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Erratum note 
(regarding PM measurements on small hand held machinery carried out by order of Association 
for Emissions Control by Catalyst AISBL in the period from Oct. 16th 2012 to Nov. 15th 2012) 
 
 

The calculation of the absolutely emitted particulate mass based on the mass adherent to the 

filter plates shows a basic error. To be able to calculate the entire particulate mass, the overall 

volume through the dilution tunnel, as well as the partial flow over the filter plate is required. 

The used CVS system records both volumes separately. The record of the overall volume being 

collected throughout an entire test is stopped after bag sampling time is over and is then 

automatically transferred to the data logging system. 

To achieve sufficient deposits on the filter plates, the particulate mass sampling time had to be 

increased from 3 minutes (standard bag sampling time) to 10 minutes. 

The automatic transfer of volume information derived from the bag sampling process (instead of 

the information from the particulate mass sampling process) led to a wrong dilution ratio which 

was used for the calculation of the overall particulate mass. 

Since this calculation error is systematic and was not detected during the test campaign, all the 

results of particulate mass per volume, and kWh respectively, are incorrect. The effective PM 

values are by the factor 3.333 (10/3) higher than the previously published data. The relative 

relations between the different test carriers are not affected by this error. 

 

 

 

Sincerely, 
 
 
 
 
Ass.Prof. Dr. R. Kirchberger 



Association for Emissions Control  

by Catalyst (AECC) AISBL 
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AECC members: European emissions control companies  

Technology for exhaust emissions control for cars, buses and 
commercial vehicles, and an increasing number of non-road  

mobile machinery applications and motorcycles. 



Introduction 

• Small Hand-Held (SHH) equipment is 

regulated through the Non-Road Mobile 

Machinery (NRMM) Directive 97/68/EC 

(chainsaws, leaf blowers, etc.) 

• Contribution to air pollution inventory 

may not be predominant but 

occupational health is of primary 

concern with hand-held Non-Road 

Mobile Machinery. 

• Objective of AECC test program: 

demonstrate emission levels of Small 

Hand-Held state-of-the art equipment 

available in Europe, including low-cost 

import from Asia. 
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Test Plan and Selection of Engines 

• Evaluate state-of-the-art engines used in SHH applications. 

• Regulated pollutants (HC, CO, NOx) according to Directive 97/68/EC. 

• PM mass and particles number according to Light-duty PMP protocol. 

• PM size distribution by SMPS on engines N°2 and 3. 
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Test Bench Set-up 

6 



e
n

g
in

e
s
p

e
e
d

 [
rp

m
]

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

10000

time [s]

100 400 700 1000 1300 1600 1900 2200

e
x
h

a
u

s
t 

g
a
s
 t

e
m

p
e
ra

tu
re

 [
°C

]

0

100

200

300

400

500

600

700

s
p

a
rk

 p
lu

g
 s

e
a
t 

te
m

p
e
ra

tu
re

 [
°C

]

0

50

100

150

200

250

  engine speed
  exhaust gas temperature
  spark plug seat temperature

IDLE WOT 

PM sampling PM sampling 

e
n

g
in

e
 s

ta
rt

 

W
a

rm
-u

p
 

b
a

g
 s

a
m

p
li

n
g

 

b
a

g
 s

a
m

p
li

n
g

 

PM sampled for 10 minutes 

Measurement Procedure adapted for 

PM Sampling (3 repeats) 
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Evaporation Tube Temperature Impact 

• Because of high quantity of volatiles adsorbed to PM, particles number 

was measured in 2 configurations of the evaporation tube: 350°C (Light-

duty PMP procedure) and 500°C. 

• Gas temperature was 220°C and 300°C respectively 

 

 

 

 

 

 

 

 

 
• No impact on PM number measured. 
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Tests Results: calculated Air-Fuel Ratio 

• All engines run rich, between 

0.7 and 0.9 l. 

• A/F ratio of the low-cost 

engine is the richer and the 

less controlled (larger error 

bar). 
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Tests Results: Exhaust Gas Temperature 
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Tests Results: PM Mass Emissions 

• PM mass results are repeatable. 

• PM mass level depends on 

engine working principle. 

• PM vary from 18 to 410 mg/kWh. 

• Presence of catalyst on 2-stroke 

engines (n°3 & 4) reduces PM 

mass. 
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Tests Results: Particle Number Emissions 

• PN vary from 2x1012 to 

5x1014/kWh. 

• PN emissions level depends on 

engine working principle. 

• PN levels are of the order of 

magnitude of non-DPF equipped 

diesel engines. 

• Presence of catalyst on 2S 

engine can reduce PN. 
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PM Size Distribution 

• Size distribution of PM 

emissions from engines n°2 

and 3 were evaluated with an 

SMPS. Particles were 

sampled directly from the 

CVS. 

• Particles emitted at idle are 

smaller than those emitted at 

full load. 

• There is no clear evidence if 

the difference in mean 

particle size is based on the 

different combustion process 

or on the oxidation of SOF by 

the catalyst 
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Effect of Oil on PM/PN Emissions 

• The low-cost 2S engine was tested also with mineral oil (OEM 

recommendation). 

• Compared to synthetic oil, PM mass doubled but Particles Number was 

stable when mineral oil was used. 
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PM Chemical Composition 
• Elemental Carbon (EC) and Organic Carbon (OC) fractions measured by 

Thermo-Gravimetric Analysis 
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Conclusions 

• 6 state-of-the-art engines of Small Hand-Held equipment available 

in EU have been evaluated. 

• Adapted emissions measurement method, based on PMP 

automotive standards, provided repeatable results for PM and PN. 

• PM and PN emissions depend on working principle and on 

lubrication method and oil quality. Separation of fuel and oil 

strongly helps reducing both PM and PN.  

• PM and PN were high due to the rich operation of the engines. 

Results were equivalent or higher than for typical diesel engines 

without a DPF. 

• Particles emitted at idle were smaller than at full load. 

• For all engines and operating points, less than 20% of PM was 

elemental carbon. 
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Thank you...  

OE manufacturer, TU Graz 
and the AECC Members 

...and you for your attention 
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