v NanFEHES s

R

R EE B FEHER

China Heavy Vehicle Emission Testing

Vehicle Emission Control Centre, CRAES
March, 2021




Outline

ERMEMEETEANSRSRMNER S
Main content of Phase VI standards and analysis
of differences with Europe

S\ B B A otE SERE AN N 1 AR 5

Implementation and testing of Phase VI standards

=+
IS

Conclusion




1

EINNMERTEFENESRSENEF 2T
Main content of Phase VI standards and analysis of differences with
Europe




FREE7 < ERHERU R

Summary of China's Phase VI Emission Standards

MIREWIFEZN
Test environment
V59

Pollutants

HERS PR A

Emission limits

HEBOR I HE
B
(CO2 #=4#l)
Emissions and fuel
consumption
Joint control
(CO2 control)

PEMS

Joi R3]
Warranty period

MRS A A
Durability

OBD, NOxiz i
OBD, NOxcontrol

WHTC, WHSC, WNTE

CO, THC,NMHC, CH4, NOx PM, PN, NH3

PRAE 5 RK VIAHIE], NOx HIlUk 77%, PM HIJ% 67%
PM=10mg/kWh, PN=6*10711 (8*10~11for WHSC) , NH3=10ppm
Limits are identical to Euro VI: NOx is reduced by 77%, PM is reduced by 67%
PM=10mg/kWh, PN=6*10211 (8*10711for WHSC) , NH3=10ppm

KAEERE RIS LR ER U EHF AR

Fuel consumption tests must also measure emissions and meet standards

6bIYBL: WY FEE2400m, IR VIR -7~38 (25°C) , SIGFEK: 10%-90%.,
NOx: 690mg/kWh, PN=1.2*10712
Phase 6b: The altitude extends to 2400m, the temperature range: -7 — 38 (25°C); the experimental load: 10%-90%,
NOx : 690mg/kWh, PN=1.2*10712

M1, N1, M2:80,000km/54F, M3, N2, N3:160,000km/5%F
M1, N1, M2:80,000km/5years, M3, N2, N3:160,000km/5 years

M1, N1, M2: 200,000km/5%, N2, N3 (<16t) , M3 (I, 11D : 300,000km/65F
N3 (>16t) , M3 (lll) : 700,000km/74F
M1, N1, M2 : 200,000km/S5years, N2, N3 (<16t) , M3 (I, 1) : 300,000km/6years
N3 (>16t) , M3 (lll) : 700,000km/7 years

T Euro VI, FHMEINOBDK AMIEACHS, OBDEEZEMIR /77, #8OBD HRI{H R H LA K 76 FE W 12 B 5K

Based on Euro VI, additional OBD permanent malfunction codes and OBD vehicle test methods exceeding OBD threshold torque limit and remote monitoring requirements were added
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Joint emission-fuel consumption testing

SERMNER S

Analysis of Differences with Europe

- mEENL: BEERDE BEWREAR, AEFRONRER (C-WTVC)
Fuel consumption tests: entire vehicle drum method; according to different vehicle types, different test cycles are specified (C-
WTVC)
« HERESK: WREHEHIRE
Emission requirements: To meet emission limits the vehicle laws
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Analysis of differences with Europe (high altitude emission requirements)

B ENEEEHEGA R ER .
Increased high-altitude emission compliance
requirements

HESFIEXIERIZE, SKEEEE1000K0L EibXLS SELER65%;
The plateau region of China is vast, with an altitude above 1,000 meters accounting for about
65% of the land area;

BEREKISERBEE45000E L, TESHEPRERHDX;

There are more than 45 million cars in the plateau area, mainly in the central and western
regions;

BREABOEEZ2QRA35%L E, BRASMKEMIEN. ARREBHNEERE

Plateau highways account for more than 35% of the country's total highways, and they are an
important means for the transportation of goods and people in the western regions. .

