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I. Proposal

Draft new Regulation on uniform requirements for retrofit

emission control devices for, heavy duty vehicles equipped - { Deteted: to

with engines type approved according to Regulation No. 49
and NRMM and tractors with engines type approved
according to Regulation No. 96.
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Purpose

[This regulation aims at providing a world-wide harmonized method for the
retrofit of emission control systems (REC) for NOx and / or PM and PN and
the determination of the levels of emissions from compression-ignition (C.1.)
engines used in vehicles applicable to the scope indicated under paragraph 2.
The results can be the basis for the regulation of retrofit emission control
systems within regional type-approval and certification procedures.]

OR

[This regulation is intended to provide a world-wide harmonized method for

the evaluation, approval, and classification of retrofit emission control
systems (REC) for NOx and / or PM and PN and for the determination of the
levels of emissions from compression-ignition (C.1.) engines used in vehicles
within the scope indicated in paragraph 2. The procedures and
classifications may be used as the basis for the regulation of retrofit emission
control systems within regional type-approval and certification procedures.]

Scope

21 This Regulation applies to retrofit emission control systems (REC) to be
installed in vehicles of categories M > 3.5t and N ¢ and their C.I. engines

J

- {Deleted: according to

2.2 to retrofit emission control systems (REC) to be installed on C.I. engines {D otod: ” ]
approved in accordance with Regulation No.96: -\ Deleted: according to
2.3 to retrofit emission control systems (REC) to be installed on C.l. engines
used in category T vehicles ¥ having an installed net power higher than 18
kW but not more than 560 kW,
24 to_retrofit emission control systems (REC) to be installed on C.l. engines
operated under variable speed and yiaving an installed net power higher than - ‘{Deleted: used in non-road }
18 KW but not more than 560 kW and,used in non-road machinery, o machinery
25 to retrofit emission control systems (REC) to be installed on C.I. engines \\{De'emd:' )
operated under constant speed having an installed net power higher than 18 {Deleted: operated under Variablﬂ
kW but not more than 560 kW, and used in non-road mobile machinery, ) speed
. . i . . ~ 77 Deleted: having an installed net
26 Contracting parties may choose to recognise other regulations as being power higher thang 18 kW but not
equivalent to this regulation,, N more than 560 kW, operated under
’’’’’’’’’’’’’’’’’’’’’’’’’’’ | *. | constant speed

' Deleted: [2.6 Contracting
\ parties can decide to consider other
regulations to be equivalent.] {
‘UL
\
{ Deleted: ] ]

As defined in Annex 7 to the Consolidated Resolution on the Construction of Vehicles
(R.E.3), (document TRANS/WP.29/78/Rev.1/Amend.2, as last amended by Amend.4).
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3.

3.1

3.2.

3.5.

3.6.

3.7.

3.8.

3.9.

3.10.

Definitions

"Adjustment factors" means additive upward adjustment factor and downward adjustment
factor or multiplicative factors to be considered during periodic regeneration;

“Particulate reduction REC™ means a particulate reduction system that has a gravimetric
particulate reduction or particle number reduction efficiency, determined in accordance
with the procedure in Section 9, which meets one of the reduction levels indicated in
Section 3;

“Class A retrofit emission control device (REC)” means a retrofit emission control device
which is intended to control particulate matter emissions only, and which does not
significantly [WhichiIevelto/berallowed?] increase the direct NO, emissions;

In order for a diesel emission control strategy to be verified, effective January 1, 2007, the
diesel emission control strategy must not increase emissions of NO2 by more than an
increment equivalent in mass to 30 percent of the baseline NOx emission level. Effective
January 1, 2009, the increment is reduced to 20 percent of the baseline NOx emission level.

In order for a diesel emission control strategy to be verified, with effect from 1* January
2007, the diesel emission control strategy must not increase emissions of NO, by more than
an increment equivalent in mass to 30 percent of the baseline NO, emission level. With
effect from 1% January 2009, the increment is reduced to 20 percent of the baseline NO,
emission level.

(Text highlighted in light blue copied from California Code of Regulations, Title 13,
Division 3, Chapter 14.)

““Class B retrofit emission control device (REC)” means a retrofit emission control device
which is intended to control NOx emissions only;

““Class C retrofit emission control device (REC)” means a retrofit emission control device
which is intended to control both particulate matter emissions and NOx emissions, and thus
NO; emissions;

“Reduction level” means a reduction efficiency in percent to be met by the retrofit emission
control device (REC) in order to be certified as meeting one of the reduction levels
specified in Section 3;

"Combined deNOx- particulate filter" means an exhaust aftertreatment system designed to
simultaneously reduce emissions of oxides of nitrogen (NOy) and particulate pollutants;

““Continuous regeneration’” means the regeneration process of an exhaust after-treatment
system that occurs either permanently or at least once per applicable test cycle;

"deNOx system" means an exhaust after-treatment system designed to reduce emissions of
oxides of nitrogen (NO,) (for example, passive and active lean NOy catalysts, NOy
adsorbers, and selective catalytic reduction (SCR) systems);

_ - | Deleted: |
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3.11.

