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The text reproduced belowwas prepared by the Informal Working Group (IWG) on
Worldwide harmonized Light vehicles Test Procedure (WLTP) in line with Phase 2 of its
mandate (ECE/TRANS/WP.29/AC.3/44). The modifications to thecurrent text of UN GTR
No. 15 are marked in track changes.

KEY:

1. Description of tests = Is referenced and should be referenced
1.2.4. Determination = Was referened but should notbe referenced
_ = Should not be referenced

2.8.1. Thetestcelltemperature = Requires amendment

2.8.3. Starting ofthe powertrain = Was not referenced but should be

In the case ofaroad load matrixfamily = Needs further thought/dis cussion

In accordance with the programme of work of the Inland Transport Committee for2020 asoutlinedin
proposed programme budget for 2020 (A/74/6 (part Vsect. 20) para 20.37), the World Forum will
develop, harmonize and update UN Regulations in order to enhance the performance of vehicles. The
present document is submitted in conformity with that mandate.
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Annex 6

Type 1 test procedures and test conditions
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12 'The number of tests shall be determined according to the flowchart in
Figure A6/1. The limit value is the maximum allowed value for the respective
criteria emission as defined by the Contracting Party.

12277 Theflowchart in Figure A6/1shall be applicable only to the whole applicable
WLTPtest cycle andnotto single phases.

1'l

12327 Depending on the vehicle type, the manufacturer shall declare as applicable
the total cycle values of the CO: mass emission, the electric energy
consumption, fuel consumption, fuel efficiency, as well as PER and AER
accordingto Table A6/1.

12337 |At the choice of the Contracting Party, one of the following options shall be
selected:

Option A:

The declared value of the electric energy consumption for OVC-HEVs under
charge-depleting operating condition shall not be determined according
to Figure A6/1. It shallbe taken as thetype approval valueifthe declared CO;
value is accepted as the approval value. If that is not the case, the measured
value of electric energy consumptionshall be taken as the type approval value.
Evidence of a correlation between declared CO, mass emission and electric
energy consumption shall be submitted to the responsible authority in advance,
if applicable.

Option B:

The declared value of the fuel efficiency for OVC-HEVs under charge-
depleting operating condition shall not be determined according to
Figure A6/1. It shall be taken asthetypeapproval value if the declared electric
energy consumption value is acceptedas the approval value. If that is not the
case, the measured value of fuel efficiency shall be taken as thetype approval
value. Evidence ofa correlation between declared fuel efficiency and electric
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1234

1.2.35.

1236.

12.3.7.

12.38.
12.38.1.

12382

1.2.3.9.

energy consumptionshall be submitted tothe responsible authority in advance,
if applicable.

If after thefirst testall criteria in row 1 of the applicable Table A6/2are fulfilled,
all values declared by the manufacturer shall be accepted as the type approval
value. If any one of the criteria in row 1 of the applicable Table A6/2 is not
fulfilled, a second testshall be performedwith the same vehicle.

[If the number of cycles in the Charge-Depleting Type 1test of an OVC-HEV
is different in the first testto the expected number of Charge-Depleting Cycles,
the first test shall be repeated at the request of the manufacturer and with
approval of the responsible authority. The manufacturer shall provide technical
justification to the responsible authority.]

After the second test, the arithmetic average results of the two tests shall be
calculated. Ifall criteria in row 2 of the applicable Table A6/2 are fulfilled by
these arithmetic average results, all values declared by the manufacturer shall
be accepted as the type approval value. If any one of the criteria in row 2 of
the applicable Table A6/2is not fulfilled, a third test shall be performed with
the same vehicle.

[If the number of cycles in the Charge-Depleting Type 1test of an OVC-HEV
is different in the second test to the expected number of Charge-Depleting
Cycles, the second test shall be repeated at the request of the manufacturer and
with approval of the responsible authority. The manufacturer shall provide
technical justificationto theresponsible authority.]

After the third test, the arithmetic average results of the three tests shall be
calculated. For all parameters which fulfil the corresponding criterion in row 3
of the applicable Table A6/2, the declared value shall be taken as the type
approval value. For any parameter which does not fulfil the corresponding
criterion in row 3 of the applicable Table A6/2, the arithmetic average result
shallbe taken as the typeapproval value.

[If the number of cycles in the Charge-Depleting Type 1test of an OVC-HEV
is different in the third test tothe expected number of Charge-Depleting Cycles,
the third test shall be repeated at the request of the manufacturer and with
approval of the responsible authority. The manufacturer shall provide technical
justification to the responsible authority.]

