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Motivation

• Stara’s working machines are used to construct and 
maintain the streets as well as various tasks in the 
parks of Helsinki

• Here focus was to study, what are the air quality 
related emissions if regular diesel fuel is replaced by 
renewable diesel fuel

• We conducted real operation mimicing PEMS 
measurements of exhaust particle emissions from 
two loaders of Stara
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TUT-PEMS

Platform for different 

exhaust emission 

measurements

(Järvinen et al. ETH conference, 2015)



Dilution options in TUT-PEMS
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Heated dilution

(porous tube / ejector)

Cold sampling (porous tube) /

Plume sampling



Loaders in tests
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Wille 355B Wille 855C



Measurement procedure designed based 

on discussions with the operators
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Properties of the two fuels used in the 

tests
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EN590 B7 Neste MY Renewable Diesel



Particle measurement
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• Dilution with double ejector system

– Primary dilution air heated to 150 °C

– Secondary dilution air at ~ 15 °C

– Dilution ratio based on CO2-concentrations

• From PEMS control unit:

– Filtered dilution air flow

– Dilution air heating

– CO2-concentration measurements from different 

sampling locations

• Particle instrumentation used here

– Airmodus A20 CPC, > 7 nm particle number

– TSI EEPS, 5.6-560 nm particle size distribution

– TSI NSAM particle surface area monitor
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Determining dilution ratio
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In the end we used constant dilution ratios for each test



Exhaust particle number concentration (NC) and mass concentration 

(MC) during the test cycle for the 355b loader using 

EN590 B7 and Neste MY Renewable Diesel
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load
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Exhaust particle number and mass 

concentrations during different activities



Particle size distributions from EEPS
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In general:

Larger soot 

mode 

particles 

with EN590 



Effects of fuel in particle emissions 

when changing the fuel
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Changes are calculated using units #/(kWh_fuel) ja mg/(kWh_fuel)



Summary

• Reduction of particle number emissions was observed in 

most activities when fuel was changed to renewable

• Reduction in mass emission was observed for both 

loaders during all activities, which is a result of the 

smaller average particle size 

• The smaller particle size may arise from the higher 

cetane number (79 vs. 57) and lower aromatic content 

(0.3 vs. 15 wt-%) 
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