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AGREEMENT

CONCERNING THE ADOPTION OF UNIFORM TECHNICAL PRESCRIPTIONS
FOR WHEELED VEHICLES, EQUIPMENT AND PARTSWHICH CANBE FITTED
AND/OR BE USED ON WHEELED VEHICLESAND THE CONDITIONS FOR
RECIPROCAL RECOGNITION OF APPROVALS GRANTED ON THE BASISOF
THESE PRESCRIPTIONS [J

(Revision 2, including the amendments that entaredforce on 16 October 1995)

Addendum 100: Regulation No. 101

Revision 2 - Amendment 2

Supplement 8 to the original version of the RegaoitatDate of entry into force: 22 July 2009

UNIFORM PROVISIONS CONCERNING THE APPROVAL OF PASSENGER CARS
POWERED BY AN INTERNAL COMBUSTION ENGINE ONLY, OR POWERED BY A
HYBRID ELECTRIC POWER TRAIN WITH REGARD TO THE MEASUREMENT OF
THE EMISSION OF CARBON DIOXIDE AND FUEL CONSUMPTION AND/OR THE
MEASUREMENT OF ELECTRIC ENERGY CONSUMPTION AND ELECTRIC
RANGE, AND OF CATEGORIES Mi; AND N; VEHICLES POWERED BY AN
ELECTRIC POWER TRAIN ONLY WITH REGARD TO THE MEASUREMENT OF
ELECTRIC ENERGY CONSUMPTION AND ELECTRIC RANGE

UNITED NATIONS

o Former title of the Agreement:

Agreement Concerning the Adoption of Uniform Coiatis of Approval and Reciprocal Recognition of Amyal
for Motor Vehicle Equipment and Parts, done at Garan 20 March 1958.
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Insert a new paragraph 2.1& read:

"2.16. OVC range: the total distance covered ducmgplete combined cycles run until
the energy imparted by external charging of theebat(or other electric energy
storage device) is depleted, as measured accorlitige procedure described in
Annex 9."

Paragraph 2.16. (formemenumber as paragraph 2.17.

Paragraph 5.2.4amend to read:

"5.2.4. The appropriate reference fuels as defingghnex 10 to Regulation No. 83 shall
be used for testing.

For liquefied petroleum gas (LPG) and natural @¥S) that reference fuel shall
be used which is chosen by the manufacturer fornteasurement of the net
power in accordance with Regulations No. 85. Theseh fuel shall be specified
in the communication document as defined in Annéx tiis Regulation.

For the purpose of calculation mentioned in paplr 5.2.3., the fuel
consumption shall be expressed in appropriate umid the following fuel
characteristics shall be used:

(@) Density: measured on the test fuel accordintp® 3675 or an equivalent
method. For petrol and diesel fuel the density messts at 15 °C will be
used; for LPG and natural gas a reference denglithevused, as follows:

0.538 kg/litre for LPG
0.654 kg/m3 for NG 3

(b) Hydrogen-carbon ratio: fixed values will be dsehich are:
CiH1.gs for petrol (EO)
CiH1 g6 for diesel fuel (BO)
CiHz 5o5for LPG
C1H4.oo for NG.
CiH1 80 016 for petrol (E5)
CiH1 8600005 for diesel fuel (BS)"

Annex 4, item 7.2.2.1amend to read:

"7.2.2.1. = Tod (o =T o = km

Annex 4, item 7.3.10amend to read:

"7.3.10. (O AN O = T T [ PRSP km"
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Annex 6, paragraph 1.4,2mend to read:

"1.4.3.

The fuel consumption, expressed in litres 00 km (in the case of petrol, LPG
or diesel) or in Mper 100 km (in the case of NG) is calculated bymseof the
following formulae:

(@ For vehicles with a positive ignition enginelfed with petrol (EO):
FC = (0.1154 /D) -[(0.866 -HC) + (0.429 -COPR{73 -CQ)];

(b) For vehicles with a positive ignition enginelied with LPG:
FGorm =(0.1212 / 0.538) -[(0.825 -HC) + (0.429 -COP2(3 -CQ)]

If the composition of the fuel used for the tefteds from the composition
that is assumed for the calculation of the normdlisonsumption, on the
manufacturer's request a correction factor cf maggplied, as follows:

FGiorm= (0.1212 / 0.538) -(cf) -[(0.825 -HC) + (0.42®) + (0.273 CQ)]
The correction factor cf, which may be appliedjésermined as follows:
cf = 0.825 + 0.0693 hual

where:

Nacwal = the actual H/C ratio of the fuel used

(c) For vehicles with a positive ignition enginefied with NG:
FGiorm= (0.1336 / 0.654) -[(0.749 -HC) + (0.429 -CODP273 -CQ)];

(d) For vehicles with a compression ignition engilesel (BO):
FC = (0.1155/D) [(0.866 -HC) + (0.429 COYH2(/3 -CQ)];

(e) For vehicles with a positive ignition enginelfed with petrol (E5):
FC = (0.118/D) [(0.848 -HC) + (0.429 -CO) 2@ -CQ)];

(H  For vehicles with a compression ignition enginelled with diesel (B5):
FC = (0.116/D) [(0.861 HC) + (0.429 -CO) +2(1B -CQ)].

In these formulae:

FC = the fuel consumption in litre per 100 km e case of petrol, LPG
or diesel) or in Mper 100 km (in the case of natural gas)

HC = the measured emission of hydrocarbons in g/km
CO = the measured emission of carbon monoxidékim g
CO, =the measured emission of carbon dioxide in g/km
D = the density of the test fuel

In the case of gaseous fuels this is the densitp 4C."
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Annex 8, paragraphs 3. to 4.4.8mend to read:

"3.

3.1.

3.2.

3.2.1.

3.2.1.1.

3.2.2.
3.2.2.1.