In the case that any one of the criterion of the applicable Table A6/2 is not
fulfilled after the first or second test, at the request of the manufacturer and
with the approval of the responsible authority, the values may be re-declared
as highervalues foremissions or consumption, oras lower values forelectric
ranges, in order to reducethe required number of tests for typeapproval.

Determination of the acceptance values dCO2;,dCO2; and dCO2;

Additional to the requirement of paragraph 1.2.3.8.2., the Contracting Party
shall determine a value for dCO2; ranging from 0.990 to 1.020, a value for
dCO2; ranging from0.995to 1.020, and a value for dCO23 ranging from1.000
to0 1.020 in the Table A6/2.

If the charge depleting Type 1 test for OVC-HEVs consists of two or more
applicable WLTP test cycles and the dCO2x value is below 1.0, the dCO2x
value shallbe replaced by 1.0.

In the case that a test result or an average of test results was taken and
confirmed as the type approval value, this result shall be referred to as the
“declared value” for further calculations.
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Table A6/1
Applicable rules for a manufacturer’s declaredvalues (total cycle values)?(as applicable)
Powertrain Mcaoz ° FC FE (km/l or Electric energy All electric range/
(g/km) (kg/100 km) km/kg) consumption® Pure Electric Range ¢
(Wh/km) (km)
Vehicles tested Mcoz - FE
according to Paragraph i I
Annex 6 (pure Paragraph 3. of 14 of Annex Paragraph 1.4.
Annex 7. of Annex 7.
ICE) a
FCcs FEcs
Paragraph Paragraph
NOVC-FCHV - - -
42.1.21. 4.2.1.2.1.0f
of Annex 8. Annex 8.
FCcp c ECaccp AER
ovc- | P ’
FCHV
CS - FCcs u i i
FE
Mco2,cs e
NOVC-HEV 1 Paragraph i |
s . .m
' Annex 8.
For 4 phase WLTP test:
= ECaccp
cD
Mcoz.cp Paragraph 4.3.1. of AER
CD | paragraph4.1.2. L PETELE Annex 8. Paragraph 4.4.1.1.
of Annex 8 el Ol e of Annex 8
: 8. For 3 phase WLTP test: :
OoVC- EC
HEV
Paragraph 4.6.2. of
Annex 8
FE
Mco2,cs e
s Paragraph 4.1.1. | APralralgrlapOr:‘ | |
of Annex 8. Annex 8.
ECwLTc PERwLTC
PEV | u = Paragraph 4.3.4.2. of | Paragraph 4.4.2. of
Annex 8. Annex 8.

@ The declared value shall be the value to which the necessary corrections are applied (i.e. Ki correction
and the other regional corrections)
b Rounding to 2 places of decimal according to paragraph 7. of thisUN GTR

¢ Rounding to one place of decimal according to paragraph 7. of thisUN GTR
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First test
Any of criteria emissions > Limit

All criteria in Table A6/2 within the
“first test” row are fulfilled.

Second test
Any of criteria emissions > Limit

All criteria in Table A6/2 within the
“second test” row are fulfilled.

Third test
Any of criteria emissions > Limit

All declared values Declared value ormean of three accepted,
and emissions dependingon judgmentresult of each Rejected
accepted value
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Test Judgement parameter For 4 phase WLTP test: FCs *
Row 1| Firsttest | First test results < Declared value x 1.0
> Declared value x 1.0
_-tt
“Ftt

12477 Determination of phase-specific values
12417 Phase-specific value for CO,

124117 Afterthe total cycle declared value of the CO, mass emission is accepted, the
arithmetic average of the phase-specific values of the testresults in g/kmshall
be multiplied by the adjustment factor CO2_AF to compensate for the
difference betweenthe declared valueandthe testresults. This corrected value
shallbe the type approval value for CO..

Declared value

CO2AF= Phase combined value

where:
(CozaveL X DL) + (CozaveM X DM) + (CozaveH X DH) + (Cozaveexﬂ X DexH)
Dy, + Dy + Dy + Dy

Phase combined value =

where:

C02,., Iis thearithmetic average CO, mass emission result forthe L phase

test result(s), g/km;

CO2,ye,,is the arithmetic average CO, mass emission result for the M phase
test result(s), g/km;

CO2,ye,, Is thearithmetic average CO, mass emission result forthe H phase
test result(s), g/km;

CO2 is the arithmetic average CO, mass emission result for the exH

aveexy
phase test result(s), g/km;

Do is theoretical distance of phase L, km;

Dwm is theoretical distance of phase M, km;

Du is theoretical distance of phase H, km;

Dex+ is theoretical distance of phase exH, km.