ER IRt RN Eh E ElIGAYIDRE :

Problems faced by motor vehicles in plateau areas:

PRREAL. ThtE. ZiFiETRE

Deterioration of combustion, decline in power and economy

MAEIEX, TEETRE

Heat load increases and reliability decreases

EGREYIZHIINIRE

EGR control coordination
HSIEERS

Increased exhaust temperature

BERREIE

Supercharge accelerated
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Analysis of Differences with Europe

] OBD‘@EHEHH'.{}*ES,ﬂ OBD remote emission monitoring requirements
B M SR HEPRE R ME T ZM b ETF IR, £ RWNRIEFIRESSGHIA, HITHIEREE, BESHRESIPIIMEFRIEHTRI,
Pollutant emission limits and measurement methods for heavy diesel vehicles start from Phase 6b. Manufacturers should ensure that data is sent during the
entire life of the vehicle and received by the ecological and environmental authorities and production companies.
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‘Tecknical specifications of remote amission supervision systess for HDV

Partl: Geneal principie

EREAR

201XI0CXX R 201X-3X-XK £

£ & F | O £%

o5 FORARER

PART2: Technical Specifications of Platform
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‘Teckaical specifications of remote smission supervision system for HDV

PARTS: Vehicl terminl technical reguirerents and measirement methods
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Phased implementation

c- - == o == ==

| EAa BSERM A L] ERa, mEER ‘

| China Vla, gas vehicles )' | ChinaVia, urban vehicles || China Via, all vehicles J'

i —7 T T =7 T

2019.71 2020.7.1 2021.1.1 2021.71 2023.7.1

7

( — — - - //_ _____ _ f ______ - - \_ —
| EAb, BSER | | E<b, FAE '
| China Vlb, gas vehicles | | China VIb, all vehicles

PEMS-Altitude:

6a: conditions <700m;

PEMS-Vehicle load
6a: #faf 3 [E150%-100% | Load range50%-100% ;

6b: conditions: <2400m 6b : S : 10%-100% | Load range10%-100% ;

PEMS-PN OBD remote supervision system

6a: Nid=x45 3 | Only recorded results
6b: FRIEHZSRPN=1.2%10712
6b: Limit requirementsPN=1.2*10"12

6a: i E R | Terminal installation requirement
6b: #di & 1% %K | Data transmission requirement
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Implementation and testing of Phase VI standards




Applic

O ZHSEMER, SLESHMREIT90%LAL

By Phase VI, all pollutant limits will be tightened by more than 90%

O #2020k, SERIMEFE23HW. ERMSE7
HiFsERk 7B \IMRER AT

As of the end of 2020, 230,000 heavy diesel vehicles and 170,000

heavy gas vehicles had completed the disclosure of China VI

environmental protection information

HEB=EHI AR R B

ation of Emission Control Technology
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Vehicle-mounted method inspection test: NOx emissions in China VI are significantly lower than that of China V
B M2, M3, N2FIN3PU3EZE, NOxFHEIEEIHEIZ90%

M2, M3, N2 and N3 of four types of vehicles, NOx reduction rate exceeds 90%
= iE80%ERIMPEMSTRERIET300mg/kWh, EEFHERRE (690mg/kWh)

T ERiEHER

On-board emission

PEMS test results of nearly 80% of models are below 300mg/kWh, which is far below the emission limit (690mg/kWh)

NOXYIELRFI(G/kWh)

2.65

2.47
2.08

0.24 0.17 0.20

— —
M3 N2

mEV =EFVI

1.76

N3

0.15

China V China VI

NOx90% & O L HE 4 Br b b

3.2%

= 0-50mg/kWh  =50-100mg/kW-h = 100-200mg/kW-h
= 200-300mg/kWh = 300-500mg/kW+h = >500mg/kW"h

HAMEREREPEMSUiRER ST

Distribution statistics of PEMS test results for heavy vehicles in Phase VI
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NOx emission concentrations
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Inspection test by vehicle type e ; .
" 9SESRINOXHMIRE R FIREER =0l
The 95th percentile NOx emission concentrations are far below ?_ ' o
the limit requirement ; 100 F o, .0 ()
B JA90%FEMISEDMNOGKEEET100ppm, imKFHEMIRE 2’; ° £ o
(500ppm) R I L A
The 95th percentile NOx concentration values of nearly 90% of the Ol * 101000+ 10020000 * 200250050 ' W NOX%;‘S%%NW;O@M) W o
models are below 100ppm, which is far below the emission limit

PEMSUNOXREFILLINZRHERAE R 1t

(SOOppm) SEAMBEREPEMSTIRER AR FIT PEMS h lation b . g
Distribution statistics of PEMS test results for heavy vehicles tests the correlation between NOXx concentration an
in Phase VI specific power emissions
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NOxInstantaneous concentration interval distribution

1000

ARSI .

