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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. 16™ 2012 to Nov. 15" 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,

Aé’s%I{rof. Dr. R. Kirchberger

/

Inffeldgasse 19, A-8010 Graz, Austria
Tel.: +43 (316) 873-30001 « Fax: +43 (316) 873-30002
http://fvt.tugraz.at
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Association for Emissions Control
by Catalyst (AECC) AIsBL

AECC members: European emissions control companies

1 -BASF CORNING EITTEC

BIDEN CO.LTD. Johnson Matthey

% ‘ r10dia  umicore

PG Member of the Solvay group Automaolive
Catalysts
Technology for exhaust emissions control on all new cars

(OEM and Aftermarket) and an increasing number of
buses & commercial vehicles, non-road applications and motorcycles.
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Introduction =N
D\

« Small hand-held equipment are
regulated through the NRMM
Directive 97/68/EC (chainsaws, leaf

blowers, etc.) :
e Contribution to air pollution i

Inventory may not be predominant
but occupational health is of
primary concern with hand-held
Non-Road Mobile Machinery.

* ODbjective of test program was to
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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PM mass and number according to LD-PMP protocol.

Test Plan and Selection of Engines

Evaluate state-of-the-art engines used in SHH applications.
Regulated pollutant (HC, CO, NOx) according to Directive 97/68/EC.

PM size distribution by SMPS on engines N°2 and 3.

Specifications rpm rpr'n . Mlxtun.e 0il/Fuel mixture ratio Catalyst
certification preparation
- |
4 stroke Engine displ. [em*®) 25.0 max 11000 separated lubrication
1 drysump lubricated 7000 carburetor 10W30 NO
without catalyst Power rating [kw] 0.74 idle 2800
4 stroke Engine displ. [CITIS] 28.4 max 10200
fuel/oil mixture lubricated 8000 carburetor synthetic oil 1:50 NO
without catalyst Power rating (kW] 0.96 idle 2800
3
2 StI'OkE Engine displ. [em”] 22.0 max S000 . . wiremesh
fuel/oil mixture lubricated 7900 carburetor synthetic oil 1:50 catalvst
with catalyst Power rating [kW] 0.62 idle 2800 Y
2 stroke Engine displ. [em?] 45 max 8000 synthetic oil 1:50 wiremesh
4 fuel/oil mixture lubricated 8000 carburetor catalyst
with catalyst Power rating [kW] 1.41 idle 2800 mineral oil 1:40
2 ;troke | Engine displ. [cm®] 59.0 | max 13000
5 fuelﬂ'DllTxLurE lubricated 10000 carburetor synthetic oil 1:50 NO
stratified scavening Power rating [kW] i
without catalyst ¢ 3.4 idle 2800
.2 ;troke | Engine displ. [cm®] 722 | max 10100
fuel/cil mixture lubricated 9500 fuel injection synthetic oil 1:50 NO
fl..lElIII'I]EGtICII'I system Power rating[kw] 4.03 idle 2500
without catalyst
5
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Directive 97/68/EC as amended

Stage II (*
Class/category Displacement (cubic cm) = *)
Hand-held engines < 20 . Sum of hydrocarbons and
Class SH'1 Class Carbon monoxide (CO) oxides of nitrogen (g/kWh)
ass SH: (2/kWh)
Class SH:2 > 20 0 e HC + NO,
< 50
_ - SH:1 805 50
Class SH:3 = 50 6 6
Non-hand-held engines = 66
Class SN:1
SH:3 603 72
Class SN:2 > 66
= 100
SN:1 610 50.0
Class SN:3 = 100
= 225 SN2 610 40,0
Class SN:4 = 225
SN:3 610 16.1
4. TYPE-APPROVALS STAGE I SN 610 12.1
Member States shall refuse to grant type-approval for an engine type or o B
engine family and to issue the documents as described in Annex VII, N L . . i
and shall refuse to grant any other type-approval for non-road mobile (*) See Annex 4. Appendix 4: deterioration factors included.
machinery in which an engine is installed:
- > 4 3 . J-7
after 1 August 2004 for engine classes SN:1 and SN:2 I The NO, emissions for all engine classes must not exceed I
10 2/kWh.
after 1 August 2006 for engine class SN:4
after 1 August 2007 for engine classes SH:1. SH:2 and SN:3 Cycle G3
after 1 August 2008 for engine class SH:3. Mode number 1 2
if the engine fails to meet the requirements specified in this Directive Engine speed Rated speed Intermediate Speed Low-idle
and where the emissions of gaseous pollutants from the engine do not speed
romnby with the lmir velnes ac ceof nnt in tha rahle in certinn 4 2 7 2 of
Notwithstanding the first subparagraph. an extension of the derogation Load % 100 0
1 is er il 3 r 2013, withi gory . -
eriod 1s granted until 31 July 2013. w 1(111.11 T.h? category of top handle Weighting 0.85 (*) 0.15 (%)
machines, Ior professional use. multi-positional. hand-held hedge Eactor
trimmers and top handle tree service chainsaws in which engines of

classes SH:2 and SH:3 are installed.
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engine power [KW]