12412 if the total cycle declared value of the CO, mass emission is notaccepted, the
type approval phase-specific CO, mass emission value shall be calculated by
taking the arithmetic average oftheall test results for the respective phase.

12427 Phase-specific values for fuel consumption

[ The fuel consumption value shall be calculated by the phase-specific CO, mass
emission using the equations in paragraph 1.2.4.1. of this annex and the
arithmetic average of the emissions.
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2213 Specific humidity H shall be measurable with a precision of +1g H.O/kg dry
air.

2.2.2. Test celland soakarea

22.2.1. Testcell

22211, The test cellshallhave a temperature set point of 23 °C. The tolerance of the
actual value shallbe within £5 °C. The air temperature ERGIUMIGIRY shall be
measured atthetestcell's cooling fan outletat a minimumfrequency of 0.1 Hz.
Forthe temperature at thestart of the test, see paragraph 2.8.1. of this annex

2222. Soakarea

The soakarea shall have a temperature set pointof23 °C and the tolerance of
the actual value shall be within 3 °C on a 5-minute running arithmetic average
and shallnot show a systematic deviation fromthe set point. The temperature
shall be measured continuously at a minimum frequency of 0.033 Hz (every
30 s).

Test vehicle

N
w
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In the case of a road load matrix family, an additional
measurement of emissions shall be performed with the road load as calculated
for vehicle Lv accordingto paragraph5.1. of Annex4.

Road load coefficients andthe testmass of test vehicle Land H may be taken
from different road load matrixfamilies. They may also betaken fromdifferent
road load families as long as the difference between these road load families
has been demonstrated to and accepted by the responsible authority, and results
from either applying paragraph 6.8. of Annex4 or tyres taken from different
tyre categories, while the requirements in paragraph 2.3.2. of this annexare
maintained.

Allowable range
Veh. H - Veh. L

11
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2.3.3.

24.
24.1.

24.2.

)
c
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The vehicle shallbe presentedin good technical condition. It shallhave been
run-in and driven between 3,000 and 15,000 km before the test. The engine,
transmissionand vehicle shall be run-in in accordance with the manufacturer’s
recommendations.

Settings

Dynamometer settings and verification shall be performed according to
Annex4.

Dynamometer operation

13
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n dyno:  simulates road load and inertia s vehicle: powered axle

m dyno: just rotating, not included in energy balance 7 vehicle: non-powered axle / in case of 4WD vehicle:
a powered axle, that is converted such, that it
i powered for dyno testing

15
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2.6. Test vehicle preconditioning
2.6.1. Vehicle preparation
2.6.1.1. Fueltankfilling

The fuel tank(s) shall be filled with the specified test fuel. If the existing fuel
in the fuel tank(s) does not meet the specifications contained in
paragraph2.4.6. of this annex, the existing fuel shall be drained prior to the
fuel fill. The evaporative emission control systemshall neitherbe abnormally
purged norabnormally loaded.

2648 Tyre pressures

The tyre pressure of the driving wheels shall be set in accordance with
paragraph2.4.5. of this annex
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.6.2. Testcell

N

2.6.3. Procedure

2.6.3.1. The test vehicle shall be placed, either by being driven or pushed, on a
dynamometerand operated through the applicable WLTCs. The vehicle need
not be cold, and may be used tosetthe dynamometer load.

2.6.3.2. The dynamometer load shall be set according to paragraphs 7. and 8. of
Annex4. In the case thata dynamometer in 2WD operation is used for testing,
the road load setting shall be carried out ona dynamometer in 2W D operation,
and in the case that a dynamometer in 4WD operation is used for testing the
road load settingshall be carried out on a dy namometer in 4WD operation.

2.6.4.3. Forpreconditioning, theapplicable WLTCshallbe driven.

At the request of the manufacturer or the responsible authority, additional
WLTCs may be performed in order to bring the vehicle and its control systens
to a stabilized condition.

The extent of such additional preconditioning shall be recorded.

17
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Tolerance (3)

In the case of a type approval test, the following indices shall fulfil the
following criteria:

(@ IWRshallbein therange of (-2.0 < IWR < + 4.0) percent;

(b) RMSSE, at the option of the Contracting Party, shall be less than 0.8
km/h or less than 1.3knmvh.