3.12.

3.13.

3.14.

3.15.

3.16.

[2.17.

3.18

3.19.

3.20.

3.21.

3.22.

[3.23.

"Emission control monitoring system" means the system that ensures correct operation of
the-IBX emission control measures implemented in the engine ARGUOFREG System in
accordance with the requirements of paragraph [---];

"ESC test" means a test cycle consisting of 13 steady state modes to be applied in
accordance with paragraph [---] of Regulation No. 49;

"ETC test" means a test cycle consisting of 1800 second-by-second transient modes_defined
in, and to be applied in accordance with, paragraph [---] of Regulation No.49;

and upstream of an after-treatment reduction system.

"Gaseous pollutants" means carbon monoxide, hydrocarbons (assuming a ratio of CH g5
for diesel) and oxides of nitrogen, the last-named being expressed in nitrogen dioxide
(NO,) equivalent;

“Load condition”” means the loading of particulate matter being stored at any moment in a
particulate reduction system (such as a filter) expressed as a proportion of the maximum
loading of particulate matter that may be stored in the system under specific driving
conditions without external regeneration measures_being initiated;

“Nitrogen dioxide (NO,)” [lbeldisclissed]

“NOx-reduction system” means a deNO, system that has_.a mass emission reduction
efficiency, determined in accordance with paragraph number [--] or number [---], which
qualifies it to be certified as meeting one of the classification levels indicated in paragraph

=1;

“NRSC cycle” means a test cycle consisting of steady state modes which is defined in, and
is to be applied in accordance with, paragraph [---] of

“NRTC cycle” means a test cycle consisting of 1173 second-by-second transient modes

defined in, and to be aiilied in accordance with paragraph, [---] of

“Particulate reduction system” means an exhaust gas after-treatment system for reducing
particulate emissions by [means such as] mechanical and / or aerodynamic separation, or by
diffusion and / or inertial_[or electrostatic] separation, or by any combination of these
processes.
Engine-specific modifications to structural components_of the engine or the vehicle,
electronic control elements and electronic components are not
considered part of the particulate reduction system;

“Particulate matter (PM " means any material collected on a specified filter medium [ii
after diluting C.I. engine exhaust gas with
clean filtered air so that the temperature does not exceed 325K (52 °C);

“Particulate number (PN)” means any material counted with an instrument in accordance
with_the procedure defined in paragraph number [---] after diluting C.1. engine exhaust gas
with clean filtered air.];

- {Deleted:
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3.24.

3.25.

3.26.

3.27.

3.28

3.29

4.1.

Table 4.1:

“Particulate reduction system family’” means a family of particulate reduction systems that
are technically identical with respect to their functioning when compared in accordance
with the harmonisation criteria for system families in paragraph number [---];

"Periodic regeneration" means the regeneration process of an emission control device that
occurs periodically in less than 100 hours of normal engine operation. During cycles where
regeneration occurs, emission standards can be exceeded;

"Reagent” means any medium that is stored on-board the vehicle in a tank and provided to
the exhaust after-treatment system (if required) upon request of the emission control
system;

“Retrofit emission control device (REC)” means any particulate reduction system, NO,-
reduction system or combinations of both which is used for retrofit purposes.

“WHSC cycle”” means a test cycle consisting of 13 steady state modes_defined in, and to be
applied in accordance with, paragraph [---] of [Global technical regulation No.4];

“WHTC cycle” means a test cycle consisting of 1800 second-by-second transient modes
defined in, and to be applied in accordance with, paragraph [---] of [Global technical
regulation No. 4];

To be inserted in a later paragraph:

Any engine operation parameter specified by the engine manufacturer, such as maximum
allowable exhaust gas back pressure, [foleleompleted] shall not be affected by the REC.

In cases where additional measures with respect to emission-relevant components and/or
system components, such as modifications to the exhaust gas recirculation (EGR) control,
are necessary in order to ensure proper functioning of the engine and exhaust aftertreatment
systems in conjunction with the REC, the applicant must provide a detailed description of
the design modification along with an explanation of how the modification will change the
operation and performance of the diesel emission control strategy. To support its claims, the
applicant must submit additional test data, engineering justification and analysis, or any
other information deemed necessary by the Exeeutive-Officer-Type Approval Authority /
Technical Service to address the differences between the modified and original designs.