EXTERNALLY CHARGEABLE (OVC ELECTRIC HEV) WITHOUO AN
OPERATING MODE SWITCH

Two tests shall be performed under the folhgadonditions:
Condition A: Test shall be carried out with a yullcharged electrical

energy/power storage device.

Condition B: Test shall be carried out with anceieal energy/power storage
device in minimum state of charge (maximum dischafjcapacity).

The profile of the state of charge (SOC) of thecelcal energy/power storage
device during different stages of the Type | testiven in Appendix 1.

Condition A

The procedure shall start with the dischafgbe electrical energy/power storage
device as described in paragraph 3.2.1.1. below:

Discharge of the electrical energy/poverage device

The electrical energy/power storage device of \hbicle is discharged while
driving (on the test track, on a chassis dynamomete.):

(&) At a steady speed of 50 km/h until the fuelstoning engine of the HEV
starts up;

(b) Or, if a vehicle can not reach a steady spdéd dm/h without starting up
the fuel consuming engine, the speed shall be egtluatil the vehicle can
run a lower steady speed where the fuel consunmiggne just does not start
up for a defined time/distance (to be specifiedveen technical service and
manufacturer);

(c) Or with manufacturers' recommendation.

The fuel consuming engine shall be stopped witlein seconds of it being
automatically started.

Conditioning of the vehicle

For conditioning compression-ignition exagl vehicles the Part Two cycle of the
applicable driving cycle shall be used in combmativith the applicable gear
shifting prescriptions as defined in paragraph @f4his annex. Three consecutive
cycles shall be driven.



3.2.2.2.

3.2.2.3.

3.2.2.4.

3.2.2.5.

3.2.2.5.1.

3.2.2.5.2.
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Vehicles fitted with positive-ignition @ngs shall be preconditioned with one
Part One and two Part Two cycles of the applicabMing cycle in combination
with the applicable gear shifting prescriptionsda$ined in paragraph 1.4. of this
annex.

After this preconditioning, and beforetiteg the vehicle shall be kept in a room
in which the temperature remains relatively constagtween 293 and 303 K
(20 °C and 30 °C). This conditioning shall be arout for at least six hours and
continue until the engine oil temperature and aupld any, are within +/-2 K of
the temperature of the room, and the electricatgmeower storage device is
fully charged as a result of the charging prescribeparagraph 3.2.2.4. below.

During soak, the electrical energy/poweragje device shall be charged, using
the normal overnight charging procedure as defingzhragraph 3.2.2.5. below.

Application of a normal overnight charge

The electrical energy/power storage device shallcharged according to the
following procedure.

Normal overnight charge procedure
The charging is carried out:

(@ With the on board charger if fitted; or

(b) With an external charger recommended by the ufie&turer using the
charging pattern prescribed for normal charging;

(¢) In an ambient temperature comprised betweeriC2@nd 30 °C. This
procedure excludes all types of special chargescitad be automatically
or manually initiated like, for instance, the egsation charges or the
servicing charges. The manufacturer shall declaag tluring the test, a
special charge procedure has not occurred.

End of charge criteria
The end of charge criteria corresponds to a chgrgme of twelve hours, except
if a clear indication is given to the driver by thandard instrumentation that the
electrical energy/power storage device is not ykby tharged.
In this case,

3lclaimedbatterycapacity(Wh)
mainspowersupply(W)

themaximumtimeis=
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3.2.3.

3.2.3.1.

3.2.3.2.

3.2.3.2.1.

3.2.3.2.2.

3.2.3.3.

3.2.3.4.

3.2.3.5.

Test procedure

The vehicle shall be started up by thens@aovided for normal use to the driver.
The first cycle starts on the initiation of the \aé start-up procedure.

The test procedures defined in eithergoaph 3.2.3.2.1. or 3.2.3.2.2. may be used.

Sampling shall begin (BS) before or re tnitiation of the vehicle start up
procedure and end on conclusion of the final idpegod in the extra-urban cycle
(Part Two, end of sampling (ES)).

Sampling shall begin (BS) before or e tnitiation of the vehicle start up
procedure and continue over a number of repeatdgdes. It shall end on
conclusion of the final idling period in the firgitra-urban (Part Two) cycle
during which the battery reached the minimum stdteharge according to the
criterion defined below (end of sampling (ES)).

The electricity balance Q [Ah] is measured ovesheaombined cycle, using the
procedure specified in Appendix 2 to this annex] ased to determine when the
battery minimum state of charge has been reached.

The battery minimum state of charge is considdredave been reached in
combined cycle N if the electricity balance meadutaring combined cycle N+1
is not more than a 3 per cent discharge, exprease@dpercentage of the nominal
capacity of the battery (in Ah) in its maximum statf charge, as declared by the
manufacturer. At the manufacturer's request addititest cycles may be run and
their results included in the calculations in paagpips 3.2.3.5. and 3.4.1. provided
that the electricity balance for each additional ®y/cle shows less discharge of
the battery than over the previous cycle.

In between each of the cycles a hot soak periagbao ten minutes is allowed.
The powertrain shall be switched off during thisipe.

The vehicle shall be driven using the iapple driving cycle and gear shifting
prescriptions as defined in paragraph 1.4. toahisex.

The exhaust gases shall be analysed awgdodAnnex 4 of Regulation No. 83 in
force at the time of approval of the vehicle.

The test results on the combined cycle,(&@%@ fuel consumption) for Condition
A shall be recorded (respectively:g] and g [l]). In the case of testing

according to paragraph 3.2.3.2.1; and g are simply the results of the single
combined cycle run. In the case of testing accgrdan paragraph 3.2.3.2.2.,;m

and g are the sums of the results of the N combinedesycin.

N N
m, =>'m, ¢, =Y.
1 1



3.2.4.

3.2.5.
3.3.

3.3.1.

3.3.1.1.

3.3.1.2.

3.3.2.

3.3.2.1.

3.3.2.2.

3.3.2.3.

3.3.2.4.

3.3.2.5.

