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Content — Annexesamend to read:

"CONTENTS

ANNEXES

Annex 10 -  Technical requirements on Off-Cycle Esiues (OCE)...................

Insert a new Annex 1@o read:

"Annex 10
TECHNICAL REQUIREMENTS ON OFF-CYCLE EMISSIONS (OCE)
1. APPLICABILITY
This annex establishes performance-based off-cgaiéssion requirements and a
prohibition on defeat strategies for heavy-dutyieeg and vehicles so as to achieve

effective control of emissions under a broad raofjengine and ambient operating
conditions encountered during normal in-use velogleration.

2. Reserved/1
3. DEFINITIONS
3.1 "Auxiliary Emission Stratedy"AES") means an emission strategy that becorotgea

and replaces or modifies a base emission strabegyspecific purpose or purposes and in
response to a specific set of ambient and/or operatonditions and only remains
operational as long as those conditions exist.

3.2. "Base Emission StratégyyBES") means an emission strategy that is adtiveughout
the speed and load operating range of the engilessian AES is activated.

3.3. "Defeat stratedymeans an emission strategy that does not meepé¢hermance
requirements for a base and/or auxiliary emissimategy as specified in this annex.

1/ The numbering of this annex is consistent withtiambering of the gtr on OCE. However,
some paragraphs of the OCE gtr are not neededsianhnex.



3.4.

3.5.

3.6.

3.7.

3.8.

3.9.

3.10.

3.11.

3.12.

3.13.

ECE/TRANS/WP.29/2009/55
page 3

"Element of designmeans:

() the engine system,

(b) any control system, including: computer sofsya&lectronic control systems; and
computer logic,

(c) any control system calibration, or

(d)  the results of any interaction of systems.

"Emission strategymeans an element or set of elements of desidgrnistacorporated
into the overall design of an engine system oraletand used in controlling emissions.

"Emission control systémmeans the elements of design and emission sieateg
developed or calibrated for the purpose of contrglemissions.

"Engine family means a manufacturer's grouping of engines asatein gtr No. 4. 2

"Engine startingmeans the process from the initiation of engna@king until the engine
reaches a speed 150 mimelow the normal, warmed up idle speed (as detettin the
drive position for vehicles equipped with an auttimtansmission).

"Engine systefrmeans the engine, the emission control systentt@ndommunication
interface (hardware and messages) between theeegigictronic control unit(s) and any
other powertrain or vehicle control unit.

"Engine warm-upmeans sufficient vehicle operation such thatabelant temperature
reaches a minimum temperature of at least 70 °C.

"Periodic regeneratibmmeans the regeneration process of an exhaustreftenent
system that occurs periodically in typically lessart 100 hours of normal engine
operation.

"Rated speédneans the maximum full load speed allowed bygthvernor as specified
by the manufacturer in his sales and service titegaor, if such a governor is not present,
the speed at which the maximum power is obtaineu the engine, as specified by the
manufacturer in his sales and service literature.

"Requlated emissidhgneans "gaseous pollutants” defined as carbon Rridep
hydrocarbons and/or non-methane hydrocarbons (asguaratio of CH gs for diesel,
CHa.s2sfor LPG and CHgsfor NG, and an assumed molecule{Obls for ethanol fuelled
diesel engines), methane (assuming a ration of @HNG) and oxides of nitrogen
(expressed in nitrogen dioxide (M@quivalent) and "particulate matter" (PM) defiraesd

2/

Test Procedures for Compression-Ignition (C.hyises and Positive-Ignition (P.1.) Engines

Fuelled with Natural Gas (NG) or Liquefied Petrateas (LPG) with regard to the Emission of
Pollutants (established in the Global Registry 8nNbvember 2006). References to gtr No. 4
relate to the document established on 15 Noven@g.2L ater changes to the WHDC gtr will have
to be revaluated as to their applicability to tamex.
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4.1.

4.2.

5.1.

5.1.1.

5.1.2.

any material collected on a specified filter mediafter diluting exhaust with clean
filtered air to a temperature between 315 K (42a@) 325 K (52 °C), as measured at a
point immediately upstream of the filter, this iginparily carbon, condensed
hydrocarbons, and sulphates with associated water.

GENERAL REQUIREMENTS
Any engine system and any element of design liabkdfect the emission of regulated
pollutants shall be designed, constructed, asseh#id installed so as to enable the

engine and vehicle to comply with the provisionshig annex.

Prohibition of defeat strategies

Engine systems and vehicles shall not be equipftbda defeat strategy.