(Text highlighted in light blue copied from California Code of Regulations, Title 13,
Division 3, Chapter 14.)

Reduction levels

In order to receive certification for an REC, the reduction levels indicated in
table 3.1 must be achieved: Those levels are to be applied to the engine raw
emissions of the test engine as defined in paragraph [---].

—

Reduction levels

‘ Reduction efficiency (%) ‘
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NOx PM
Reduction Level 1 33 (<25 />25) 50 (<25 / >25)
Reduction Level 2 66 (>40/>55) 90 (>50)
Reduction Level 3 80 (>70,
further step >85) 90 (>85) / PN

(Values highlighted in light blue copied from California Code of Regulations, Title 13, Division 3,

Chapter 14.)

4.2

4.3

Table 4.2:

For the purpose of this regulation the reduction level for NOy shall be
applicable to systems which are intended to reduce only NO,, and the PM
reduction level to systems intended to reduce only particulate. Combined
systems which are intended to reduce emissions of both NO, and particulate
matter are permitted to have any combination of the reduction levels for these
two pollutants shown in table 4.1. There is no requirement for a system to
have the same reduction level for both pollutants.

A Class, Class B, or Class C REC can be approved to any reduction level
applicable to its performance with respect to each of the pollutants, as
indicated in table 4.2.

REC Classes / Reduction level

Reduction level applicable
NOXx PMoOLPN
Class A - log20R3 ____
Class B lon,2003 | -
Class C log20t3 | lor20r3

4.5

4.6

Table 4.3:

The minimum requirement for approval is that the engine of the vehicle or
machine fitted with the REC shall be capable of achieving the next higher
emission level with respect to the limits of Regulation No. 49 and No. 96 to
the one that it achieved when originally type-approved. The minimum
requirements for each class of REC are illustrated in table 4.3 and table 4.4.

REC may be approved as capable of reducing the NOx and/or PM or PN
emission values by more than one emission level step provided that they the
applicable testing procedure in accordance with [---] is applied.

REC Matrix for Regulation No. 49
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Base Component

Class A

Class B

Class C

NOXx

Stage A
g PM

5,0 g/kWh

3,5 g/kWh

3,5 g/kWh

0,029/ 0,03% g/lkWh

0,10Y/0,16% g/lkwh

0,029/ 0,03% g/lkwh

Stage B1

NOx
PM

3,5 g/kWh

2,0 g/kWh

2,0 g/kWh

0,02 g/kWh

0,02V /0,03% g/lkWh

0,02 g/kWh
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Stage B2 / NOXx 2,0 g/lkWh 400 / 460Y mg/kWh | 400 / 460% mg/kWh

EEV PM 10 mg/kWh 0,02 g/kWh 10 mg/kWh
T for the ESC cycle
2 for the ETC cycle
3 for the WHSC cycle
* for the WHTC cycle

or

Base Component Class A Class B Class C
NOXx Euro 11 Euro IV Euro IV
Euro 11

PM Euro IV Euro 11 Euro IV

1 Euro IV NOx Euro IV Euro V Euro V
PM Euro V/EEV Euro IV Euro V /EEV

EuroV/ NOx Euro V Euro VI Euro VI

EEV PM Euro VI Euro V / EEV Euro VI

REC Matrix for Regulation No. 96

Base Component Class A Class B Class C
Stage Il NOXx Stage Il Stage Ill A | Stage lll A
PM Stage Il A Stage Il Stage Il A
Stage 11l A NOXx Stage Il A Stage I1l B | Stage Il B
PM Stage Il B Stage Ill A | Stage lll B
Stage 111 B NOXx Stage Il1 B Stage IV Stage IV
PM Stage IV Stage Il B Stage IV
4. Requirements for retrofit emission control devices
4.1 The applicant shall provide evidence of the proper performance of the tests described in

paragraph numbers [---] and confirm that the functional capability of the system is
guaranteed during normal operation in

a) Vehicles of category M1> 3.5 t and N over a mileage of [200,000] km
or a service life of up to [6] years, depending on which criterion is
first reached,

[or]

b) Non-road mobile machinery over [4000] operating hours or a service
life of up to [6] years, depending on which criterion is first reached.

The requirements of paragraph number [--] apply in any case where
aparticulate reduction system is fitted with a device (such as a by-pass valve)
which is capable of rendering the system inoperative.