3.3.3.
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Within the 30 minutes after the conclusidntlee last cycle, the electrical
energy/power storage device shall be charged aiogptd paragraph 3.2.2.5. of
this annex). The energy measurement equipmentegldetween the mains
socket and the vehicle charger, measures the clerggy el [Wh] delivered
from the mains.

The electric energy consumption for condi#ois g [Wh].
Condition B
Conditioning of the vehicle

The electrical energy/power storage dewitehe vehicle shall be discharged
according to paragraph 3.2.1.1. of this annex. &t manufacturer's request, a
conditioning according to paragraph 3.2.2.1. or.2B2 of this annex may be
carried out before electrical energy / power sterdigcharge.

Before testing, the vehicle shall be kiepa room in which the temperature
remains relatively constant between 293 and 302&°C and 30 °C). This
conditioning shall be carried out for at least bigurs and continue until the
engine oil temperature and coolant, if any, ardwit-/-2 K of the temperature of
the room.

Test procedure

The vehicle shall be started up by thenmg@aovided for normal use to the driver.
The first cycle starts on the initiation of the i@ start-up procedure.

Sampling shall begin (BS) before or at ihéation of the vehicle start up
procedure and end on conclusion of the final idfegod in the extra-urban cycle
(Part Two, end of sampling (ES)).

The vehicle shall be driven using the iapple driving cycle and gear shifting
prescriptions as defined in paragraph 1.4. ofdhisex.

The exhaust gases shall be analysed awgdacdAnnex 4 of Regulation No. 83 in
force at the time of approval of the vehicle.

The test results on the combined cycle ;(@@d fuel consumption) for
Condition B shall be recorded (respectively[g] and ¢ [I]).

Within the firty minutes after the conclusiof the cycle, the electrical
energy/power storage device shall be charged aogptd paragraph 3.2.2.5. of
this annex.

The energy measurement equipment, placed betweemains socket and the
vehicle charger, measures the charge enerpi/le] delivered from the mains.
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3.3.4. The electrical energy/power storage devicehe vehicle shall be discharged
according to paragraph 3.2.1.1. of this annex.

3.3.5. Within 30 minutes after the discharge, tleetecal energy/power storage device
shall be charged according to paragraph 3.2.2 thi®ainnex.

The energy measurement equipment, placed betweemains socket and the
vehicle charger, measures the charge enerpi/le] delivered from the mains.

3.3.6. The electric energy consumptiQrfWh] for condition Bis: g=& - &
3.4. Test results
3.4.1. The values of CGhall be M = my/Dtest and M, = ny/Dtest [g/km] with Dtest

and Dtest the total actual driven distances in the testfopmed under conditions
A (paragraph 3.2.of this annex) and B (paragrahd.this annex) respectively,
and m and m determined in paragraphs 3.2.3.5. and 3.3.2.5thisf annex
respectively.

3.4.2. The weighted values of @€hall be calculated as below:
3.4.2.1. In the case of testing according to paatyB.2.3.2.1.:
M = (DeM]_ + Dav' Mz)/(De + Dav)
Where:
M = mass emission of GOn grams per kilometre.
M; = mass emission of GAn grams per kilometre with a fully charged
electrical energy/power storage device.
M, = mass emission of GOin grams per kilometre with an electrical

energy/power storage device in minimum state a@frgh (maximum
discharge of capacity).

De = vehicle's electric range, according to the pdoce described in
Annex 9, where the manufacturer must provide theams for
performing the measurement with the vehicle rugnmpure electric
operating state.

Da = 25 km (assumed average distance between twerpaticharges).

3.4.2.2. In the case of testing according to paayB.2.3.2.2..
M = (DoveM1 + Day'M2)/(Dove + Day)

Where:

M = mass emission of GOn grams per kilometre.

M; = mass emission of GAn grams per kilometre with a fully charged
electrical energy/power storage device.

M, = mass emission of GOin grams per kilometre with an electrical
energy/power storage device in minimum state a@frgh (maximum
discharge of capacity).

Dove = OVC range according to the procedure describekhimex 9.

Do = 25 km (assumed average distance between twerpaticharges).



E/ECE/324
E/ECE/TRANS/505

Regulation No. 101
page 9

} Rev.2/Add.100/Rev.2/Amend.2

3.4.3. The values of fuel consumption shall be
C1 = 100-¢/Diestiand G = 100-@/Dyest2[1/100 km]

with Deesii and Destz the total actual driven distances in the testfopeied under
conditions A (paragraph 3.2. of this annex) ando8rggraph 3.3. of this annex)
respectively, and;cand ¢ determined in paragraphs 3.2.3.5. and 3.3.2.%hisf
annex respectively.

3.4.4. The weighted values of fuel consumptionldbekalculated as below:
3.4.4.1. In the case of test procedure accordimatagraph 3.2.3.2.1.
C = (DG + Do &)/ (De + Day)
Where:
cC = fuel consumption in 1/100 km.
C, = fuel consumption in 1/100 km with a fully chadheelectrical
energy/power storage device.
C, = fuel consumption in /100 km with an electrieasdergy/power storage

device in minimum state of charge (maximum disghaf capacity).

De = vehicle's electric range, according to the pdoce described in
Annex 9, where the manufacturer must provide theama for
performing the measurement with the vehicle rugnmpure electric
operating state.

Do = 25 km (assumed average distance between twerpaticharges).
3.4.4.2. In the case of testing according to paagB3.2.3.2.2.:
C = (Dove'Ci + Day'G)/(Dove + Day)
Where
cC = fuel consumption in 1/100 km.
C = fuel consumption in 1/100 km with a fully chadheelectrical
energy/power storage device.
C, = fuel consumption in 1/100 km with an electriesdergy/power storage

device in minimum state of charge (maximum disghaf capacity).
Dove = OVC range according to the procedure describekhimex 9.
Da = 25 km (assumed average distance between twerpaticharges).

