

CO

NO

Benzene

Found at gasoline engines C6H

6

https://en.wikipedia.org

High emissions of gasoline

engines @ cold start

Slip at SCR

CO

NH3

Found at Euro6c but not at 
Euro6dtemp vehicles NO2
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• Euro 6dfinal good enough for NO, NO2

• No further restriction needed

• Restriction of NH3 necessary

• Selective catalytic reduction: overdosing of urea

• Low Nox- emission→ limits are met

• Ammonia slip

• Isocyanic acid slip

• Restriction of N2O

• Problems for gasoline engines

Discussion

250 ppm NO
N2O

1000 ppm N2O
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Next steps

Miniaturization

Integration of N2O and HNCO

Detection limit 10 ppm
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• Measurement system based on absorption spectroscopy

• Deep ultraviolet region

• NH3, NO and NO2

• Diesel Euro 6c and Euro 6dtemp

• NO2 at Euro 6c but NOT at Euro 6dtemp

• Traces of NO2 and NH3

• NO main exhaust gas (besides CO2 and CO)

• Gasoline Euro 6c

• NO up to 400 ppm

• NH3 up to 150 ppm

• High amounts of N2O ~%-Level

• Traces of benzene and aromatic compounds

Summary
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BACK-UP



© VIRTUAL VEHICLE14.11.2019 A3PS – Diverse Powertrain Concepts for a carbon neutral future 21

Health effects

NO2

Mortality cardio vascular:    5966 ± 3935

Asthma: 439.000

Diabetes: 437.000

Rather large 

confidence intervall

Smoking HR ~ 1.93
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Qualitative risk assessment

Gas STE in ppm Level in ppm Ratio Annotation

NO2 6 2 0.333

NO 25 100 3 Precursor to NO2

N2O 400 50000 125

NH3 50 100 2

Isocyanic acid 0.02 ? ?

Benzene 4 2 0.5 carcinogen
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Nox-Limits are not always met

https://www.trend.at/branchen/auto-mobilitaet/nox-skandal-dieselauto-modelle-schadstoff-grenzwerten-7590976
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Calibration spectra

Additional Gases

• SO2 (already included)

• Benzene

• Toluene

• Xylene

• Focus on

• Isocyanic acid

• Nitrous oxide
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• FTIR gets 100 ppm

• PEMS gets 90 ppm

• Raw data: 

• Only error source is a unprecise calibration spectra

− Highly unlikey

Reference FTIR - ViF-System

Reference signal 100 

ppm

Signal < 100 ppm
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NO2 – Good agreement

ViF – less noise

NO2
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Vehicle classification in Austria


