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Foreword

During the recent years, the Chinese automobile industry has kept its roaring growth, with the production,
sales, and population of motor vehicles rising rapidly in many successive years; in the year2010, both auto
production and sales outstripped 18 million sets, making China rank number one around the globe, and with
the population of private vehicles exceeding 78 million sets; the total fuel consumption attributable to
automobiles has remained increase, and the automotive sector has become, in many years, the new big
petroleum consumer in China.

For finding a solution to the energy and environmental issues arising from vehicle population and
promoting the development of the Chinese auto industry in a sustainable, healthy manner, China has begun,
since 2002, formulating and putting into effect some key standards with respect to automotive energy
saving, including, among others, “Limits of fuel consumption for passenger cars”, “Limits of fuel consumption
for light duty commercial vehicles”, and “Fuel consumption label for light vehicle”; consequently, a relatively
complete system of standards has been set up for fuel economy of light-duty vehicles. As for the
administration over automotive energy saving, Ministry of Industry and Information Technology (MIIT)
promulgated and implemented, in 2008, the “Regulations for Fuel Consumption Label of Light-duty
Vehicles”, establishing, for the first time, the fuel consumption labeling and publicity system in China for
the purpose of serving the consumers; after January 1, 2010, the official website of MIIT has monthly made
public the fuel consumption information of light-duty vehicles, such that the accurate information could
guide the consumers in purchasing the energy-saving vehicles featuring a low fuel consumption.

As engaged by MIIT, China Automotive Technology and Research Center (CATARC) will unfold objective
analysis to the technical state, fuel consumption level and its trends of the local auto products in a periodic
manner based on the record information of automotive fuel consumption label, in addition to the assessment
on the implementation efficacy of the fuel consumption limit standards for motor vehicles, thus providing
references for the policy making of governmental authorities, the product R&D of manufacturers, and
scientific researches.

As an attempt, we begin with passenger cars: based on the record data of fuel consumption of passenger
cars in 2010, statistics and cross analysis are conducted to vehicles’ main characteristic parameters, fuel
consumption of vehicle type, and their interrelations; based on the collation and statistics of the application
of various energy-saving technologies in passenger cars, a brief analysis is conducted to the application
results of the energy-saving technologies; in combination with the execution of the popularization policies
concerning energy-saving vehicles (passenger cars < 1.6 liter), comparative analysis is unfolded to the
technical state and fuel consumption level of the energy-saving vehicles; and calculations and analysis are
carried out as to the company average fuel consumption (CAFC) of the local main passenger car makers,
national average fuel consumption (NAFC), and average fuel consumption of technical source (TSAFC).
This report is formulated by CATARC under the guidance of MIIT and supported by Energy Foundation.
As led by Jin Yuefu, it is written by Wang Zhao and Bao Xiang; and the compilation team constitutes Jin
Yuefu, Wang Zhao, Bao Xiang, and Zheng Tianlei.

This report represents our first all-round analysis to the technical status and fuel consumption of the
passenger car products in China. Whereas the historically accumulated fundamental data are not quite
sufficient and some researches and analysis are not quite systematic and deep-going, weak points and
omissionswould be inevitable in this report. It is expected that the officials, experts and various social
circles who care about the auto energy-saving could put forward guidance and criticism opinions, so as to

encourage our improvement in the subsequent work.

November, 2011
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China Vehicle Fuel Consumption and Technology Condition Report 2010-Passenger Cars

1. Data Sources and Processing

In order to correctly, objectively reflect the technical status and fuel consumption level of the local passenger cars,
this Chapter introduces the sources of the data employed herein and the pre-stage processing methods of these
data.

1.1. Data source

All the data of this report comes from the filed information of fuel consumption label of motor vehicles as
furnished by the local vehicle manufacturers and the dealers of imported vehicles as per the “Regulations for
Fuel Consumption Label of Light-duty Vehicles” and confirmed by MIIT. The data are up to Dec. 30, 2010,
merely involving the filed data of passenger cars (in total 10,653 data picces, with 4468 vehicle models) [,

1.2. Data processing

According to the requirements of the “Regulations for Fuel Consumption Label of Light-duty Vehicles”, the
“Filed Information of Fuel Consumption Label of Motor Vehicles” and its fill-out instructions: for a same model
of vehicles, separate filing is required if any vehicle parameter (e.g., curb mass, gross vehicle weight, authorized
number of passengers, Front/rear wheel base, tyre size, etc.) presents different values or the configurations are
different; if an already filed vehicle type involves any change in vehicle parameter or fuel consumption, the
following principles shall be followed for the processing:

If an already filed vehicle type involves change in any parameter other than fuel consumption, it shall be made
public as newly added data;

If an already filed vehicle type involves change in fuel consumption only (without regard to any other parameter),
manufacturer shall furnish related documents and certificates, explaining the conditions as to the change of fuel
consumption.

Due to the aforesaid facts, one vehicle type may correspond to several pieces of data in the database of the filed
information of fuel consumption label of motor vehicles.

For the convenience of subsequent analysis, with reference to the standard of “Limits of fuel consumption limits

for passenger cars”, and in consideration of the demands for data analysis, the following 12 parameters are

picked as the main variables in characterizing the technical status of vehicles and the level of fuel consumption: 1)
manufacturer; 2) vehicle model; 3) off-road vehicle or not; 4) engine model; 5) fuel type; 6) engine displacement;

7) number of seat rows; 8) type of drive model; 9) type of transmission; 10) number of gear ratios; 11) fuel

consumption in combined mode; and 12) segment of curb mass. The data with totally identical parameters

mentioned above are combined together; if any parameter above is different, the data will be retained as separate,

effective data.

As shown in Table 1, the 10,653 data pieces field till up to Dec. 2010 are simplified and combined into 5,726
pieces of effective data according to the principles above (for the convenience of depiction, the “effective data” is
called “vehicle type”), involving 131 local and foreign manufacturers, i.e., 90 local ones and 41 foreign ones (27
dealers of imported vehicles).

Table 1 Overview of data used in this report

Number of data pieces Number of manufacturers

Local

Foreign

Total

Local

Foreign

Total

5,073

653

5,726

90

41

131

China Automotive Technology And Research Center
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China Vehicle Fuel Consumption and Technology Condition Report 2010-Passenger Cars

2. Technical Status of Passenger Cars

Vehicle mass, fuel type, engine displacement and power, type of drive model, and type of transmission are the
main characteristic parameters utilized to depict the technical state of a vehicle, immediately correlated with the
vehicle’s fuel consumption level. For the purpose of assessing vehicle’s technical state in a comprehensive,
objective manner, this Chapter analyzes and compares these critical technical parameters and their interrelations.