Tolerance (4)

In the case of a type approval test, the following indices shall fulfil the
following criteria:

(@ IWRshallbein therange of (-2.0 < IWR < + 4.0) percent;

(b) RMSSE, at the option of the Contracting Party, shall be less than 1.3
kmv/h. At the option of the Contracting Party the manufacturer may
declare a lower RMSSE threshold value.

i

Tolerance (3)

Tolerance (4)

Tolerance (3)
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Time, s

2.7. Soaking

2.7.1. After preconditioning and before testing, the test vehicle shall be kept in an
area with ambient conditions as specified in paragraph 2.2.2.2. of this annex

2.7.2. The vehicle shallbe soaked for a minimum of 6 hours and a maximum of 36
hours with the engine compartment cover opened or closed. If not excluded by
specific provisions for a particular vehicle, cooling may be accomplished by
forced cooling down to the set point temperature. If cooling is accelerated by
fans, the fans shall be placed so that the maximum cooling of the drive train,
engine and exhaust after-treatment system is achieved in a homogeneous
manner.

2.8.1. The engine
oil temperature and coolant temperature, if any, shall be within £2 °C of the

setpointof23°C.

21
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I

2.13.2. The constant volume sampler, CVS, or other suctiondeviceshall be turned off,
or the exhaust tube from the tailpipe or tailpipes of the vehicle shall be
disconnected.

|
L)
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Annex 6 - Appendix 1

Emissions test procedure for all vehicles equipped with
periodically regenerating systems

1
11

12

13.
14

2.1

211

212

26

General

This appendix defines the specific provisions regarding testing a vehicle
equippedwith periodically regenerating systems as defined in paragraph 3.8.1
of this UNGTR.

During cycles where regeneration occurs, emission standards need not apply.
If a periodic regeneration occurs at least once per Type 1test and has already
occurred at least once during vehicle preparation or the distance between two
successive periodic regenerations is more than 4,000 km of driving repeated
Type 1 tests, it does not require a special test procedure. In this case, this
appendixdoes not apply anda Kifactorof 1.0 shallbe used.

The provisions of this appendixshall not apply to PN emissions.

At the request of the manufacturer, and with approval of the responsible
authority, thetest procedure specific to periodically regenerating systems need
not apply to a regenerative device if the manufacturer provides data
demonstrating that, during cycles where regeneration occurs, emissions remain
below the emissions limits applied by the Contracting Party for the re levant
vehicle category. In this case, a fixed Ki value of 1.05 shall be used for CO;
and fuel consumption.

Test procedure

The test vehicle shall be capable of inhibiting or permitting the regeneration
process provided that this operation has no effect on original engine
calibrations. Prevention of regeneration is only permitted during loading of the
regeneration systemand duringthe preconditioning cycles. It is not permitted
during the measurement of emissions during the regeneration phase. The
emission test shall be carried out with the unchanged, original equipment
manufacturer's (OEM) control unit. At the request of the manufacturer and
with agreement of the responsible authority, an "engineering control unit"
which has no effect on original engine calibrations may be used during K;
determination.

Exhaust emissions measurement between two WLTCs with regeneration
events

The arithmetic average emissions between regeneration events and during
loading of the regenerative device shall be determined from the arithmetic
mean of several approximately equidistant (if more than two) Type 1 tests.
As an alternative, the manufacturer may provide data to show that the
emissions remain constant (£15 per cent) on WLTCs between regeneration
events. In this case, the emissions measured during the Type 1 test may be
used. In any other case, emissions measurements for at least two Type 1
cycles shall be completed: one immediately after regeneration (before new
loading) and one as close as possible prior to a regeneration phase. All
emissions measurements shallbe carried out according to this annexand all
calculations shallbe carried out according to paragraph 3. of this appendix

The loading process and K; determination shall be made during the Type 1
driving cycle on a chassis dynamometer or on an engine test bench using an
equivalent test cycle. These cycles may be run continuously (i.e. without the
need to switchtheengine off between cycles). Afterany number of completed
cycles, thevehicle may be removed fromthe chassis dynamometer and the test
continuedat a later time.
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2.1.3.

2.2.

2.2.1.

2.2.2.

2.2.3.

2.2.4.

2.2.5.

2.2.6.

For Class 2 and Class 3 vehicles, at the request of the manufacturer and with
the agreementofthe responsible authority the Kican be determined either with
or without the Extra High phase.

Upon request of the manufacturer and with approval of the responsible
authority, a manufacturer may develop an alternative procedure and
demonstrateits equivalency, including filter temperature, loading quantity and
distance driven. This may be done on an engine bench or on a chassis
dynamometer.