4.2 The applicant shall conduct a 1000 hour durability test on an engine and REC combination.
This test shall be either a field test in a typical vehicle or machine application or a test
[using an appropriate duty cycle] in an engine test cell. The engine for the durability run
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43

4.4

4.5

51

may be a different one to the engine used for tests to establish the reduction level of the
REC, but must be an engine within the declared application range of the particular REC.

If the durability test is performed in an engine test cell the REC manufacturer shall
determine the test points where NO, and/or PM and/or PN emissions will be measured
during the applicable test cycles. The minimum number of test points shall be three, one at
the beginning, one approximately in the middle and one at the end of the 1000 hour period.
[The test points at the beginning and the end of the test period shall be in the first 100 hours
and the last 100 hours of the test period respectively,
For each pollutant NO, and / or PM / PN emissions tests at each test point during the 1000
hour period a “best fit” linear regression analysis shall be made on the basis of all test

results in order to determine the final emission result.

If the durability test is performed as a field test in a typical vehicle or machine application
the REC shall be demounted after the durability test and be installed with the chosen test
engine on the same test bed as was used for the testing to establish the baseline and the
emissions reduction level. The final NO, and / or PM / PN reduction result for each relevant
pollutant will be then based on the control testing with the aged REC.

Compliance criteria for particulate reduction REC

The approval of a particulate reduction system will continue to be valid for a nominally
similar system in a different configuration or application provided that it does not deviate
from the tested system with with respect to the following features:

a) Type of retention and functioning of reduction material (for example, adhesive or
mechanical fixing, metallic or ceramic material, barrier filtration or aerodynamic
sepration).

b) Design and characteristics of the filter [or other active] material (for example,
whether it consists of sheets or plates, or is braided or wound, the cell, material, or
non-woven density, the porosityand pore diameter of barrier filter media, the number
of pockets, blades or balls in aerodynamic seperators, the surface roughness of
critical components, and the diameters of wires, balls, or fibres).

c) [Minimum] thickness of the coating of the particulate reduction system or upstream
catalysers (g/ft3) [Minimum thickness of the coating of the particulate reduction
system or upstream catalyst as demonstrated by a loading density of the catalytic
material equal to or greater than that on the tested system?]

d) The design characteristics of the canning or packaging (for example, the storage or
retention of the carrier of the active elements)

e) [Active] Volume, which must be within £ 30% of the volume of the tested device.

f) Type of regeneration (whether periodic or continuous)

9) Regeneration strategy (for example, catalytic, thermal, or electrothermal
regeneration)

h) Method [and control strategy] for introducing additives or reagents (if used)

i) Type of additive or reagent (if used)

j) Introduction conditions for any additive or reagent (which must be introduced at a
point providing the same distribution and condition of the additive or reagent at the
point where it is required. This condition will not be considered to have been met if
the introduction point is further than a maximum of. 0.5 metres from its position
relative to either the the turbocharger outlet (turbine) or the inlet of the particulate
reduction system in the tested device.)

k) With or without_an upstream oxidation catalyser

- [ Deleted: ]
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5.2 Further use of the existing oxidation catalyser(s):

Oxidation catalysers installed upstream of the reduction system in a separate canning may
continue to be used in individual cases after retrofitting, provided that:

a) they are shown to be not more than 5 years old,

b) they have been installed in the vehicle or on the machine for not longer than
[200,000 km or 4000 hrs] (proof of mileage or operating hours by means of service
log and odometer is acceptable) and

c) they have no visible defects or

d) the manufacturer of the particulate reduction system verifies, as part of the operating
permit required under paragraph number [---], that the relevant limits can be
complied with without any standard production oxidation catalyser(s) that would
normally form part of the system. (The operating permit must contain proof of this
claim.)

Unless all of the aforementioned proofs are shown, the oxidation catalysers must be
replaced by new catalysers before retrofitting with the particulate reduction system.

When testing the particulate reduction REC in the engine test cell, the REC must be fitted
so that there is a distance of at least 2 metres from the outlet of the turbocharger (turbine) to
the REC inlet. If the applicant can show that a distance shorter than the minimum distance
specified hereis used in all subsequent applications of the REC, the length of the pipe used
in the test cell may be correspondingly reduced. Insulation or similar means of maintaining
the exhaust temperature are permissible only if they are also used in the subsequent
installation of the REC on the vehicle or machine..