World-harmonized Not-To-Exceed emission rezment

This annex requires that engine systems and \eshedmply with the WNTE emission

limit values described in paragraph 5.2. For labmy based testing according to
paragraph 7.4., no test result shall exceed theseomis limits specified in paragraph 5.2.
PERFORMANCE REQUIREMENTS

Emission strategies

Emission strategies shall be designed so as tiestiee engine system, in normal use, to
comply with the provisions of this annex. Normsgus not restricted to the conditions of
use as specified in paragraph 6.

Requirements for Base Emission Strateqi&S|B

A BES shall not discriminate between operationaonapplicable type approval or
certification test and other operation and proadesser level of emission control under
conditions not substantially included in the apghile type approval or certification tests.

Requirements for Auxiliary Emission StraésfAES)

An AES shall not reduce the effectiveness of thession control relative to a BES under

conditions that may reasonably be expected to teuertered in normal vehicle operation

and use, unless the AES satisfies one the follospegific exceptions:

(@) its operation is substantially included in thpplicable type approval or
certification tests, including the WNTE provisiooisparagraph 7.,

(b) it is activated for the purposes of protectthg engine and/or vehicle from
damage or accident,

(c) it is only activated during engine startingaarm up as defined in this annex,
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(d) its operation is used to trade-off the contfabne type of regulated emissions in
order to maintain control of another type of re¢ediaemissions under specific
ambient or operating conditions not substantiaigided in the type approval or
certification tests. The overall affect of suchA#s shall be to compensate for the
effects of extreme ambient conditions in a marmargrovides acceptable control
of all regulated emissions.

World-harmonized Not-To-Exceed limits for gaise and particulate exhaust emissions
Exhaust emissions shall not exceed the agipé WNTE emission limits specified in
paragraph 5.2.2. when the engine is operated iordance with the conditions and
procedures set out in paragraphs 6. and 7.
The applicable WNTE emission limits are dateed, as follows:

WNTE Emission Limit = WHTC Emission Limit + WNTEdnponent
where:

"WHTC Emission Limit" is the emission limit (EL)otwhich the engine is

certified pursuant to the WHDC gtr; and
"WNTE Component" is determined by equations 1 o garagraph 5.2.3.

The applicable WNTE components shall bergeted using the following equations,
when the ELs are expressed in g/kWh:

for NOx: WNTE Component =0.25x EL + 0.1 (2)
for HC: WNTE Component = 0.15 x EL + 0.07 (2)
for CO: WNTE Component =0.20 x EL + 0.2 3)
for PM: WNTE Component = 0.25 x EL + 0.003 (4)

Where the applicable ELs are expressed in urtigsrahan units of g/kWh, the additive
constants in the equations shall be converted fkwWh to the appropriate units.

The WNTE component shall be rounded to the nunolbgrlaces to the right of the
decimal point indicated by the applicable EL in@dance with the rounding method of
ASTM E 29-06.

APPLICABLE AMBIENT AND OPERATING CONDITIONS

The WNTE emission limits shall apply at:

€) all atmospheric pressures greater than or ¢g@2.5 kPa,

(b) all temperatures less than or equal to theéeature determined by equation 5 at
the specified atmospheric pressure:

T =-0.4514 x (101.3 -p+ 311 (5)
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where:
T is the ambient air temperature, K
p  is the atmospheric pressure, kPa
(c) all engine coolant temperatures within thegeaof 343 K to 373 K (70 °C
to 100 °C)
The applicable ambient atmospheric pressure anddrature conditions are shown in
figure 1.
WNTE Atmospheric Pressure and Temperature Range
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Figurel: lllustration of atmospheric pressure and temapree conditions
7. WORLD-HARMONIZED NOT-TO-EXCEED METHODOLOGY
7.1. World-harmonized Not-To-Exceed control area

The WNTE control area consists of the engine spaed load points defined in
paragraphs 7.1.1. through 7.1.6. Figure 2 is amgke illustration of the WNTE control
area.
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Engine speed range

The WNTE control area shall include all operatipgeds between the"™3percentile
cumulative speed distribution over the WHTC testleyincluding idle, (g) and the
highest speed where 70 per cent of the maximum poeeurs (p). Figure 3 is an
example of the WNTE cumulative speed frequencyibigion for a specific engine.

Engine torque range

The WNTE control area shall include all enginedigaints with a torque value greater
than or equal to 30 per cent of the maximum tonealee produced by the engine.

Engine power range

Notwithstanding the provisions of paragraphs 7.arid 7.1.2., speed and load points
below 30 per cent of the maximum power value preduxy the engine shall be excluded
from the WNTE Control Area for all emissions.