3.4.5. The values of electric energy consumpticil $fe:
E1 = @/Dresuand B = @/Diest2[Wh/km]

with Dwstz and Desto the total actual driven distances in the test$opmed under
conditions A (paragraph 3.2. of this annex) ando8rggraph 3.3. of this annex)
respectively, and;eand g determined in paragraphs 3.2.5. and 3.3.6. ofathiex
respectively.



E/ECE/324 } Rev.2/Add.100/Rev.2/Amend.2

E/ECE/TRANS/505
Regulation No. 101
page 10
3.4.6. The weighted values of electric energy congion shall be calculated as below:
3.4.6.1. In the case of testing according to paalgB3.2.3.2.1.:
E = (De'E1 + DavEs) / (De + Day)

Where

E = electric consumption Wh/km.

E, = electric consumption Wh/km with a fully chargeelectrical

energy/power storage device calculated.
B, = electric consumption Wh/km with an electricaksyy/power storage

device in minimum state of charge (maximum disghaf capacity).
De = vehicle's electric range, according to the pdoce described in
Annex 9, where the manufacturer must provide theama for
performing the measurement with the vehicle rugnmpure electric
operating state.
Do = 25 km (assumed average distance between twerpaticharges).

3.4.6.2. In the case of testing according to paagB3.2.3.2.2.:
E = (Dove'E1 + Dav &) / (Dove + Day)

Where
E = electric consumption Wh/km.
Ex = electric consumption Wh/km with a fully chargedlectrical
energy/power storage device calculated.
E, = electric consumption Wh/km with an electricaksgy/power storage
device in minimum state of charge (maximum disghaf capacity).
Dove = OVC range according to the procedure describethnex 9.
Dy = 25 km (assumed average distance between twerpaticharges).
4, EXTERNALLY CHARGEABLE (OVC HEV) WITH AN OPERATING MODE
SWITCH
4.1. Two tests shall be performed under the follgagonditions:
4.1.1. Condition A Test shall be carried out with a fully chargedcélical energy/power

storage device.

4.1.2. Condition BTest shall be carried out with an electrical gggyower storage device
in minimum state of charge (maximum discharge paciy)
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4.1.3. The operating mode switch shall be positicamecording to the table below:
Hybrid-modes & Pure electric| % Pure fuel |% Pure electric |% Hybrid mode n #
& Hybrid consuming| % Pure fuel G
& Hybrid consuming |% Hybrid mode m #
% Hybrid
Battery Switch in Switch in Switch in Switch in
state of charge position position position position
Condition A Hybrid Hybrid Hybrid Most electric
Fully charged hybrid mode *¥
Condition B Hybrid Fuel Fuel Most fuel
Min. state consuming consuming consuming
of charge mode_***/
*/ For instance: sport, economic, urban, extra-ugizsition ...
**/ Most electric hybrid mode:
The hybrid mode which can be proven to have thhdst electricity consumption
of all selectable hybrid modes when tested in atamre with condition A, to be
established based on information provided by thaufecturer and in agreement
with the technical service.
*xx Most fuel consuming mode:
The hybrid mode which can be proven to have tgbdst fuel consumption of all
selectable hybrid modes when tested in accordante eondition B, to be
established based on information provided by thaufecturer and in agreement
with the technical service.
4.2. Condition A
4.2.1. If the electric range of the vehicle, as suead in accordance with Annex 9 to
this Regulation, is higher than 1 complete cycle, the request of the
manufacturer, the type | test for electric energgasurement may be carried out
in pure electric mode, after agreement of the teahrservice. In this case, the
values of M and G in paragraph 4.4. are equal to O.
4.2.2. The procedure shall start with the dischafgbe electrical energy/power storage
device of the vehicle as described in paragrapl24.2below.
4.2.2.1. The electrical energy/power storage dewftce¢he vehicle is discharged while

driving with the switch in pure electric positioon( the test track, on a chassis
dynamometer, etc.) at a steady speed of 70 pericemier cent of the maximum
speed of the vehicle in pure electric mode, whectoibe determined according to
the test procedure for electric vehicles defineRagulation No. 68.
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4.2.3.

4.2.3.1.

4.2.3.2.

4.2.3.3.

4.2.3.4.

Stopping the discharge occurs:

(& When the vehicle is not able to run at 65 peErt ©f the maximum thirty
minutes speed; or

(b)  When an indication to stop the vehicle is givenhe driver by the standard
on-board instrumentation; or

(c) After covering a distance of 100 km.

If the vehicle is not equipped with a pure electrmmode, the electrical
energy/power storage device discharge shall besaetiby driving the vehicle
(on the test track, on a chassis dynamometer; etc.)

(@) At a steady speed of 50 km/h until the fuelszoming engine of the HEV
starts up;

(b) Or if a vehicle can not reach a steady speesDdfm/h without starting up
the fuel consuming engine , the speed shall beceztluntil the vehicle can
run a lower steady speed where the fuel consunrigme just does not start
up for a defined time/distance (to be specifiedveen technical service and
manufacturer);

(c) Or with manufacturers' recommendation.

The fuel-consuming engine shall be stopped witten seconds of it being
automatically started.

Conditioning of the vehicle:

For conditioning compression-ignition evegl vehicles the Part Two cycle of the
applicable driving cycle shall be used in combimatwith the applicable gear
shifting prescriptions as defined in paragraph @f4his annex. Three consecutive
cycles shall be driven.

Vehicles fitted with positive-ignition @ngs shall be preconditioned with one
Part One and two Part Two cycles of the applicabMing cycle in combination
with the applicable gear shifting prescriptionsda$ined in paragraph 1.4. of this
annex.

After this preconditioning, and beforetiteg the vehicle shall be kept in a room
in which the temperature remains relatively constagtween 293 and 303 K
(20 °C and 30 °C). This conditioning shall be cadrout for at least six hours and
continue until the engine oil temperature and aopld any, are within £ 2 K of
the temperature of the room, and the electricaltgpower storage device is
fully charged as a result of the charging prescribeparagraph 4.2.3.4. below.

