UNITED
NATIONS E

< RN ] . Distr.
\\,‘f ,{";}) Economic and Social GENERAL
<Y :
\kéy Council TRANS/ WP, 29/ 871
7 19 July 2002
ENGLI SH
Original: ENGLI SH

and FRENCH

ECONOM C COWMM SSI ON FOR EURCPE
| NLAND TRANSPORT COWM TTEE

World Forum for Harnoni zati on of Vehicle Regul ations (Wp.29)

DRAFT 04 SERIES OF AMENDMENTS TO REGULATI ON No. 49

(Em ssions of C. 1., NGand P.I. (LPG engines)

Note: The text reproduced bel ow was adopted by the Admi nistrative Committee
(AC. 1) of the anended 1958 Agreenment at its twenty-first session, follow ng
the recomendation by WP.29 at its one-hundred-and-twenty-seventh session. It
i s based on docunents TRANS/ WP. 29/ 2002/ 37 and TRANS/ WpP. 29/ 2002/ 37/ Add. 1
(English) not anended ( TRANS/ WpP.29/861, para. 151).




TRANS/ WP. 29/ 871
page 2

Paragraph 2.7., amend to read:

"2.7. "gaseous pol | utants" nmeans carbon nonoxi de, hydrocarbons (assuning a
ratio of CH; g5 for diesel, CH, 55 for LPG and an assunmed nol ecul e
CH;(y.5 for ethanol-fuelled di esel engines), non-nethane hydrocarbons
(assuning a ratio of CH; g5 for diesel fuel, CH, s for LPG and
CH, g3 for NG, nethane (assunming a ratio of CH, for NG and oxi des of
ni trogen, the last-named being expressed in nitrogen dioxide (NO)
equi val ent;

"particulate pollutants" neans any nmaterial collected on a specified
filter mediumafter diluting the exhaust with clean filtered air so
that the tenperature does not exceed 325 K (52°Q);"

Par agraph 2.26., (French only).

Par agraph 2.28., anend to read:

"2.28. "Def eat Device" means a devi ce which nmeasures, senses or responds to
operating variables (e.g. vehicle speed, engine speed, gear used,
tenperature, intake pressure or any other parameter) for the purpose
of activating, nodul ating, delaying or deactivating the operation of
any conponent or function of the emnission control system such that
the effectiveness of the em ssion control systemis reduced under
condi tions encountered during normal vehicle use unless the use of
such a device is substantially included in the applied enission
certification test procedures."

Par agraphs 2.28.1. and 2.28.2., should be del eted.

I nsert new paragraphs 2.29. and 2.30., to read:

"2.29. “Auxiliary control device” means a system function or contro
strategy installed to an engine or on a vehicle, that is used to
protect the engine and/or its ancillary equi prent agai nst operating
conditions that could result in damage or failure, or is used to
facilitate engine starting. An auxiliary control device may al so be
a strategy or neasure that has been satisfactorily denonstrated not
to be a defeat device

2. 30. “Irrational emission control strategy” means any strategy or neasure
that, when the vehicle is operated under norrmal conditions of use,
reduces the effectiveness of the emission control systemto a | eve
bel ow t hat expected on the applicable enission test procedures.”

Par agraphs 2.29. and 2.29.1., renunber as paragraphs 2.31. and 2.31.1.

Par agraph 2.29.2., renunber as paragraph 2.31.2., and anend to read:

"2.31. 2. Synmbol s for the Chem cal Conponents

CH, Met hane

GHg Et hane

CGHOH Et hanol

GHg Pr opane

CO Car bon nonoxi de

DOoP D -octyl phtal ate

co, Car bon di oxi de

HC Hydr ocar bons

NIVHC Non- et hane hydr ocar bons
NOx Oxi des of nitrogen

NO Nitric oxide
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Ni trogen di oxi de
Particul ates"
Par agraph 2.29.3., renunber as paragraph 2.31.3.
Paragraphs 4.1.1. and 4.1.2., anend to read:
In the case of diesel fuel: if pursuant to paragraphs 3.1., 3.2

or 3.3. of this Regulation, the engine or vehicle neets the
requi renents of paragraphs 5, 6 and 7 bel ow on the reference
fuel specified in annex 5 of this Regulation, approval of that
type of engine or vehicle nust be granted.

In the case of natural gas the parent engine should denonstrate
its capability to adapt to any fuel conposition that may occur
across the market. |In the case of natural gas there are
generally two types of fuel, high calorific fuel (H gas) and | ow
calorific fuel (L-gas), but with a significant spread within
both ranges; they differ significantly in their energy content
expressed by the Wbbe Index and in their a-shift factor (S,).
The formul ae for the cal culation of the Whbbe index and S, are
given in paragraphs 2.25. and 2.26. Natural gases with a A-shift

factor between 0.89 and 1.08 (0.89 < SA < 1.08) are considered
to belong to Hrange, while natural gases with a A-shift factor

between 1.08 and 1.19 (1.08 < SA < 1.19) are considered to
bel ong to L-range. The conposition of the reference fuels
reflects the extrene variations of S,.

The parent engi ne nmust neet the requirenments of this Regul ation
on the reference fuels GR (fuel 1) and &5 (fuel 2), as
specified in annex 6, without any readjustnent to the fuelling
between the two tests. However, one adaptation run over one ETC
cycle without neasurenent is pernmitted after the change of the
fuel. Before testing, the parent engine nust be run-in using
the procedure given in paragraph 3 of appendix 2 to annex 4."

I nsert new paragraph 4.1.2.1., to read:

"4.1.2. 1.

On the manufacturer’s request the engine may be tested on a
third fuel (fuel 3) if the A-shift factor (S, lies between 0.89
(i.e. the lower range of GR) and 1.19 (i.e. the upper range of
&5), for exanple when fuel 3 is a market fuel. The results of
this test may be used as a basis for the evaluation of the
conformity of production.”

Paragraphs 4.1.3. and 4.1.3.1., anend to read:

"4.1. 3.

In the case of an engine fuelled with natural gas which is

sel f-adaptive for the range of H gases on the one hand and the
range of L-gases on the other hand, and which switches between
the Hrange and the L-range by neans of a switch, the parent
engi ne nust be tested at each position of the switch on the
reference fuel relevant for the respective position as specified
in annex 6 for each range. The fuels are GR (fuel 1) and &3
(fuel 3) for the Hrange of gases and &5 (fuel 2) and &3

(fuel 3) for the L-range of gases. The parent engi ne nust neet
the requirenents of this Regulation at both positions of the
switch w thout any readjustnent to the fuelling between the two
tests at the respective position of the switch. However, one
adaptation run over one ETC cycle wi thout neasurenment is
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4.1.3. 1.

permitted after the change of the fuel. Before testing the
parent engi ne nmust be run-in using the procedure given in
paragraph 3 of appendix 2 to annex 4.

On the manufacturer's request the engine may be tested on a
third fuel instead of &3 (fuel 3) if the A-shift factor (S,)
lies between 0.89 (i.e the lower range of GR) and 1.19 (i.e. the
upper range of G&25), for exanple when fuel 3 is a market fuel
The results of this test may be used as a basis for the

eval uation of the confornmity of the production.”

Paragraph 4.1.3.2., renunber as paragraph 4.1.4., and anend to read:

"4.1. 4.

In the case of natural gas engines, the ratio of emi ssion
results "r" shall be deternined...."

Paragraph 4.1.4. (forner), renunber as paragraph 4.1.5.

Paragraph 4.1.4.1., renunber as paragraph 4.1.5.1., and anend to read:

"4.1.5.1.

The ratio of em ssion results nust be deternined for each

pol lutant as foll ows:

r

_emission result onreference fuel B
em ssion result onreference fuel A

Par agraphs 4.2. to 4.2.1.1., anend to read:

"4. 2.