6. Compliance criteria_for NOx reduction REC
[Text to be inserted] *--- ‘[Formatted: Body Text,
Justified, Tabs: Not at 4 cm
7. Active devices
7.1 If a particulate reduction REC is presented for approval that is associated with a device or

devices (such as a by-pass valve) which would have the effect of altering the reduction
level of the REC under certain circumstances in such a way that the REC no longer met the
limits set out in paragraph [--] for which the applicant wishes the REC to be approved, then
the applicant shall demonstrate

a) the conditions under which such devices are activated/deactivated,

b) that the devices are used only for the protection of the particulate reduction REC or
the engine, or for the regeneration of the particulate reduction REC, and are not
permanently activated,

c) that after an activation the device is deactivated not later than after two test cycles
specified for the REC in accordance with paragraph number [---], and that after
deactivation the original condition and reduction level is restored [within four
minutes]. Operation of the device in accordance with this condition must be
demonstrated in an endurance run that includes at least 5 activation and deactivation
cycles.

e) that the specified endurance criteria are complied with [for both the device and the
REC] and

f) that the driver or operator is informed of the activation of such a device.

10
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8.1

8.2

8.3

9) that the average reduction level of the REC during an endurance run that includeds
at least 5 activation and deactivation cycles meets the limits for which the applicant
wishes the REC to be approved.

Fuel

The testing of the REC shall be conducted with commercially available fuel representative
of that generally used for the type of vehicle or machine to which the REC will be fitted.

The REC manufacturer may, as an alternative to using market fuel, apply to the Approval
Authority for permission to perform the tests on the REC using a reference fuel. The
reference fuel to be used in this case will be the fuel specified in either Regulation No. 49
or Regulation No. 96 for testing of engines for type-approval to the standard indicated in
paragraph 4 that the vehicle or machine is intended to achieve after the REC under test has
been fitted.

The mean specific fuel consumption [of the vehicle, machine, or engine] during the
applicable test cycle shall be not more than 4% greater in the retrofitted condition than the
mean specific consumption in the non-retrofitted condition.

The measurements for determining the fuel consumption may be carried out in parallel with
the measurements carried out in accordance with paragraph number [---] for continuously
regenerating systems or carried out in accordance with paragraph number [---] for
periodically regenerating systems. [If the fuel consumption measurements (for technical or
other reasons) are not carried out in parallel with the measurements to establish the
reduction level of the REC, then they must be carried out using an identical procedure to
that specified for those measurements.]

Choice of the test engine

The engine chosen for testing should originate from a family of engines corresponding to
the subsequent application range of the REC. The emissions performance of the chosen test
engine shall be within the limits set for type-approval to the applicable base emission limit.

The test engine [and REC combination] for the selected application area shall meet the
following criteria.

- the engine shall have a nominal power between 100% and [60%] of the power of the
parent engine in the particular family when assessed in accordance with the
procedure in Regulation No. 49

- the engine and REC shall have the smallest used filter volume (V) that corresponds
to the subsequent application range for the selected test engine. Space velocity better
to be used e.g. for overlapping power ranges! Catalytic surface area / max. Power =>
CARB, nothing to be found.

NO2 raw max 15% of NOx, 25 to 125 hours pre-con required by CARB.

(Values highlighted in light blue copied from California Code of Regulations,
Title 13, Division 3, Chapter 14.)

11
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10.1

Als Priifmotor kann ein beliebiger 4-Takt-Dieselmotor ohne Abgasriickfiihrung und
ohne Abgasnachbehandlung verwendet werden.

Der Priifmotor und das zu priifende Filtersystem sind so aufeinander abzustimmen,
dass im Nennbetriebspunkt des Priifmotors die Raumgeschwindigkeit der Abgase im
Partikelfilter den nach Angaben des Filterherstellers maximal zuléssigen Wert
erreicht.

The test engine and the REC to be tested shall be chosen in such a way that at rated
speed conditions the highest space velocity of the REC as specified by the
manufacturer is reached.

(Text highlighted in light grey from SNR 227205)

In all cases, the applicable test cycles [drawn from Regultion number 49 or Regultion
number 96] are to be used for the exhaust gas verification measurements. The emissions of
the relevant pollutants are to be measured during at least every fifth test cycle during the
measurements for verification of the regeneration characteristic.

For REC intended to be used on engines type-approved in accordance with Regulation No.
96 testing on one test engine for each power category for which the REC is intended to be
used is mandatory.

The selected test engine must comply in both series production condition and in retrofitted
condition with all of the pollutant emissions limits associated with the stage or standard to
which it was originally type-approved.. Any modification made to the test engine for the
purposes of the REC approval tests must be a modification that will be made to all engines
with which the REC is subsequently used. Where vehicles or machines are fitted with on-
board diagnostic systems those systems shall not be limited with respect to their monitoring
function after the retrofit system has been installed. The characteristics of the electronic
engine control unit (as regards, for example, injection timing, air-mass flow metering, or
exhaust emissions reduction strategies) shall not be altered by the retrofitting.