During soak, the electrical energy/powerage device shall be charged, using
the normal overnight charging procedure as definggaragraph 3.2.2.5. of this
annex.



4.2.4.

42.4.1.

4.2.4.2.

4.2.4.2.1.

4.2.4.2.2.

4.2.4.3.

4.2.4.4.

4.2.4.5.
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Test procedure

The vehicle shall be started up by thenmg@aovided for normal use to the driver.
The first cycle starts on the initiation of the i@ start-up procedure.

The test procedures defined in eithergoaph 4.2.4.2.1. or 4.2.4.2.2. may be used.

Sampling shall begin (BS) before or let tnitiation of the vehicle start up
procedure and end on conclusion of the final idfegiod in the extra-urban cycle
(Part Two, end of sampling (ES)).

Sampling shall begin (BS) before or le tnitiation of the vehicle start up
procedure and continue over a number of repeatdgdes. It shall end on
conclusion of the final idling period in the firgixtra-urban (Part Two) cycle
during which the battery reached the minimum stdteharge according to the
criterion defined below (end of sampling (ES)).

The electricity balance Q [Ah] is measured ovesheeombined cycle, using the
procedure specified in Appendix 2 to this annex] ased to determine when the
battery minimum state of charge has been reached.

The battery minimum state of charge is considdmedave been reached in
combined cycle N if the electricity balance meadutaring combined cycle N+1
is not more than a 3 per cent discharge, expreasedpercentage of the nominal
capacity of the battery (in Ah) in its maximum staff charge, as declared by the
manufacturer. At the manufacturer's request aduititest cycles may be run and
their results included in the calculations in paagis 4.2.4.5. and 4.4.1. provided
that the electricity balance for each additionat t&ycle shows less discharge of
the battery than over the previous cycle.

In between each of the cycles a hot soak periagpaio ten minutes is allowed.
The powertrain shall be switched off during thisipe.

The vehicle shall be driven using the iapple driving cycle and gear shifting
prescriptions as defined in paragraph 1.4. toghisex.

The exhaust gases shall be analysed awgdaadAnnex 4 of Regulation No. 83 in
force at the time of approval of the vehicle.

The test results on the combined cycle,(@@ fuel consumption) for Condition
A shall be recorded (respectively;mg] and g [l]). In the case of testing

according to paragraph 4.2.4.2.1,; and g are simply the results of the single
combined cycle run. In the case of testing accgrdan paragraph 4.2.4.2.2.,;m

and g are the sums of the results of the N combinedesyain.
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4.2.5.

4.2.6.
4.3.
4.3.1.

4.3.1.1.

4.3.1.2.

4.3.2.

4.3.2.1.

4.3.2.2.

4.3.2.3.

4.3.2.4.

4.3.2.5.

4.3.3.

Within the firty minutes after the conclusiof the last cycle, the electrical
energy/power storage device shall be charged aogptd paragraph 3.2.2.5. of
this annex).

The energy measurement equipment, placed betweemains socket and the
vehicle charger, measures the charge enerpi/le] delivered from the mains.

The electric energy consumption for condi#ois e [Wh].
Condition B
Conditioning of the vehicle

The electrical energy/power storage dewitcehe vehicle shall be discharged
according to paragraph 4.2.2.1. of this annex.

At the manufacturer's request, a conditioning etiog to paragraph 4.2.3.1.
or 4.2.3.2. of this annex may be carried out befelectrical energy / power
storage discharge.

Before testing, the vehicle shall be kiepa room in which the temperature
remains relatively constant between 293 and 30328 &nd 30 °C). This

conditioning shall be carried out for at least bigurs and continue until the
engine oil temperature and coolant, if any, ardniwitt 2 K of the temperature of
the room.

Test procedure

The vehicle shall be started up by thenmg@aovided for normal use to the driver.
The first cycle starts on the initiation of the i@ start-up procedure.

Sampling shall begin (BS) before or at ihéation of the vehicle start up
procedure and end on conclusion of the final idfegiod in the extra-urban cycle
(Part Two, end of sampling (ES)).

The vehicle shall be driven using the iapple driving cycle and gear shifting
prescriptions as defined in paragraph 1.4. toghigex.

The exhaust gases shall be analysed awgoktinex 4 of Regulation No. 83 in
force at the time of approval of the vehicle.

The test results on the combined cycle,(@@ fuel consumption) for Condition
B shall be recorded (respectively fg] and ¢ [1]).

Within the firty minutes after the conclusiof the cycle, the electrical
energy/power storage device shall be charged aiogptd paragraph 3.2.2.5. of
this annex.



4.3.4.

4.3.5.

4.3.6.
4.4.

4.4.1.

4.4.2.

4.42.1.

4.42.2.
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The energy measurement equipment, placed betweemains socket and the
vehicle charger, measures the charge enerpi/le] delivered from the mains.

The electrical energy/power storage devicthe vehicle shall be discharged in
accordance with paragraph 4.2.2.1. of this annex.

Within firty minutes after the dischargeg tlelectrical energy/power storage
device shall be charged according to paragrapR.3.2f this annex.

The energy measurement equipment, placed betweemains socket and the
vehicle charger, measures the charge enerpi/le] delivered from the mains.

The electric energy consumptiqf\&h] for condition B is: = e-e;
Test results

The values of CGhall be M = my/Dtest and M, = my/Dtest [g/km] with Dtest
and Dtest the total actual driven distances in the testsfopmed under
conditions A (paragraph 4.2. of this annex) andp8rdgraph 4.3. of this annex)
respectively, and mand m determined in paragraphs 4.2.4.5. and 4.3.2.5isf
annex respectively.

The weighted values of €€hall be calculated as below:

In the case of testing according to paag4.2.4.2.1.:
M= (De'Ml + Dav MZ)/(De + Dav)

Where

M = mass emission of GOn grams per kilometre.