4.2.1. 1.

Granting of a fuel range restricted approva

Fuel range restricted approval is granted subject to the
foll owi ng requirenents:

Exhaust em ssions approval of an engine running on natural gas
and laid out for operation on either the range of H gases or on
the range of L-gases.

The parent engi ne nust be tested on the relevant reference fue
as specified in annex 6 for the relevant range. The fuels are
CR(fuel 1) and &3 (fuel 3) for the Hrange of gases and (&5
(fuel 2) and &3 (fuel 3) for the L-range of gases. The parent
engi ne nmust neet the requirenments of this Regulation w thout any
readjustnment to the fuelling between the two tests. However,
one adaptation run over one ETC cycle w thout neasurenent is
permtted after the change of the fuel. Before testing the
parent engine nust be run-in using the procedure defined in

par agraph 3 of appendix 2 to annex 4.

On the manufacturer's request the engine may be tested on a
third fuel instead of &3 (fuel 3) if the A-shift factor (S,)
lies between 0.89 (i.e. the lower range of GR) and 1.19 (i.e.
the upper range of &5), for exanple when fuel 3 is a narket
fuel. The results of this test may be used as a basis for the
eval uation of the confornmity of the production.”
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Paragraphs 4.2.2.1. to 4.2.2.3., anend to read:

"4.2.2. 1.

4.2.2. 2.

4.2.2.3.

The parent engine nust nmeet the enission requirements on the
reference fuels GR and &5 in the case of natural gas, or the
reference fuels A and B in the case of LPG as specified in
annex 7.

Between the tests fine-tuning of the fuelling systemis all owed.
This fine-tuning will consist of a recalibration of the fuelling
dat abase, without any alteration to either the basic contro
strategy or the basic structure of the database. |[|f necessary

t he exchange of parts that are directly related to the anmount of
fuel flow (such as injector nozzles) is allowed.

On the manufacturer’s request the engine nay be tested on the
reference fuels GR and &3, or on the reference fuels &5 and
&3, in which case the approval is only valid for the Hrange or
the L-range of gases respectively.

Upon delivery to the customer the engine nust bear a |abel (see
paragraph 4.11.) stating for which fuel conposition the engine
has been calibrated."”

Insert new tables concerning approval of NG fuelled and LPG fuell ed engines,

after paragraph 4.2.2.3., to read as foll ows:



"APPROVAL OF NG FUELLED ENG NES

Para. 4.1. Para. 4.2.
Granting of a universal ’\ilé;tnk:ﬁrngf Calculation of "r" Granting of a fuel Numerﬁrngf test Calculation of "r"
fuel approval restricted approval
Pz fuel 2(@&25)
fuel 1(GR)
and, if tested with
parrzf‘eérl'tlo.z' GR (1) and /G25 2 an additional fuel
NG-engine at rr}anufacturerls request 2
adaptable to engine may be tested on an __ fuel 2(&5)
fuel additional market fuel (3), (max. 3) fuel 3(market fuel)
any tue if S = 0.89 7 1.19 and
composition ) fuel 1(GR)
I’b_fuel 3(@&23or narket fuel)
refer to GR (1) and G23 (3) for H | 2 for the H-range, b fuel 1(GR)
m and fuel 3(&3or narket fuel)
para. 4'1.'3' G25(2) and G23 (3) for L | 2 for the L-range and
NG-engine | o manufactureris request at respective
whichis self | ¢noine may be tested on a position of switch |, ,- fuel 2(G25)
adaptive by a | parket fuel (3) instead of fuel 3(G3or market fuel)
switch G23,if Sy = 0.89 1 1.19 4
refer to b fuel 1(GR)
para. 4.2.1. GR (1) and G23 (3) for H " fuel 3(G23 or market fuel)
NG-engine or 2 for the H-range

laid out for
operation on

G25 (2) and G23 (3) for L
at manufactureris request

or
2 for the L-range

for the H-range
or

either engine may be tested on a
H-range gas market fuel (3) instead of 2 oz fuel 2(@&25)
or L—range G23’ if S)\ =0.89101.19 fuel 3(@&3or market fuel)
gas for the L-range
refer to GR (1) and G25 (2),
para. 4.2.2. fine-tuning between the 2
NG-engine tests allowed or
laid out 2 for the H-range
for operation at manufactureris request or
on one engine may be tested on 2 for the L-range
specific fuel GR (1) and G23 (3) for H
composition or 2

G25 (2) and G23 (3) for L

9 abed

T/8/6¢C 'dW\ /SNVHL



APPROVAL OF LPG FUELLED ENG NES

Para. 4.1. Para. 4.2. .
. . Number of ; _— ; Number of Calculation
Granting of a universal Calculation of "r Granting of a fuel won
test runs . test runs of "r
fuel approval restricted approval
refer to
para. 4.1.5 fuel B
LPG-engine adaptable fuel A and fuel B 2 r=———
to any f Uel A
fuel composition
refer to
LPGengine id out fuel A and fuel B,
gine fine-tuning between the tests allowed 2
for operation on

one specific
fuel composition

) obed

T/8 /6 'dW\ /SNVHL
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Par agraph 4.4., anmend to read:

"4.4. An approval nunber shall be assigned to each type approved.
Its first two digits (at present 04, corresponding to 04 series
of anendnents) shall indicate the series ...."

Paragraphs 5.1. and 5.1.1., anend to read:

"5.1. Cener al
5.1.1. Eni ssion control equi prment”

Insert new paragraphs 5.1.1.1. to 5.1.4.2., to read:

"5.1.1. 1. The conponents liable to affect the em ssion of gaseous and
particul ate pollutants from di esel engines and the enission of
gaseous pollutants from gas engi nes shall be so designed,
constructed, assenbled and installed as to enable the engine, in
normal use, to conply with the provisions of this Regul ation

5.1.2. Functions of emnission control equipnent

5.1.2.1. The use of a defeat device and/or an irrational em ssion contro
strategy is forbidden.

5.1.2. 2. An auxiliary control device may be installed to an engine, or on
a vehicle, provided that the device:

5.1.2.2. 1. operates only outside the conditions specified in
paragraph 5.1.2.4., or

5.1.2.2.2. is activated only tenporarily under the conditions specified in
paragraph 5.1.2.4. for such purposes as engi ne danage
protection, air-handling device protection, snoke managenent,
cold start or warming-up, or

5.1.2.2.3. is activated only by on-board signals for purposes such as
operational safety and |inp-hone strategies;

5.1.2. 3. An engi ne control device, function, systemor neasure that
operates during the conditions specified in paragraph 5.1.2.4
and which results in the use of a different or nodified engine
control strategy to that normally enployed during the applicable
em ssion test cycles will be permitted if, in conmplying with the
requi renents of paragraphs 5.1.3. and/or 5.1.4., it is fully
denonstrated that the neasure does not reduce the effectiveness
of the emission control system |In all other cases, such devices
shall be considered to be a defeat device

5.1.2. 4. For the purposes of paragraph 5.1.2.2., the defined conditions
of use under steady state and transient conditions are:

(i) an altitude not exceeding 1,000 netres (or equival ent
at nospheric pressure of 90 kPa),

(ii) an anbi ent tenperature within the range 283 to 303 K
(10 to 30°0),

(iii) engine coolant tenperature within the range 343 to 368 K
(70 to 95°0).



5.1.3.

5.1.3.1.

5.1. 4.

5.1.4.1.

5.1.4.2.
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Special requirements for electronic em ssion control systens
Docunent ati on requirenments

The manufacturer shall provide a docunentation package that

gi ves access to the basic design of the systemand the neans by
which it controls its output variables, whether that control is
direct or indirect.