2.1. Distribution of engine displacement

18% <=1.0L
1.0L-1.3L
1% =1.3L-1.6L
2% 1.6L-2.0L
2.0L-2.5L
2.5L-3.0L
m3.0L-3.5L
3.5L-4.0L
m>4.0L

23%

24% 3%

Figure 1 Distribution of engine displacement segments

With reference to the set-up of consumption tax rates for small motor vehicles in China, the passenger cars are
classified into 9 different segments of engine displacement; see Figure 1. Concretely, the segment of 1.0 L ~ 1.6
L is further divided into two sub-segments, i.e., 1.0L~13L,and 1.3 L~ 1.6 L.

Clearly, the engine displacements of the local passenger cars are distributed in olive shape; roughly 65.2%
vehicle types are concentrated in three segments, namely, 1.3 L~ 1.6 L, 1.6 ~2.0 L and 2.0 L ~ 2.5 L, taking up
23.8%, 23.1% and 18.3%, respectively, of the total quantity; the vehicle types with engine displacement below
1.0 L, within 1.0 L~ 1.3 L and above 2.5 L are 10.1%, 12.2% and 12.5% respectively.

sq0L e

24 59
3.5L-4.0L AG
§3.0L-3.5L1 1
$2.50-3.0L |57 113
£2.0L-2.5L 083 L M Domestic
S “  Imported
$1.6L-2.0L 1485 1139¢
®
$1.3L-1.6L
o
1.0L-1.3L —_—

<=1.0L 570

0 500 1000 1500
Share of vehicle types

Figure 2 Distribution of vehicle types in each segment of engine displacement

As shown in Figure 2, in view of place of origin, the domestic vehicles differ from their imported counterparts

China Automotive Technology And Research Center .
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in thesegments below 1.6 L and those above 2.5 L. As for domestic vehicles, only 306 vehicle types have the
engine displacement above 2.5 L, occupying 6% of the total domestic vehicle types; 94% vehicle types have the
engine displacement not exceeding 2.5 L; concretely, 577 and 700 vehicle types have the engine displacement
not exceeding 1.0 L and within 1.0 L ~ 1.3 L, respectively, occupying 11.2% and 13.8% of the total domestic
vehicle types. The situation of imported vehicles is just the opposite: 94% vehicle types have the engine
displacement above 1.6 L; concretely, 185 vehicle types present the engine displacement above 4.0 L, occupying
28.3% of the total imported vehicle types; merely 39 ones have the value at 1.6 L or lower, only occupying 6%
thereof; in particular, accumulatively only 6 vehicle types have the value not exceeding 1.3 L types, which are
totally concentrated at the segment of 1.0 L and below, physically represented by Daimler’s Fortwo (four vehicle
types) and GM Daewoo’s Spark (two vehicle types).

>4.0L ; ; 192 ; ; ﬂz
3.5L-4.0L ‘ ‘ 81 ‘ ‘ 2
3.0L-3.5L ‘ ‘ 63 ‘
E 21
gz.sL-s.OL | 238 | | 2 m Gasoline
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Share of vehicle types

Figure 3 Distribution of fuel types for each engine displacement segment

As shown in Figure3, 95.5% diesel-engine vehicle types are concentrated in the three segments of 1.6 ~ 2.0 L,
2.0~2.5L,and 2.5 ~ 3.0 L; other segments merely accommodate quite few vehicle types.

For the convenience of analysis and in consideration of the habits of the local consumers, engine displacement is
expressed in “liter (L)” and rounded off to 0.1. Statistics is conducted to the distribution frequency of all vehicle
types in view of engine displacement.

1000 -

gsoo td
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[0

gsoo cd

[0

>
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=200 —L
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Figure 4 Distribution of vehicle types with respect to engine displacement
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According to Figure 4, the top five engine displacements, as ranked with respect to the number of vehicle types,
are 2.0 L, 1L, 24 L, 1.6 L and 1.3 L, in sequence, with the corresponding proportions (in the total number of
vehicle types) being 16.3%, 11.3%, 11.1%, 9.8% and 9.7%, respectively; in total, 3,332 vehicle types present the
5 engine displacements above, representing 58% of the total vehicle types.

2.2. Distribution with respect to type of transmission and number of gear ratios

Based on the technologies of transmission products for passenger cars and their application onboard vehicles in
China, for the filing purpose of fuel consumption label the transmissions are grouped into five types: manual
transmission (MT), automatic transmission (AT), automated mechanical transmission (AMT), and continuously
variable transmission (CVT) and dual clutch transmission (DCT) ; while any innovative transmission technology is
divided into the “other” type. For the vehicle types involved in the analysis, only Fiat’s “Dualogic Transmission”
and Hainan Mazda’s ASG transmission are filed as “other” type; in actuality, these two transmissions are of the
type of AMT; therefore, they are regarded as AMT for the purpose of data processing.

BMT
BAT
AMT
mCVT
uDCT

Figure 5 Distribution with respect to type of transmission

According to the statistics, the transmission of local passenger cars is mainly represented by MT and AT, and the
vehicle types employing these two types are 72% and 23%, respectively, of the total vehicle types; only 114, 160
and 28 vehicle types employ the AMT, CVT, and dual clutch transmission (DCT), respectively, occupying 2.0%,
2.8% and 0.5% of the total ones.

100% -
80%
60% -
40% -
20% -
MT AT AMT CVvT DCT

Share

NEANEANEAN

0%

= Domestic = Imported

Figure 6 Distribution of domestic/imported vehicle types with respect to the type of transmission
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Figure 7 Type of transmission of domestic/imported vehicles

As shown in Figure 7, unlike the situation of domestic vehicles mainly employing MT, only 10.4% imported
vehicles adopt such type of transmission, while those employing AT occupy a high share of 79%. The ones
employing AMT, CVT and DCT are 4.7%, 5.2% and 0.6%, respectively, slightly higher than the respective case
of the domestic vehicles.

Table 2 Distribution of domestic/imported vehicle types with respect to the number of gear ratios of MT

Domestic vehicles Imported vehicle types All
MT
Vglliléﬁebgpzfs Share, % Vg}?(ﬁ?gp‘;g Share, % vgllilgibgpoet; Share, %
3 6 0.1% / / 6 0.1%
4 17 0.4% / / 17 0.4%
5 3,887 96.8% 40 58.8% 3,927 96.1%
6 95 2.4% 28 41.2% 123 3.0%
9 12 0.3% / / 12 0.3%
Total 4,017 100% 68 100% 4,085 100%

As for all the vehicle types involved by the analysis, 4,085 ones employ MT, including 4,017 domestic and 68
imported ones. Of the domestic vehicle types, 3,887 ones employ the 5-gear transmission, occupying 96.8%,; 95
ones employ 6-gear transmission, occupying 2.4%; and the ones employ other number of gear ratios only occupy
a share lower than 1%. All the imported MT vehicle types employ the 5- or 6-gear transmission; concretely, 40
vehicle types employ the 5-gear transmission, occupying 58.8%, and 28 ones employ the 6-gear transmission,
occupying 41.2%.