M = mass emission of GAn grams per kilometre with a fully charged
electrical energy/power storage device.

M, = mass emission of GOIin grams per kilometre with an electrical

energy/power storage device in minimum state @frgd (maximum
discharge of capacity).

De = vehicle's electric range, according to thecedure described in
Annex 9, where the manufacturer must provide theama for
performing the measurement with the vehicle rugnmpure electric
operating state.

Do = 25 km (assumed average distance between twerpaticharges).

In the case of testing according to paatge.2.4.2.2.:
M = (DoveM1 + Day'M2)/(Dove + Day)
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Where

M = mass emission of GOn grams per kilometre.

My = mass emission of GAn grams per kilometre with a fully charged
electrical energy/power storage device.

M, = mass emission of GOin grams per kilometre with an electrical
energy/power storage device in minimum state a@frgh (maximum
discharge of capacity).

Dove = OVC range according to the procedure describethnex 9.

Do = 25 km (assumed average distance between twerpaticharges).

4.4.3. The values of fuel consumption shall be:

C1 = 100-¢/Diest1and G = 100-@/Dyest2[1/100 km]

with Dwstz and Desto the total actual driven distances in the testéopaed under
conditions A (paragraph 4.2. of this annex) ando8rggraph 4.3. of this annex)
respectively, and;cand ¢ determined in paragraphs 4.2.4.5. and 4.3.2.%hisf
annex respectively.

4.4.4. The weighted values of fuel consumptionldtekalculated as below:
4.4.41. In the case of testing according to paaig4.2.4.2.1.:
C = (De'Cy + Dav G)/(De + Day)

Where:

cC = fuel consumption in 1/100 km.

C, = fuel consumption in 1/100 km with a fully chadheelectrical
energy/power storage device.

C, = fuel consumption in /100 km with an electrieasdergy/power storage

device in minimum state of charge (maximum disghaf capacity).

De = vehicle's electric range, according to the pdoce described in
Annex 9, where the manufacturer must provide theama for
performing the measurement with the vehicle rugnmpure electric
operating state.

Do = 25 km (assumed average distance between twerpaticharges).
4.4.4.2. In the case of testing according to paalgy.2.4.2.2.:
C= (Dovc' CL + Dav CZ)/(Dovc + Dav)

Where:

cC = fuel consumption in 1/100 km.

C = fuel consumption in 1/100 km with a fully chadheelectrical
energy/power storage device.

C, = fuel consumption in /100 km with an electriesdergy/power storage
device in minimum state of charge (maximum disghaf capacity).

Dove = OVC range according to the procedure describethnex 9.

Do = 25 km (assumed average distance between twerpaticharges).
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4.4.5. The values of electric energy consumpticail $fe:
E1 = &/Dresnand B = &/Diest2[Wh/km]

with Deesii and Destz the total actual driven distances in the testfopeied under
conditions A (paragraph 4.2. of this annex) andp8rdgraph 3.3. of this annex)
respectively, and;eand g determined in paragraphs 4.2.6. and 4.3.6. ofaiungex
respectively.

4.4.6. The weighted values of electric energy congion shall be calculated as below:
4.4.6.1. In the case of testing according to paatge.2.4.2.1.:
E= (De El + Dav' E4) / (De + DaV)

Where:

E = electric consumption Wh/km.

E, = electric consumption Wh/km with a fully chargedlectrical

energy/power storage device calculated.
E, = electric consumption Wh/km with an electricaksyy/power storage

device in minimum state of charge (maximum disghaf capacity).

De = vehicle's electric range, according to the pdoce described in
Annex 9, where the manufacturer must provide theama for
performing the measurement with the vehicle rugnmpure electric
operating state.

Do = 25 km (assumed average distance between twerpaticharges).
4.4.6.2. In the case of testing according to paatge.2.4.2.2.:
E = (Dove'Er + DavEs) / (Dove + Day)

Where:

E = electric consumption Wh/km.

E, = electric consumption Wh/km with a fully chargetkctrical energy/
power storage device calculated.

E4 = electric consumption Wh/km with an electrieaergy/power storage
device in minimum state of charge (maximum disghaf capacity).

Dove = OVC range according to the procedure describechimex 9.

Day = 25 km (assumed average distance between twerpagicharges). "
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Annex 8, Appendix 2, amend to read:

"Annex 8 - Appendix 2

METHOD FOR MEASURING THE ELECTRICITY BALANCE OF
THE BATTERY OF OVC AND NOVC HEVS

1. Introduction

1.1. The purpose of this appendix is to definentie¢hod and required instrumentation
for measuring the electricity balance of Off VekicCharging Hybrid Electric
Vehicles (OVC HEV and Not Off Vehicle Charging HybrElectric Vehicles
(NOVC HEVs). Measurement of the electricity balarscaecessary

(@ To determine when the minimum state of chargéhe battery has been
reached during the test procedure defined in paphgr 3. and 4. of this
annex; and

(b) To correct the measured fuel consumption and-&flssions for the
change in battery energy content occurring durmegtést, using the method
defined in paragraphs 5. and 6. of this annex.

1.2. The method described in this annex shall el b/ the manufacturer for the
measurements that are performed to determine thmeection factors Ke
and Kcop, as defined in paragraphs 5.3.3.2., 5.3.5.2.323.and 6.3.5.2. of this
annex.

The Technical Service shall check whether thesasmrements have been
performed in accordance with the procedure destiiéhis annex.

1.3. The method described in this annex shall led by the Technical Service for the
measurement of the electricity balance Q, as defineparagraphs 3.2.3.2.2.,
42422,534.1.,5.3.6.1.,6.3.4.1,, and 613@ this annex.

