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I. Proposal

Draft new Regulation on uniform requirements for Rerofit
Emission Control devices (REC) for heavy duty vehles,
agricultural tractors and non-road mobile machinery
(NRMM) equipped with Compression Ignition engines.

requirements for Retrofit Emission Control devi¢REC) for heavy duty vehicles, agricultural trastand non-road

mobile machinery (NRMM) equipped with Compressignition engines. 1
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1.

2.

Purpose

This regulation is—intended—toprovides a harmonized method for the
classification,evaluationand approvaland-classificatiorof retrofit emission
control systems (REC) faxides of nitrogenNOy), particulate matterafpe-/
o—PM mass and PM numbepr for both NOx and PMand for the
determination of the levels of emissions from coasgion-ignition (C.l.)
engines used iapplicationsehiclesand-norroad-mebile-machinerwithin
the scope indicated in paragraph 2t provides, for this purpose, a
harmonised method for the determination of the lfewd# emissions from
S

Scope

This Regulation applies to retrofit emission cohgigstems (REC) to be installed:

2.1 on_categoryM,, Mz >-3:5tand Nyvehicles and their C.I. enginesngines
I . .

2.2 on C.I. engines used in non-road mobile machi]nb@yinq an installed net
power higher than 18W but not more than 560/, operated under variable
speed,

2.3 on C.l. engines used in non-road mobile machinteaving an installed net
power higher than 18 kW, but not more than 560 kajderated under
constant speed.

2.4 on C.l. engines used in category T vehichesving an installed net power

3.

higher than 18 kW but not more than 560 kW,

Definitions

For the purpose of this Regulation:

As defined in Annex 7 to the Consolidated Resoiubn the Construction of Vehicles

(R.E.3), (document TRANS/WP.29/78/Rev.1/Amend.2aasamended by
Amend.4).
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3.1

3.2

3.3.

3.4.

3.5

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

“Application range” means the range of vehicles to which a retrofiission
control device (REC) approved according to thisutetipn can be applied;

“Retrofit emission control device (RECYheans any particulate reduction
system, NQreduction system or combination of both which ed: for
retrofit purposes. This includes any sensors arftivape essential to the
operation of the device. Systems that only modify éxisting engine system
controls are not considered to be RECs;

“Particulate reduction REC"means a REC that has a particulate mass or
number _emission reduction efficiency which quadifi¢ to be certified as
meeting one of the classificatidgpe develsas defined in this Regulation.
The regeneration system and strategy are part eofp#irticulate reduction
REC;

“NOx-reduction REC” means a REC that has a NOx mass emission

3.6.

reduction efficiency which qualifies it to be céidd as meeting one of the
classificationtypeevelsas defined in this Regulation;

“Type |CategoryA-retrofit emission control device (REC)” means aofit

3.7.

3.8.

3.9.

3.10.

3.11.

emission control device which is intended to confparticulate matter
emissions only, and which does not increase tleetiNG, emissions;

“Type |l CategoryBretrofit emission control device (REC)” means aaoft
emission control device which is intended to canfparticulate matter
emissions only, and which does not increase thecdiNGQ, emissions by
more thanthe percentage specified in paragraph [2P}%-based on the
engine baseline emission N@vel,

“Engine baseline emissibmeans thdailpipe-emissions of a given engire
or engine system without any retrofit emission conttelice. For engines
without after-treatment the engine baseline emissare equal to thengine

out tailpipe-raw emissions. For engines with after-treatment ¢hngine

baseline emissign are equal to theaftertreated-tailpipe emissions
downstream of the after-treatment system

“Type lll Category—C-retrofit emission control device (REC)” means a
retrofit emission control device which is intendedcontrol NOx emissions
only;

“Type |V Category—Dretrofit emission control device (REC)” means a
retrofit emission control device which is intendedcontrol both particulate
matter emissions and NOx emissions, and thuseddissions;

“Reduction level” means a reduction efficiency in percent to be lbyethe
retrofit emission control device (REC) in orderb® certified as meeting one
of the reduction levels specified in Section 3;
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3.12. “Continuous regeneration’means the regeneration process of an exhaust
after-treatment system that occurs either perménemtat least once per
applicable test cycle;

3.13. "deNOx systemineans an exhaust after-treatment system designeditice
emissions of oxides of nitrogen (NQ(for example, passive and active lean
NO, catalysts, NQ adsorbers, and selective catalytic reduction (SCR)
systems);

3.14. "Emission control monitoring systenrtheans the system thahonitors

ensures—correct-operat-_the operationof the emission control measures
implemented in the engine and/or REC system in rdecwe with the
requirements of paragraph-|;

3.15.

'ESC test"means a test cycle consisting of 13 steady statgemto be
applied in accordance witlne relevant series of amendmentsRegulation
No0.49;

3.16. "ETC test"means a test cycle consisting of 1800 second-bgrsktransient
modes defined in, and to be applied in accordaritetive relevant series of

; . _ - -| Comment [JM1]: Correct
amendments tRegulation NOAQ’ ————————————————————————————————— - referencing to be discussed with

GRPE secretariat.

3.17. “Reduction efficiency”means the ratio between tkegine baselinenass
emissionsand the emissiondownstream ofhe RECsystem both measured
in accordance with the procedures defined in tleguRation;

3.18. "Gaseous pollutants'means carbon monoxide, hydrocarbons (assuming a
ratio of CH_ g5 for diesel)}-and_oxides ofnitrogen(NOx;-the-lasthamed-being
expressedin—as nitrogen—dioxide{NO, equivalent and nitrogen dioxide
(NOy);

3.19. “Load condition” means the loading of particulate matter beingest@t any
moment in a particulate reduction system (such &ttes) expressed as a
proportion of the maximum loading of particulatetrenthat may be stored
in the system under specific driving conditionshwiit external regeneration
measures being initiated,;

3.20. “NRSC cycle”means a test cycle consisting of steady state snathéch is

defined in—andis-to-be—applied-in—accordance—withe relevant series of
amendments tg-parageph-[---J-of fwhich-regulation-to-be-used,—not-yet
insideRegulationN0.96;

3.21. “NRTC cycle” means a test cycle consisting of 1173 second-byrsk
transient modes defined _if—}and-to-be-applied-in—accordance—withe
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relevant series of amendmentpdagraphf{—]-offwhich-regulationto-be

usednotyetinsidRegulationN0.96;

3.22.

3.23.

3.24.

3.25

‘Particulate matter-(PM)-mas8 meansthe mass oany material collected
on a specified filter medium which is defined inethelevant series of
amendments to Regulatiori¢o.49 or 9@5—deﬁned-m—th45—Requ4aueﬁn

‘PM numbet meansthe number of particleshich is defined in the relevant

serles of amendments to Requlat|Nn49an%mateﬁaLeeumed—mh—an

“Particulate reductionsystemREC family” means a family of particulate
reduction systems that are technically identicathwiespect to their

functioning in_accordance withwhenr—compared—iraccordance—withthe

harmeonisation-eriteria-for system-fdes-inparagraph numbér--];
“NOx_reduction systerREC family” means a family of NOx reduction

3.26.

3.27.

3.28.