Table 3 Distribution of domestic/imported vehicle types with respect to the number of gear ratios of AT

Domestic vehicles Imported vehicle types
AT Number of vehicle Share, % Number of vehicle Share, %
types types
4 481 58.4% 72 14.0%
5 153 18.6% 67 13.0%
6 169 20.5% 246 47.7%
7 8 1.0% 105 20.3%
8 0.7% 26 5.0%
9 6 0.7% / 0.0%
Total 823 100% 516 100%
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In total, 1,339 vehicle types employ AT, including 823 domestic and 516 imported ones; the imported vehicle
types occupy a share of 38.5%, evidently higher than that of the case of MT vehicle types. In view of number of
gear ratios, the domestic vehicles employing 4-gear transmission occupy the biggest share, i.e., 58.4%; those
employing 6-gear transmission occupy a share of 20.5%; 77% vehicle types employ the transmission with 5 or
lower gear ratios, while those employing more than 6 gear ratios take up 2.4% only. In terms of the imported
vehicle types, the multi-gear transmission is applied more extensively: only 26.9% vehicle types employ the 4- or
5-gear transmission, while those employ 6- or more gear ratios are as high as 77.3%; concretely, 47.7% vehicle
types employ the 6-gear transmission, while those employ 7- and 8-gear transmission are 20.3% and 5%,
respectively.

m <6 gear ratios
6 or more gear ratios

& = G|

Domestic Imported
Figure 8 Distribution of domestic/imported vehicle types with respect to the number of gear ratios of AT

2.3. Distribution with respect to type of drive model

According to the “Filed Information of Fuel Consumption Label of Light-duty Vehicles” and its fill-out
instructions, the drive models of vehicles are merely divided into three types, namely, front-wheel drive,
rear-wheel drive, and all-wheel drive; and, thus, the vehicles adopting full-time all-wheel drive and part-time
all-wheel drive are classified into front-wheel or rear-wheel drive type based on the position of driving wheels
under the state of non all-wheel drive.

©  Front-wheel drive
@ Rear-wheel drive
= All-wheel drive

Figure 9 Distribution with respect to the type of drive model
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Figure 10 Distribution of domestic/imported vehicle types with respect to the type of drive model (I)

In view of type of drive model, in total 2,895 vehicle types employ the rear-wheel drive, occupying 51% of the
total vehicle types; 2,347 and 484 ones respectively adopt the Front-wheel drive and all-wheel drive, occupying
41% and 8% respectively (see Figure 9). As indicated in Figure 10, the domestic vehicles are mainly of Front-or
rear-wheel drive, and those employing all-wheel drive are only of 3.3%. As for imported vehicle types, those
employing all-wheel drive take up a share of 48.7%, 32.8% vehicle types adopt the rear-wheel drive, and those
adopting Front-wheel drive are only of 18.5%.

| | | |
All-wheel drive 166 ‘ 318
Rear-wheel drive 2681 1
Front-wheel drive | I 2226 I | ‘

0% 20% 40% 60% 80% 100%
Share

' Domestic 2 Imported
Figure 11 Distribution of domestic/imported vehicle types with respect to the type of drive model (II)

As analyzed to the place of origin of the vehicles employing different types of drive model, more than 90%
Front- or rear-wheel drive vehicle types are domestic, while no more than 10% are imported ones, basically
running consistent with the shares of domestic and imported vehicle types; as for the vehicle types employing
all-wheel drive, about 66% are of imported vehicle types. It reflects, to a certain extent, the current situation
where the imported vehicles in China are mainly of the off-road vehicle types; given the combination of the
vehicles types employing real-time and part-time all-wheel drive, such a ratio would be much higher.

2.4. Distribution with respect to type of fuel and power-train

China Automotive Technology And Research Center .
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Figure 12 Distribution with respect to the type of fuel and power-train
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Figure 13 Type of fuel and power-train

As shown in Figure 12, the Chinese passenger cars are still principally powered by gasoline and diesel fuel;
concretely, the gasoline vehicle types occupy 91.7% or so, the diesel ones, about 6.2%, and those employing
other fuel and power-train types, 2%. In this regard, the domestic vehicle types are basically identical to the
imported ones, except that the latter involves no bi-fuel and dual-fuel types (see Figure 13).

2.5. Distribution with respect to power
2.5.1. Rated power vs. net power

Engine power is a key parameter used to characterize the power performance of vehicle. For long, the local
engine industry has been adopting rated power, while internationally the general practice is to use net power. As
defined in GB/T 18297-2001"Performance test code for vehicle engines”, rated engine power means the total
output power under a prescribed rotational speed as designed by manufacturer in consideration of the actual
purpose of the engine; net power means the corrected, valid output power of an engine operating with the full set
of accessories (such accessories are set out in the standard). As required by the document for the administration
over filing of fuel consumption label of light-duty vehicles, manufacturer needs to simultaneously declare the
engine data as to rated power and net power, with rated power to be measured as per the test procedures of GB/T
18297, and net power, as per GB/T 17692”’Measrement methods of net power for automotive engines”. As for an
engine merely with the measurement of rated power, GB 7258-2004"Safety specifications for power-driven
vehicles operating on roads”

China Automotive Technology And Research Center .
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proposes that the estimated net power of the engine may be converted by multiplying the rated power with a
factor of 0.9, that is:

Net power = rated power x 0.9

For the filing of fuel consumption label, local manufacturers have mainly furnished the information of rated
engine power, while the imported vehicle types have been provided with net power. According to the analysis
made to the manufacturers’ declared rated power and net power in the label filing database, for a large portion of
declared data, the rated power is identical to the net power or the rated power exceeds the net power only by 1
kW ~ 2 kW, which situation is evidently irrational. For such data, both rated power and net power are ignored
for the analysis purpose.