The docunentation shall be nmade available in tw parts

(a) The formal docunentation package, which shall be supplied
to the technical service at the time of subnission of the
type- approval application, shall include a ful

description of the system This docunentation nay be
brief, provided that it exhibits evidence that al
outputs permitted by a matrix obtained fromthe range of
control of the individual unit inputs have been
identified. This information shall be attached to the
docunent ation required in paragraph 3 of this Regulation

(b) Additional material that shows the paraneters that are
nodi fied by any auxiliary control device and the boundary
condi ti ons under which the device operates. The
additional material shall include a description of the
fuel systemcontrol logic, timng strategies and sw tch
points during all nodes of operation

The additional material shall also contain a
justification for the use of any auxiliary control device
and include additional material and test data to
denonstrate the effect on exhaust enissions of any
auxiliary control device installed to the engine or on

t he vehicle.

This additional material shall remain strictly
confidential and be retained by the manufacturer, but be
made open for inspection at the tinme of type-approval or
at any time during the validity of the type-approval

To verify whether any strategy or measure shoul d be considered a
def eat device or an irrational enission control strategy
according to the definitions given in paragraphs 2.28. and

2.30., the type-approval authority and/or the technical service
may additionally request a NO; screening test using the ETC which
may be carried out in conmbination with either the type-approva
test or the procedures for checking the conformty of

producti on.

As an alternative to the requirements of appendix 4 to annex 4
to this Regulation, the emi ssions of NO(during the ETC screening
test may be sanpl ed using the raw exhaust gas and the technica
prescriptions of SO FDI'S 16183, dated 15 Septenber 2001, shal

be foll owed.

In verifying whether any strategy or neasure should be
consi dered a defeat device or an irrational emission contro
strategy according to the definitions given in paragraphs 2.28.
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and 2.30., an additional margin of 10 per cent, related to the
appropriate NOg linit value, shall be accepted.”

Par agraphs 8.3.2.4. and 8.3.2.5., anmend to read:

"8.3.2.4.

8.3.2.5.

For NG fuelled engines, all these tests may be conducted with
commercial fuel in the follow ng way

(i) for H marked engines with a commercial fuel within the
H range (0.89 < S, < 1.00);

(ii) for L marked engines with a commercial fuel within the
L range (1.00 < S, £ 1.19);

(iii) for HL marked engines with a commercial fuel within the
extreme range of the 8-shift factor (0.89 < S, < 1.19).

However, at the manufacturer's request, the reference fuels
described in annex 6 may be used. This inplies tests, as
described in paragraph 4. of this Regulation

In the case of dispute caused by the non-conpliance of gas
fuell ed engi nes when using a comercial fuel, the tests nust be
performed with a reference fuel on which the parent engi ne has
been tested, or with the possible additional fuel 3 as referred
to in paragraphs 4.1.3.1. and 4.2.1.1., on which the parent
engi ne may have been tested. Then, the result has to be
converted by a cal culation applying the relevant factor(s) "r"
"ra" or "rb" as described in paragraphs 4.1.3.2., 4.1.5.1. and
4.2.1.2. If r, raor rb are less than 1 no correction nust take
pl ace. The neasured results and the cal cul ated results nust
denonstrate that the engine neets the limt values with al

rel evant fuels (fuels 1, 2 and, if applicable, fuel 3 in the
case of natural gas engines and fuels A and B in the case of LPG
engi nes)."

Par agraphs 12 to 12.4.1., anmend to read:

"12.

12. 1.

12.1. 1.

12.1. 2.

TRANSI TI ONAL PROVI SI ONS
Anend t hese provisions to read:
Cenera

As fromthe official date of entry into force of the 04 series
of amendments, no Contracting Party applying this Regulation
nmust refuse to grant ECE approval under this Regulation as
anended by the 04 series of anmendnents.

As fromthe date of entry into force of the 04 series of
amendments, Contracting Parties applying this Regulation nust
grant ECE approvals only if the engine neets the requirenents of
this Regul ation as amended by the 04 series of amendnents.

The engi ne nust be subject to the relevant tests set out in
paragraph 5.2. to this Regulation and nust, in accordance wth
paragraphs 12.2.1., 12.2.2. and 12.2.3. below, satisfy the
relevant emission lints detailed in paragraph 5.2.1. of this
Regul ati on.



12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

. 2.

.1

. 2.

3.
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New t ype approvals

Subj ect to the provisions of paragraph 12.4.1., Contracting
Parties applying this Regulation nmust, fromthe date of entry
into force of the 04 series of amendnents to this Regul ation
grant an ECE approval to an engine only if that engine satisfies
the relevant enission linmts of Rows A Bl, B2 or Cin the
tables to paragraph 5.2.1. of this Regul ation

Subj ect to the provisions of paragraph 12.4.1., Contracting
Parties applying this Regulation nmust, from1 Cctober 2005,

grant an ECE approval to an engine only if that engine satisfies
the relevant enmission limts of Rows Bl, B2 or Cin the tables
to paragraph 5.2.1. of this Regulation

Subj ect to the provisions of paragraph 12.4.1., Contracting
Parties applying this Regulation nmust, from1 Cctober 2008,

grant an ECE approval to an engine only if that engine satisfies
the relevant enission limts of Rows B2 or Cin the tables to
paragraph 5.2.1. of this Regulation

Limt of validity of old type approvals

Wth the exception of the provisions of paragraphs 12.3.2. and
12.3.3., as fromthe official date of entry into force of the
04 series of anendnents, type approvals granted to this
Regul ati on as amended by the 03 series of amendments nust cease
to be valid, unless the Contracting Party which granted the
approval notifies the other Contracting Parties applying this
Regul ation that the engine type approved neets the requirenents
of this Regul ation as amended by the 04 series of amendnents,
in accordance with paragraph 12.2.1. above.

Ext ensi on of type-approva

Par agraphs 12.3.2.2 and 12.3.2.3 bel ow shall only be applicable
to new conpression-ignition engines and new vehicl es propelled

by a conpression-ignition engine that have been approved to the
requi renents of row A of the tables in paragraph 5.2.1. of this
Regul ati on.

As an alternative to paragraphs 5.1.3. and 5.1.4., the

manuf acturer may present to the technical service the results of
a NO; screening test using the ETC on the engine confornming to
the characteristics of the parent engine described in annex 1,
and taking into account the provisions of paragraphs 5.1.4.1
and 5.1.4.2. The nmanufacturer shall also provide a witten
statement that the engi ne does not enploy any defeat device or
irrational enission control strategy as defined in paragraph 2
of this Regul ation.

The manufacturer shall also provide a witten statenment that the
results of the NO¢ screening test and the declaration for the
parent engine, as referred to in paragraph 5.1.4., are also
applicable to all engine types within the engine fanmily
described in annex 1.
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12. 3. 3.

12. 3. 4.

12. 3. 5.

12. 4.

12.4. 1.

Annex

11

Gas engi nes

As fromthe 1 Cctober 2003, type approvals granted to gas
engines to this Regul ati on as amended by the 03 series of
amendments nust cease to be valid, unless the Contracting Party
whi ch granted the approval notifies the other Contracting
Parties applying this Regulation that the engi ne type approved
nmeets the requirements of this Regulation as anended by the

04 series of anendnents, in accordance wi th paragraph 12.2.1
above.

As from 1 Cctober 2006, type approvals granted to this
Regul ati on as anmended by the 04 series of amendnments nust cease
to be valid, unless the Contracting Party which granted the
approval notifies the other Contracting Parties applying this
Regul ation that the engine type approved neets the requirenents
of this Regulation as amended by the 04 series of anendnents, in
accordance with paragraph 12.2.2. above.

