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Outline of the presentation

* Introduction and objectives of the project

* The Heavy Duty Vehicle emissions retrofit kit

* Phase 1: Investigation on the engine test bench
* Phase 2: Field tests on the garbage truck

= Field test results
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= Community trucks have a life time between 10 to 20 years
= Many of them are EURO 3
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Objective of the project

= build a retrofit kit

4 PM (g/kWh)
0.4—
Trade-off EURO 1
PM - NOx 1990 —
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) Reduction > 99%
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Retrofit Kit

* 50% reduction of the NO, emissions
» 99.5% reduction of the PM emissions
e without producing secondary emissions as NO,,
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ObjeCtIVeS = NOx-reduction by closed loop controlled EGR

A = Diesel particulate filter for PM reduction

= DPF regeneration by thermodynamical means
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Investigation on the engine test bench (phase 1)
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Components and characterlstlcs of the engine
test bench

i‘ \\’ .‘I.f. ;-! | e R

throttle ,,1*

Mercedes OM 611

* 4 cylinders, 4 valves

mmmﬁmnmmmmmmm 3
1 "

» with turbocharger and Common-Rail
partlculate trap 2

2150 cm3

e compression ratio 19:1
* 92 kW @ 4200 rpm

* 300 Nm from 1600 rpm to 2600 rpm

8. September 2007
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EGR control system
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EGR control system

wW:  Fihrungsgrosse (Kennfeld Lambda)

°e: Regelabweichung

*Ugy: Stellgrésse von Regler

*Ug: Stellgrésse von Vorsteuerung

eu:  Stellgrosse

°Z: Storung (Motortemperatur, Ladedruck, Abgastemperatur, Genauigkeit von Klappe)
°y: Regelgrosse (Lambda)
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AGR-Ventil | —, \ /
] Ip
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|,(/ > »O > —
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Control System for Regeneration
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Regeneration control system

w:  Fihrungsgrosse (Kennfeld Lambda)
°e: Regelabweichung

*Ugy: Stellgrésse von Regler
*Ug: Stellgrésse von Vorsteuerung

eu:  Stellgrosse

°Z: Storung (Motortemperatur, Ladedruck, Genauigkeit von Klappe)
°y: Regelgrosse (Lambda)
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Field test on the garbage truck (phase 2)
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Field test: Vehicle
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Hersteller:

Typ:
Motor:

Abgas-Normen:

Hubraum:

Mercedes-Benz

Econic 2628-L

OM 906 LA.IIl/4 (6-Zylinder)
Euro 3

205 kW (280 PS) @ 2'200 rpm
6'374 ccm

8. September 2007
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Week analysis, DPF data

Friday, 27.04.
from 13:00 Monday, 30.04. Wednesday, 02.05. Thursday, 03.05.

ol I IIIIII II I [ I II I I II I III ill
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2500 <rpm |0.1

2000 = rpm < 2500

|

|

1500 < rpm < 2000 -130 |
- |

l

|

1000 < rpm < 1500 ‘
-14.7

|

|

|

500 < rpm < 1000 65.2

|
|
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<GP < 7
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|
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40sGP<60 | 5.9
|

|

|
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frequency [%]
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Regeneration analysis

32 | - | | ‘ | :

c 4 - - - - - - -—- - - k- - --1- - -R- -k - -——-M-1-H---- --FH1- - -+

T34 LW (T T IISAR T . 1 M- IH

gz T | Wi LTS ) P RS TR T | SR
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i i
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i \ \ i "
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EGR analysis

_ Without EGR With EGR
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Exhaust gas measurements
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Modified ESC test cycle
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real cycle, on truck measured

ed [rpm]

B 2000

e
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(5. 3=1
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80
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Waste collection cycle
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Results of the gas analysis |
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700 B measurement 1 (before DPF, wo EGR)
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= ) ) ) Z
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o (@)
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200 -
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&
75 @) 0
(62) 1 3 5 7 8 911 a b ¢ d e f
0 (a6) . .
g operating points [-]
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I 0)
NOy reduction [>6] with/without the Kit
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Results of the particle analysis

before DPF after DPF
1.2E+8 1.0E+6
before DPF
0] T S S — 1 8.3E+5
100 (99) (99) (99) /
E BOE+7 J— o T 6.7E+5
B B0BHT N gl + 5.0E+5
75 (99 (99) (99 g
g g \J T ALOEHT o N 1 3.3E+5
5 after DPF, wo EGR CUCR LTS E
. DOEHT oo oo AT v Mmoo + 1.7E+5
°\._°. J
/a0) (a0) ‘a 4 O, L
g 50 \QQJ \99J \99J 0.0E+0 T t F—————++ t 0.0E+0
o 10 100 1000
-l diameter [nm]
0.0001
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0.0010 |
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o 2
1o 1 [ I P
0oL —9 :
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1.0000 : T
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Size distribution and penetration

8. September 2007 30



ol | Measu rement ané%%ntmlLﬂo

Eidgendssische Technische Hochschule Zirich R e T LT el .”“
Swiss Federal Institute of Technology Zurich b .

NO,/NO, ratio

50
45 ¢ sinter-metal DPF + FBC + EGR
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40
35
30
25
20
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0
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Results of the gas analysis I
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Waste collection cycle

auxiliary drive system is turned on
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effect of the HDV Emissions Retrofit Kit,

waste collection cycle
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Conclusions

HDV Emissions Retrofit Kit consisting of
DPF
EGR system
Additive for regeneration

= finds on a truck room to be installed
= proved to be very reliable

= costs about 6000 CHF w/o DPF

= achieves

* 45% reduction of the NO, emissions
» 99.5% reduction of the PM emissions
 without producing secondary emissions

= |s a suitable solution for retrofitting heavy duty vehicles in
communitly applications

= Project should be extended to a bigger fleet
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