300 S

250
200

150 y=10:9347X
R? = 0.9865
100 4

Net power (kW)

50

O T T T T T

0 50 100 150 200 250 300
Rated power (kW)

Figure 14 Rated power vs. net power

As shown in Figure 14, for the data retained for analysis, the conversion factor between rated and net power is
roughly 0.93, higher than that recommended in GB 7258-2004, i.e., 0.9. It means that the manufacturers which
didn’t measure the net engine power on test bench failed to declare the net power as per the provisions of the
standard above, and subsequently the declared net power is relatively bigger than the actual one; this is also
proved by the fact mentioned above that the difference between net and rated power is just 1 kW ~ 2 kW.

2.5.2. Distribution with respect to rated power for different places of origin

>140 i4o4 i q i 453 i
—~120-140 185 < 48
~ 7 | | |
=100-120 | |931 i 4 121
g |
f.), 80-100 1088 1
5 1 | | | |
5 60-80 1446
3 . | | | | J
& 40-60 i i 550 | |
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Share of vehicle types
4 Domestic 4 Imported

Figure 15 Distribution of domestic/imported vehicle types with respect to rated power (I)
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Figure 16 Distribution of domestic/imported vehicle types with respect to rated power (II)

As shown in Figure 15 and Figure 16, 7 segments of rated power are grouped as <40 kW, 40 kW ~ 60 kW, 60
kW ~ 80 kW, 80 kW ~ 100 kW, 100 kW ~ 120 kW, 120 kW ~ 140 kW, and > 140 kW. A majority of vehicle types
are distributed in the segments of 60 kW ~ 80 kW, 80 kW ~ 100 kW, and 100 kW ~ 120 kW, and the numbers of
vehicle types are respectively 1,452, 1,107, and 1,052, occupying 25.4%, 19.3%, and 18.4% respectively of the
total. In the final four segments, the share of imported vehicle types escalate progressively; for the segment of >
140 kW, the share of imported vehicle types is 52.8% (i.e., the highest proportion), which represents the sole
segment where the share exceeds that of the domestic vehicles. Plus, another notable characteristic cannot be
denied, that is, the domestic vehicles are concentrated in the middle segments, and the share in the big and small
segments is less. In contrast, 70% imported vehicle types are present in the big power segment > 140 kW; below
100 kW, there are only 31 imported vehicle types, occupying 4.7% of the total; and for the segment below 40 kW,
no imported vehicle type exists at al.

2.5.3. Distribution of vehicle types of different fuel types with respect to rated power
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Figure 17 Distribution of gasoline/diesel vehicle types with respect to rated power (I)
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Figure 18 Distribution of gasoline/diesel vehicle types with respect to rated power (1)
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Figure 19 Comparison of power between fuel types in different mass segments
No notable difference exists between gasoline and diesel vehicles with respect to power; with a majority of

vehicle types concentrated in the middle segments, and, irrespectively of gasoline or diesel vehicles, the number
of vehicle types is small in the large and small segments. 60 kW ~ 80 kW represents the power segment where
accommodates the most gasoline and diesel vehicles and where the distribution of the local vehicle types of
passenger cars are most concentrated.

According to Figure 19, under the presently available database, for a same mass segment the rated power of
gasoline vehicles is saliently higher than that of their diesel peers; for the big mass segments, such a difference
becomes more highlighted since the imported gasoline vehicles take up a big share and the rated power of the
imported vehicle types is larger.

China Automotive Technology And Research Center .



2010 P EIRERBHE R ARSI E-FTAE

350 -

300 - 55T (EF)
s 250 EDE (EED
< 200
ﬁ 150 -
100 -

50 -

0 -
HERLE
20 FHEBBOFThES

140 -

120 1 " (EFE
3 100 - mHhThE GErD
2 g0 -
Jg 60 -
= 40 V1

20

0
P Y Y Y Y Y
O P& mk P
21 FHEBELEThE S

LD SR T VR R B I BRI — ARG TR bR, AR IBIRER IR DR 5 R KK
THE R L BAL Y Wikge —RBORUE, XTRIZRANRZE F, HIFER, RERS)TThR
e

mE 200 B 21 s, PP ES#EOELDRKZES 2R, A8 NMEERAED
FHIh R AP IEY R T EF= 4 B Rl fE 2.0 L-2.5 L MR, #E 0 EohR i FiEE
ZEHEP 4K 83%, EMELEZEM /NG 1.3 L-1.6 L FFERE B, #E D 4210 Eh R 545 th b [
K 19%.

Sia WREF DR 5D, WA B AT E 2 5 3 0 ZE8) ) M AR AR R I 22

26 BRERITEESH

@ H EREBRBT T A O



China Vehicle Fuel Consumption and Technology Condition Report 2010-Passenger Cars

350 -

300 11 = Domestic
250 + ™ Imported

200
150
100

50

Net power (kW)

Mass segment

Figure 20 Distribution of net power in each engine displacement segment
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Figure 21 Distribution of specific power in each engine displacement segment

As a comprehensive criterion measuring vehicle’s power performance, specific power refers to the ratio between
the net engine power and the gross vehicle weight, expressed in W/kg. Generally speaking, for vehicles of a same
category, the bigger the specific power is, the better the power performance.

As shown in Figure 20 and Figure 21, a quite clear indent exists between domestic vehicles and their imported
counterparts with respect to specific power; in each segment of engine displacement, the average specific power
of the imported vehicle types is bigger than that of domestic ones; especially in the segment of 2.0 ~ 2.5 L, the
former is larger, by 83%, than the latter; and even in the segment with the least difference (i.e., 1.3 L~ 1.6 L), the
difference reaches 19%.

Based on the comprehensive comparison between net power and specific power, it is clear that a big gap cannot
be denied between domestic vehicles and imported ones with respect to the power performance.

2.6. Distribution with respect to max. designed vehicle speed
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Figure 22 Distribution of domestic/imported vehicle types with respect to max. designed vehicle speed

According to Figure 22, 5 segments of max. designed vehicle speed are grouped, i.e., <100 km/h, 100 km/h ~
120 km/h, 120 km/h ~ 160 km/h, 160 km/h ~ 200 km/h, and > 200 km/h. As shown in the figure, the local
passenger cars are mainly distributed in two speed segments, namely, 120 km/h ~ 160 km/h, and 160 km/h ~ 180
km/h.