Inspection test by vehicle type

REIFH TNOH S RS RIIAZI80%

Under cold start conditions, NOx emissions can
account for up to 80%
NOxBRT R E LB KL IS F7E100ppm LN

Most of the instantaneous concentration of NOx is

concentrated within 100ppm
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m FEGERIRIENILN . BEOHIIRIGISHEREE, NOxFY
EEHERUTERIE S
Vehicle-mounted method inspection tests: the effective

window average power ratio threshold is lowered, and the

average specific NOx emissions increase rapidly

= AEWMERET, SOLHIMEASHRERTRAE?

Under different power thresholds, the distribution of

windows is quite different than the emission interval

NOx#f F LLHE X Al 3+ (A

NOxWindow specific emission interval distribution
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5000

4000

3000

2000

1000

18%

0~0.1 0.1~0.20.2~0.30.3~0.40.4~0.50.5~0.60.6~0.70.7~0.80.8~0.90.9~1.0

X8 (g/kWh)

NOXHERURE

NOx emission concentrations

WOPTRESL (%)
Window average power percentage (%)

1.2
5
~ 9
g
0.9 ﬁﬁg
% 3
* 5
3
3

0.6

Interval

100% 1.2
— B FHEASW ThE: & O HCHER ;
80%
0.8 £
60% 3
B
0.6 £
40% =
0.4 &=
2
20% Ox: 62. 7ng/Kih 0.2
vercentileNOx: 66. 3mh/kWh
Power thresholdl§ ercentileNOx: 209. 3m/kWh
0()0 Power thresholdl4%, ppercentileNOx: 2T Zme/kih 0
1 256 511 766 1021 1276 1531 1786 2041 2296 2551 2806 3061 3316 3571 3826 4081 4336 4591 4846 5101
S , JEO (D
R e ARE D (RE20%, 7 EE84. 5%)
Effective window (threshold20%, accounting for84.5%)
20%
~
<: 1600 - — —X [ Af == FRESW . o 1 120%
&
K200 mmmmm— - T 1 90%
=
[x]
el e B B R 1 60%
Tt
Bog0 o — - R W 1 30%
I
=
S 0 - 0%
=

0.02~0.03  0.03~0.04 0.04~0.05 0.05~0.06 0.06~0.07 0.07~0.08 0.08~0.09

X & (g/kWh)
Interval

NOxwindow specific emission (g/kWh)

BEHES (B

Cumulative percentage (%)



m N235Z%: BE(K65%;

N2 vehicles: 65% reduction;

B N32E%E: FEE62%.

N3 vehicles: 62% reduction;

ELFEWIENTHFRSA
HREppm3tHh

3.04% —

06.. — \
131% —
5.15% — .

| 0~500 ® 500~1000 = 1000~1500 = 1500~2000
= 2000~2500 = 2500~3000 m 3000 E

I
Remote monitoring

Bl NER e TR AL REppm D Th

0.04% —_ o 172%
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m VTES
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Remote monitoring

PEMS work-based method

> R
Principles

PEMSTHE A @I ERFETRA “BE-1FE-5&F ZHARIASLMNNRET, SUHEBEEMEOEIE, BN BN
TR S RELE/NFIHIAME, YEOBEIRNFIONN, BAEMNEFEDIS L EREIEWERKER/NTFinE
IREHMIRE, FHHE &S EEFBON,
The PEMS work-based method calculates the window pass rate of the entire vehicle by allowing heavy vehicles
to travel under three different operating conditions: “low speed-medium speed-high speed”; i.e., the
frequency at which the ratio of the corresponding emission to the limit value is less than 1 under each cycle
power. When the window pass rate is greater than 90% and more than 95% of the effective data points of
nitrogen oxides in the test segment are less than the standard concentration emission limit, the vehicle is
judged to have passed the vehicle emission test.

(>

MR )
Difficulties
ERETITIRESR, MLURIEES

PEMS I 5% v E%

— PEMS DATA
— 0BD_DATA

PENSL:: T 484 ; -
Operating conditions of heavy 20
vehicles are complex, and it is
difficult to ensure that they aré@
similar to PEMS algorithm
operating conditions;
ENETTIRTER, REUE-T-
EIRFEMAERER,
Operating conditions of heavy
vehicles are inconsistent, and
the method of extracting low-
medium-high operating conditions
is difficult.

speedi km

e
=1
L

welncle

T T T T

10000

T T T

§000 5000 1000

T

12000

> BRI R
> RIBLEEWRSTHIE NIRRREHAE, HWEPEMST R

Establishes standard chemical conditions

Based on the vehicle operating data of the date, recombines the working
condition segments to construct PEMS working conditions

- FATR A BRI

BE IR RIRAEE TR R Rl
Examples of combined standard chemical

120

100

i [Fkm/h
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Remote monitoring

PEMSIhE %

PEMS work-based method

> EEWIE
> I SREPEMSIINK 90 A A IEBA T 52, BEMFEESRERMTREESR (R
TR FEAEEOESPENSTNE I ITIRELXT,
Algorithm verification
The test method of real vehicle PEMS tests is designed to verify the
reliability of the algorithm, and then select the same model from the platform
(using different industries) and use the power—based window method to compare the

érror with the PEMS test.