N
o
x

Engine Power at Rated Speed

idle speed

4 stroke

drysump lubricated
without catalyst

4 stroke

fuelfoil mixture lubricated
without catalyst

2 stroke

fuelfoil mixture lubricated
with catalyst

2 stroke

fuelfoil mixture lubricated
with catalyst

2 stroke
fuel/oil mixture lubricated
stratified scavening
without catalyst

2 stroke
fuelfoil mixture lubricated
fuelinjection system
without catalyst

T T I
6000 8000 10000

engine speed [rpm]

T
4000
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Open Constant Volume Sampling
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Open Constant Volume Sampling

THC | ]
] |
Cco exhaust ambient

mgx gas alr
Bag sampling

3 Conv. emission
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Dilution tunnel
L

@

PM sampling
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Open Constant Volume Sampling

PN sampling |

PND, :Cold Dilution PND] :Hot Dilution
ey
H pND, BND;

{

hf

exhaust

gas

ambient
air

Bag sampling

| |CPCl—r & = EU ==
i @150¢3
VPR
Fa vaporation .-_"._ i 1
able T Un

e Evaporation tube temperature
Increased to 500°C to remove

most volatiles.
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Evaporation Tube Temperature Impact

« Because of high quantity of volatiles adsorbed to PM, the PM number
was measured in 2 configurations of the evaporation tube: 350°C (LD-

PMP procedure) and 500°C.
e Gas temperature was 220°C and 300°C respectively

12000

10000 : A ﬂ Q : p ~ m
SN\
8000 r'\/ ~/

6000 —gvaporation tube temperature 350°C

—gVvaporation tube temperature 500°C

4000

PN [#/cm?] 60001pm dillution

2000

0
0 10 20 30 40 50 60 70 80 20 100
time [s]

« No impact on PM number measured.
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enginespeed [rpm]

Measurement Procedure adapted for PM
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Tests Results: Fuel Consumption

700
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300

200

Fuel consumption [g/kWh]

100

1500

4 stroke
dry sump lubricated
without catalyst

4 stroke

fuel/oil mixture lubricated
without catalyst

2 stroke

fuel/oil mixture lubricated
with catalyst

2 stroke

fuel/oil mixture lubricated
with catalyst

2 stroke

fuelfoil mixture lubricated
stratified scavening
without catalyst

> Ji o B ~ ISRl -

2 stroke
fuel/oil mixture lubricated
fuelinjection system
without catalyst

0 - 1000

500

_ 0 -
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Tests Results: calculated Air-Fuel Ratio

« All engines run rich, between 1
0.7 and 0.9. 0o
« A/F ratio of the low-cost ’
engine is the richer and the 0.8
less controlled (largererror o o, B | [| | i 0
bar). S | Gt |
2 0,6
IR | IR [ L
without catalyst "E 05
4 stroke <L i
fuel{oi! mixture lubricated E I I I I I I I I I I I
without catalyst E 0’4
o | Pl
i | LR Ll
2 stroke
.| EEEEL L LEL)
2 stroke - | - - - [
e A NONIRORZIRON I JOR_INON I R5
<EEREEEREEI
E 2 stroke 0
fuel/oil mixture lubricated
fuelinjection system
without catalyst
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exhaust gas temperature [°C]
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Tests Results: Exhaust Gas Temperature

800

700

600

500

400

300

exhaust gas temperature [°C]

200

| e

4 stroke
drysump lubricated
without catalyst

100

4 stroke
fuel/oil mixture lubricated
without catalyst

2 stroke

fuel/oil mixture lubricated
with catalyst

2 stroke

fuel/oil mixture lubricated
with catalyst

2 stroke

fuel/oil mixture lubricated
stratified scavening
without catalyst
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2 stroke
fuel/oil mixture lubricated
fuelinjection system
without catalyst
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Tests Results: CO Emissions

600

300

4 stroke

drysump lubricated
without catalyst

4 stroke

fuelfoil mixture lubricated
without catalyst

100

fuelfoil mixture lubricated
fuelinjection system
without catalyst

< 400

E 2 stroke

"‘Eﬁ 3 fuelfoil mixture lubricated

— with catalyst

c

o 300 2 stroke

a 4 fuel/oil mixture lubricated

E with catalyst

8 2 stroke

) 200 5 fuelfoil mixture lubricated
stratified scavening
without catalyst

a 2 stroke

0

 CO emissions are of similarly high level for most engines.