3.29.

systems that are technically identical with respectheir functioningin
accordance with—when compared—in—accordance—with-Harmonisation
eriteria-for system-families-iparagraph number [---];

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

"Reagent"means any medium that is stored on-board the feehica tank
and provided to the exhaust after-treatment systieraquired) upon request
of the emission control system;

“WHSC cycle” means a test cycle consisting of 13 steady staidem
defined in, and to be applied in accordance wifik relevant series of
amendments to Regulation No4Baragraphi---]}-of [Glebaltechnical
“WHTC cycle” means a test cycle consisting of 1800 second-bgrsk
transient modes defined in, and to be applied coaance withthe relevant
series_of amendments to Regulation Ne-$8ragraphif-—]}—of{Glebal

toshrlenlooulode e
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Y

3.30 ‘Active regeneratiohmeans any additional measure to force regeneratio
either on a periodic or continuously regeneratiitoR

4. Application for approvall /

4.1. The application for approval of an REC shall bebreiited by the
manufacturer or by his duly accredited represergati

4.2, Each REC shall be accompanied by the followirigrmation:

(a) the manufacturer’s name or trade mark;

(b) the make and identifying part number of the(R&s recorded in the
information document issued in accordance withrtloglel set out in [Annex

XXL.

(c) the application including year of manufactice which the REC is

approved, including, where applicable, a markingddientify if the REC is

suitable for fitting to a vehicle that is equippe&ith an on-board diagnostic
(OBD) system as defined in [Application Range];

(d) the instruction manual for the retrofit inibn;

(e) the end-user service manual including mainteeanstructions.

4.3. The applicant shall provide sample(s) of the RBChé tested and to be
retained by the Technical Service.

5.1. All REC shall be marked with the trade name or kmaf the retrofit
manufacturer, the type [and reduction level] ascaid in [annexes ....],
and the identifying part number as recorded in ittffermation document
issued in accordance with the model set out in B¥XX].

5.2. All REC shall be identified by a label, in whidhetapproval number, and the
technical specifications, as required in [annexek shall be placed. This
label has to be permanently fixed to the REC, dhmlindelible, and shall be
clearly readable after installation of the REC.

5.3 REC samples for approval testing have to be gleddntified with at least
the applicant’s name and the application.

5.4. An international approval mark shall be affixedth® REC as indicated in
[annexes ...], conforming to a type approved undeés fRequlation, in
addition to the mark prescribed in paragraphs Gdl52 This approval mark
shall consist of:

54.1. A circle surrounding the letter "E" followed byetidistinguishing number of
the country which has granted the apprdval

1 for Germany, 2 for France, 3 for Italy, 4 fbe Netherlands, 5 for Sweden, 6 for Belgium, 7 for

Hungary, 8 for the Czech Republic, 9 for Spain,fd0Serbia and Montenegro, 11 for the United
Kingdom, 12 for Austria, 13 for Luxembourg, 14 fewitzerland, 15 (vacant), 16 for Norway, 17 for

A

Comment [IM2]: (based on
R.115 and 582/2011/EU)

/
/
/

Comment [IJM3]: (based on
R.115 and 582/2011/EU
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5.4.2. The number of this Regulation, followed by theadet'R", a dash and the
approval number to the right of the circle definedparagraph .... ]. The
approval number consists of the REC type approuatber, which appears
in the communication form for this type (see [paapip 5.2. and annexes
...)] preceded by two figures indicating the latestiess of amendments to

this Regulation.
5.5. The approval mark shall be clearly readable anitdelible.

5.6. [Annexes ...] to this Reqgulation give examples of tirrangement of the
aforesaid label with approval mark.

6. Approval

6.1. Type approval shall be granted if the REC meeg¢srédquirements of this
Regulation.

6.2. An approval number shall be assigned to each Rftoged. Its first two

digits (at present 00 according to the Requlatiorits original form) shall

indicate the series of amendments incorporating rifwst recent major
technical amendments made to the Regulation atithe of issue of the

approval. The same type approval number shall roadsigned to another
REC.

6.3. Notice of approval or of refusal or of extensioh approval of a REC
pursuant to this Regulation shall be communicatedhie Parties to the
Agreement applying this Regulation, by means ofranfconforming to the
model in [annexes ...] to this Requlation.

|~

General requirements

~
-

The REC shall be designed, constructed and capélileing mounted so as
to enable the application to comply with the rudes$ out in this Regulation
throughout the normal life of the REC under norgmiditions of use.

7.2. The REC shalbe durable. That is it shall be designed, constructed and
capable of being mounted so that reasonable resestés obtained to
phenomena such as the corrosion, oxidation, vinadind mechanical stress
to which it will be exposed under normal conditiaisise.

7.3 For REC requiring a reagent, each separate reg@ninstalled on a vehicle
or_ machine shall include means for taking a sansplany fluid inside the

Finland, 18 for Denmark, 19 for Romania, 20 foraal, 21 for Portugal, 22 for Russian Federation,
23 for Greece, 24 for Ireland, 25 for Croatia, 86 $lovenia, 27 for Slovakia, 28 for Belarus, 28 fo
Estonia, 30 (vacant), 31 for Bosnia and Herzegow2afor Latvia, 33 (vacant), 34 for Bulgaria, 35
(vacant), 36 for Lithuania, 37 for Turkey, 38 (vaba39 for Azerbaijan, 40 for The former Yugoslav
Republic of Macedonia, 41 (vacant), 42 for the Bean Community (Approvals are granted by its
Member States using their respective ECE symbalfp# Japan, 44 (vacant), 45 for Australia, 46 for
Ukraine, 47 for South Africa and 48 for New Zealar®ubsequent numbers shall be assigned to other
countries in the chronological order in which thratify the Agreement Concerning the Adoption for
Uniform Technical Prescriptions for Wheeled Vehscl&quipment and Parts which can be fitted
and/or be Used on Wheeled Vehicles and the Conditfor Reciprocal Recognition of Approval
Granted on the Basis of these Prescriptions, amadimbers, and the numbers thus assigned shall be
communicated by the Secretary-General of the UnNetions to the Contracting Parties to the

Agreement.

A

Comment [JM4]: (based on
R.115)
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tank. The sampling point shall be easily accessiitbout the use of any

specialised tool or device.

Where a REC requires the use of a reagent, ttverdor machine operator

shall be informed of the level of reagent in thegent storage tank on the

vehicle or machine through a specific mechanicaklectronic indication.

This indication shall include a specific warningi¢e as a warning lamp or

clear mechanical indication) when the level of mrdgoes either:

(a) Below 10 per cent of the tank or a higher pet@ge at the choice of the

manufacturer, or;

(b) Below a level corresponding to 12 hours of esad the vehicle or

machine under average conditions of operation.

The reagent level indicator and the warning inicahall both be placed in

close proximity to the fuel level indicator.

Devices that by-pass or reduce the efficienchefREC are not permitted.

ReductionleveldPerformance requirements

REC approved under this requlation shall meet bbthe following criteria

- the reduction levels as specified in paragré@hand

- the emission limit values as specified in parphi&3

A

Comment [LES5]: Aligned
with wording of other ECE Regs.

{—~]—LT9I9I9,8,1 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, T

Reduction levels

Reduction efficiency (%)

NOx PM mass
Reduction Level 1 [tb-d150] — [as specified in Anne
1l — [as specified in Annex 50
Reduction Level 2 — [as specified in Annex 1]
[£b-d70] — [as specified in Annex|{R M bl orsoososnmic-2ure

V]

ARt

8.2.

8.2.1.

8.2.2.

Reduction levels

The reductionlevelsfficiency as measured using the test procedure(s)

associated with the limit values to be achiegball not be lower than the

amounts specified in the respective Annexes | taof\this Reqgulatiorand

shown in—basddin-Table 8.1. Those levels are to be applied to the engine

baseline emissions of the test engine as definpdragraph [---].