The number of cycles D between two WLTCs where regeneration events
occur, the number of cycles over which emission measurements are made n
and the mass emissions measurement M;; for each compound i over each cycle

j shallbe recorded.
Measurementofemissions during regeneration events

Preparation of the vehicle, if required, for the emissions test during a
regeneration phase, may be completed using the preconditioning cycles in
paragraph 2.6. of this annexor equivalent enginetestbenchcycles, depending
on the loading procedure chosen in paragraph 2.1.2. ofthis appendix.

The testand vehicle conditions forthe Type 1test describedin this UN GTR
apply before thefirst valid emissiontest is carried out.

Regeneration shall not occur during the preparation of the vehicle. This may
be ensured by one ofthe following methods:

@  A"dummy" regenerating systemor partial systemmay be fitted for the
preconditioningcycles;

(b)  Any other method agreed between the manufacturer and the responsible
authority.

A cold start exhaust emissions test including a regeneration process shall be
performed according tothe applicable WLTC.

If the regeneration process requires more than one WLTC, each WLTC shall
be completed. Use of a single particulate sample filter for multiple cycles
required to complete regenerationis permissible.

If more than one WLTC is required, subsequent WLTC(s) shall be driven
immediately, without switching the engine off, until complete regeneration has
been achieved. In the case that the number of gaseous emission bags required
for the multiple cycles would exceed the number of bags available, the tine
necessary toset upanewtest shall be as short as possible. The engine shall not
be switched off during this period.

The emission values during regeneration M,; for each compound i shall be
calculated according to paragraph 3. of this appendix. The number of
applicable test cycles d measured for completeregeneration shall be recorded.

Calculations

Calculation of the exhaust and CO. emissions, and fuel consumption of a single
regenerative system

n 1

j=1""sij
si=Tfornz 1

d I

Y/

j=1"""rij
i=——g— fordz1
M= MsxD+ M, x d
P! D+d

where foreach compoundiconsidered:

27
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Mg; are the mass emissions of compound i over test cycle j without

regeneration, g/km;

Mj;; are the mass emissions of compound i over test cycle j during

regeneration, g/km(if d > 1, the first WLTCtest shallbe run cold and
subsequent cycles hot);

M, are the mean mass emissions of compound i without regeneration,
g/km;

+ arethemean mass emissions of compoundiduring regeneration, g/kmm

M,; arethe mean mass emissions of compoundi, g/km;

n is the number oftest cycles, between cycles where regenerative events
occur, during which emissions measurements on Type 1 WLTCs are
made, > 1;

d is the number of complete applicable test cycles required for
regeneration;

D is the number of complete applicable test cycles between two cycles

where regenerationevents occur.

The calculation of M, is shown graphically in Figure A6.Appl/1.

Figure A6.Appl/1
Parameters measured during emissions test during and between cycles where
regeneration occurs (s chematic example, the emissions during D may increase or

decrease)
Emission
[(Ms. D%(Mr. d)] My
D"Fd I Msi
ri
M pi
M si e — — — —
2 . - i

3.1.1

3.2

Mg~ D d
Sl Number of cycles

Calculation of the regeneration factor K; foreach compoundiconsidered

The manufacturer may elect to determine for each compound independently
eitheradditive offsets or multiplicative factors.

M .
K, factor: K;= M—p‘
si

Ki Oﬁset Ki = Mpi —-M

si

Mg;, M, and K; results, and the manufacturer’s choice of type of factor shall
be recorded.

K; may be determined following the completion of a single regeneration

sequence comprising measurements before, during and after regeneration
eventsas shownin Figure A6.Appl/1.

Calculation of exhaust and CO, emissions, and fuel consumption of multiple
periodically regenerating systems
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The following shall be calculated for one Type 1 operation cycle for criteria
emissionsand for CO; emissions. The CO; emissions used for that calculation
shallbe fromthe result ofstep 3described in Table A7/10f Annex7.

Z-nf Mit
MSik ==t = ];Iks ]fOI’ n]- = 1
dk ./
Yi—1Mrik
M, = 1=—— 1dk ' ford>1
M. = Yit=1 Mgix X Dy
si §=1Dk
M. = D=1 Mg X dy
ri §=1dk
M. = Msix Zﬁ:le-i' Mri>< Zﬁzldk
Pl x_ D+ dy)
k=1\"k k
_ Zke1(Mgie X Dy + Mgy X dy)
Mpi = X (D +dy)
k=1\"k k
K; factor: K; = Yo

Ms;i

Ki Oﬁset Ki = Mpi - MSi

where:

Ny

X

are the mean mass emissions of all events k of compound i without
regeneration, g/km;

are the mean mass emissions of all events k of compound i during
regeneration, g/km;

are the mean mass emission of allevents kof compound i, g/km;

are the mean mass emissions of event k of compound i without
regeneration, g/km;

are the mean mass emissions of event k of compound i during
regeneration, g/km;

are the mass emissions of event k of compound i in g/km without
regeneration measured at point jwhere 1 < j < ny,g/km;

are the mass emissions of event k of compound i during regeneration

(whenj > 1, the first Type 1testis run cold, and subsequent cycles
are hot) measured attestcycle jwhere 1 < j <d,,g/km;

are the number of complete test cycles of event k, between two cycles
where regenerative phases occur, during which emissions
measurements (Type 1WLTCs orequivalent engine test bench cycles)
are made, > 2;

is the number of complete applicable test cycles of event krequired for
complete regeneration;

is the number of complete applicable test cycles of event k between two
cycles where regenerative phases occur;

is the number of complete regeneration events.

The calculation of M, is shown graphically in Figure A6.Appl/2.
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Figure A6.Appl/2
Parameters measuredduring emissions test during and between cycles where
regeneration occurs (schematic example)

[g/km]

3.3.

dk dk+1

The calculation of K; for multiple periodically regenerating systems is only
possible aftera certain number of regeneration events for each system.

Afterperforming the complete procedure (A to B, see Figure A6.Appl/2), the
original starting condition A should be reached again.

Ki factors and Kioffsets shall be rounded to four places of decimal. For Ki
offsets, the rounding shall be based on the physical unit of the emission
standardvalue.
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Annex 6 - Appendix 2

Test procedure for rechargeable electric energy storage
system monitoring

1

2.1.1.

2.1.2.

213

2.2.

2.2.1.

General

In the case that NOVC-HEVs, OVC-HEVs NOVC-FCHVs and OVC-FCHVs
are tested, Appendices 2and 3to Annex8 shallapply.

This appendix defines the specific provisions regarding the correction of test
results for CO2 mass emissionas a function ofthe energy balance AEggg for
all REESSs.

The corrected values for CO. mass emission shall correspondto a zero energy
balance (AEgggss = 0), and shall be calculated using a correction coefficient
determined as defined below.

Measurementequipment and instrumentation

Current measurement
REESS depletionshallbe defined as negative current.

The REESS current(s) shallbe measured during the tests using a clamp-on or
closed type currenttransducer. The current measurement systemshall fulfil the
requirements specified in Table A8/1. The current transducer(s) shall be
capable of handling the peak currents at engine starts and temperature
conditions at the point of measurement.

In order to have an accurate measurement, zero adjustment and degaussing
shall be performed before the test according to the instrument manufacturers
instructions.

Current transducers shall be fitted to any of the REESS on one of the cables
connected directly to the REESS and shallinclude thetotal REESS current.

In case of shielded wires, appropriate methods shallbe applied in accordance
with the responsible authority.

In orderto easily measure REESS current using external measuring equipnment,
manufacturers should preferably integrate appropriate, safe and accessible
connectionpointsinthe vehicle. If this is not feasible, the manufacturer shall
support the responsible authority by providing the means to connecta current
transducerto the REESS cables in the manner described above.

The measured currentshall be integrated over time at a minimum frequency of
20 Hz, yielding the measured value of Q, expressedin ampere-hours Ah. The
measured currentshall be integrated over time, yielding the measured value of
Q, expressed in ampere-hours Ah. The integration may be done in the cument
measurement system.

Vehicle on-boarddata

Alternatively, the REESS currentshall be determined using vehicle-based data.
In order to use this measurement method, the following information shall be
accessible fromthe test vehicle:

(@ Integrated charging balance value since lastignitionrun in Ah;

(o) Integrated on-board data charging balance value calculated at a
minimum sample frequency of5 Hz;

()  The charging balance value via an OBD connector as described in
SAE J1962.
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2.2.2.

2.2.3.

3.2.

3.3.
34.

34.1.

The accuracy of the vehicle on-board REESS charging and discharging data
shallbe demonstrated by the manufacturer to the responsible authority.

The manufacturer may createa REESS monitoring vehicle family to prove that
the vehicle on-board REESS charging and discharging data are correct. The
accuracy ofthedatashall be demonstrated ona representative vehicle.

The following family criteria shallbe valid:

(@ Identical combustion processes (i.e. positive ignition, compression
ignition, two-stroke, four-stroke);

(b) Identical charge and/or recuperation strategy (software REESS data
module);

()  On-board data availability;
(d) Identicalcharging balance measured by REESS data module;
(e) Identicalon-boardcharging balancesimulation.