2. Measurement equipment and instrumentation

2.1. During the tests as described in paragraphd.35. and 6. of this annex, the
battery current shall be measured using a curransducer of the clamp-on type
or the closed type. The current transducer (i.e.dbrrent sensor without data
acquisition equipment) shall have a minimum accgrat 0.5 per cent of the
measured value (in A) or 0.1 per cent of the maxmvalue of the scale.

OEM diagnostic testers are not to be used fopthipose of this test.

2.1.1. The current transducer shall be fitted oa @inthe wires directly connected to the
battery. In order to easily measure battery curnesing external measuring
equipment, manufacturers should preferably integrappropriate, safe and
accessible connection points in the vehicle. If thaot feasible, the manufacturer
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2.1.3.

2.2.

3.1.

3.2.
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is obliged to support the Technical Service by fmg the means to connect a
current transducer to the wires connected to theefyain the above described
manner.

The output of the current transducer shallsbmpled with a minimum sample
frequency of 5 Hz. The measured current shall begnated over time, yielding
the measured value of Q, expressed in Ampere [{gh)s

The temperature at the location of the gesisall be measured and sampled with
the same sample frequency as the current, so listvalue can be used for
possible compensation of the drift of current tcacers and, if applicable, the
voltage transducer used to convert the outputetthrent transducer.

A list of the instrumentation (manufacturerpdel no., serial no.) used by the
manufacturer for determining:

(@) When the minimum state of charge of the battexry been reached during
the test procedure defined in paragraphs 3. antithis annex; and

(b) The correction factors dg and Kcoz (as defined in paragraphs 5.3.3.2.,
5.3.5.2.,6.3.3.2., and 6.3.5.2. of this annex)

and the last calibration dates of the instruménteere applicable) should be
provided to the Technical Service.

Measurement procedure

Measurement of the battery current shall stathe same time as the test starts
and shall end immediately after the vehicle hagedrithe complete driving cycle.

Separate values of Q shall be logged overP#we One and Part Two of the
cycle."
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Annex 9 amend to read:
"Annex 9

METHOD OF MEASURING THE ELECTRIC RANGE OF VEHICLEBOWERED BY AN
ELECTRIC POWER TRAIN ONLY OR BY A HYBRID ELECTRIC ®BWER TRAIN AND
THE OVC RANGE OF VEHICLES POWERED BY A HYBRID ELEGIIC POWERTRAIN

1. MEASUREMENT OF THE ELECTRIC RANGE

The test method described hereafter permits tosumeathe electric range,
expressed in km, of vehicles powered by an elegawer train only or the
electric range and OVC range of vehicles powered hybrid electric power train
with off-vehicle charging (OVC-HEYV as defined inrpgraph 2. of Annex 8).

2. PARAMETERS, UNITS AND ACCURACY OF MEASUREMENTS

Parameters, units and accuracy of measuremernt$stes follows:

Parameter Unit Accuracy Resolution
Time S +/-0.1s 0.1s
Distance m +/- 0.1 per cent 1m
Temperature degrees C +/- 1 degree C 1 degree C
Speed km/h +/- 1 per cent 0.2 km/h
Mass kg +/- 0.5 per cent 1 kg
Electricity balance Ah +/- 0.5 per cent 0.3 pertcen

3. TEST CONDITIONS

3.1. Condition of the vehicle

3.1.1. The vehicle tyres shall be inflated to thespure specified by the vehicle

manufacturer when the tyres are at the ambienteeaiyre.

3.1.2. The viscosity of the oils for the mechanigalving parts shall conform to the
specifications of the vehicle manufacturer.

3.1.3. The lighting and light-signalling and auarly devices shall be off, except those
required for testing and usual daytime operatiothefvehicle.

3.1.4. All energy storage systems available forepttinan traction purposes (electric,
hydraulic, pneumatic, etc.) shall be charged uph&r maximum level specified
by the manufacturer.

3.1.5. If the batteries are operated above the emhliemperature, the operator shall
follow the procedure recommended by the vehicle ufeaturer in order to keep
the temperature of the battery in the normal opggatinge.



E/ECE/324
E/ECE/TRANS/505

Regulation No. 101
page 21

} Rev.2/Add.100/Rev.2/Amend.2

The manufacturer's agent shall be in a positionatiest that the thermal
management system of the battery is neither didaixe reduced.

3.1.6. The vehicle must have undergone at leaskB800uring the seven days before the
test with those batteries that are installed intéis¢ vehicle.

3.2. Climatic conditions

For testing performed outdoors, the ambient teatpex shall be between 5 °C and
32 °C.

The indoors testing shall be performed at a teatpez between 20 °C and 30 °C.
4. OPERATION MODES
The test method includes the following steps:

(@ Initial charge of the battery;
(b) Application of the cycle and measurement ofdleetric range.

Between the steps, if the vehicle shall moves fiushed to the following test area
(without regenerative recharging).

4.1. Initial charge of the battery
Charging the battery consists of the followingqadures:

Note "Initial charge of the battery" applies to thesticharge of the battery, at the reception of
the vehicle. In case of several combined tests essmrements, carried out consecutively, the
first charge carried out shall be an "initial chaf the battery" and the following may be done
in accordance with the "normal overnight chargeicpdure.

4.1.1. Discharge of the battery
41.1.1. For pure electric vehicles:

4.1.1.1.1. The procedure starts with the dischafgbe battery of the vehicle while driving
(on the test track, on a chassis dynamometer, eit.)a steady speed
of 70 per cent +/-5 percent from the maximum thmiputes speed of the vehicle.