For the purpose of this regulation the rédndevelefficiencyfor NO, shall
be applicable to systems which are intended tocashy NO,, and the PM
reduction level to systems intended to redwedy-PMparticulate For
CoembiredType IV RECo i — which-are-intended-toreduce-emissions of

beth-NQ-andparticulate-matter-angermitted-to-haveny combination of the
reduction levels for these two pollutants shawithe-in-table4-1Annexes |

Comment [JM6]: Reduction
levels to be specified in the
Annexes




ECE/TRANS/WP.29/2q—/--/-]

to IV of this Regulatioris permitted Fhere-is-re-requirementfora-systen
have he same redudnlevel forbothpollutants.
8.2.3. AType |, Type Il, Type lll or Type IV REGystemCategoryA——Categery
B-Category-Cor-CategoryD-REC-canmay be approved to any reduction

Table 8.2:
REC Categories-Typesand/ Reduction leves

Reduction le\agiplicable
NOXx PM mass

CategoryAType | - lor2
Categery-B_Type Il - lor2
CategeryCType Il lor2 -

CategoryBType IV lor2 lor2

8.3. Limit values
The engineor/ engine system shall meet the next higher emisstiage with
respect to the limits of Regulation No. 49 and R6.based on the engine
baseline emissionss measured using the test procedure(s) assbaisiie
the limit values to be achieved

8.3.1. Theminimumrequirements for eadiype eategeryof REC are illustrated in
table 8.3, table 8.4., table 8.5. and table 8.6.

Table 8.3:
REC Matrix for Regulation No. 49

Comment [JM7]: Baseline A,

Baseline | Componen} Type I/l Type Il Type IV / Egi?(l%/éw C)_ requirement for
| PMis 0.02g/kWh on both cycles
toBl1/B2/C to Bl to B2 to B1 toB2/C !
A NOXx - 3,5g/kwh | 209/kKWh | 35g/kwh | 2,09/kKWh
PM 0,02 10,08 g/kwh . 0,02)10,03 g/kwh
Baseline Componeng Type I/ 1l Type lll Type IV
toC to B2 toB2/C i
61 NOx - 2,0 g/lkWh 2,0 g/kWh
PM 0,02 g/kWh - 0,02 g/kWh J

D for the ESC cycle
2 for the ETC cycle |

where the baseline identifiers correspond to thwdables 1 and 2 of Regulation No. 49 revision 5.

Forretrofit to- Euro- i see separate-ARnex |



Table 8.4:

| REC Matrix for Regulation No. 96 / REC Categery-A-+BType | /I

Baseline net. Power] Componept Type l/ll
g/ kWh K L M N Q R
E 130< P< 560 PM - 0,025 - - 0,025 -
F 75<P<130 PM - - 0,025 - - 0,025
G 37<P<75 PM - - - |o,028" - |0,025"
D 18<P<37 PM 0,6% . . . . .
H 130< P< 560 PM - 0,025 - - 0,025 -
I 75<P<130 PM - - 0,025 - - 0,025
J 37<P<75 PM - - - |o,028" - |0,025"
K 19<P<37 PM - - - - - -
L 130< P< 560 PM - - - - - -
M 75<P<130 PM - - - - - -
N 56< P<75 PM - - - - - -
P 37<P<56 PM - - - - - -

() only for engines with net power > 56 kW
(2) only for engines with net power > 19 kW

| where the baseline identifiers correspond to tlim&egulation No96 revision n.

GE.10-

Please recycle@
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Table 8.5:
REC Matrix for Regulation No. 96 / REC Categery-CType lll

Baseline net. Power] Component Type lll

g/ kKWh H | J K L M N P Q R
E 130< P< 560 NOX 4,0% - - - 20 . . . 04 -
F 75< P< 130 NOX - | a0® | - - - 33 - - - | 04"
G 37<P<75 NOX - - 4,7%® ; - - 33" . . )
D 18<P<37 NOX - - - 7,5(2) - - - - - -
H 130<P<560[ NOx® ; ; - ; 20 - - - 04 ]
| 75<P<130| NOx® - - - - - 33 - - - 0,44
J 37<P<75 Nox® ; ; - ; - - 33| - - 0,4%
K 19<P<37 Nox® ; ; - - - . ] _ _ ]
L 130< P< 560 NOX - - - - - - - - 0,4 -
M 75<P<130 NOXx - - - - - - - - - 0,4
N 56< P< 75 NOXx - - - - - - - - - 0,4
P 37<P<56 NOX - - - - - - - - - -

(1) only for engines with net power > 56 kW
(2) only for engines with net power > 19 kW

(3) sum of hydro-carbons and oxides of nitrogen
where the baseline identifiers correspond to tlimm$zegulation No.96 revision n.

13




Table 8.6:

| REC Matrix for Regulation No. 96 / REC Category-BType IV

Baseline net. Power] Componept Type IV
g/ kWh H [ J K L M N P Q R
E 130<P<560| M N - — - —
NOx | 40 - - - | 20 - - - | 04 -
F 75<p<130| M - —— - S L - -
NOx - | 40® | - - - 33 - - - | 04®
PM ] ] ] - - - |o028M] - - |o,028™
G 37<P<75 : )
NOX - - | a7®] - - - 33| - - -
B, - . @ _ . . . . .
D 18<P<37 PM 0’6(2)
NOXx - - - 7,5 - - - - - -
PM ; - - - [ oo2s] - - - [ oo2s] -
H 130< P< 560 ®
NOX - - - - 2,0 - - - 04 -
PM - - - - - 0,025 - - - 0,025
[ 75<P<130 ® @
NOX - - - - - 33 - - - | o4
J 37<P<75 PM - - - - - - [0028Y] - - |o028”
<P= @) (1) @)
NOx - - - - - - |33 - - | o4
PM - - - - - - - - - -
K 19<P<37 ®
NOx - - - - - - - u - -
PM - - - - - - - - - -
<
L 130<P<560 O - - - - - 5 - 5 04 -
PM - - - - - - - - - -
<
M 75< P< 130 NOX - - - - - 5 - 3 - 0,4
PM - - - - - - - - - -
<
N 56<P<75 NOX N " - " N _ N B R 0,4
PM - - - - - - - - - -
P 37<P<56
== NOX - - - - - - - : - -

(1) only for engines with net power > 56 kW
(2) only for engines with net power > 19 kW
(3) sum of hydro-carbons and oxdes of nitrogen

| where the baseline identifiers correspond to thwsegulation N0.96 revision n.

GE.10-

8.4 NGO, emissions requirements for Type | and Type Il RECs

8.4.1 For a Type | REC, Nemissions shall not be greater than the, K&seline
emissions, measured as defined in Annex IX.

8.4.2 For a Type Il REC, NGemissions shall not be more than [...]% greatan th

the baseline emissions, measured as defined in¥Axhe

9 i criteriaf ioul et
RECApplication range

The application range describes the range of esgiri engine systemto
which -which-are-covered-bthe RECsystemfamily may be appliedThe
applicant shall provide detailed information abthé application range to the
Type Approval Authority / Technical Service as dfied in [Annex I].

Please recycle @

- '{ Comment [JM8]: Tolerance

needed?
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The application range is defined by the engine fiatoiwhich the test engine
as defined in [paragraph 12] belongs.

The application range may be extended to

a) other engine families produced by the same engereufacturer, and

b) engine families of other engine manufacturers

if the applicant can demonstrate that the follayvaniteria are the same as
the test engine:

(i) within [+ 15 [20]%] of the individual —eylinder displacement

displecement-of-a-singleylinderefthetest engine

(i) method of aspiration (turbocharged or normally-epd engine)
(iii) with or without EGR.
(iv) whether a constant speed or a variable speed engine

(v) engine baseline emission stage.