As from 1 Cctober 2009, type approvals granted to this
Regul ati on as amended by the 04 series of amendments nust cease
to be valid, unless the Contracting Party which granted the
approval notifies the other Contracting Parties applying this
Regul ation that the engine type approved neets the requirenents
of this Regulation as amended by the 04 series of anendnents, in
accordance with paragraph 12.2.3. above.

Repl acenment parts for vehicles in use

Contracting Parties applying this Regulation rmay continue to
grant approvals to those engi nes which conply with the

requi renents of this Regul ation as anended by any previous
series of anmendnents, or to any level of the Regulation as
amended by the 04 series of amendnents, provided that the engine
is intended as a replacenment for a vehicle in-use and for which
that earlier standard was applicable at the date of that
vehicle' s entry into service."

item1.14, anmend to read

"1.14.

Annex

Di esel / LPG NG H NG L/ NG HL/ Et hanol 1/"

1 - Appendix 3, item1.14, anend to read:

"1.14.

Annex

2A

Di esel / LPG NG H NG L/ NG HL/ Et hanol 1/"

item 10, anmend to read

"10.

10. 1.

10. 2.

Eni ssion | evel s of the engi ne/ parent engine

ESC-test (if applicable):



10.3. ETC-test (if applicable):
k

Annex

CoO...... g/ kwh
THC . ... ... g/ kwh
NVHC: . ........... g/ kv
CHy: oo g/ kv
NO: oo g/ kv
PT: . g/ kW

2B, item9., anend to read:

9.

9.

1

2.

3.

Emi ssion |l evels of the engine/ parent engine

ESC-test (if applicable):
k

CoO...... o g/ kwh

THC: . ............ g/ kW

NO:G oo g/ kW

PT: ... ... ... ... .. g/ kW
ELR-test (if applicable):
Snoke value: .............. m?
ETC-test (if applicable):
CoO...... g/ kwh

THC . ... .. . g/ kv

NVHC: . ........... g/ kwh

CHy: oo g/ kv

NO:G oo g/ kW

e g/ kW

Annex 3, anend to read:
"Annex 3

ARRANGEMENTS OF APPROVAL MARKS

(See paragraph 4.6. of this Regulation)

APPROVAL “1” (Row A).
(See paragraph 4.6. 3.

Engi nes approved to Row A emission linits and operating on diesel

of this Regul ation)

Model A

liquefied petroleumgas (LPG fuel.

¥

a Z@Q 49 R - 042439
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a=8 nmnmn

or
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Model B
Engi nes approved to Row A emission linits and operating on natural gas
(NG fuel. The suffix after the national synbol indicates the fuel

qual ification deternmined in accordance with paragraph 4.6.3.1. of this
Regul ati on.

% HL
- 3 1549 RI - 042439

A

a =8nmnmin.

The above approval narks affixed to an engi ne/vehicle show that the
engi ne/ vehi cl e type concerned has been approved in the United Kingdom
(E11) pursuant to Regulation No. 49 and under approval nunber 042439.
Thi s approval indicates that the approval was given in accordance with
the requirements of Regulation No. 49 with the 04 series of anendnents
i ncorporated and satisfying the relevant linits detailed in

paragraph 5.2.1. of this Regulation

APPROVAL “11” (Row B1).
(See paragraph 4.6.3. of this Regul ation)

Model C

Engi nes approved to Row Bl enission linits and operating on diesel or
liquefied petroleumgas (LPG fuel.

/

. Z@Q 49 RII - 042439

A

a=8mmmn.

Model D

Engi nes approved to Row Bl enission linits and operating on natural gas
(NG fuel. The suffix after the national synbol indicates the fuel
qualification deternmined in accordance with paragraph 4.6.3.1. of this

Regul ati on.
) %EHt
; 3@@@49 RIl - 042439

a=8nmmn.

The above approval nmark affixed to an engi ne/ vehicle shows that the
engi ne/ vehi cl e type concerned has been approved in the United Kingdom
(E11) pursuant to Regulation No. 49 and under approval nunber 042439.
Thi s approval indicates that the approval was given in accordance with
the requirements of Regulation No. 49 with the 04 series of anendnents
i ncorporated and satisfying the relevant linits detailed in

paragraph 5.2.1. of this Regulation
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Il APPROVAL “I11" (Row B2).
(See paragraph 4.6.3. of this Regul ation)

Model E

Engi nes approved to Row B2 enission linits and operating on diesel or
liquefied petroleumgas (LPG fuel.

a Q@Q 49 RIIl - 042439

y

a=8 mmn.

Model F

Engi nes approved to Row B2 enission linits and operating on natural gas
(NG fuel. The suffix after the national synbol indicates the fuel
qual ification deternmined in accordance with paragraph 4.6.3.1. of this

) %ﬁiil—t
i@ﬁw RIIl - 042439

a=8mmn.

Q

The above approval nmark affixed to an engi ne/ vehicle shows that the
engi ne/ vehi cl e type concerned has been approved in the United Kingdom
(E11) pursuant to Regulation No. 49 and under approval nunber 042439.
Thi s approval indicates that the approval was given in accordance with
the requirements of Regulation No. 49 with the 04 series of anendnents
i ncorporated and satisfying the relevant linits detailed in

paragraph 5.2.1. of this Regulation

I V. APPROVAL “1V' (Row Q)
(See paragraph 4.6.3. of this Regul ation)

Model G

Engi nes approved to Row C emission linits and operating on diesel or
Iiquefied petroleumgas (LPG fuel.

: I@Q 49 RIV - 042439

- a=8 mmn
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Model H

Engi nes approved to Row C emission linits and operating on natural gas
(NG fuel. The suffix after the national synbol indicates the fuel

qual ification deternmined in accordance with paragraph 4.6.3.1. of this
Regul ati on.

- 3 2 A9 RIV - 042439

The above approval nark affixed to an engi ne/ vehicle shows that the
engi ne/ vehi cl e type concerned has been approved in the United Kingdom
(E11) pursuant to Regul ation No. 49 and under approval nunber 042439.
Thi s approval indicates that the approval was given in accordance with
the requirements of Regulation No. 49 with the 04 series of anendnents
i ncorporated and satisfying the relevant linits detailed in

paragraph 5.2.1. of this Regulation

V. ENG NE/ VEHI CLE APPROVED TO ONE OR MORE REGULATI ONS
(See paragraph 4.7. of this Regulation)

Model |

@ﬁ 49 IV HL 04 2439 43
, BTV o 031628 !

I\J‘m

I\J‘m

The above approval nmark affixed to an engi ne/ vehicle shows that the
engi ne/ vehi cl e type concerned has been approved in the United Kingdom
(E11) pursuant to Regulation No. 49 (emission level 1V) and Regul ation
No. 24 1/. The first two digits of the approval nunbers indicate that,
at the dates when the respective approvals were given, Regul ation

No. 49 included the 04 series of amendnments, and Regul ation No. 24 the
03 series of anendnents

1/ The second Regul ati on nunber is given nerely as an exanple.
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Annex 4,

Paragraph 1.3., anmend to read:

"1.3. Measurement principle

The enissions to be nmeasured fromthe exhaust of the engine include

t he gaseous conponents (carbon nonoxi de, total hydrocarbons for

di esel engines on the ESC test only; non-methane hydrocarbons for

di esel and gas engines on the ETC test only; methane for gas engines
on the ETC test only and oxides of nitrogen), the particul ates

(di esel engines, gas engines at stage C only) and snoke (diese
engines on the ELR test only). Additionally, carbon dioxide is often
used as a tracer gas for determining the dilution ratio of partia

and full flow dilution systenms. Good engi neering practice recomends
t he general measurenent of carbon dioxi de as an excellent tool for
the detection of neasurement problens during the test run."”