For different places of origin, the distribution of vehicle types with respect to max. designed vehicle speed is
similar to that with respect to power. Over 90% domestic vehicle types fall within the range of 100 km/h ~ 200
km/h; in total 1,051 vehicle types have the max. designed vehicle speed below 120 km/h, totally represented by
domestic vehicles. All the imported vehicle types are concentrated in the segments of more than 120 km/h;
concretely, amongst the vehicle types with max. designed vehicle speed exceeding 200 km/h, the share of
imported vehicle types is high as 61.7%.
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Figure 23 Distribution of gasoline/diesel vehicle types with respect to max. designed vehicle speed

As shown in Figure 23, the gasoline vehicles have a clearly higher max. designed vehicle speed than that of
diesel ones. For diesel vehicles, slightly more than 10% vehicle types have the max. designed vehicle speed
exceeding 160 km/h; in the case of gasoline vehicles, this proportion approaches 50%.
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Figure 24 Rated power vs. max. designed vehicle speed

According to the analysis above, the distribution with respect to max. designed vehicle speed is similar to that
with respect to rated power, which, to a certain extent, signals that some correlation exists between them;
according to further analysis, a clear exponential distribution relation exists between rated engine power and max.
designed vehicle speed. As shown in Figure 24, the max. designed vehicle speed generally increases along with
rated power, and the extent in rise becomes stabilized with the increase in rated power, on the grounds that a
great majority of passenger cars equipped with big-rated-power engine have a larger curb mass or gross vehicle
weight and the big-power engine is used mainly to improve the acceleration property of passenger cars (other
than to uplift the max. designed vehicle speed); additionally, in the perspective of product development,
unlimited improvement of the max. designed vehicle speed would be of no clear significance for passenger cars.

2.7. Distribution with respect to FEDC factor

For the comprehensive, all-round assessment over power performance, fuel economy, comfort and controllability
of motor vehicles, CATARC puts forward the concept of “FEDC factor”, that is, “fuel consumption factor based
on dynamic characteristic and comfort”. The smaller the value is, the better the energy-saving performance and
the higher the comfort. The advantages of FEDC factor rests with that transverse comparison could be conducted
to the fuel consumption of different vehicles under the prerequisite that vehicles’ power performance and comfort
are taken into account; in this sense, it is also called “FEDC factor”. Now, the “Specifications for Certification of
Energy-saving Passenger Car Products” regards it a technical index intended for assessing the energy-saving
passenger car products; in the energy-saving appraisal methods for auto products as released by CAAM (China
Association of Automobile Manufacturers) in 2008, such an index is also employed.

The formula of the FEDC factor is as follows:
FEDC factor = (fuel consumption/specific power) x (fuel consumption/footprint)

Where, specific power refers to the ratio between net engine power (or 0.9 time of rated engine power) and curb
mass (W/kg); and footprint refers to the product between the front wheel base and axle base (m?).
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Figure 25 Comparison between domestic and imported vehicle types with respect to FEDC factor

Figure 25 illustrates the comparison between domestic and imported vehicle types with respect to FEDC factor;
clearly, the imported vehicle types have a largely smaller FEDC factor than their domestic peers. It means that,
despite the domestic vehicles present a fuel consumption level lower than that of their imported counterparts, the
difference is mainly resulted from the quality indent between them; given all-round consideration of power
performance, comfort and fuel economy, a big indent still exists for the domestic vehicles as to the overall
technical proficiency and performance indices when compared to the imported ones.
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Domestic Imported

Figure 26 Comparison between domestic and imported off-road vehicles with respect to FEDC factor
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Figure 27 Distribution of non off-road vehicle types with respect to FEDC factor and place of origin

As shown in Figure 26 and Figure 27, the domestic off-road and non off-road vehicles have a FEDC factor

higher than that of the imported vehicle types.
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Figure 28 Comparison between domestic and imported non off-road vehicle types having more than 5 seats with respect to
FEDC factor

Figure 28 shows the distribution of non off-road vehicle types (may be deemed as mini vans) of different places
of origin having more than 5 seats (three or more rows of seats) with respect to FEDC factor in China in the year
2010. Evidently, the imported vehicle types of this category have a FEDC factor equivalent to that of imported
off-road vehicles; while for the domestic vehicles, their FEDC factor is superior to that of the off-road vehicles,
but inferior to that of the common vehicles having 5 or less seats.
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Figure 29 Distribution of different fuel types with respect to FEDC factor

As shown in Figure 29, statistics are conducted to the FEDC factor of vehicles of different fuel types; clearly, the
FEDC factor of dual-fuel vehicles is the highest. It means that, as compared to conventional fuels, the existing
dual-fuel vehicles are improved in their economy, but at the cost of power performance. Meanwhile, the hybrid
electric vehicles (HEVs) present the lowest FEDC factor, indicating that, upon comprehensive appraisal of
vehicles” power performance, fuel economy, and comfort, HEVs enjoy apparent superiority as compared to the
vehicles of other fuel types.
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Figure 30 Comparison among different types of drive model with respect to FEDC factor

As shown in Figure 30, the vehicle type of front-wheel drive are mostly lightweight and economical, so the
FEDC is smaller; the type distribution of rear-wheel drive vehicle is complex, the FEDC is much more higher
than the others, though all-wheel drive vehicles are mostly have higher fuel consumption, large quality, its power
performance and comfort making its FEDC between the front-wheel drive and rear-wheel-drive models..
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Figure 31 Comparison among different types of transmission with respect to FEDC factor

Whereas the present passenger cars fitted with AMT, CVT, DCT, or other innovative types of transmission are
usually the technically-advanced new vehicles, their FEDC factor is generally lower than the MT passenger cars.

2.8. Distribution with respect to mass
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Figure 32 Distribution of mass segments

GB 19578-2004 “Limits of fuel consumption limits for passenger cars” employs the single-vehicle fuel
consumption assessment system based on curb mass. In correspondence to the standard, passenger cars are
divided into 16 segments of curb mass; for the distribution of vehicle types in each mass segment, see Figure;
about 34% vehicle types are concentrated in the following two segments, i.e., 980 kg ~ 1,090 kg and 1,090 kg ~
1,205 kg, which respectively accommodate 992 and 997 vehicle types, occupying 17.3% and 16.2% accordingly
of the total vehicle types. The vehicle types with the curb mass below 865 kg take up a tiny share: 18 vehicle
types fall within the segment of 750 ~ 865 kg, occupying 0.3% of the total, and 4 vehicle types are at 750 kg or
below, occupying less than 0.1%. For the four segments of 2,000 kg ~ 2,110 kg, 2,110 kg ~ 2,280 kg, 2,280 kg ~
2,510 kg, and above 2,510 kg, the numbers of vehicle
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types are respectively 125, 140, 103 and 81, occupying roughly2% each (concretely, 2.2%, 2.4%, 1.8% and 1.4%
respectively). For the rest segments, the distribution of vehicle types is quite uniform, with the share being at
about 8% each of the total.
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Figure 33 Distribution of places of origin in each mass segment