[2Are additional requirements needed for NOx anbined systems]

10.

Modifications to engine baseline emissions

Any engine operation parameter specified by thegimasi engine
manufacturer, such as maximum allowable exhausbgek pressure, [to be
completed] shall not be affected by the REC.

In_cases where additional measures with respectenission-relevant

components and / or system components, such asficatidns to the
exhaust gas recirculation (EGR) control, are nengss order to ensure
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11.

12.

12.1.

b)

12.2.

proper functioning of the engine and exhaust afeatment systems in
conjunction with the REC, the applicant shall pdsvia detailed description
of the design modification along with an explanatad how the modification
will change the operation and performance of théssion control strategy.
To support its claims, the applicant shall submitdifional test data,
engineering justification and analysis, or any otlformation deemed
necessary by the Type Approval Authordl Technical Service to address
the differences between the modified and origiresligins.

The emission control system of the original engmanufacturer shall not be
modified, except for modifications allowed by weitt permission of the
original engine manufacturer. Any modification upam of the original de-
NO, System is not allowed. Modifications downstreamtlué original de-

NO, system arepermissiblepessibldéf the above mentioned parameter
defined by the original engine manufacturer areafi@icted.

The performance of any On-Board Diagnostics (OBBR3tem and NOXx
control system of the original engine system shailbe compromised by the
REC.

Specifications concerning the emissions oflpdants|

The gaseous and particulate components emittechdyemgineor/ engine
system in combination with the REC submitted fatitey shall be measured
by the methods described in the applicable annekd®egulation 49 and
Regulation 96.

If a heatedcheni-luminescent detectoiCLD) is used for the determination

of NO, in_accordance with [ ], two parallel measuring chambers to
determine NQ@ and NO simultaneously shall be used. The use @ tw
individual CLDs which are operated in parallel is not permitted.

[Two CLDs in parallel are permitted providing tliae converter efficiencies
are shown to be within [3%)] of each other]

Durability requirements e

The applicant shalirevi @
deenbed—mpa#agmphwmbe#s[—-]—anéconﬂrm that the REC system will
comply with the applicable provisions during norrmakration over a useful
life of:

a) for category M and M; and N vehiclesa mileage 0f200000] km or a

service life ofup—te[6] years,whichever occurs firsdepending-en—which
shteroHsfrstbraached,

for}
mfor wwaﬁnebﬂenaehme#v“ all other appllcatlons—haxime%mstalled

maehmepyevepm 000] operatlng hours or a service Ilfe M[G] years
depending-en-which-criterion-is-first reachelichever occurs first.

The applicant shall conduct @00 hour durability test on an engine and
REC combination. This test shall be either a fielst in a typical vehicle or
machine application or a test [using an appropdaty cycle]Jonir an engine

Comment [JM9]: Title:
Specifications concerning
Emissions measurement?

Comment [LES10]: Wording
in accordance to Anlage XXVII
deleted.
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l2.3.

12.4.

testeellbed The engine for the durability run may be diffgréom thetest
engine used for tests to establish the reductieel lef the REC, but must be
an engine within the declared application rangénefparticular REC.

The content of the test is as follows:

- 1000 hour testing of the REGystemwith recording of all relevant
operating data of the engine concerned includingticoous second-by-
second data logging of exhaust temperature befoeefiter REC and
pressure lossf-thefilteiover the REC type and consumption of fuel and
lubricating oil. Inthe case of a field test the REGstemmust be sealed by
the Technical Service and the data-logging shaltdmeied out by théilter
REC manufacturer or by the operator of thehicle ormachineir-on which
the endurance test is performed.

- In the case of REGystemsthat operate with additives or makease of a
reagent verification of the correct dosing rate shall iddally— be
performed fithe beginning of the field test, after 500 hoaf®peration and

after lOOO hours of operatlom#enileaﬂen—ef—the—mhabmw-ef—desagby

After completion of the durability run thkeyed REC used to demonstrate
durability shall be used for any further evaluation testinthvihe original

test englne 9%—de

13.

13.1.

| Particulate reduction RECsystemfamily|

The approval of a particulate reductigstemREC will continue to be valid
for a nominally similar system in a different canfration or application
provided that it does not deviate from the testgstesn withwith-respect to
the following features:

a) Type of retention and functioning of reductioraterial (for example,
adhesive or mechanical fixing, metallic or ceramiaterial, barrier filtration

or aerodynamisepratiogeparatiojy

b) Design and characteristics of the filter [¢hey active] material (for

example, whether it consists of sheets or platess braided or wound, the
cell, material, or non-woven density, the porosityl pore diameter of barrier
fiter media, the number of pockets, blades or sath aerodynamic

seperatoigeparatorsthe surface roughness of critical components, thed

diameters of wires, balls, or fibres);

|

Comment [LES11]: Content
form SNR regarding the durabilit
test

Comment [LES12]: These are
in fact the family criteria, for that
reason Anlage XXVII wording is
deleted.
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13.2.

14.
family

14.1.

c) Minimum total charge of catalytically activeaterials of the particulate
reduction system including upstream catalystst(éd) (grams/m3);

d) Maximum total charge of catalytically active maals of the particulate
reduction system including upstream cately# fitted) (grams/m3)

e) The design characteristics of the canningagkaging (for example, the
storage or retention of the carrier of the actilenents);

f)  Active Volume, which must be within + 30% ofie volume of the
tested device;

g) Type of regeneration (whether periodic or surdus);

h) Regeneratiorstrategy-principle (for example, catalytic, thermal, or
electrothermal and regenerationstrategy —er—foregdor example passive,
active, forcedregeneratifin

i)  Method and control strategy for introducing @des or reagents (if
used);

j)  Type of additive or reagent (if used);

k) Installation conditions (max. + 0.5 m intradion difference between
the turbocharger outlet (turbine) and the inlet of terticulate reduction
system)

I)  Type of any catalytically active material
m) With or without an upstream oxidation catalyst

When testing the particulate reduction REGn the engine testellbed the
REC must be fitted so that there is a distance tfaest 2 metre the REC
inlet from the outlet of the turbocharger (turbin®)the outlet plane of the
exhaust manifold where no turbocharger is fittedthe REC—inlet If the
applicant can show that a distance shorter than ntirémum distance
specified here is used in all subsequent applicatas the REC, the length of
the pipe used in the test cell may be correspomdimgluced. Insulation or
similar means of maintaining the exhaust tempeeatwe permissible only if
they are also used in the subsequent installafidneoREC on the vehicle or
machine.

Comphiahee-—criteriafor-NOXx reduction REC system

Families may be formed from NOreduction REC of different sizes or
volumes, or both, provided that the following corapte criteria are met:

a) Where a NOQ reduction REC of the same construction, but with
different volumes, is specified as suitable forimas engines and vehicle or

machinery types, the family shall not differ witbspect to the features set
out in Section 11. of this Regulation;

b) Where the application range for a N@duction REC family is aligned
with an engine manufacturer's engine family covelpgdthe respective test
engine in accordance with Regulation No. 49 foridlek of category M>3.5t
and N;

c) If the applicant can show that other engine f@siproduced by that
manufacturer, or other engine families of other wufacturers of the
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14.2.

14.3.

14.3.1.

14.3.2.
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16.

16.1.

16.2.

16.3.

17.

Fuel

The testing of the REC shall be conductett witmmercially available fuel
representative of that generally used for the tgpe&ehicle or machine to
which the REC will be fitted.