* The low-cost engine emitted the highest CO emissions.
« 2S fuel injection showed reduced CO emissions

| m Association for Emissions Control by Catalyst arseL
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Tests Results: HC Emissions

4 stroke

drysump lubricated
without catalyst

4 stroke

fuelfoil mixture lubricated
without catalyst

2 stroke

fuelfoil mixture lubricated
with catalyst

2 stroke

fuelfoil mixture lubricated
with catalyst

HC emissions [g/kWh]

> Jl o B~ LGSR -

2 stroke
20 fuel/oil mixture lubricated
stratified scavening
without catalyst
2 stroke
10 fuelfoil mixture lubricated
fuelinjection system
without catalyst
0

 HC emissions are lower for 4S engines than for 2S.
* The catalyst reduced HC emissions on 2S engine.
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ests Results: NOx Emissions

g/kWh

_ 4 stroke

5 1 drysump lubricated
without catalyst

4 stroke

fuelfoil mixture lubricated
4 without catalyst

——

2 stroke

fuelfoil mixture lubricated
with catalyst

2 stroke

2 stroke

fuelfoil mixture lubricated
fuel/oil mixture lubricated
stratified scavening

with catalyst
without catalyst

NOx emissions [g/kWh]

> o~

2
I K
1 = I .
fuelfoil mixture lubricated
= without catalyst
0 -

2 stroke
fuelinjection system
 NOx emissions are lower for 2S engines than for 4S.

* NOx emissions contribute relatively little to regulated HC+NOx (from 1
to 30%)

M:; Association for Emissions Control by Catalyst arseL 18




Tests Results: Emissions vs. Stage Il Limits

HC+ NOx [g/kWh]

All engines met Stage Il emissions limits but the
low-cost model (N°4) is at the limit.
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e Class/category Displacement (cubic cm)
70 Hand-held engines <20
T Class SH:1
65
] Class SH:2 20
60 - 0000
567 Class SH:3 > 50 e_a
50 ] PN
457 4 stroke
40 l drysump lubricated
25 R without catalyst
l 4 stroke
30 2 fuel/oil mixture lubricated
25 __ without catalyst
20 . 2 stroke
1 3 fuelfoil mixture lubricated
15+ with catalyst
10 2 stroke
5 __ 4 fuelfoil mixture lubricated
] with catalyst
0- | T T T T ' T T T ' T T T T T ' T 2 stroke
0 100 200 300 400 500 600 700 800 fuelfoll mixture lubricated
stratified scavening
co [gkah} without catalyst
a 2 stroke

fuel/oil mixture lubricated
fuelinjection system
without catalyst
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Tests Results: CO, Emissions

1600

1400

1200

1000

4 stroke

drysump lubricated
without catalyst

4 stroke

fuelfoil mixture lubricated
without catalyst

800

2 stroke

fuelfoil mixture lubricated
with catalyst

600

2 stroke

fuelfoil mixture lubricated
with catalyst

CO, emissions [g/kWh]

400

200

2 stroke
fuel/oil mixture lubricated
stratified scavening
without catalyst

0

> Jl o B~ LGSR -

2 stroke
fuelfoil mixture lubricated
fuelinjection system
without catalyst

CO, emissions of engine N°3 are higher because of CO conversion

by catalyst

fm Association for Emissions Control by Catalyst arseL
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ests Results: PM Mass Emissions

500
mg/kWh
 PM mass results are repeatable. sso J
« PM mass level depends on 400
engine working principle. _ 350
- PM vary from 18 to 410mg/kWh. £ __
L=T4]
* Presence of catalyst on 2S £ - -
engine reduces PM mass. 2
E 200
@
4 stroke E 150
drysump lubricated
without catalyst
2 stroke 100
4 stroke fuel/oil mixture lubricated
fuelfoil mixture lubricated with catalyst 50
without catalyst
2 stroke
2 stroke fuel/oil l:nl'udure Iuhrli[:ated 0 -
fuel/oil mixture lubricated “\?::::i::;::g
with catalyst
a 2 stroke
fuelfoil mixture lubricated
fuelinjection system
without catalyst
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Tests Results: PM Number Emissions

PN vary from 2x10%? to
5x1014/kWh.