As shown in Figure 33, in the two mass segments where vehicle types are most concentrated (i.e., 980 kg ~ 1,090
kg and 1,090 kg ~ 1,205 kg), there are 989 and 922 domestic vehicle types respectively, occupying, when
combined, more than 99% of the total; in contrast, there are merely 3 and 5 imported vehicle types in these two
segments respectively, with the combined share not reaching 1%; and for the mass segment below 750 kg, no
imported vehicle type is seen at all. In the segments above 2,280 kg, there are 141 imported vehicle types and 43
domestic ones, with the number of imported vehicle types far outstripping that of the domestic peers. The reason
is quite clear: the imported vehicle types place a close eye on the market of intermediate- and high-grade vehicles
featuring big mass and high profit margin.
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Figure 34 Distribution of types of drive model in each mass segment

As shown in Figure 34, Front- and rear-wheel drives are still the mainstream of the local passenger cars.
Amongst the vehicle types involved for the statistics, 2,347 and 2,895vehicle types employ the Front- and
rear-wheel drives respectively, occupying, when combined, 91.5% of the total; only 8.5% vehicle types employ
the all-wheel drive, which are mainly distributed in the medium and high mass segments; especially in terms of
the vehicles above 2,000 kg, over 50% vehicle types are of all-wheel drive. In contrast, as for the vehicle types
with  curb mass less than 1,430 kg, quite
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few vehicle types employ the all-wheel drive. Moreover, the vehicle types within 980 kg ~ 1,090 kg are much
more inclined to adopt rear-wheel drive when compared to the adjacent mass segments; according to the analysis
conducted to the vehicle types within such a segment, it is found that the main reason lies in that presently a great
majority of mini vans employs rear-wheel drive (see Table 4). According to Figure 35, the share of mini vans in
this mass segment is far higher than that of each adjacent segment. Moreover, the vehicle types with curb mass
below 1,540 kg principally employ front-wheel drive.

Table 4 Distribution of types of drive model for mini vans

Front-wheel drive Rear-wheel drive All-wheel drive

Number of 179 1,563 13
vehicle types
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Figure 36 Distribution of different types of drive model with respect to mass

According to Figure 36, it is a general situation that the all-wheel drive vehicles have a higher curb mass than the
vehicles separately employing Front- or rear-wheel drive. As indicated by the statistics, the average curb mass of
the vehicles employing Front- and rear-wheel drives is 1,291 kg and 1,496 kg respectively, while that of
all-wheel drive vehicles is 1,969 kg, 52.5% and 31.6% highly than the Front- and rear-wheel drive vehicles
respectively. Another salient
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characteristic can not be disregarded: whereas the rear-wheel drive vehicles present a large coverage, their mass
span is clearly bigger than that of the other two types of drive model, with the spread between max. and min.
curb mass arriving at 2,153 kg.
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Figure 37 Distribution of different types of transmission with respect to mass

According to the analysis on the vehicle types employing different types of transmission in each mass segment,
the type of transmission has no large impact on the vehicle mass within one segment; or, to put it directly, the
type of transmission is not the critical factor resulting in vehicle mass difference.

As indicated in Figure 38, the left hand side of the figure gives the lower mass limit of the segment, while the
right hand side, the upper limit. The intersection between green and orange colors indicate the position where the
mode of the curb mass resides for the segment; clearly, for each mass segment the most employed curb mass
approaches, without exception, to the upper limit of the segment concerned.
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Figure 38 Mass mode for each mass segment
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Table 5 Distribution of vehicle types in each engine displacement segment and each mass segment

<=1.0 | 1.0-1.3 1.3-1.6 | 1.6-2.0 | 2.0-2.5 | 2.5-3.0 | 3.0-3.5 | 3.5-4.0 | >4.0 | Total
CM <750 3 1 4
750 <CM < 865 18 18
865 <CM <980 118 44 67 229
980 <CM < 1,090 356 373 259 4 992
1,090 < CM < 1,205 76 231 595 25 927
1,205 <CM < 1,320 4 44 278 98 424
1,320 <CM < 1,430 7 126 251 4 2 390
1,430 <CM < 1,540 27 349 51 12 4 445
1,540 <CM < 1,660 1 10 252 172 49 5 8 506
1,660 <CM < 1,770 188 212 62 12 10 11 495
1,770 <CM < 1,880 69 279 54 8 26 445
1,880 <CM < 2,000 78 209 81 13 13 402
2,000<CM <2,110 9 52 33 10 11 10 125
2,110 <CM <2,280 47 45 20 20 140
2,280<CM <2510 1 20 22 11 44 103
2,510<CM 4 10 6 61 81
Total 576 700 1,362 1,324 1,050 370 65 83 196 | 5,726

Mass segment (longitudinal) in kg; engine displacement segment (transverse) in L

Notes: Represent the transverse extreme, i.e., the engine displacement segment with the most vehicle types corresponding to the
mass segment concerned;

Represent the longitudinal extreme, i.e., the mass segment with the most vehicles types corresponding to the engine displacement

segment concerned;

Represent the equality of transverse and longitudinal extremes.

From the table above it can be seen that the vehicle types having the engine displacement falling within 1.6 ~ 2.0
L present the biggest span of masses, covering 11 mass segments from 980 kg up to 2,280 kg; the vehicle types
in the curb mass segment of 1,540 kg ~ 1,660 kg present the most extensively distributed engine displacement,
involving 7 segments from 1.3 L up to > 4.0 L. In view of all the data involved by the statistics, the engine
displacement segment of 1.3 L ~ 1.6 L and the curb mass segment of 1,090 kg ~ 1,205 kg have the most vehicle
types, i.e., 595, occupying 10.4% of the total.
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2.9. Distribution with respect to footprint

In order to hold rein of the reduction in fuel economy arising from the rapid rise in quantity of SUVs, the United
States largely altered the CAFE standard in Apr. 2006, introducing, for the first time, the fuel economy appraisal
system based on vehicle “footprint” and establishing separate fuel economy target value for each “footprint”. To
this end, footprint is calculated as follows:

Footprint = Front wheel basex axle base (m?)