The REC manufacturer may, as an alternativuesing market fuel, apply to
the Approval Authority for permission to performettests on the REC using
a reference fuel. The reference fuel to be usetthigicase will be the fuel
specified in either Regulation No. 49 or Regulatin. 96 for testing of
engines for type-approval to the standard indicaegaragraph 4 that the
vehicle or machine is intended to achieve afterRE€ under test has been
fitted.

The specific fuel consumption of the engineirdy the applicable test cycle
shall be not more thaj@d% for PM REC, ?% for NOx RECYreater in the
retrofitted condition than the mean specific conption in the non-
retrofitted condition.

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

Choice of the test engineand REC combination

Fhe-engine-chosentdesting-should he test engines shaitiginate from a
enginefamily ef-enginescorresponding to the subsequent application range

of the REC. The emissions performance ofdhesentest engine shabbe

withinmeet the limits setfortypeapprovaltofor the applicable bagee
emissionlimit-stage.

The test engine [and REC combination] for the sett@pplicationrange
areashall meet the following criteria

a) the engine shall have a nominal powetputbetween 100% anj@0%)]
of the maximum. power of the parent engine in the particular familyen
assessed in accordance with the procedofréd RegulationNe-49 and / or

Regulation 96;

b) theengine-andREC systemshall have théighest space velocity within
the smallest-used-filter volume ) -that correspond-to-the subsequent
application rangéer-of the-selected-test-enginthe REC system;

c) the REC system shall have the minimum total chafgeatalytically
active materials specified by the manufacturer.

Comment [S17]: Test cycle
paragraph from here to the
beginning of Section 18, , and
wording modified .
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For REC intended to be used on engines type-apdrav accordance with
Regulation No.96testing on one test engine for each power catefmry
which the REC is intende®@-be-useds mandatory.

_ ‘| Formatted: Font: 10 pt, Not
.~ | Bold

ests must be a modification that will be madeltemaines with which the
REC-is-subseguently-usellVhere vehicles or machines are fitted with on-
board diagnostic systems those systems shall nafféetedirmited-with
respect to their monitoring function after the ofitrsystem has been
installed. The characteristics of the electromgire control unit (as regards,
for example, injection timing, air-mass flow meteyj or exhaust emissions
reduction strategies) shall not be altered by ¢hefitting. Any modification

of the test engine that changes the original emnisisehaviour (e.g.
alternation of the injection timing) is not perraitt

_ - 7| Formatted: Indent: Hanging:
7 2cm

|

(section 18 in previous draft)

}8\—]{ _ - | Comment [JM18]: Test Cycles
moved to Annexes.
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_1 Comment [LES19]: Not
P needed.

18. Operating behaviour

No impairment of the operating behaviour of thaigke or machine, and no
additional safety hazards associated with the \elsicmachine shall arise as
a result of the installation of the particulateuetion system.

Consider machinery directive

19. Noise

The applicant shall prove that the retrofitting @f particulate reduction
system will not lead to deterioration in the noiSeise measurement may be
omitted in the case of particulate reduction systéitted in addition to the
[original equipment manufacturer’s] standard prdaurcsilencer systenilf

Comment [JM20]: Title: Use

testing is done, it must comply with applicablesimiational standards.]
, { of Additives or Reagents?

20. Use of additives N
In the case of a particulate reduction REC whiclkesause of a consumable
additive or reagent, testing of the non-regulataissions in accordance with
[Annex ] becomes necessary.

BSeelSNR provisions infAnnexii(ihax. allowable values to be defined].

21. Installation of a REC

21.1. Retrofitting with a REC must be performed accordance with the
installation instructions provided by the REC mamutdirer. Any additional
instructions (provided, for instance, by the vehiol machine manufacturer)
must also be taken into consideration. The us@perator of the vehicle or
machine that has been retrofitted is responsibslefaper installation.

21.2. Maintenance-to-be-introducet- CARB
Installation requirementsto be introduced =>CARB

The REC manufacturer must provide proper instataguidelines. The vehicle or machine
to be retrofitted must be in a [properly maintairedi] serviceable condition.
Defects that could prevent achievement of the eamiseeduction level for
which the REC is approved, or could adversely &fitscendurance are to be
rectified as necessary before the retrofitting.

21.3. The REC manufacturer shall supply, with each REGve®d, written
instructions that shall state that the proper Ifegtan and maintenance of the
REC is essential to its correct functioning.

23
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21.7.

roducton S
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1.5.

1.6.

The instructions must indicate requirements forghmer maintenance of the
REC, including, where relevant, the use of consuenegngents. They must
indicate any requirements or limitations on the ofsthe vehicle or machine
that are necessary in order to ensure correctifumog of the REC.

The instructions shall be written in clear and mechnical language, and be
suitable for passing to the owner or operator &f ¥ehicle or machine to
which the REC will be fitted.The instructions shall be in the language of the
country in which the REC is sold or in which the RIS expected to be used.

Where the REC uses consumable reagents,nsitieidtions shall specify
whether those reagents need to be refilled by éiécle or machine operator
between normal maintenance intervals, and shaltatel a likely rate of

reagent consumption.

The instructions shall state that, where the fittof the REC is a condition
for operation of the vehicle or machine in a paiac country or area, or
where fitting of the REC entitles the vehicle oralnime owner to incentives
or privileges, the failure to maintain the REC inomer working order

(including the failure to ensure a proper supplyaofy reagent), may be a
criminal offence or constitute a breach of contract

Conformity of production

| Comment [IJM21]: (based on
," | R.115 —to be discussed)

Modification and extension of approval of é RE¢: ,/

Comment [IM22]: (based on
| R.115 —to be discussed)
/
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Annex 4
Application range

Numbdr | Vehicle- Brand Model | Engine | Capacity | Capacity | engine net Engine Technical Type Reduction
Manufactu name year type [/cylinder \m power Baseline Silencer Report identification Level
rer from/to kW with min * | emissions| replaced Noise of the and
cm3 cm? Emission particulate REC
reduction category
REC
1996 - 185 KW
1 72006 1994 12000 220 KW Stage A yes 1/A
= 260 KW
1996 - 185 KW
2 2006 1994 12000 220 KW Stage B yes 2/B
= 260 KW
1996 - 185 KW
3 2006 1994 1200 220 KW Stage Il no 1/B
= 260 KW

GE.10- Please recycle@
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the case of Level 2 devices?
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Test of a particulate reduction REC

1. Testing of a particulate reduction REC is perfed in a series of stagesd as follows;

i) Establishment of the engine baseline emissions.

i) Determination of the reduction level.

iii) Performance of an endurance run.

iv) Determination of whether the REC regeneratesriogically or
continuously.

v) Test of the regeneration characteristic (ifrappiate).

vi) Establishment of the regeneration adjustmaotdr (if appropriate).
vii) Determination of the N® emissions and of emissions of the other
regulated pollutants.

In Annex 12 a flow chart outlines the test sequdiacearticulate reduction
REC.

2 The engine baseline emissions are establishedpérformance of an
emissions test procedure on the engine system wtitibe REC in
accordance with the requirements of Regulation Bl@#Regulation N0.96,
as appropriate.