Application of engine family concept

In principal, any engine within a family with aigoe torque/power curve will have its
individual WNTE control area. For in-use testirtge individual WNTE control area of
the respective engine shall apply. For type apgréeertification) testing under the
engine family concept of the WHDC gtr the manufastunay optionally apply a single
WNTE control area for the engine family under tblofving provisions:

() A single engine speed range of the WNTE coérdrea may be used; if the
measured engine speedgsand r; are within + 3 per cent of the engine speeds as
declared by the manufacturer. If the toleranexiseeded for any of the engine
speeds, the measured engine speeds shall be usgetdomining the WNTE
control area.

(b)  Asingle engine torque/power range of the WNDEtrol area may be used, if it
covers the full range from the highest to the Idweging of the family.
Alternatively, grouping of engine ratings into @ifént WNTE control areas is
permitted.
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Figure3: Example of WNTE cumulative speed frequencyritistion
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Compliance exclusion from certain WNTE opamppoints

The manufacturer may request that the approvhbaity excludes operating points from
the WNTE control area defined in paragraphs 7.hfough 7.1.4 during the
certification/type approval. The approval authomihay grant this exclusion if the
manufacturer can demonstrate that the engine ermeyable of operating at such points
when used in any vehicle combination.

Minimum World-harmonized Not-To-Exceed evamtation and data sampling frequency

To determine compliance with the WNTE enaissilimits specified paragraph 5.2., the
engine shall be operated within the WNTE contrebattefined in paragraph 7.1. and its
emissions shall be measured and integrated ovenienom period of 30 seconds. A

WNTE event is defined as a single set of integrat@issions over the period of time.

For example, if the engine operates for 65 consexaeconds within the WNTE control

area and ambient conditions this would constitsiegle WNTE event and the emissions
would be averaged over the full 65 second periadhe case of laboratory testing, the
integrating period of time of 7.5 seconds shalllgpp

For engines equipped with emission conthalsinclude periodic regeneration events, if a
regeneration event occurs during the WNTE test) the averaging period shall be at
least as long as the time between the events riedtipy the number of full regeneration
events within the sampling period. This requirehwary applies for engines that send an
electronic signal indicating the start of the rezration event.

A WNTE event is a sequence of data colleatetie frequency of at least 1 Hz during
engine operation in the WNTE control area for theimum event duration or longer.
The measured emission data shall be averagedloveutation of each WNTE event.

World-harmonized Not-To-Exceed in-use testing

Where the provisions of this annex are usebasis for in-use testing, the engine shall be
operated under actual in-use conditions. Thergssilts out of the total data set that
comply with the provisions of paragraphs 6., 7rid @.2. shall be used for determining
compliance with the WNTE emission limits specifiagparagraph 5.2. It is understood
that emission during some WNTE events may not pe&ed to comply with the WNTE
emission limits. Therefore, statistical methodswudt be defined and implemented for
determining compliance that are consistent witlagaphs 7.2. and 7.3.

World-harmonized Not-To-Exceed laboratoryibest

Where the provisions of this annex are used asb#ses for laboratory testing the
following provision shall apply:

The specific mass emissions of regulatellifaoits shall be determined on the basis of
randomly defined test points distributed acros$MNTE control area. All the test points
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7.4.2.

7.4.3.

7.4.4.

7.4.5.

7.5.

7.5.1.

7.5.2.

7.5.3.

shall be contained within 3 randomly selected geatls imposed over the control area.
The grid shall comprise of 9 cells for engines vaittated speed less than 3000 frénd
12 cells for engines with a rated speed greaterdhaqual to 3000 mih The grids are
defined as follows:
€)) The outer boundaries of the grid are aligietthé WNTE control area;
(b) 2 vertical lines spaced at equal distance detwengine speeds n30 andfor
9 cell grids, or 3 vertical lines spaced at eqisththce between engine speeds n30
and n; for 12 cell grids; and
(c) 2 lines spaced at equal distance of engirguofs) at each vertical line within
the WNTE control area.

Examples of the grids applied to specific engm@sshown in Figures 5 and 6.

The 3 selected grid cells shall each includEndom test points, so a total of 15 random
points shall be tested within the WNTE control are&ach cell shall be tested
sequentially; therefore all 5 points in one gritl aee tested before transiting to the next
grid cell. The test points are combined into @kimamped steady state cycle.

The order in which each of the grid celks @@sted, and the order of testing the points
within the grid cell, shall be randomly determinethe 3 grid cells to be tested, the 15
test points, the order of testing the grid celtg] the order of the points within a grid cell
shall be selected by the Type Approval or CertifamaAuthority using acknowledged
statistical methods of randomization.

The average specific mass emissions ofatsgligaseous pollutants shall not exceed the
WNTE limit values specified in paragraph 5.2. winegasured over any of the cycles in a
grid cell with 5 test points.

The average specific mass emissions ofatggliparticulate pollutants shall not exceed
the WNTE limit values specified in paragraph 5.Bew measured over the whole 15 test
point cycle.