The use of “footprint” as the reference parameter for the assessment of vehicle’s fuel economy level is to
encourage the application of light-weight technology and materials, without impairing the diversity of the auto
product market. Another key reason cannot be denied: once established, vehicle’s wheel base and wheelbase are
hard to be largely altered, and the standard would subsequently be executed more effectively. Under the fuel
consumption assessment framework based on vehicle dimensions, light-weight technology may help the auto
makers in complying with the standard; in contrast, the diminishing of vehicle dimensions cannot reach such a
goal, since that, given reduced vehicle dimensions, the vehicle would face much stricter standard (21
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Figure 40 Curb mass vs. footprint
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Figure 41 Footprint of domestic/imported vehicle types in each mass segment

As shown in Figure 40, the local vehicles follows the basic rule that footprint increases with curb mass;
nevertheless, a same footprint would involve a large mass span, and the bigger the curb mass is, the larger the
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mass span corresponding to the footprint. Moreover, as indicated in Figure 41, for each mass segment no notable
difference between the domestic vehicles and the imported ones.
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Figure 42 Footprint of different types of drive model for each mass segment

Footprint (m2)

As shown in Figure 42, analysis is conducted to the mean value of footprints for each type of drive model; it is
subsequently found that, in the small and medium mass segments (< 1,880 kg), the Front-wheel drive vehicles
have a bigger footprint than that of the rear-wheel drive ones, and that of the all-wheel drive vehicles fall
between them; while in the big mass segments (>1,880 kg), the rear-wheel drive vehicles present the largest
footprint, followed by the Front-wheel drive ones, and the all-wheel drive ones present the least.

3. Overall Analysis of Fuel Consumption of Passenger Cars

Along with the continual rise of vehicle population in China and the steady price increase of oil on the global
market, it is a quite important and pressing task to reduce the automotive fuel consumption and improve the
energy efficiency; after all, motor vehicles have been a giant consumer of fossil fuels. A cluster of factors would
impact fuel consumption of motor vehicles; this Chapter sums up and analyzes the correlations of passenger car
fuel consumption with such main technical variables as curb mass, engine displacement, etc., the distributions,
the difference between gasoline and diesel vehicles in terms of fuel consumption level, and the interrelation
between fuel consumption and CO, emissions, with the hope to provide references for getting more knowledge
of the fuel consumption of the local passenger car sector and working out the next-stage energy-saving and
emission-reduction plan.

3.1. Highlights of the limits standard of fuel consumption for passenger cars

GB 19578-2004 “Limits of fuel consumption limits for passenger cars” was released in 2004, featuring the first
compulsory national standard for controlling automotive fuel consumption in China. Employing the fuel
consumption appraisal system based on curb mass, this standard classifies 16 segments of curb mass; for each
mass segment, unitary max. fuel consumption limit is established for all the vehicles concerned. In consideration
of the adverse effects of certain special constructions or uses on fuel consumption, this standard applies a relaxed
(by 6% or so) limit for the vehicles of category MG (i.e., off-road vehicles), the vehicles with three or more
rows of seats, and the AT vehicles; see Table 6 and Table 7. The standard follows the in-phase implementation
strategy: the Phase I limits shall apply.

China Automotive Technology And Research Center .
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to the vehicles newly applying for certification from July 1st 2005 and Jan. 1st 2009 respectively, and the
effective date for the in-production vehicles shall be postponed by one year; up to now, the Phase II limit
requirements of the standard have been extensively put into effect.

According to the requirements of “The Notice of State Council on Further Strengthening the work of
energy-saving”, National Automotive Standardization Technical Committee (SAC/TC 114) formulated, in 2010,
the stricter standard “Fuel consumption evaluation method and targets for passenger cars” (i.e., the so-called
“Phase III standard”), which continues using the fuel consumption appraisal system for vehicle type based on
mass segments and substituting the target value of fuel consumption of vehicle type for the limits; meanwhile,
CAFC appraisal system is put forward to cater for the governmental administration and industrial demands.

Like the case of “Limits of fuel consumption limits for passenger cars”, the standard “Fuel consumption
evaluation method and targets for passenger cars” takes into account, upon setting target values, the adverse
effects of special constructions on fuel economy, and properly relaxed target values are proposed for the vehicles
fitted with AT or with three or more rows of seats; see Table 7. Especially it shall be noted that, in consideration
of the guidance opinions of the competent authority, category MG vehicles are no longer regarded as the special
construction vehicles for applying the relaxed requirements as to fuel consumption; that is, they are deemed
common vehicles in this regard.

According to data analysis, however, the fuel consumption of category M;G vehicles are mainly concentrated
around the Phase II limit for the vehicles other than of special construction, which is higher than the target value
of fuel consumption of vehicle type as established in the standard “Fuel consumption evaluation method and
targets for passenger cars”; in addition, there are in total 348 such vehicle types, roughly occupying 6% of the
total. Therefore, for the purpose of analyzing the conformity of the category M;G vehicles with the Phase III fuel
consumption requirements, no big effect would be brought forth when these vehicles are deemed as vehicles of
special construction.

Table 6 Limits of fuel consumption limits for passenger cars (other than special construction)

curb mass(CM), kg Phase I, L/100km Phase II, L/100km Phase III, L/100km
CM <750 7.2 6.2 5.2
750 < CM < 865 7.2 6.5 5.5
865 < CM <980 7.7 7.0 5.8
980 < CM < 1,090 8.3 7.5 6.1
1,090 <CM < 1,205 8.9 8.1 6.5
1,205 <CM < 1,320 9.5 8.6 6.9
1,320<CM < 1,430 10.1 9.2 7.3
1,430 <CM < 1,540 10.7 9.7 7.7
1,540 <CM < 1,660 11.3 10.2 8.1
1,660 <CM < 1,770 11.9 10.7 8.5
1,770 <CM < 1,880 12.4 11.1 8.9
1,880 < CM < 2,000 12.8 11.5 9.3
2,000 <CM <2,110 13.2 11.9 9.7
2,110 <CM <2,280 13.7 12.3 10.1
2,280 <CM <2,510 14.6 13.1 10.8
2,510 <CM 15.5 13.9 11.5
Table 7Limits of fuel consumption limits for passenger cars (special construction)

curb mass (CM), kg Phase I, L/100km Phase II, L/100km Phase III, L/100km
CM <750 7.6 6.6 5.6
750 < CM < 865 7.6 6.9 5.9
865 < CM <980 8.2 7.4 6.2
980 < CM < 1,090 8.8 8.0 6.5
1,090 < CM < 1,205 9.4 8.6 6.8
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1205<<CM <1320 10.1 9.1 7.2
1320<<CM <1430 10.7 9.8 7.6
1430<<CM <1540 11.3 10.3 8.0
1540<<CM <1660 12.0 10.8 8.4
1660<<CM <1770 12.6 11.3 8.8
1770<<CM <1880 13.1 11.8 9.2
1880<<CM <2000 13.6 12.2 9.6
2000<CM=2110 14.0 12.6 10.1
2110<CM <2280 14.5 13.0 10.6
2280<<CM <2510 15.5 13.9 11.2