4.1.1.1.2. Stopping the discharge occurs:
(@) When the vehicle is not able to run at 65 pentcof the maximum

thirty minutes speed;

(b) Or when an indication to stop the vehicle igegi to the driver by the
standard onboard instrumentation; or

(c) After covering the distance of 100 km.
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4.1.1.2. For externally chargeable hybrid electviehicle (OVC HEV) without an
operating mode switch as defined in Annex 8:

41.1.2.1. The manufacturer shall provide the mdangerforming the measurement with
the vehicle running in pure electric operatingestat

4.1.1.2.2. The procedure shall start with the disgé of the electrical energy/power storage
device of the vehicle while driving (on the testidk, on a chassis dynamometer,
etc.):

(@) At a steady speed of 50 km/h until the fuelstmning engine of the HEV
starts up;

(b) Or, if a vehicle can not reach a steady spédxd&m/h without starting up
the fuel consuming engine, the speed shall be eeuatil the vehicle can
run at a lower steady speed where the fuel conguemgine just does not
start up for a defined time/distance (to be spedifbetween technical
service and manufacturer);

(c) Or with manufacturers' recommendation.

The fuel consuming engine shall be stopped witlein seconds of it being
automatically started.

4.1.1.3. For externally chargeable hybrid electeticle (OVC HEV) with an operating
mode switch as defined in Annex 8:

4.1.1.3.1. If there is not a pure electric posititre manufacturer shall provide the means
for performing the measurement with the vehiclening in pure electric
operating state.

4.1.1.3.2. The procedure shall start with the disgé of the electrical energy/power storage
device of the vehicle while driving with the switohpure electric position (on the
test track, on a chassis dynamometer, etc.) atadgtspeed of 70 per cent +/-5
per cent of the maximum thirty minutes speed ofvigicle.

4.1.1.3.3. Stopping the discharge occurs:
(@) When the vehicle is not able to run at 65 pentcof the maximum

thirty minutes speed; or

(b)  When an indication to stop the vehicle is givenhe driver by the standard
onboard instrumentation; or

(c) After covering the distance of 100 km.
4.1.1.3.4. If the vehicle is not equipped with aepelectric operating state, the electrical

energy/ power storage device discharge shall beeasth by driving the vehicle
(on the test track, on a chassis dynamometer; etc.)
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(@) At a steady speed of 50 km/h until the fuelstoning engine of the HEV
starts up; or

(b) If a vehicle can not reach a steady speed &b without starting up the
fuel consuming engine , the speed shall be redun&bthe vehicle can run
a lower steady speed where the fuel consuming engst does not start up
for a defined time/distance (to be specified betwtsshnical service and
manufacturer); or

(c) with manufacturers' recommendation.

The fuel consuming engine shall be stopped witlein seconds of it being
automatically started.

Application of a normal overnight charge

For a pure electric vehicle, the battery shallcharged according to the normal
overnight charge procedure, as defined in paragaph.2. of Annex 7, for a
period not exceeding twelve hours.

For an OVC HEV, the battery shall be charged atingrto the normal overnight
charge procedure as described in paragraph 3.22Mhnex 8.

Application of the cycle and measurement efringe
For pure electric vehicle:

The test sequence as defined in paradrdptof Annex 7 is applied on a chassis
dynamometer adjusted as described in AppendixAnagx 7, until the end of the
test criteria is reached.

The end of the test criteria is reache@émwtine vehicle is not able to meet the
target curve up to 50 km/ h, or when an indicatimm the standard on-board
instrumentation is given to the driver to stop Yedicle.

Then the vehicle shall be slowed down to 5 km/hrélgasing the accelerator
pedal, without touching the brake pedal and thepptd by braking.

At a speed over 50 km/h, when the vehoides not reach the required
acceleration or speed of the test cycle, the aatelepedal shall remain fully
depressed until the reference curve has been racjan.

To respect human needs, up to three upons are permitted between test
sequences, of no more than fifteen minutes in.total

At the end, the measure De of the covdigtdnce in km is the electric range of
the electric vehicle. It shall be rounded to tharest whole number.

For hybrid electric vehicles
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4.2.2.1.1.

4.2.2.1.2.

4.2.2.1.3.

4.2.2.1.4.

4.2.2.1.5.

4.22.2.

4.2.2.2.1.

4.2.2.2.2.

4.2.2.2.3.

4.2.2.2.4.

To determine the electric range of a ldybkectric vehicle

The applicable test sequence and acceonmgagear shift prescription, as defined
in paragraph 1.4. of Annex 8, is applied on a dsadgnamometer adjusted as
described in Appendices 2, 3, and 4 of Annex 4 efi®ation No. 83, until the
end of the test criteria is reached.

To measure the electric range the entheftest criteria is reached when the
vehicle is not able to meet the target curve updm/h, or when an indication
from the standard on-board instrumentation is git@rthe driver to stop the
vehicle or when the battery has reached its mininsti;wbe of charge. Then the
vehicle shall be slowed down to 5 km/h by releashegaccelerator pedal, without
touching the brake pedal and then stopped by bgakin

At a speed over 50 km/h, when the vehidbes not reach the required
acceleration or speed of the test cycle, the aatelepedal shall remain fully
depressed until the reference curve has been rtacjan.

To respect human needs, up to threerupteons are permitted between test
sequences, of no more than 15 minutes in total.

At the end, the measure De of the distaovered using the electrical motor only
in km is the electric range of the hybrid electréhicle. It shall be rounded to the
nearest whole number. Where the vehicle operatés inoelectric and hybrid
modes during the test, the periods of electric aplgration will be determined by
measuring current to the injectors or ignition.

To determine the OVC range of a hybridtelevehicle

The applicable test sequence and acaonmgagear shift prescription, as defined
in paragraph 1.4. of Annex 8, is applied on a dsadgnamometer adjusted as
described in Appendices 2, 3, and 4 of Annex 4 efiRation No. 83, until the
end of the test criteria is reached.

To measure the OVC range the end dfestecriteria is reached when the battery
has reached its minimum state of charge accordingheé criteria defined in
Annex 8, paragraph 3.2.3.2.2. or 4.2.4.2.2. Drivisgcontinued until the final
idling period in the extra-urban cycle.

To respect human needs, up to threerupteons are permitted between test
sequences, of no more than fifteen minutes in.total

At the end, the total distance drivekrm rounded to the nearest whole number,
is the OVC range of the hybrid electric vehicle."”