B The reduction level is determined by performamfean emissions test
procedure on the engine system in accordance \ighréquirements of
Regulation N0.49 or Regulation N0.96, as approgyiaith the REC fitted in
accordance with the requirements of this Requlation

4 The endurance run shall be performed in accorwaiitt the requirements of
Section 12 of this Reqgulation.

5. he iegeneratiorstrategy and the regeneration characteristics siedbleshed
by use of the following procedure. [The emissi@isNO, and of the
regulated pollutants are determined by measurent@kes immediately after
the tests to establish the regeneration charatitsds

5.1. In order to assess the regeneration performahaeREC systelin at least 25

ETC or /WHTC test cycles or 2BIRTC cycles, must be carried out. The test
cycle used must be a cycle appropriate to the émnisstage or standard that
the REC system is intended to permit the vehiclmachine to meet.

The gaseous emissions and the particulate madstharparticulate number

separate test of the particulate reduction syssecairied out for each family
or application range defined in the type approvacpdure for the engine
with which the REC system is intended to be us€Hat is, one system test
takes place for each application area.

If the applicant can prove that a particulate rédacsystem that has been
tested for vehicles of category M2 and N vehitiesiesigned for use in the
same manner [and will work effectively] on C.l. @ms for use in non-road

-
-
-

Comment [JM34]: Complete
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mobile machinery, and the family of test enginesduis accordance with the
requirements of paragraph [ is representative for such applications and
meets the family criteria of paragraph,[then the application range for
which the system is approved may be extended tee@gdines for use in non-
road mobile machinery. Extending the range of aiqdate reduction
system that has been approved for use with C.ineegn non-road mobile
machinery to cover on-road applications in the wdgscribed in this
paragraph is not permitted. .

A particulate reduction REC is considered twehheen proved to have a
continuously operating regeneration process ifitalsle assessment variable
can be regarded as constant over at least 25 abfalidest cycles. The
particulate emission and the exhaust gas backpeesare regarded as
suitable assessment variables for this purpd$ean applicant wishes to use
one or more different assessment variables, he pnesént a robust technical
case to the approval authority in support of higiest to do so.]

The particulate emission and the exhaust gas besgpre are considered
constant within the meaning of this regulation vehttrere is a coefficient of
variance of less than 15% over 25 test cycles. édimaust gas backpressure
is measured continuously for the purposes of tlisessment and the
particulate emissions are measured during at &eesy fifth test cycle.

The coefficient of variance (CoV) is calculatedafows.

Standard deviation X (r

Variance =
Average value X (n)
with:
2 _ 2
Standard deviatiors M
n

and:

Average value= X +x+ +x )/

where:
n= number of measured values
X = respective single measured value

If an REC manufacturer intends to apply forrappl for an REC that can
reduce emissions gfarticulate masme-er-more-of-the-relevant-peliutaip
two subsequent emission stages, then additionaificagion becomes
necessary.

This additional verification required in this caseperformed in accordance
with the procedure set out raragraph number 13.2 and paragraph number
15.6 on a test engine selected in accordance witlptbeedure set out in
paragraph 12n the basis of the final emission level to beiadgd by the
retrofitted engine.

It will be considered sufficient to perform the &éuhal testing on only one

engine family member representative of the appboatrange. For that

reason it is permissible to transfer the emissiategory extension that has
been gained by this additional testing to otherimadamilies in the same

application range. .
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The REC used in the additional verification proaedtequired in order to
extend the approval to a further (subsequent) éonisategory must be from
the application range of the basic REC for whioh dpproval was issued. [It
must not be a REC which has been approved by eatems$ the original
approval.] If the REC is not from the applicati@nge of the basic REC for
which the approval was issued and the system igleatical, then a full test
for a new type in accordance with this regulat®nécessary.

If the scope of application is widened, then theliepnt must additionally

certify in the letter of application for approvéilat the REC is also designed
and suitable for higher raw emission burdens wresdwon lower emission
level engines.

Test of the regeneration characteristic of #iqdate reduction REC for
Reduction level 1

Particulate systems achieving Reductienel 1 are subjected to further
testing in order to verify their regeneration clugastic.

This further testing is carried out by loading thystem [with particulate
matter] until a constant exhaust gas backpressureaiched or over a time
period of a maximum of 100 hours [if no constaritieafor the backpressure
has been achieved before that time]. The exhaust tgakpressure is
considered constant if, when measured after a gp@fiat least 50 hours, the
exhaust gas backpressure does not vary by moreptharor minus 4 mbar
within a period of 30 min. The test points of thle used for loading the
system are to be selected so that a maximum exigmsstemperature of
180 C at the inlet of the particulate reductiontsysis not exceeded. The
loading of the system with particulate matter igfprably carried out by
running the test engine at a constant speed ofdegtvd0% and 75% of its
rated speed.

After the REC has been loaded with particulatetenatntil the backpressure
is constant, or after a maximum of 100 hours ohimg to load the system as
defined above, regeneration is activated. This fanexample, be activated
by running the engine at a higher load mode stegsd0 increase the exhaust
temperature. After completion of the regeneratethaust gas measurements
are to be taken during at least three appropristect/cles (That is, three ESC
cycles, ETC cycles, WHSC cycles, WHTC cycles, NRSCles, or NRTC
cycles.) The measured exhaust gas pollutant vahedsnot deviate from the
measured exhaust gas pollutant values before ti IB&ding procedure by
more than 15% for the gaseous emissions or mora #G% for the
particulate mass or particulate number emissions.

The manufacturer shall confirm in writing that theaximum temperatures
occurring during the regeneration process will damage or significantly
shorten the effective life of the REC.

As an alternative to using the loading procedurscdleed above, the
manufacturer may provide a particulate reductiorfCRitready loaded to the
limit for the regeneration test.

Assessment criteria for continuously regenegatparticulate reduction
systems

The REC system test of the particulate reductionCRE considered
satisfactory if the reduction level criteria definm paragraph number 3 are
met.
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5.5.1.

Regulated pollutants

The emissions of the regulated pollutants (CO, IR®l and NQ) in the

initial condition and in the retrofitted conditioshall be within the limit
values for the emissions stage or standard fortwthie engine was originally
type-approved. The NOto NGO ratio for the initial condition and the
retrofitted condition is to be recorded and showthe test report.

The determination of the NGand NQ mass emissions is to be determined
by simultaneous measurement in accordance sgittion 1.7

Assessment criteria for periodically regenegtiparticulate reduction
systems

This provision only applies to REC which are regrated on a periodic
basis.

The emissions shall be measured during at lease thppropriate hot-start
test cycles (That is, three hot-start ESC cyclds; Eycles, WHSC cycles,
WHTC cycles, NRSC cycles, or NRTC cycles.) Onetla# cycles from

which measurements are taken should include a eegton event on a
stabilized REC system. The other two cycles frohictv measurements are
taken should be cycles in which regeneration de¢®ocur. If regeneration
takes longer than one test cycle, consecutivedgdes shall be run until
regeneration is complete.

The REC manufacturer shall declare the conditiemsler which the

regeneration process normally occurs (the partieuldading, temperature,
exhaust back-pressure, or other relevant parameterBhe manufacturer
shall also provide the frequency of the regenemagwent in terms of the
fraction of tests during which the regenerationussc The exact procedure
used to determine this fraction shall be agreeth[tie manufacturer] by the
type approval authority on the basis of good ergjing judgement. (This

frequency fraction is the factoF in the procedure for calculation of
[nominal] particulate emissions set out below.)