REC testing is conducted for the purpose of this Regulation in order to show the capability
of the REC to reduce the PM or PN and/or the NOx emissions from a vehicle or machine
from one emission stage or standard [as defined in Regulation No 49 or Regulation No 96]
to the subsequent emission stage [or to an emissions stage or standard subsequent to that
one].

Test of a particulate reduction REC

In order to assess a particulate reduction system, an endurance run of at least [100] ETC or
WHTC test cycles, or [50] NRTC cycles, must be carried out. [The test cycle used must be
a cycle appropriate to the emissions stage or standard that the reduction system is intended
to permit the vehicle or machuine to meet.] The endurance run is used to verify the
functional capability and stability of the system and also its reduction efficiency. The
gaseous emissions and the particulate mass, and the particulate number when appropriate,
must be measured during at least each fifth test cycle. A separate test of the particulate
reduction system is carried out for each family or application range defined in the type
approval procedure for the engine with which the REC is intended to be used. That is, one
system test takes place for each application area.
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10.2

The endurance run is used, in addition, to verify whether the particulate reduction system is
a continuous or periodically regenerating system.

If the applicant can prove that a particulate reduction system that has been tested for
vehicles of Category M < 3.5 t or Category N, is designed for use in the same manner [and
will work effectively] on C.I. engines for use in non-road mobile machinery, and the family
of test engines used in accordance with the requirements of pragraph 4.2 is representative
for such applications and meets the compliance criteria of paragraph 7.1.2, then the
application range for which the system is approved may be extended to C.l. engines for use
in non-road mobile machinery. Extending the range of a particulate reduction system that
has been approved for use with C.1. engines in non-road mobile machinery to cover on-road
applications in the way described in this paragraph is not permitted. .

A particulate reduction REC is considered to have been proved to have a continuously
operating regeneration process if a suitable assessment variable can be regarded as constant
over at least 25 applicable test cycles. The particulate emission and the exhaust gas
backpressure are regarded as suitable assessment variables for this purpose. [If an applicant
wishes to use one or more different assessment variables, he must present a robust technical
case to the approval authority in support of his request to do so.]

The particulate emission and the exhaust gas backpressure are considered constant within
the meaning of this regulation where there is a coefficient of variance of less than 15% over
25 test cycles. The exhaust gas backpressure is measured continuously for the purposes of
this assessment and the particulate emissions are measured during at least every fifth test
cycle.

The coefficient of variance (CoV) is calculated as follows.

Standard deviation X (n)

Variance =
Average value X (n)
with:
- nxx? —(2x)°
Standard deviation = %
n

and:

Average value = (X +X, +...+X,)/n
where:
n= number of measured values
X = respective single measured value

13
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10.3

If an REC manufacturer intends to apply for approval for an REC that can reduce emissions
of one or more of the relevant pollutants by two subsequent emission stages, then additional
verification becomes necessary.

This additional verification required in this case is performed in accordance with the
procedure set out in paragraph number 10.2 and paragraph number 10.7. on a test engine
selected in accordance with the procedure set out in paragraph 9.3 on the basis of the final
emission level to be achieved by the retrofitted engine.

It will be considered sufficient to perform the additional testing on only one engine family
member representative of the application range. For that reason it is permissible to transfer
the emission class extension that has been gained by this additional testing to other engine
families in the same application range. .

The REC used in the additional verification procedure required in order to extend the
approval to a further (subsequent) emission class must be from from the application range
of the basic REC for which the approval was issued. [It must not be a REC which has been
approved by extension of the original approval.] If the REC is not from the application
range of the basic REC for which the approval was issued,, and the system is not identical,
then a full test for a new type in accordance with this regulation is necessary.

If the scope of application is widened, then the applicant must additionally certify in the
letter of application for approval that the REC is also designed and suitable for higher raw
emission burdens when used on lower emission level engines.
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10.5

10.6

10.6.1

Test of the regeneration characteristic of a particulate reduction REC for Reduction level 2
and 3[??]..

Particulate systems achieving reduction level 1 and reduction level 2 are subjected to
further testing in order to verify their regeneration characteristic.

This further testing is carried out by loading the system [with particulate matter] until a
constant exhaust gas backpressure is reached or over a time period of a maximum of 100
hours [if no constant value for the backpressure has been achieved before that time]. . The
exhaust gas backpressure is considered constant if, when measured after a period of at least
50 hours, the exhaust gas backpressure does not vary by more than plus or minus 4 mbar
within a period of 30 min. The test points of the cycle used for loading the system are to be
selected so that a maximum exhaust gas temperature of 180 C at the inlet of the particulate
reduction system is not exceeded. The loading of the system with particulate matter is
preferably carried out by running the test engine at a constant speed of between 50% and
75% of its rated speed.

