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Development of Automobile Population and Related Energy Consumption
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Since 2000, the fast growth of automobile population, gasoline and diesel consumption in
transportation sector in China brings big pressure to the resources and environment
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Profile of China’s Automobile Population in 2012
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Profile of China’s Automobile pollutant emission in 2012
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Investigation of current emissions from

heavy-duty vehicles/engines
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Emission standards for heavy-duty diesel engines
BRI HEAURE

Cut points FR1E

Emission standards
HlEichrite co | He+ HC NOX PM
NO,

China 1 (ECE R-49) E— 45 - 1.1 8.0 0.36
China 2 (ECE R-49) [ — 4.0 - 1.1 7.0 0.15
China 3 (ESC) [H= 2.1 - 0.66 5.0 0.10
China 4 (ESC) EN 15 - 0.46 35 0.02
China 5 (ESC) [H 1L 15 - 0.46 2.0 0.02

OBD and in-use compliance are required since China 4
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Regulated emissions from heavy-duty engines in China
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(a) HCHEAL

(b) COHEAL

® |t’s easy for heavy-duty engines to pass the China 3 type approval in

HC and CO emissions, with a big margin left

BRSO L EIAZIHCFICOHFME =i ELL AR 5, BRELH

BERARM

7

Regulated emissions from heavy-duty engines in China
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(c) NOxHERL

(d) PMHEAL

® Butit’s much more for them to pass the China 3 type approval in NOx and PM

emissions (especially for NOx), which are exactly the most important pollutants to

control

{BERILE & ShHLIA EINOXFNPMEE B E R EME X 5%, REVENINIA
ZIPRME, X—IRAENHEM LR AEE, MNOxFIPMIE 2 E R LM ZEHERE

HIMNER

2014/6/6



The problem of emission control of NOx and PM
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Fuel economy of heavy-duty engines in China
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® Brake specific fuel economy got improved step by step since China 3
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Emission change of heavy-duty diesel vehicles from
China 1 to China 3
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Heavy-duty vehicle test: PEMS
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PM, s Emission factor of heavy-duty diesel vehicles with
different emission standards
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PM, s Emission factor of heavy-duty diesel vehicles with
different driving cycle: urban road, suburban road and freeway
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Test results of regulated emissions
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On road emission of heavy-duty diesel vehicle in China 3

B = E RS R SEPRE B HE

20

Unreasonably high NOx emissions I

- NETRHINOX S HER
IiI _____

0
g1 bl EHiXl ke 21 I

—
231

noxH I Ty (grkgco2)

» Average NOx emission factor is about 14g/kgCO2,i.e 7.7 ~10g/kWh, and the emission
limit in China 3 is 5 g/kWh ( Conversion Factor : 5g/kWh — 7~9g/kgCO2)

> FHINOXHERE F£959148/keC0,, KHBETE7. 7~10g/kWh 8], ME=FRER
5g/kWh CGREZRH: 5¢/kWh = 7~9g/kgC0,)
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On road emission of heavy-duty diesel vehicle in China 4
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» Average NOx emission factor is 7.2 g/lkWh, and China 4 emission limit

is 3.5 g/kWh
> EHINOXHERE T2 47, 2e/kih, TIEPIPRIEZ3. 5¢/kih
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Comparison of the results of diesel bus between the on
road test and model calculations
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Emission factor of dlesel bus under a typical urban drlvmg cycle with
an average speed of 18 km/h

Source: Wu et al., 2012

Comparison of the results of heavy-duty diesel truck
between the on road test and model calculations
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Emission factor of heavy-duty diesel truck under a typical driving cycle with an average
speed of 40 km/h

Source: Wu et al., 2012

2014/6/6

10



2014/6/6

Engine test %& hAll HERUMIR

_| 150230 30 SVHLIEE TR (B SESC/ETCRNTER RN

20

w00 | ISF3. BsdIGARAHLBER T (JEREiM) JSESC/ETC ANTER MARTLE |

750 —

‘ED00
E o
ES
& o0
& o0

200

160

o
-0
% w0 000 M0 740 TR0 TR0 2000 T0 400 2800 W00
S
ISMT1E4 J45% 8 L NTE B B HESC, ETCHMIA T RS0 %)
o [+ifisi L&
o EiCLRE G A T A L T T T T T
eicTRE : B (riminl

* On road, ESC/ETC test in
NTE area
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% K & #h HUESC/ETC G 31 34 B o Fo & 22 ] X, 69 NOx B 34 & F

4. g/kWh
. KT R MEXA- & %

s = g 2 i R -“,""‘J“ o &
/i"ﬂ#ﬂ.mﬁ 5 ESC ETC DS-ig %&im| X, | DS-& £ 4K, 9 A,

1(g1) 310 | 4.03 5.66 6.57 6.38

2 (gIV) 284 | 3.39 13.55 12.59 13.11

3(8IV) 2.54 4.53 6.15 538

= I 2. 44 5.0 5.0

& IV 4k 3.5 3.5
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Average concentration of NOx and CO2 in lug-down cycle
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three kinds of typical heavy-duty diesel truck
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» There are big difference in NOx and PM emission of
heavy-duty diesel vehicle with different emission
standards on real road, some of them are much higher
than that emission in the type approval
AREZ. &oFTAE @R EBNOXH KN E F &
X, Hotmid TAUXMEMRGKF

» NOx emission did not decline as expected, which is a
serious warning for China 4 heavy-duty diesel whicle
B85 GNOxHK#A B&FANTH, Ixdogy
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B The difference of emission control technologies:

To comply with the China 3 emission standard, the
heavy-duty diesel vehicle fleet in China is usually
either equipped with High-pressure Common Rail
(HPCR) systems or Exhaust Gas Recirculation (EGR)
systems. However, it seems the new control
technologies cannot offset the increment of NOx
emissions due to the engine improvement
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B After-treatment technology adaptability: SCR systems
could not perform well at the low load, exhuast
temperature and ambient temperature (especially

winter), so the NOx purification efficiency prone to
low
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B Currently, the engine test cycle (ESC and ETC) is not
well reflect the real road conditions
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On-road emission test in lUC program

1% AIPEMSat ks it i1 &, #H o R A I EIT TR
Using PEMS to test emissions with recording the engine
operation data
FRAMGEGBBEART kR, TAARBGH o FHA
(AWM) £ 86 TRE L4z (NTE)
Regulatory data analysis methodology, referring to the EU
AWM or US NTE
RERTAAEHH G X EBOHHRT LA, FREI4
ATF#HRHEZLS. HAERK
Advantage: can judge the emission compliance accurately;
Disadvantage: complicated requirement, time-consuming

% Xz & Simplified Methods
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Preliminary judgment of the emission compliance to screen

high-emission vehicles, prepared for regulatory test

T4 AINOx#e CO2i& Bk 4% & 1% % o9 Bk 3 K F

Only use NOx&CO2 concentrations for emission estimate

M F kBl @it, g, THEEBAXETHA

Easy operation, to collect many samples in a short time

Mol XF ok H T ReK (lug-down) Fo % § % & 0K,
(S-PEMS) %

Simplified (5-) methods include lug-down test, S-PEMS test

and others
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