For a regeneration test, the manufacturer shallige a particulate reduction
REC system that has been loaded with particulattemaAs an option, the

manufacturer may run consecutive test cycles [a®wein paragraph 10.4]

until the particulate reduction REC is loaded. E&sitns measurement is not
required on cycles run for the purposes of loadiregREC with particulate

matter

Average emissions between regeneration phasédstdetermined from the
arithmetic mean of several tests approximately digtaint in terms of the
number of unmeasured test cycles between thema mAimimum, at least one
test cycle as close as possible prior to a regéoertest and one test cycle
immediately after a regeneration test shall beuahetl in the calculation of
the arithmetic mean

During the regeneration test, all the data needetktect regeneration shall

Figure 1.1:

be recorded (CO or NCemissions, temperature before and after the REC,
exhaust back pressure, and any other relevant pteesh It is permissible
for the applicable emission limits to be exceedednd) the regeneration
process. The test procedure is shown schematicdityure 1.1.

Scheme of periodic regeneration
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The system test of a periodically regeneratingipaete reduction REC is
considered passed if the [nominal] particulate siois calculated using the
procedure set out below are within the limit sat ttee reduction level for
which the applicant wishes the REC to be approved.

The particulate emissions PM mass (g/kwWh) for pically regenerating
systems are determined as follows.

PM mass = PM massx F + (1F) X PTyq

Where:

F= frequency of the regeneration event in teohs
fraction of tests during which the regenerationussdg-]

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

PM mass = average specific emission from a test in which
the regeneration occurs [g/kWh]

The manufacturer may choose, on the basis of gogiheering analysis, to
calculate either a multiplicative or an additivgeaeration adjustment factor
kr, expressing the average emission rate, as fellow

k;=PM mass / PM masg; (multiplicative adjustment factor)
or

k ur= PM mass — PM masg, (upward adjustment factor)

or

K pr= PM mass — PM mass (downward adjustment factor)
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Table 1.1

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

Regulated pollutants

The emissions of regulated pollutants (CO, HC, id BHQ,) shall be within
the limit values for the standard to which the eegivas originally type
approved, both in the initial condition and in tegrofitted condition. The
NO,/ NOy ratio for both the initial condition and the rditted condition are
to be recorded and shown in the test report.

The determination of the N@ and NOx- mass emissions is to be determined
by simultaneous measurement in accordance sgithion 13.7

Weighted gaseous emissions

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

Mgas = Mgas x F + (1) x Mgasyor

where:

F= frequency of the regeneration event in teohs
the fraction of tests during which the regeneratioaurs [-]

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

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

The manufacturer may choose, on the basis of gogiheering analysis, to
calculate either a multiplicative or an additives tregeneration adjustment
factor kr, expressing the average emission ratfllasvs:

k ;= Mgas / Mgagor (multiplicative adjustment factor)
or

k ur= Mgas - Mgas,or (upward adjustment factor)

or

k or= Mgas - Mgas (downward adjustment factor)

Determination of N@emissions
The testing shall be performed on the test engelected by the criteria
described in paragraph [10].

[The test engine shall, in addition to the requieets of paragraph 10,
comply with the engine baseline emission rangesrgim table 11.1 [to be
adjusted for other engines than Euro IlI]]

Engine baseline emissions for NOdetermination

Euro stage HC in g/lkWh NONn g/kWh
EURO Il ESC 0.20-0.40 0.40-0.50
(Cylinder capacity: up to 800 ¢ ETC 0.10-0.25 0.70-0.80
EURO Il ESC 0.05-0.20 0.15-0.20
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(Cylinder capacity: over 800 ¢in ETC 0.10-0.25 0.20-0.30 |

EURO Il ESC

(Engines with EGR systems) ETC |
5.7.1. Selection of the particulate reduction RBENO, determination |

The system to be tested shall be

- the particulate reduction REC with the largesivacvolume and, if a diesel
oxidation catalyst (DOC) is used upstream, thelgétaconverter with the
largest active surface area and

- the particulate reduction REC containing tmaximum total charge of
catalytically active materials and maximum platinum charge of the
particulate reduction REC within the defined RE@ifgt-

The chosen particulate reduction REC shall bedfittesuch a way that the
shortest distance between the engine and the platécreduction REC, as
specified in the application range for the partitel reduction REC, is
achieved,

The REC shall be unloaded and shall not have haeimrfor longer than 50
hours

For particulate reduction REC with zone coatingfofeing [additional]
provisions must be considered:

[The properties of the coated zone of the partteutaduction REC which
has the maximum loading of precious metals shdlldeviate from those of
the other particulate reduction REC within the REa@ily].

«1 -~ | Formatted: Indent: Left: 2
cm, Hanging: 2 cm, Right: 2
cm, Space After: 6 pt
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15.7.2. Determination of emissions

Three successive test cycles shall be conducteé emissions shall be
determined over all three cycles and averaged.stredard deviation shall
not exceed 15%.

The calculation of the NCand NQ emissions shall be determined for the
urban part of the ETC for C.1. engines used in elelsiof category M and N
2

For C.I. engines used in non-road mobile machiriéripaving an installed
net power higher than 18 kW, but not more than BB0the—caleulatiothe
calculation of the NQ and NQ emissions shall be determined over the
complete NRTC cycle.

42

_ -1 Comment [LES41]: This is
already covered by the test
procedures of R. 49 and R. 96.
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et

~ -1 Comment [S42]: we are
probably moving towards
permitting engines for series
hybrid applications to be tested o
a non-road cycle (but to the on-
road emissions limits) on the
grounds that this is a more realistic
test of the way that they will
actually be used. We have had ane
company approach us with an
engine for an application like this
which had a controller that did n
permit it to be run on the standar
heavy-duty test cycle.
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B { Comment [IJM43]: Complete

En nex 10 Annex to be further reviewed

44

—as

i)  Establishment of the engine baseline emissions.

i) Determination of the reduction level.

iii) Performance of an endurance run.

iv) Determination of the NO2 emissions and of esioiss of the other

regulated pollutants.

Comment [S44]: Does this

need to be kept? Is it possible that
a NG, control device could
increase the emissions of PM?

Comment [S45]: This is
potentially at odds with the
requirement that separate tests for
NO, must be done on on-road an
non-road cycles in order to quali

a REC for use in both sectors.
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e
ns
|

|
o n <

by R. 49 and R.96

1-- ‘[ Comment [LES46]: Covered

w

m!-"

Comment [S47]: The test

,| cycles used for the original type-
/| approval has been deliberately

, excluded, here. It would seem o

_ o atestoydle consisting of 5] uban elemefie ETC. | | o permita Noreduction REc,
****************** which might well be using SCR, t
val be tested on a cycle that we now
know does not adequately test
st SCR devices in the urban areas

ne where we care most about them
working.

=
~
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46

__d) ttisatestcycle consisting of [5] urban etets of the ETC -~ Comment [48}: Sarme 5 544
g4 Notwithstanding the requirements of paragrapfs3.1 to 18.3.3, above,

where the REC is to be used in an on-road applicasuch as in a vehicle
fitted with a series hybrid transmission, where ¢ngine will be operated as
a constant speed engine within the definition afhsan engine set out in
UNECE Regulation No.96, the test cycle to be usedapproval must meet
one of the following requirements:

a) lItisthe WHSC

b) Itisthe WHDC,;

- { Comment [S49]: Same as S4‘}

c) _ltis a test cycle consisting of [5] urban etens of theé ETC. ;

d) Itis the appropriate test cycle for a non-readstant-speed engine of

the power category into which the base engine wéalldunder the terms of
UNECE Regulation Nb.96.|

- { Comment [S50]: Same as 34?

””””””””””””””””” 7"~ comment [S51]: This is
potentially controversial!
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n [sectien &Ad section-15 .
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|Amnex12 e

Test sequence for particulate reduction REC

START

Engine baseline emission
testing

Determination of reduction level

yes v no

Reduction level 2

n>90 %

!