> EROHT
SRR, ERERTYREYAESNESR, EEBIIFRTHRMERSFREA. BTERBEARITNEMGFLE
EFNRE, ZREERTFERN,
Result analysis
The comparison test verifies that the average error of the remaining vehicles is about 5%.
Considering the actual load of the actual vehicle and the difference between the operating road route
and the test vehicle, the error is within an allowable range.

P LLHR- F &

(g/kwh)
17 Average specific
\
|nLj;itkr%$ t%'ip - emission-platform
(8/kwh)
b7 e
Sanitation 6.42
&+
Waste 4.82
&+
Waste 6.92
1&
> 0.33
comm. transp.
LT 0.32
Post
w+
Waste 0.37
L 0.33

Sanitation

S35 EEHET-
PEMSIAL:
(8/kwh)
Average specific
emission-PEMS
test (g/kwh)

6.74

5.19

6.74

0.34

0.34

0.34

0.34

ST R (D
Vehicle statistics
(vehicles)

34
22

125

LR EHIRE
(%)
Absolute
average error
(%)

4.7%

7.1%

2.7%

2.9%

5.9%

8.8%

2.9%



mizindsE (Bl XIEERS, NAERES)
Remote monitoring (Eliminate car model and change to model number)
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High altitude requirements

The sensitivity of each gaseous pollutants to altitude changes is different, including:

v BhRSE

SHIEEENOHIEZTE (FBHEERFAZE100%LAL) ;

In Phase V, NOx emissions of diesel engines at high altitudes increased significantly

(compared to low altitudes by more than 100%);

S HTUNOXHEEHEGBIRESEEIRERIFRE N,

v FNEREE
XEFRAERAI20%1E,

Phase VI diesel NOx emissions are very low within the emission altitude requirement range;

(BRSHENERBRERRITS,

however, they increase sharply after exceeding the altitude required by emission

regulations, reaching more than 20x the emissions at plain level.

Phase VI diesel
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SRRSENDEN
Heavy Hybrid Vehicles Testing

COHERUHIE - Aan#lx E=4, XDOCEEEMRIRK, EH/EES), COBEMMZEARIEM, CORERZLEI “RiE” (FRIEBEERESE) WA TEEDEHTIN.
CO emission characteristics: repeated engine shutdowns have a greater impact on DOC temperature. After shutdown, CO emissions suddenly increase, and

the CO concentration curve appears “spike” (caused by lower post-treatment temperature). This feature is concentrated
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NOXBERSAFAE : SCREE LK K, BBHISENHEKRE R, BIE AWIENBED, NN TRREAE,

NOxEmission characteristics:

engine is stopped

B

SCR temperature fluctuates greatly; NOx emissions are relatively high during warm-up process
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After warm-up, the
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Conclusion

FAMBRINELSIERIRES, ERIRAREETR, FEHBE RS K
The sixth phase of implementation of the standards has achieved significant results, the control technology has been fully upgraded, and the emission reduction benefits have
increased significantly
KEBD FEAPEMSHEOTAR T HEPBRIE (690mg/kwh, 500ppm)
PEMS emissions of most models are far below the emission limit (690mg/kWh, 500ppm)
BREONEREETR, BOLRABRETS
The effective window power threshold has been lowered, and emissions’ window specific power has risen rapidly
BRI RS ERE, BENOHE G EEAIARIS0%LL
The cold start process lasts for a short time, but the total NOx emissions can account for up to 80% or more
iR it E R PEMSs TR ERINOXHEEER SRS TE R A= 10% LA, IR HESHmER
Using remote monitoring data to build a PEMS operating condition model, the difference between the NOx emission results and actual operation can be controlled within 10%, which
can be used to screen high-emission vehicles
EERHEEKRAVIRY, BERE T 2400mLANER &S THERFHHY
High-altitude emission requirements have significantly reduced the emissions of heavy vehicles at altitudes below 2400m
BERERELRNEHNIEREINEE

The repeated start and stop conditions of the hybrid vehicle have a significant impact on the post-processing temperature
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