Laboratory test procedure

After completion of the WHSC cycle, the eregshall be preconditioned at mode 9 of the
WHSC for a period of three minutes. The test segeeshall start immediately after
completion of the preconditioning phase.

The engine shall be operated for 2 minuteaeh random test point. This time includes
the preceding ramp from the previous steady state.pThe transitions between the test
points shall be linear for engine speed and loabishkiall last 20 + 1 seconds.

The total test time from start until finishall be 30 minutes. The test of each set of 5
selected random points in a grid cell shall be 1ftutes, measured from the start of the

entry ramp to the 1st point until the end of theadly state measurement at the 5th point.
Figure 5 illustrates the sequence of the test phoee



ECE/TRANS/WP.29/2009/55
page 11

7.5.4. The WNTE laboratory test shall meet thedadlon statistics of paragraph 7.7.2. of the
WHDC gtr.

7.5.5. The measurement of the emissions shalldedaut in accordance with paragraph 7.8.
of WHDC gtr.

7.5.6. The calculation of the test results shaltdreied out in accordance with paragraph 8. of
WHDC gtr.

End of
preconditioning

(WHSC Mode 9)
]

| Enter 1st cell Exit 1st cell Enter 2nd cell

13 i

: : Point 1 Point 2 Point 3 Point 4 Point 5 ;; Point €
e T —t— ot U it Ve | | S—
L 3

:1:» 20s max. :“

: 1m 40s min. :

L 2 minutes :

v 10 minutes E

Figure4: Schematic example of the start of the WNTIEE d¢gsle
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Rounding

Each final test result shall be rounded in onp &ig¢he number of places to the right of
the decimal point indicated by the applicable WHB@ission standard plus one
additional significant figure, in accordance wittBAM E 29-06. No rounding of
intermediate values leading to the final brake gjgeemission result is permitted.

WORLD-HARMONIZED NOT-TO-EXCEED DEFICIENCIES

The concept of a deficiency is to allow an engingehicle to be certified as compliant
with a regulation even though specific requiremdmisted in scope, are not fully met. A
WNTE deficiency provision would allow a manufactute apply for relief from the
WNTE emission requirements under limited conditjoeach as extreme ambient
temperatures and/or severe operation where vehildesot accumulate significant
mileage.

WORLD-HARMONIZED NOT-TO-EXCEED EXEMPTIONS

The concept of a WNTE exemption is a set of temdingonditions under which the
WNTE emission limits set out in this annex would apply. A WNTE exemption shalll
apply to all engine and vehicle manufacturers.

It may be decided to provide a WNTE exemptiomanticular with the introduction of
more stringent emission limits. For example a WNKEmption may be necessary if the
Approval Authority determines that certain engingehicle operation within the WNTE
control area cannot achieve the WNTE emission $minh such a case, the Approval
Authority may determine that it is not necessaryefiogine manufacturers to request a
WNTE deficiency for such operation, and that thanging of a WNTE exemption is
appropriate. The Approval Authority can deterntiogh the scope of the exemption with
respect to the WNTE requirements, as well as thegbef time for which the exemption
is applicable.

STATEMENT OF OFF-CYCLE EMISSION COMPLIANCE

In the application for certification or type appab the manufacturer shall provide a
statement that the engine family or vehicle congplith the requirements of this OCE
gtr. In addition to this statement, compliancetwmttie WNTE limits shall be verified
through additional tests and certification procedutefined by the Contracting Parties.

Example statement of Off-Cycle Emission coamule

The following is an example compliance statement:
"(Name of manufacturer) attests that the engiithgn this engine family comply
with all requirements of this annex. (Name of nfanturer) makes this statement
in good faith, after having performed an approgratgineering evaluation of the
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emissions performance of the engines within théerfgmily over the applicable
range of operating and ambient conditions."

10.2. Basis for Off-Cycle Emission compliance stsat

The manufacturer shall maintain records at theufsaturer's facility which contain all

test data, engineering analyses, and other infeemathich provides the basis for the
OCE compliance statement. The manufacturer shalligie such information to the

Certification or Type Approval Authority upon recaie

11. DOCUMENTATION

The Approval Authority may decide to require ththe manufacturer provides a
documentation package. This should describe anyazit of design and emission control
strategy of the engine system and the means byhwhiomntrols its output variables,

whether that control is direct or indirect.

The information may include a full description the emission control strategy. In
addition, this could include information on the mg@n of all AES and BES, including a
description of the parameters that are modifiedripyAES and the boundary conditions
under which the AES operate, and indication of WhAES and BES are likely to be
active under the conditions of the test procedurdiis annex."

(Note by the secretaridfigures 2, 3, 4, 5 and 6 will be updated)