After the REC has been loaded with particulate matter until the backpressure is constant, or
after a maximum of 100 hours of running to load the system as defined above, regeneration
is activated. This can, for example, be activated by running the engine at a higher load
mode step so as to increase the exhaust temperature. After completion of the regeneration,
exhaust gas measurements are to be taken during at least three appropriate test cycles (That
is, three ESC cycles, ETC cycles, WHSC cycles, WHTC cycles, NRSC cycles, or NRTC
cycles.) The measured exhaust gas pollutant values shall not deviate from the measured
exhaust gas pollutant values before the REC loading procedure by more than 15% for the
gaseous emissions or more than 20% for the particulate mass or particulate number
emissions.

The manufacturer shall confirm in writing that the maximum temperatures occurring during
the regeneration process will not damage or significantly shorten the effective life of the
REC.

As an alternative to using the loading procedure described above, the manufacturer may
provide a particulate reduction REC already loaded to the limit for the regeneration test.
Test of the opacity of the smoke in the ELR test cycle.

The opacity of the smoke is to be tested in accordance with the specifications in Regulation
No. 49 for engines to be used in vehicles of category M>3.5t and N.

Assessment criteria for continuously regenerating particulate reduction systems

The REC system test of the particulate reduction REC is considered satisfactory if the

reduction level criteria defined in paragraph number 3 are met.

Regulated pollutants
The emissions of the regulated pollutants (CO, HC, PM,and NOy) in the initial condition
and in the retrofitted condition shall be within the limit values for the emissions stage or

15
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10.7

Figure 9.1:

standard for which the engine was originally type-approved. The NO, to NOXx ratio for the
initial condition and the retrofitted condition is to be recorded and shown in the test report.

The determination of the NO, and NO, mass emissions is to be determined by simultaneous
measurement in accordance with [---]. UBA NO2 measurement procedure to be added!

Assessment criteria for periodically regenerating particulate reduction systems

The emissions shall be measured during at least three appropriate hot-start test cycles (That
is, three hot-start ESC cycles, ETC cycles, WHSC cycles, WHTC cycles, NRSC cycles, or
NRTC cycles.) One of the cycles from which measurements are taken should include a
regeneration event on a stabilized REC system. The other two cycles from which
measurements are taken should be cycles in which regeneration does not occur. |If
regeneration takes longer than one test cycle, consecutive test cycles shall be run until
regeneration is complete.

The REC manufacturer shall declare the conditions under which the regeneration process
normally occurs (the particulate loading, temperature, exhaust back-pressure, or other
relevant parameters.). The manufacturer shall also provide the frequency of the
regeneration event in terms of the fraction of tests during which the regeneration occurs.
The exact procedure used to determine this fraction shall be agreed [with the manufacturer]
by the type approval authority on the basis of good engineering judgement. (This
frequency fraction is the factor F in the procedure for calculation of [nominal] particulate
emissions set out below.)

For a regeneration test, the manufacturer shall provide a particulate reduction REC system
that has been loaded with particulate matter. As an option, the manufacturer may run
consecutive test cycles [as set out in paragraph 10.4] until the particulate reduction REC is
loaded. Emissions measurement is not required on cycles run for the purposes of loading
the REC with particulate matter..

Average emissions between regeneration phases shall be determined from the arithmetic
mean of several tests approximately equidistant in terms of the number of unmeasured test
cycles between them. As a minimum, at least one test cycle as close as possible prior to a
regeneration test and one test cycle immediately after a regeneration test shall be included
in the calculation of the arithmentic mean..

During the regeneration test, all the data needed to detect regeneration shall be recorded
(CO or NOy emissions, temperature before and after the REC, exhaust back pressure, and
any other relevant parameters..). It is permissible for the applicable emission limits to be
exceeded during the regeneration process. The test procedure is shown schematically in
figure 9.1.

Scheme of periodic regeneration

- { Deleted: for
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The system test of a periodically regenerating particulate reduction REC is considered
passed if the [nominal] particulate emissions calculated using the procedure set out below
are within the limit set for the reduction level for which the applicant wishes the REC to be
approved.

The particulate emissions PT (g/kWh) for periodically regenerating systems are determined
as follows.