Annex 4 - Appendix 1, paragraph 1.2., anend to read:

"1.2. Det erm nati on of dynanoneter settings

The torque curve at full |oad nust be deterni ned by experinmentation
to calculate the torque values for the specified test nodes under net
conditions, as specified in annex 1, appendix 1, paragraph 8.2.

The power absorbed by engine-driven equipnment, if applicable, nust be
taken into account. The dynanoneter setting for each test node
except idle nust be cal cul ated using the formul a:

Annex 4 - Appendi x 2,

Paragraph 3.1., anmend to read:

"3. 1. Preparation of the sanpling filters (if applicable)

At | east one hour

Par agraph 3.4., anmend to read:

"3. 4. Starting the particulate sanpling system (if applicable)

The particulate sanpling .....

Par agraph 3.8.3., anmend to read:

"3.8.3. Particul ate sanpling (if applicable)

At the start of the engine .....
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Par agraph 3.9. 3,

table 6,

"Tabl e 6:

anend to read

Regression |ine tol erances

Speed

Torque

Power

Standard error of estimate (SE) of Y

max 100 min™

max 13 % (15 %) of

max 8% (15 %) of

(*20 Nmor + 3 %) of
max torque whichever is
greater

on X power map maximum power map maximum
engine torque engine power
Slope of the regression line, m 0.95 t0 1.03 0.83-1.03 0.89-1.03
(0.83 - 1.03)
Coefficient of determination, r< min 0.9700 min 0.8800 min 0.9100
(min 0.9500) (min 0.7500) (min 0.7500)
Y intercept of the regression line, b |+ 50 min™ +*20Nmor*2 % *4kWor+2 %

(x4 Kwor *3 %) of
max power whichever is
greater

The figures shown in brackets may be used for the type-approva
of gas engines until

Par agraph 4.3.1.

1 Cctober 2005."

anend to read

(di esel

testing

engi nes)

(gas engi nes)

engi nes)

(LPG fuel |l ed engi nes)

(NG fuel |l ed engi nes)

engi nes)

(LPG fuel |l ed engi nes)
(NG fuel |l ed engi nes)
(NG fuel l ed engi nes)

aver age

"4.3.1. Systenms with constant nass flow
For systenms with heat exchanger, the nass of the pollutants (g/test)
nmust be determined fromthe foll owi ng equations:
(1) NO nass = 0.001587 * NOx conc * Kyp * Momw
(2) NO nass = 0.001587 * NOx conc * Kyg * Momw
(3) CO nass = 0.000966 * CO conc * Mogw
(4) HC nass = 0.000479 * HC conc * Mqgw (diese
(5) HC nass = 0.000502 * HC conc * Mqgmw
(6) HC nass = 0. 000552 * HC conc * Mqgmw
(7) NVHC mass = 0.000479 * NVHC conc * Mqgow (diese
(8) NVHC mass = 0.000502 * NWVHC conc * Mogmw
(9) NVHC mass = 0.000516 * NWVHC conc * Mogmw
(10) CH; mass = 0.000552 * CH, conc * Mg
wher e:
NO, conc, CO conc, HC conc, 1/ NWHC conc, CH, conc =
background corrected concentrations over the cycle from
integration (mandatory for NGO, and HC) or bag measurenent,
ppm
1/ Based on Cl equi val ent
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Mow = total mass of diluted exhaust gas over the cycle as deternined
in paragraph 4.1., kg

Khnp = humidity correction factor for diesel engines as determ ned
in paragraph 4.2., based on cycle averaged intake air hunmdity
Khe = humidity correction factor for gas engi nes as determ ned

in paragraph 4.2., based on cycle averaged intake air hunmdity

Concentrations neasured on a dry basis nust be converted to a wet
basis in accordance with annex 4, appendix 1, paragraph 4.2.

The determi nation of NWHC.,, and CH; .., depends on the nethod used
(see annex 4, appendix 4, paragraph 3.3.4.). Both concentrations
nmust be determi ned as follows, whereby CH, is subtracted from HC for
the determ nation of NVHCgnc:
(a) GC et hod
NMHC:onc = HConc - CHs conc
CH; conc = as nmeasured

(b) NMC et hod

_HC(w oCutter){1-CEy,)-HC(W Cutter)
NNHCconc_ CE- - CE
E M

H, _ HO(w Cutter) - HQwo Cutter) x (1 - CE)
,conc CEE _ CEM

wher e:
HC(w Cutter)

HC concentration with the sanple gas fl ow ng
through the NMC

HC(w o Cutter) HC concentration with the sanpl e gas bypassing

t he NMC

CEy = nethane efficiency as determ ned per annex 4,
appendi x 5, paragraph 1.8.4.1

CE: = ethane efficiency as determ ned per annex 4,
appendi x 5, paragraph 1.8.4.2."

Paragraph 4.3.1.1., anmend to read (calculation of the dilution factor for
NG fuel | ed gas engi nes del eted):

"4.3.1.1. Determination of the background corrected concentrations

The average background concentration of the gaseous pollutants in the
dilution air nmust be subtracted from nmeasured concentrations to get
the net concentrations of the pollutants. The average val ues of the
background concentrati ons can be determined by the sanple bag nethod
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or by continuous nmeasurenent with integration. The follow ng fornula
nust be used.

conc = conce - concyg * (1 - (1/DF))

wher e:

conc = concentration of the respective pollutant in the diluted
exhaust gas, corrected by the amount of the respective
pol | utant contained in the dilution air, ppm

conc, = concentration of the respective pollutant measured
in the diluted exhaust gas, ppm

concy = concentration of the respective pollutant measured
in the dilution air, ppm

DF = dilution factor

The dilution factor shall be cal cul ated as foll ows:

— FS
COZ,COI"ICE +( |_|CCOI"IC8 +Coconce) En'o_4

DF

wher e:

CO, conce = concentration of CO, in the diluted exhaust gas, % vo
HC:once = concentration of HC in the diluted exhaust gas, ppm Cl
CQ.once = concentration of COin the diluted exhaust gas, ppm

Fs = stoichionetric factor

Concentrations neasured on dry basis nmust be converted to a wet basis
in accordance with annex 4, appendi x 1, paragraph 4. 2.

The stoichionetric factor nust be cal cul ated as foll ows:
X

x+L 43 760 x+2
2 4

X,y = fuel conposition CH,

F, =1000

wher e:

Alternatively, if the fuel conposition is not known, the follow ng
stoichionetric factors nmay be used

Fs (diesel) = 13.4
Fs (LPG = 11.6
Fs (NG = 9.5"
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Par agraph 4.3.2., anmend to read:

"4.3. 2.