AIIREESS having no influence on CO. mass emissions shall be excluded from
monitoring.

REESS energy change-based correction procedure

Measurementofthe REESS current shall startat the same time as the test starts
and shall end immediately after the vehicle has driven the complete driving
cycle.

The electricity balance Q measured in the electric power supply system shall
be used asa measureofthe difference in the REESS energy content at the end
of the cycle compared to the beginning of the cycle. The electricity balance
shallbe determined forthe total driven WLTC.

Separate values of Q .. Shallbe logged over thedrivencycle phases.

Correction of CO, mass emission over the whole cycle as a function of the
correction criterionc

Calculation of the correction criterion ¢

The correctioncriterionc is the ratio betweentheabsolute value of the electric
energy change AEreess;j and the fuel energy and shallbe calculated using the
following equations:

_ |AEREESS,j|
Efyer

where:
c is the correction criterion;
AFBrggss is the electric energy change of all REESSs over period j

determined according to paragraph 4.1. of this appendix, Wh;
j is, in this paragraph, thewhole applicable WLTP test cycle;
Eryel is the fuelenergy accordingto thefollowing equation:

Euel = 10 X HV X FC,, x d

where:
Efuel is the energy content of the consumed fuel over the applicable

WLTPtestcycle, Wh;
HV is the heating value accordingto Table A6.App2/1, kWh!/I;
FC,p is the non-balanced fuel consumption of the Type 1 test, not

corrected for the energy balance, determined according to
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paragraph6. of Annex7, and using the results for criteria
emissionsand CO; calculatedin step 2in Table A7/1,1/100 km;

d is the distance driven overthe corresponding applicable WLTP
testcycle, km;

10 conversionfactorto Wh.

34.2.

The correction shall be applied if AEgggss iS negative (corresponding to

REESS discharging)

At the request of the manufacturer, the correction may be omitted and

uncorrected values may be used if:

(@)  AEgggssis positive(correspondingto REESS charging);

(b)  the manufacturer can prove to the responsible authority by
measurement that there is no relation between AEgggss and CO,, mass
emission and AEgggss and fuel consumption respectively.

34.3. The correction shall be omitted and uncorrected values shall be used if the
correction criterion ¢ calculated according to paragraph 3.4.1. of this appendix
is less than theapplicable threshold accordingto Table A6.App2/2.

34.4. The correctionmay be omitted and uncorrected values may be usedif:

(@  AEgggss Is positive (corresponding to REESS charging) and the
correction criterion c calculated according to paragraph 3.4.1. of this
appendix is greater than the applicable threshold according to
Table A6.App2/2;

(b) the manufacturer can prove to the responsible authority by
measurement that there is no relation between AEgggss and CO, mass
emission and AEgggss and fuel consumption respectively.

Table A6.App2/1

Energy content of fuel

Fuel Petrol Diesel
Content Ethanol/Biodiesel] EO E5 E10 E15 E22 E85 | E100 BO B5and| B7 B20 | B100
per cent B5H
Heat value 892 | 878 | 864 | 850 | 830 | 641 | 595 | 9.85 | 9.80 | 9.79 | 9.67 | 8.90
(kWh1)

Fuel LPG CNG

Heat value 12.86 x p kWh/l 11.39 MJ/m?

p = test fuel density at 15°C (kg/I)

Table A6.App2/2
RCB correction criteriathresholds
Cycle low + medium) low + medium + high low + medium + high
+ extra high
Thresholds for 0.015 0.01 0.005

correction criterionc
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4.2.

43.

4.4.

45.

Applyingthe correction function

To apply the correction function, the electric energy change AEgggss; of a
period j of all REESSs shall be calculated from the measured current and the
nominal voltage:

n
AEREESS,j = Z AEREESS,j,i

i=1
where:

AEgggssji IS the electric energy change of REESS i during the considered

period j, Wh;
and:
1 tend
AEgggss;i = mx Ugrggss X fto [(©);; dt
where:
UgrgEss is the nominal REESS voltage determined according to
IEC 60050-482, V,
1D is the electric currentof REESS i during the considered period j,
determined according to paragraph 2. of this appendix A;
to is the time at the beginning of the considered period j, s;
tend is the time at the end of the considered periodj, s.
i is the index number of the considered REESS;
n is the totalamount of REESS;
i is the indexnumber for the considered period, where a period

shallbe any applicable cycle phase, combination of cycle phases
and the applicable total cycle;
1

Fyre is the conversion factor fromWs to Wh.