PT=PT, X F+(1-F) X PT yor

Where:

F= frequency of the regeneration event in terms of fraction of tests during which
the regeneration occurs [-]

PT wor = average specific emission from a test in which the regeneration does not
occur [g/kWh]

PT,= average specific emission from a test in which the regeneration occurs

[g/kwh]
The manufacturer may choose, on the basis of good engineering analysis, to calculate either
a multiplicative or an additive regeneration adjustment factor kr, expressing the average
emission rate, as follows:
kK, =PT/PT wor (multiplicative adjustment factor)
or

Kur=PT-PTwr  (upward adjustment factor)

or

17
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10.7.1

10.7.2

Kpr=PT-PT, (downward adjustment factor)

If more than two measurements between the regeneration phases are used to determine the
emissions, these further measurements must be taken at equal intervals and an arithmetical
average taken.

Regulated pollutants

The emissions of regulated pollutants (CO, HC, PM and NO, ) shall be within the limit
values for the standard to which the engine was originally type approved, both in the initial
condition and in the retrofitted condition. . The NO, / NOx ratio for both the initial
condition and the retrofitted condition are to be recorded and shown in the test report.

The determination of the NO, - and NOx- mass emissions is to be determined by

simultaneous measurement in accordance with [---]. UBA NO2 measurement procedure to
be added.

Weighted gaseous emissions

The emission of gaseous components Mgas (g/kWh) for periodically regenerating systems
is determined as follows.

Mgas = Mgas; X F + (1-F) x Mgas yor

where:

F= frequency of the regeneration event in terms of_the fraction of tests during
which the regeneration occurs [-]

Mgas wor = average specific emission from a test in which the regeneration does not
occur [g/kwWh]

Mgs = average specific emission from a test in which the regeneration occurs
[9/kWh]

The manufacturer may choose, on the basis of good engineering analysis, to calculate either
a multiplicative or an additive the regeneration adjustment factor kr, expressing the average
emission rate, as follows:

k = Mgas / Mgas yor (multiplicative adjustment factor)
or

k ur= Mgas - Mgas wor (upward adjustment factor)

or
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k or= Mgas - Mgas ; (downward adjustment factor)

Smoke opacity

The opacity of the smoke is to be tested in accordance with the specifications of Regulation
No. 49 for engines to be used in vehicles of category M>3.5 t and N. The smoke opacity
shall not exceed 0.8 m™ both in the initial condition and in the retrofitted condition.

Family criteria for particulate reduction REC

Families may be formed from particulate reduction REC of different sizes and/or volumes
provided that the following compliance criteria are met.

Where a particulate reduction REC of the same construction, but with different volumes, is
specified as suitable for various engines and vehicle or machinery types, the family shall
not differ with respect to the features set out in paragraph No. 5.

Where the application range for a particulate reduction REC family is aligned with an
engine manufacturer’s engine family covered by the respective test engine in accordance
with Regulation No. 49 for vehicles of category M>3.5t and N.

If the applicant can show that other engine families produced by that manufacturer, or other
engine families of other manufacturers of the applicant range covered by the test engine are
identical with respect to the family formation criteria, then the application area can be
extended to these engine families.

The family formation criteria for the extension of the application range are
a) within [+ 15%] of the displacement of a single cylinder

b) the method of aspiration (turbocharged or normally-aspirated engine)
¢) with or without EGR.

d) whether a constant speed or a variable speed engine.

To be extended for SCR

Operating behaviour

No impairment of the operating behaviour of the vehicle or machine, and no additional
safety hazards associated with the vehicle or machine shall arise as a result of the
installation of the particulate reduction system.

Consider machinery directive
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9.

10.

11.

12.

Noise

The applicant shall prove that the retrofitting of a particulate reduction system will not lead
to deterioration in the noise characteristic. Noise measurement may be omitted in the case
of particulate reduction systems fitted in addition to the [original equipment
manufacturer’s] standard production silencer system. [If testing is done, then it must
comply with applicable international standards.]

Use of additives

In the case of a particulate reduction REC which makes use of a consumable additive or
reagent, testing of the non-regulated emissions in accordance with Annex | becomes
necessary.

Add SNR provisions in Annex | / [max. allowable values to be defined].

Electromagnetic compatibility

If electronic components or control units are used, they shall comply with the applicable
requirements.

Installation of a REC

Retrofitting with a REC must be performed in accordance with the installation instructions
provided by the REC manufacturer. Any additional instructions (provided, for instance, by
the vehicle or machine manufacturer) must also be taken into consideration. The user or
operator of the vehicle or machine that has been retrofitted is responsible for proper
installation.

The REC manufacturer must provide proper installation guidelines.

The vehicle or machine to be retrofitted must be in a [properly amintaned and] serviceable
condition. Defects that could prevent achievement of the emission reduction level for which
the REC is approved, or could adversely affect its endurance are to be rectified as necessary
before the retrofitting.