Systenms with fl ow conpensation

For systems w thout heat exchanger, the mass of the pollutants
(g/test) must be determ ned by cal cul ati ng the instantaneous mass
em ssions and integrating the instantaneous val ues over the cycle.
Al so, the background correction nust be applied directly to the

i nst ant aneous concentrati on value. The follow ng formulae nust be
appl i ed:

(1) NO mmss =

Zn:(l\/lrorwi XNK gonce.i X0. 001587xK, o)~ (MroruX NOX conea X (1 =1/ DF)x0. 001587xK,, )

= (di esel engi nes)

(2) NO mass =

Zn:(MrOTWi *NOX¢once,i XO0- 001587XKH,G)_(MTOTWXNQ(concd ><(1—1/ DF)XO- 001587XKH,G)

= (gas engi nes)
n

(3) COmes = Y (Mrorwi XCOponce, *0. 000966)~ (MrgryxCO;oncq X (1 -1/ DF)x0. 000966)
i=1
n
(4) HGuss = Z(MTOTWi ><HCconce,i x0. 000479)_(MTOTWXHCconcd X(l_ll DF)XO' 000479)
i=1
| (di esel engi nes)
n
(5) HCmes = . (Mrorwi XHCeonce, *0. 000502)~ (Mrory* HC;oncq  (L~1/ DF)x0. 000502)
i=1
| (LPG engi nes)
(6) HCuss =
3 (Momi % HC.gnee; X 0. 000552) = (Miory X HC,oneq X (L — 1/ DF) x 0. 000552)
i=1
(NG engi nes)
(7) NVHGess =

x (1 - 1/ DF) x 0. 000479)

(di esel engi nes)

3 (Mo % NVHG, i X 0. 000479) = (Mory * NVHG
i=1

concd

(8) NWVHCpss =
3 (Momy * NVHG, o X 0. 000502) = (Mg X NVHG,
i=1

concd

x (1 - 1/ DF) x 0. 000502)

(LPG engi nes)
(9) NMHGpss =

> (Mrorwi X NVHC e, X0. 000516)~ (Mrgry NVHC, gncq X (1 ~1/ DF)x0. 000516)

= (NG engi nes)
(10) CHi mass =

Zn:(MTOTWi X CHy conce.i ¥0. 000552) = (MroryXCHy conca * (1 -1/ DF)x0. 000552)

= (NG engi nes)
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wher e:

conc, = concentration of the respective pollutant nmeasured in the
di | uted exhaust gas, ppm

concy = concentration of the respective pollutant nmeasured in the
dilution air, ppm

Morw: = instantaneous nmass of the diluted exhaust gas
(see paragraph 4.1.), kg

Mow = total nass of diluted exhaust gas over the cycle
(see paragraph 4.1.), kg

Knp = humidity correction factor for diesel engines as deternined
i n paragraph 4.2., based on cycle averaged intake air
hum dity

Khe = humidity correction factor for gas engines as determined in
paragraph 4.2., based on cycle averaged intake air humidity

DF = dilution factor as determined in paragraph 4.3.1.1."

Par agraph 4.4., anmend to read:

"4.4. Cal cul ation of the specific emn ssions

The em ssions (g/ kW) nust be calculated for the individua
conponents, as required according to paragraphs 5.2.1. and 5.2.2. for
the respective engine technology, in the follow ng way:

NO, = NOX e/ Wt (diesel and gas engi nes)
CO=C0,pss/ Wt (di esel and gas engi nes)
HC=HC, s/ Wy (di esel and gas engi nes)
NWHE::NNHCmﬁJ\Mm (di esel and gas engi nes)
CH, =CHy e/ W, (NG fuell ed gas engi nes)
wher e:

W = actual cycle work as determned in paragraph 3.9.2., kW."

Par agraph 5., anend to read:

"5. CALCULATI ON OF THE PARTI CULATE EM SSI ON (1 F APPLI CABLE) "

Annex 4 - Appendix 5, paragraph 1.8.2., anmend to read:

"1.8. 2. Hydr ocar bon response factors

The anal yser nust be calibrated using propane in air and purified
synthetic air, according to paragraph 1.5.

Response factors nust be deterni ned when introduci ng an anal yser into
service and after nmmjor service intervals. The response factor (R)
for a particular hydrocarbon species is the ratio of the FID Cl
reading to the gas concentration in the cylinder expressed by ppm CL.
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The concentration of the test gas nust be at a level to give a
response of approximately 80 per cent of full scale. The
concentration nust be known to an accuracy of + 2 per cent in
reference to a gravinetric standard expressed in volunme. In
addition, the gas cylinder nust be preconditioned for 24 hours at a
tenperature of 298 K+ 5 K (25°C £ 5°C).

The test gases to be used and the reconmended rel ative response
factor ranges are as foll ows:

Met hane and purified synthetic air 1.00 £ R £ 1.15 (diesel and
LPG engi nes)

Met hane and purified synthetic air 1.00 £ R £ 1.07 (NG engi nes)

Propyl ene and purified synthetic air 0.90 < R < 1.1

IN

Tol uene and purified synthetic air 0.90 R < 1.10

These val ues are relative to the response factor (R) of 1.00 for
propane and purified synthetic air."

Insert a new paragraph 2., to read:

"2. ETHANOL FOR DI ESEL ENG NES (Y
— S
Par amet er Uni t M i Limts = Test Met hod (3
ni mum Maxi mum
Al cohol, nass % m m 92.4 - ASTM D 5501
O her al cohol than % m m - 2 ASTM D 5501
et hanol contained in
total al cohol, mass
Density at 15°C kg/ n? 795 815 ASTM D 4052
Ash cont ent % m m 0. 001 I SO 6245
Fl ash poi nt °C 10 I SO 2719
Acidity, calculated as [%9mm - 0. 0025 | SO 1388-2
acetic acid
Neutralisation (strong |KCH ng/1 - 1
aci d) nunber
Col our Accor di ng - 10 ASTM D 1209
to scale
Dry residue at 100°C ng/ kg 15 I SO 759
WAt er cont ent % m m 6.5 I SO 760
Al dehydes cal cul ated % mm 0. 0025 | SO 1388-4
as acetic acid
Sul phur cont ent ng/ kg - 10 ASTM D 5453
Esters, calculated as |[% mm - 0.1 ASTM D 1617
et hyl acetate
(1) Cet ane inprover, as specified by the engi ne manufacturer, may be
added to the ethanol fuel. The maxi num al |l owed anount is 10 % nm
(2) The val ues quoted in the specification are “true values”. In

establ i shnment of their

limt values the terns of

| SO 4259, Petrol eum

products — Determination and application of precision data in
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relation to nmethods of test, have been applied and in fixing a

m ni rum val ue, a mnimumdifference of 2R above zero has been taken
into account; in fixing a maxi mum and mi ni mrum val ue, the m ni nrum
difference is 4R (R — reproducibility). Notw thstanding this neasure,
which is necessary for statistical reasons, the manufacturer of a
fuel should nevertheless aimat a zero value where the stipul ated
maxi mum value is 2R and at the nean value in the case of quotations
of maximumand minimumlinits. Should it be necessary to clarify the
guestion as to whether a fuel neets the requirements of the
specification, the terns of |1SO 4259 should be appli ed.

(3) Equi val ent 1 SO nethods will be adopted when issued for all properties
listed above."
Annex 6, anend to read:
"Annex 6

TECHNI CAL CHARACTERI STI CS OF REFERENCE N. G FUEL PRESCRI BED
FOR APPROVAL TESTS AND TO VERI FY CONFORM TY OF PRODUCTI ON

Type: NATURAL GAS (NG
Eur opean market fuels are available in two ranges:

— the H range, whose extreme reference fuels are GRand (&3;
— the L range, whose extrene reference fuels are &3 and &25.

The characteristics of GR, &3 and &5 reference fuels are summri sed
bel ow:

Reference fuel GR

Characteristics Units Basi s Limts Test Met hod
M n Max.
Conposi ti on:
Met hane % nol e 87 84 89
Et hane % nol e 13 11 15
Bal ance (*) % nol e - - 1 | SO 6974
Sul phur cont ent ng/m? (**) |- - 10 | SO 6326-5
(*) Inerts +GC,,
(**) Value to be determ ned at standard conditions (293.2 K (20°C) and
101. 3 kPa)

Ref erence fuel (23

Characteristics Units Basi s Limts Test Met hod
M n MBX.
Conposi ti on:
Met hane % ol e 92.5 [ 91.5 | 93.5
Bal ance (*) % nol e - - 1 I SO 6974
N, % nol e 7.5 6.5 8.5
Sul phur content ng/ n? U7) - - 10 | SO 6326-5
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(*) Inerts (different fromN,) +GC/C,
(**)  Value to be determined at standard conditions (293.2 K (20°0)
and 101. 3 kPa).