For correction of CO, mass emission, g/km, combustion process-specific
Willans factors fromTable A6.App2/3shallbe used.

The correction shall be performed and applied for the total cycle and for each
of its cycle phases separately, and shall be recorded.

For this specific calculation, a fixed electric power supply system alternator
efficiency shallbe used:

Nalternator = 0-67 forelectric power supply system REESS alternators

The resulting CO, mass emissiondifference for the considered periodj due to
load behaviour of the alternator for charginga REESS shall be calculated using
the following equation:

1 1
AMCOZ,j = 0.0036 x AEREESS,j X——X WillanSfactor X =

Nalternator dj

where:
AMc oy is the resulting CO, mass emissiondifference of period j, g/km;

AERgEss; is the REESS energy change of the considered period j
calculated accordingto paragraph 4.1. of this appendix, Wh;

d.

i is the driven distance ofthe considered period j, km;

j is the indexnumber for the considered period, where a period
shallbe any applicable cycle phase, combination of cyclk phases
and the applicable total cycle;
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0.0036 is the conversion factor fromWh to MJ;

Naternator 1S the efficiency ofthe alternator accordingto paragraph 4.4. of
this appendix;

Willansg, 4, IS the combustion process-specific Willans factor as defined in
Table A6.App2/3,gCO/MJ;

45.1. The CO; values of each phaseandthe total cycle shall be corrected as follows:
Mcozpz = (Mcozp.1 - AMcoz,)
Mcoze3= (Mcozc,2 - AMcoz;)

where:
AMcozj is the result fromparagraph4.5. of this appendixfor a period j,
g/km.
4.6. For the correction of CO; emission, g/km, the Willans factors in
Table A6.App2/3shallbe used.
Table A6.App2/3
Willans factors
Naturally Pressure-charged
aspirated
Positive ignition Petrol (EO) I/MJ 0.0733 0.0778
gCO2/MJ 175 186
Petrol (E5) 1/MJ 0.0744 0.0789
gCO2/MJ 174 185
Petrol (E10) I/MJ 0.0756 0.0803
gCO2/MJ 174 184
CNG (G20) m¥yMJ 0.0719 0.0764
gCO2/MJ 129 137
LPG I/MJ 0.0950 0.101
gCO2/MJ 155 164
E85 I/MJ 0.102 0.108
gCO2/MJ 169 179
Compression ignition [ Diesel (BO) I/MJ 0.0611 0.0611
gCO2/MJ 161 161
Diesel (B5 and I/MJ 0.0611 0.0611
BSH) gCO2/MJ 161 161
Diesel (B7) I/MJ 0.0611 0.0611
gCO2/MJ 161 161
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Annex 6 - Appendix 3

Calculation ofgas energy ratio for gaseous fuels (LPG and
NG/biomethane)

1

36

Measurement of the mass of gaseous fuel consumed during the Type 1 test
cycle

Measurementofthe mass of gas consumedduring the cycle shallbe done by a
fuelweighing systemcapable of measuring theweightof the storage container
during the test in accordance with the following:

(@  Anaccuracyof+2 percentofthedifference betweenthe readings atthe
beginningandat the end ofthe testor better.

(o)  Precautionsshall be taken to avoid measurement errors.

Such precautions shall at least include the careful installation of the device
according to the instrument manufacturer's recommendations and to good
engineering practice.

(c)  Other measurement methods are permitted if an equivalentaccuracy
can be demonstrated.

Calculation ofthe gasenergy ratio

The fuel consumption value shall be calculated from the emissions of
hydrocarbons, carbon monoxide, and carbon dioxide determined from the
measurement results assuming that only the gaseous fuelis burned during the
test.

The gas ratio of the energy consumed in the cycle shall be determined using
the following equation:

C - (Mgas X cf><104>
gas FCporm X dist X p

where:

Ggas is the gas energy ratio, percent;

M gas is the mass ofthe gaseous fuel consumed during the cycle, kg;

FCrorm is the fuel consumption (I/100km for LPG, m%100 km for
NG/biomethane) calculated in accordance with paragraphs 6.6.
and 6.7. of Annex7,;

dist is the distance recorded during the cycle, km;

p is the gas density:
p = 0.654 kg/m® for NG/Biomethane;
p = 0.538 kg/litre for LPG;

cf is the correction factor, assuming the following values:

cf=1in the case of LPG or G20 reference fuel;
cf=0.78 in the case of G25 reference fuel.
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