PN emissions level depends on

engine working principle. §i
PN levels are of the order of %
magnitude of non-DPF equipped 3
diesel engines. E
Presence of catalyst on 2S -
engine reduces PN.
4 stroke 2 stroke
" ithout ateyet N ot
2 stroke

4 stroke
fuel/oil mixture lubricated
without catalyst

fuel/oil mixture lubricated
stratified scavening
without catalyst

2 stroke

fuelfoil mixture lubricated
with catalyst

2 stroke

fuel/oil mixture lubricated
fuelinjection system
without catalyst
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PM Size Distribution

» Size distribution of PM emissions from engines N°2 and 3 were
evaluated with an SMPS. PM were sampled directly from the CVS.

[dw/dlogDp]

5,0E+07
3,0E407
4,5E407
2,58407 4,0E+07
3,5E+07
2,0E407
& 3,0E+07
&)
1)
o]
1,5E407 = 2.5E407
-
\ S
\ B, 2,0E+07
1,0E407
1,5E+07
1,0E+07

5,0E+06 /
I

0,0E+00

A \ 5,0E+06
Z M 0,0E+00

1 10 diameter[nm] 100 1000 1 10 diameter[nm] 100

1000

4 stroke

fuelfoil mixture lubricated
without catalyst

fuelfoil mixture lubricated 23
with catalyst

2 stroke
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PM Size Distribution

« Particles emitted at idle are 5,0+07
smaller than those emitted 4,5E407
at full load.

 There is no clear evidence
If the difference in mean
particle size is based on the §
different combustion 53 256407 [N EEEE
process or on the oxidation 2

nucleation - » accumulation

4,0E+07

3,5E+07

2,0E+07
of SOF by the catalyst
1,5E+07 IDLE
4 stroke 1,0E+07
fuelfoil mixture lubricated
without catalyst
5,0E+06
2 stroke
fuelfoil mixture lubricated 0.0E+00
with catalyst ! 1
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Effect of OiIl 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 PM number was stable
when mineral oil was used.
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Conclusions |

6 state-of-the-art engines of Small Hand-Held
equipment available in EU have been evaluated.

All engines met the Stage Il emissions limits with some
margin except for the low-cost product that was
borderline after 3h of degreening.

Regulated emissions do not directly relate to engine
technology and combustion principle (2-stroke vs. 4-
stroke).

Stage Il emissions levels can be reached without
catalyst. Catalysts can help reduce further HC and CO
emissions.

M Association for Emissions Control by Catalyst a1seL
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Conclusions |l

Adapted emissions measurement method provided
repeatable results also for PM mass and number.

EC/OC analysis of sampled PM still underway.

PM and PN emissions depend on working principle and
on lubrication method and oil quality.

The use of catalyst can help reducing PM and PN
emissions.

PM mass and number were high due to the rich
operation of the engines. Results were equivalent or
higher than for typical diesel engines without DPF.

M Association for Emissions Control by Catalyst a1seL
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WORKING IN PARTNERSHIP
FOR CLEANER AIR

Whe are AECC and what do we do 7 What are the emission
® Ail Health
Eﬁr‘;:tu:nw & Heald control technologies?

® Emissions Legislation Exhaust gas contains carbon

monoxide (CO),

@ Engine & Vehicle hvdrocarbons (HC), nitrogen
Emissions oxides (NOx) and particulate

matter (PM). The main

® Technology technologies used to treat

The members of AECC are companies operating €xhaust to remove harmful

® Agplications worldwide in the rezearch, development, testing and gases and particles are:

® Conservation manufacture of key technologies for emissions

control. = gutocatalvsts

® Mewsletter m  adsorbers (traps)

Tagieppducts are the ogramic and metalic = fiters
(zull=trit It terif i Jiilm m There are more details on

coated); adsorbers; fiter-basedechnologies to the technology pages.
control particulate emizsions from diesel and other

OE manutacturer;

1 S=ill] ars r g
an t U 97 oflly apRear: n Byro @II I I
1585 and in 1593 leqislation forced their use on cars.
MNow more than 275 milion of the world's 500 milion
r= and ovi of all ne, rogu
and you for your att
L verfir= a = fire als)f fitte o ity

vehicles, motorcycles and non-road engines and
vehicles.

XN
retrofit
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