Ref erence fuel &5

Characteristics Units Basi s Limts Test Met hod
M n Max.

Conposi tion:

Met hane % nol e 86 84 88

Bal ance (*) % nol e - - 1 | SO 6974

N, % nol e 14 12 16

Sul phur cont ent ng/ m? U7) - - 10 I SO 6326-5

(*)
(**

and 101. 3 kPa).

Inerts (different fromN,) +GCJ/C,
) Value to be determ ned at standard conditions (293.2 K (20°C)

Annex 7, anend to read:
"Annex 7
Type: LI QUEFI ED PETROLEUM GAS (LPGQ
Par anet er Uni t Limts Fuel A |Limts Fuel B | Test Mthod
M ni mum| Maxi rum|{ M ni nrum| Maxi num
EN 589
Mot or Qct ane Number 92.5 92.5 Annex B
Conpositi on:
C3 content % vol 48 52 83 87
C4 content % vol 48 52 13 17 | SO 7941
A efins % vol 12 14
Evapor ati on Resi due ng/ kg 50 50 NFM 41015
Total sul phur content ppm 50 50 EN 24260
mass (Y
Hydr ogen sul phi de --- None None | SO 8819
Copper strip corrosion | rating class 1 class 1| 1S0O 6251(?
o vi sual
Water at 0°C free free i nspecti on
(1) Val ue to be determ ned at standard conditions 293.2 K (20 °Q)

and 101. 3 kPa.
(2)

This method may not accurately determ ne the presence of corrosive

materials if the sanple contains corrosion inhibitors or other

chem cal s,
strip.

whi ch dininish the corrosivity of the sanple to the copper
Ther ef or e,

the addition of such conpounds for the sol e purpose
of biasing the test nethod is prohibited.
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Annex 8,

Paragraph 3.1, anmend to read:

"3. 1. Gaseous emissions (di esel engine)

Assunme the following test results for a PDP-CVS system

Vo (mf/ rev) 0.1776
N, (rev) 23073

Ps (kPa) 98.0
P1 (kPa) 2.3
T (K) 322.5
Ha, (9/kog) 12.8
NO conce  (PPM 53.7
NO conca  (PPM 0.4
@Oconce  (PPM 38.9
COconca  (PPM 1.0
HC conce (ppm without cutter 9. 00
HC concd (ppm without cutter 3.02
HC conce (ppm with cutter 1.20
HC concd (ppm with cutter 0. 65
CO, conce (9 0.723
Wt (kwh) 62.72

Cal cul ati on of the diluted exhaust gas flow (annex 4, appendix 2,
paragraph 4.1.):

Mow = 1.293 * 0.1776 * 23073 * (98.0 - 2.3) * 273 / (101.3 * 322.5)
= 4237.2 kg

Cal cul ati on of the NO correction factor (annex 4, appendix 2,
paragraph 4.2.):

1

= = 1.039
1-0. 0182 12. 8-10. 71)

Kup

Cal cul ati on of the NMHC concentration by NMC nmet hod (annex 4,
appendi x 2, paragraph 4.3.1.), assuming a nethane efficiency of 0.04
and an ethane efficiency of 0.98:

e - 9:0%(1-0.04) -1.2

= = 7.91 ppm
0.98- 0. 04 PP

NVHC _ 3.02x(1-0.04) -0.65
concd 0.98- 0.04

= 2.39 ppm
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Cal cul ati on of the background corrected concentrations (annex 4,
appendi x 2, paragraph 4.3.1.1.):

Assumi ng a di esel fuel of the conposition CH g

F, =1000 i = 13.6
1H1.8/2)H{3.7601H1.8/4)))
= 13.6 - = 18. 69
0. 7234 9.00+38.9)10

NQ cone =53.7 - 0.4 * (1 - (1/18.69)) = 53.3 ppm
CQone =38.9-1.0* (1 - (1/18.69)) = 37.9 ppm
HCeonc =9.00 - 3.02* (1 - (1/18.69)) = 6.14 ppm
NVHC.one = 7.91 - 2.39 * (1 - (1/18.69)) = 5.65 ppm

Cal cul ati on of the em ssions nmass flow (annex 4, appendix 2,
paragraph 4.3.1.):

NO mss = 0.001587 * 53.3 * 1.039 * 4237.2 = 372.391 ¢
COmss = 0.000966 * 37.9 * 4237.2 = 155.129 ¢
HCrass = 0.000479 * 6.14 * 4237.2 = 12.462 ¢
NVHCGmss = 0.000479 * 5.65 * 4237.2 = 11.467 ¢

Cal cul ati on of the specific enissions (annex 4, appendix 2,
paragraph 4.4.):

NO, = 372.391/ 62.72 = 5.94 g/ kW

8l

155.129/ 62.72 = 2.47 g/ kW

ol

12. 462/ 62.72 = 0.199 g/ kW

NVHC = 11.467/ 62.72 = 0. 183 g/ kWh
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Par agraph 3.3., anmend to read (deleting also words "with double dilution"
the first sentence):

"3.3. Gaseous emni ssions (CNG engi ne)

Assunme the following test results for a PDP-CVS system

in

Mrorw (kg) 4237.2
Ha (9/kg) 12.8
NG conce (PP 17.2
NG conca  (PPM 0.4
@O conce  (PpmM 44.3
COconca  (PPM 1.0
HC conce (ppm without cutter 27.0
HC concd (ppm without cutter 2.02
HC conce (ppm with cutter 18.0
HC concd (ppm with cutter 0. 65
CH; conce  (PPM 18.0
CH; conca  (PPM 1.1
CO, conce (% 0.723
Wet (kwh) 62.72

Cal cul ation of the NOx correction factor (annex 4, appendix 2,
paragraph 4.2.):

1

Khg = =1.074
‘67170, 03295 12. 8-10. 71)

Cal cul ation of the NVHC concentration (annex 4, appendix 2,
paragraph 4.3.1.):

a) GC net hod
NVHC.once = 27.0 - 18.0 = 9.0 ppm
b) NMC net hod

Assum ng a nethane efficiency of 0.04 and an ethane efficiency
of 0.98 (see annex 4, appendix 5, paragraph 1.8.4.)

_27.0%(1-0.04)-18.0

NVCeonce = 0.98- 0. 04 =8.4 ppm

NG - 2:02%(1-0.04) -0.65

= = 1. 37 ppm
coned 0.98 - 0. 04 PP
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Cal cul ati on of the background corrected concentrations (annex 4,
appendi x 2, paragraph 4.3.1.1.):

Assum ng a 100 % net hane fuel

For NVHC with GC net hod,

of

the conposition CH,

1

Fs =100 x

9.

=9.5
1+(412)+(3. 76 x(1+(4/ 4)))

5 =13.01

DF = -
0.723+(27. 0+44. 3)x10

t he

di f ference between HC.,.q and

NOQ conc =
CQonc =
NWHCcone =
NMHC;onc
CHy conc =

17.2 - 0.4
44.3 - 1.0
8.4 - 1.37
9.0 - 0.92

18.0 - 1.1

*

*

*

*

*

Cal cul ati on of the eni ssions

par agraph 4. 3. 1.