Reduction level 1 (mim > 50%)

!

1000 hrs Durability run in accordance to 8

.2/8.3

v

25 cycles; 13.2

v

25 cycles; 13.2

yes

<«

l

Continously
regenerating REC

v

continuously
operating

no yes

l l

Periodic
regenerating REC

Continously
regenerating REC

! !

Test of
regeneration
adjustment factor

13.6

Test of the
regeneration
characteristic

13.4

v

continuously
operating

no

—>

l

Comment [JM52]: To be
reviewed

Periodic
regenerating REC

A4

Test of the
regeneration
characteristic
13.4

v

Test of
regeneration
adjustment factor
13.6

| 2

Determination of NO, emissions, 13.7

End
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~ Measurement of secondary emissions

49

221,

2.3

2.4

Introduction

Depending on the method of exhaust gas treatnmehtree properties of the
catalytically active substances, a variety of reacproducts may be formed.
The most important of these are toxic substanceth warcinogenic,
mutagenic, teratogenic or hormone-like effects. &ample, it is known that
platinum-based catalytic converters increase NOBsons, while those
containing copper produce substantial amounts oflychtorinated
dibenzodioxins and -furanes (PCDD/F) if chlorinepigsent. On the other
hand, particle filter systems often significantleduce emissions of
polycyclic aromatic hydrocarbons (PAH), includingetcarcinogenic ones.
The data cited in sectiorb.pb of SNR 277205and in this[Appendix] are
binding for catalytic particle filter systems. Besa it is not possible to list
all potential secondary emissions, the catalogusibstances to be measured
should be adjusted whenever reasons for a poteftimlation of further
secondary pollutants exist.

Secondary emissions

Volatile organic compounds (VOC)

Benzene and 1,3-butadiene, both carcinogenic antss, have to be
analyzed as toxicologically relevant leading commpisifor more than 100
known gaseous hydrocarbons. A proportion of theasghis collectein gas-
tight bags. The content of each hydrocarbon is rdeted with a gas
chromatography system coupled with flame ionizatletector (GC-FID).

Oxidized volatile organic compounds (VOCOX)

Formaldehyde and acetaldehyde, both highly reaethd carcinogenic gases,
have to be measured astoxicologically relevantifepdompounds in the
class of partially oxidized volatile hydrocarboisproportion of the exhaust
is fed through a dinitrophenylhydrazine solutionmidg the sampling process
(chemisorption). The reactive aldehydes are coadetd the corresponding
hydrazones and thus stabilised. The derivativessaparated by means of
liguid chromatography and the contents are measwitd a UV/VIS
photometer (LC-UV/VIS).

Polycyclic aromatic hydrocarbons (PAH)

As leading compounds for the PAH class of substsnat least the following
carcinogenic substances have to be analysed: clays&enz(a)anthracene,

-
-
-

Comment [JM53]: To be
further reviewed
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2.5

2.6

2.7

benzo(b)fluoranthene, benzo(k)fluoranthene, benpgfane,indeno(1,2,3-
cd)pyrene. In addition, the contents of pyrene #uadranthene, which are
precursor compounds for mutagenic nitro-PAH, alss o be measured.
PAH can appear both in particulate and gaseous. fAriproportion of the

exhaust is filtered into a multi-stage glass apparddioxin train), cooled

below dew point and fed through an adsorption n&ltéFhe integral sample,
which includes PAH present in the gas-, liquidaotidsphase, is purified

and fractionated by means of liquid chromatograpbgparation is carried
out with a gas chromatograph (GC), and quantificats achieved by means
of high resolution mass spectrometry (GC-HRMS).

Nitrated polycyclic aromatic hydrocarbons @RAH)

There are numerous nitration products found in Niok diesel exhaust. As
leading compounds for the nitro-PAH class of comms) at least the
mutagenic substances 3-nitrofluoroanthene and rdpyitene have to be
measured. In order to evaluate the nitration p@kof the filter system, the
following substances which are more common and tmee readily

accessible for analysis are measured as represestaf other mutagenic
and carcinogenic nitro-PAH: 1-nitronaphthalene, ittenaphthalene, 3-
nitrophenanthrene, 9-nitrophenanthrene, and 9anittoacene. Other
mutagenic and carcinogenic nitro- and di-nitro-PAté also of interest, but
their contents are generally lower. Nitro-PAH algoassampled in the glass
apparatus described above. Separation of individisomers and

quantification are carried out by means of GC-HRMS.

Polychlorinated dibenzodioxins / furanes (PCBD/

As leading compounds for the 210 PCDD/Fs, at ld=est17 toxic 2,3,7,8-
chlorinated PCDD/Fs and the resulting overall tixid TEQ or toxicity
equivalent) have to be determined. The overallcitkiis deduced from the
concentrations of the 17 toxic isomers and thelatinge toxicity (toxicity
equivalence factor). PCDD/Fs are also retained hia glass apparatus
described above. The integral sample is purified rhgans of liquid
chromatography. Separation and quantification dfividual isomers is
achieved with gashromatography, combined with high-resolution mass
spectrometry (GC-HRMS).

Catalytically active elements (coating metaid additives)

The catalytically active elements of fuel additvend filter coatings have to
be measured in accordance with the manufacturgr&ifications. The

particles or particle-bound compounds are fractethanto 13 size classes
from proportionally diluted exhaust using a 12-stagectric low-pressure
impactor and a backup filter. The metal contenteaich size class is
quantified using microwave digestion followed bgirctivelycoupled plasma
mass spectrometry (ICP-MS).
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12-stage electric low press
impactor (ELPI) plus backu

filter

ctrometry (ICP-MS)

Component Sampling Analytical method Standard ERgfce
Moz [Heated-samphrgtheand |[Shemumineseence [EnNLA7GD
[pormonton-cyettem deteeto o) l=o16000
undiluted-exhaustgas DIN-EN-ISO-16017
FoEAProsede
\VOC From exhaust gas diluted tqGas chromatography ISO 16000
constant volume flow flame ionization detector [DIN EN I1SO 16017
(Constant Volume SamplingGC-FID)
Tunnel, CVS tunnel)Partial
flow]
VOCOX From exhaust diluted to  |Liquid chromatography ISO 16000
a constant volume flow ultraviolet detector (LCUV/ DIN EN ISO 16017
(CVStunnel), chemisorptionVIS)
in dinitrophenylhydrazine
solution
PAH Flow proportional sampling|Gas chromatography \VDI 3874
from undiluted exhaust, high-resolution mass
multiple stage glass spectrometry (GCHRMS)
apparatus based on the  or liquid chromatography
filter/condenser ultraviolet/fluorescence
method (UNE-EN 1948-1) (detector (LCUV/
fluorescence)
Nitro-PAH Flow proportional sampling|Gas chromatography \VDI 3874
from undiluted exhaust, high-resolution mass
multiple level glass spectrometry (GCHRMS)
apparatus based on filter /
condenser method (UNE-EN
1948-1)
PCDD/F Flow proportional samplingGas chromatography UNE-EN 1948
from undiluted exhaust gasjhigh-resolution mass
multiple stage glass apparaspectrometry (GCHRMS)
based on filter/condenser
method (UNE-EN 1948-
1)
Catalytically Flow proportional sampling Microwave digestion, DIN EN 13890
active elements from undiluted exhaust, sizeénductively-coupled DIN 51002-1
(metals) fractionated sampling with |plasma mass

NH3 to be introduced.

CRITERIA to be introduced?
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