I\Q( nmass

SZZ

):

0. 001587 *
0. 000966 *
0. 000516 *

0. 000516 *

background concentration is the

(NMC et hod)
(GC net hod)
(GC net hod)

CH4 concd

(1 - (1/13.01)) = 16.8 ppm

(1 - (1/13.01)) = 43.4 ppm

(1 - (1/13.01)) = 7.13 ppm

(1 - (1/13.01)) = 8.15 ppm

(1 - (1/13.01)) = 17.0 ppm
mass flow (annex 4, appendix 2,

16.8 * 1.074 * 4237.2 =121.330 ¢

43.4 * 4237.2 = 177.642 ¢
7.13 * 4237.2 = 15.589 ¢
8.15 * 4237.2 = 17.819 ¢

0.000552 * 17.0 * 4237.2 = 39.762 ¢

(NMC et hod)
(GC net hod)
(GC net hod)

Cal cul ation of the specific em ssions (annex 4, appendix 2,

paragraph 4.4.):

SRR

121. 330/ 62. 72

177. 642/ 62. 72

15. 589/ 62. 72

17.819/62. 72

39.762/62. 72

1
N

1
o

1
o

1
o

1.93 g/ kwh
.83 g/ kwh
. 249 g/ kW
. 284 g/ kW

. 634 g/ kwh

(NMC et hod)
(GC Met hod)

(GC net hod)"
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Paragraph 4.2., exanple 2, anend the title line to read:

"Example 2: GR CH, = 87 % GHs = 13 % (by vol )"

Add a new annex 9, to read:

"Annex 9
SPECI FI C TECHNI CAL REQUI REMENTS RELATI NG TO
ETHANCL- FUELLED DI ESEL ENG NES

In the case of ethanol-fuelled diesel engines, the follow ng specific
nodi fications to the appropriate paragraphs, equations and factors will apply
to the test procedures defined in annex 4 to this Regulation

In annex 4, appendix 1

4. 2. Dry/wet correction
1.877
Fey = G,
[1 + 2.577x‘ELJ
Al RW
4. 3. NO correction for humidity and tenperature

Kyp = 1
P 1+ AD(H, -10.71) + BO(T, - 299

with:

A = 0. 181 GFUEL/ GAIRD - 0.0266

B = - 0.123 GFUEL/ GAIRD+ 0. 00954

T, = tenperature of the air, K

Hy = humidity of the intake air, g water per kg dry air
4.4, Cal cul ation of the enission nass flow rates

The emission mass flow rates (g/h) for each node shall be cal cul ated
as follows, assuming the exhaust gas density to be 1.272 kg/n? at

273 K (&0 and 101. 3 kPa:

(1) NQ( nmass = 0.001613 * '\D( conc * KH,D * GEXI—NV

(2) COupmss = 0.000982 * CQOpnc * Gorw

(3) HGCuss = 0.000809 * HGonc * Kyp * Goew

where NO conc, CQone, HGCoone 1/ are the average concentrations (ppn in
the raw exhaust gas, as determined in paragraph 4. 1.

1/ Based on Cl equival ent.
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If, optionally, the gaseous enissions are deternmined with a full flow
dilution system the follow ng fornul ae nust be applied:

(1) NQ( mass = 0.001587 * '\D( conc * KH,D * G1'O'I'W
(2) COwss = 0.000966 * CQonc * Grow
(3) HGCuss = 0.000795 * HGonc* Grorw

where NO conc, CQone, HGCoone 1/ are the average background corrected
concentrations (ppm) of each node in the diluted exhaust gas, as
determined in annex 4, appendi x 2, paragraph 4.3.1.1.

In annex 4, appendix 2

Paragraphs 3.1., 3.4., 3.8.3. and 5. of appendix 2 do not apply solely to
di esel engines. They al so apply to ethanol -fuell ed diesel engines.

4.2.

4. 3.
4.3.1.

4.3.1. 1.

The conditions for the test should be arranged so that the air
tenperature and the hunidity neasured at the engine intake is set to
standard conditions during the test run. The standard shoul d be

6 " 0.5 g water per kg dry air at a tenperature interval of

298 " 3 K Wthin these limts no further NO correction should be
made. The test is void if these conditions are not net.

Cal cul ation of the enmission nmass fl ow
Systens with constant nass fl ow

For systenms with heat exchanger, the nass of the pollutants (g/test)
nmust be determined fromthe foll owi ng equations:

(1) NO( mass = 0.001587 * NO« conc * Kup * Morw (et hanol fuelled engines)
(2) CO mss = 0.000966 * CO conc Morw( et hanol fuell ed engines)

(3) HC ass = 0.000794 * HC conc * Mow (ethanol fuell ed engines)
wher e:

NGO concs CO coney, HC conc 1/, NVHC .onc = average background corrected
concentrations over the cycle fromintegration (mandatory for NO

and HC) or bag nmeasurenent, ppm

Morw = total mass of diluted exhaust gas over the cycle as determ ned
in paragraph 4.1., kg.

Determ nati on of the background corrected concentrations

The average background concentration of the gaseous pollutants in the
dilution air nmust be subtracted from nmeasured concentrations to get
the net concentrations of the pollutants. The average val ues of the
background concentrati ons can be determined by the sanple bag method
or by continuous measurenment with integration. The follow ng formla
nust be used.

1/ Based on Cl equival ent.
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conc = conce - concyg * (1 - (1/DF))
wher e:
conc = concentration of the respective pollutant in the diluted
exhaust gas, corrected by the amount of the respective
pol | utant contained in the dilution air, ppm
conc, = concentration of the respective pollutant neasured
in the diluted exhaust gas, ppm

concy = concentration of the respective pollutant measured

in the dilution air, ppm

DF = dilution factor

The dilution factor nmust be cal cul ated as foll ows:

DF = Fs
-4
Ctﬁ conce +(Hcconce * CO(:once)D10

wher e:

CO, conce = concentration of CO, in the diluted exhaust gas, %vo
once = concentration of HC in the diluted exhaust gas, ppmCl
once = concentration of COin the diluted exhaust gas, ppm

Fs = stoichionmetric factor

Concentrations neasured on dry basis nust be converted to a wet basis

in accordance with annex 4, appendi x 1, paragraph 4. 2.

The stoichionetric factor nust, for the general fuel conposition

CH.G:Ny, be calcul ated as fol |l ows:

Fs = 100 O 1
1+ % 43 76 D(1+G-B)+V
2 4 2 2

Alternatively, if the fuel conposition is not known, the follow ng

stoichionetric factors may be used

Fs (ethanol) = 12.3

4. 3. 2. Systens with fl ow conpensati on

For systens w thout heat exchanger, the nmass of the pollutants
(g/test) nmust be determ ned by cal cul ati ng the instantaneous mass
em ssions and integrating the instantaneous val ues over the cycle.
Al so, the background correction nust be applied directly to the

i nst ant aneous concentration value. The follow ng fornul ae nust be
appl i ed:



TRANS/ WP. 29/ 871

page 33
(1) NO mss =
él( Migryi ONO, 100.001587) = (Mgny ONO, - O(1 - 1/ DF) 00.001587)
(2) COwss =

S (Mrory: 0 COgonce, i 0. 000966) = (Mrgry 0 COuoneq O(1 — 1/ DF) 00. 000966)
i=1

(3) HGrss =

5 (Mrorwi 0 HCeonce i 0. 000479) = (Mygny 0 HCooneq (1 — 1/ DF) 00. 000479)
i=1

wher e:

conc, = concentration of the respective pollutant neasured in the
di | ut ed exhaust gas, ppm

concy = concentration of the respective pollutant neasured in the
dilution air, ppm

Morw: = instantaneous nmass of the diluted exhaust gas
(see paragraph 4.1.), kg

Mow = total nass of diluted exhaust gas over the cycle
(see paragraph 4.1.), kg

DF = dilution factor as determned in paragraph 4.3.1. 1.

Cal cul ation of the specific em ssions

The emi ssions (g/ kW) nust be calculated for all individua
conponents in the foll ow ng way:

NOQ, = NQ s I W
CO = CO,.../ W,
HC = HC... /| W,
wher e:

W = actual cycle work as determ ned in paragraph 3.9.2., kW