2510<CM 16.4 14.7 11.9
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1,205 <CM < 1,320 10.1 9.1 7.2
1,320 <CM < 1,430 10.7 9.8 7.6
1,430 <CM < 1,540 11.3 10.3 8.0
1,540 < CM < 1,660 12.0 10.8 8.4
1,660 <CM < 1,770 12.6 11.3 8.8
1,770 <CM < 1,880 13.1 11.8 9.2
1,880 <CM < 2,000 13.6 12.2 9.6
2,000<CM <2,110 14.0 12.6 10.1
2,110 <CM <2,280 14.5 13.0 10.6
2,280 <CM <2,510 15.5 13.9 11.2

2,510 <CM 16.4 14.7 11.9

3.2.  Fuel consumption vs. technical parameters

3.2.1. Engine displacement vs. fuel consumption
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Figure 43 Engine displacement vs. fuel consumption
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As indicated in Figure 43, it is a general trend that fuel consumption increases along with engine displacement.
As per the grouping method of engine displacement stated in 2.1.1, analysis is conducted to the fuel consumption
level of passenger cars in different segments of engine displacement; see Figure 44; in view of the statistical data,
the fuel consumption level of passenger cars may be divided into three groups based on engine displacement: 1)
the vehicle types with engine displacement less than 1.6 L present a similar fuel consumption level, roughly 7.2
L/100 km; 2) those with engine displacement between 1.6 and 3.0 L are at the level of 9.8 L/100 km; 3) those
with engine displacement exceeding 3 L present a quite apparent trend where fuel consumption rises with engine
displacement, with the mean fuel consumption around 12.6 L/100 km.
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Figure 45 Distribution of vehicle types (by fuel type) in each segment of engine displacement

As shown in Figure 45, in each segment of engine displacement (except that of 3.0 ~ 3.5 L where there is no fuel
consumption data of diesel vehicle types), the fuel consumption of gasoline vehicles is higher than that of diesel
ones.

3.2.2. Footprint vs. fuel consumption
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Figure 46 Footprint vs. fuel consumption (I)
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Figure 48 Footprint vs. fuel consumption (I1I)

As indicated in Figure 46, the overall correlation between fuel consumption and footprint is similar to the case of
curb mass, i.e., fuel consumption increases with footprint. As shown in Figure 47, for imported vehicle types,
fuel consumption increases with footprint at a higher rate than that of the domestic vehicles. (Figure 48 is a graph
where the abnormal data points in the circle are already eliminated.)

3.2.3. Mass vs. fuel consumption
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Figure 49 Curb mass vs. fuel consumption (I)
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Figure 51 Curb mass vs. fuel consumption (III)

As shown in Figure 49 ~ Figure 51, fuel consumption varies with curb mass. As compared to Figure 46, the
correlation between fuel consumption and curb mass is higher than that case of footprint; in addition, the
correlation between fuel consumption and curb mass is largely different from the case of footprint, irrespective of
imported or domestic vehicles. The imported vehicle types basically coincide with the domestic ones as to the
correlation curve between fuel consumption and curb mass, indicating that, in each mass segment, the imported
vehicle types and the domestic ones of the same mass present a basically equivalent level of fuel consumption.
(Figure 51 is a graph where the abnormal data points in the circle are already eliminated, which has no effect on
the orientation of the trend line). Nevertheless, the fuel consumption of imported vehicle types is higher than that
of the domestic ones, no matter either footprint or curb mass is picked as the reference parameter.
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Figure 54 Discrete extent of fuel consumption

As shown in Figure 53, a majority of imported vehicle types, according to the provisions of the standard “Limits

of fuel
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consumption limits for passenger cars”, belong to vehicles of special construction; from the statistical curves in
the graph, it can be seen that the fuel consumption of imported vehicle types of special construction is slightly
higher than that of the domestic vehicles; however, the discrete extent of the fuel consumption of imported
vehicle types is far higher than that of the domestic vehicles (Figure 54); at present, about one third imported
vehicle types fail to satisfy the Phase II limit requirements (data points in the black box of Figure 53). Under the
binding effect of the limit standard, the fuel consumption of domestic vehicles is basically controlled within the
scope where the upper boundary is represented by the Phase II limit, with a lower discrete extent.

Table 8 Conformity of domestic/imported vehicle types with fuel consumption limits

Total number Conformity with Phase II1
. target
of vehicle
. Number of Share
P vehicle types
Special construction 2,782 466 16.8%
Domestlc Other than special construction 2,291 414 18.1%
vehicles
Total 5,073 880 17.3%
Special construction 608 69 11.3%
Imported - : o
i Other than special construction 45 5 11.1%
Total 653 74 11.3%
Total 5726 954 16.7%
16.0
o ©
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Figure 55 Fuel consumption distribution of passenger cars of different fuel types (other than special construction)

20.0
18.0 —==Phase-Il limit - y = 0.0047x + 2.1534
o -
16.0 J—== Phase-lll target ° R?= O-%%@o ;‘DE
o Gasoline 000 00 00 of

14.0 -

Diesel

12.0 - Other

Fuel consumption (L/100 km)

10.0
8.0 - e —
60 y = 0.0034x + 2.2517

| : R?=0.6203
4.0 ; ; ;
600 1100 1600 2100 2600

Curb mass (kg)

Figure 56 Fuel consumption distribution of passenger cars of different fuel types (special construction)
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Diesel fuel has a higher energy density than gasoline, and diesel engine has a larger compression ratio, with the
thermal efficiency roughly being 1.2 times of that of gasoline engines ©*!. Hence, the fuel consumption of diesel
vehicles is clearly lower than that of gasoline ones (Figure 55and Figure 56).
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Figure 57 Fuel consumption distribution of passenger cars of different fuel types

In order to probe into the difference between gasoline and diesel vehicles in terms of fuel consumption level, the
fuel consumption data of all vehicles (irrespective of the construction) are plotted onto a same graph, in addition
to removing the abnormal points encircled in Figure 50. Assuming that the fuel consumption of gasoline and
diesel vehicles is FCg and FCp, respectively, and the curb mass is ‘M’, the following may be obtained according
to the formulae fitted in Figure 57:

FCq = 0.0048X M+1.9477 wovvovoooo. (1)
FCp = 0.0035X M+1.9661 ..cvooorr.... ©)

Assuming that the fuel consumption of diesel vehicles is lower than that of gasoline vehicles by ‘a’, then:

a=1 FCp 0.0035X M+1.9661 3)
FCgq 0.0048X M+1.9477 "7
30%
25%
=
Q9 /
5 20% ———
15%
10%
600 1100 1600 2100 2600

Curb mass (kg)
Figure 58 [Extent by which the fuel consumption of diesel vehicles is lower than that of gasoline ones

By substituting independent variables in Formula (3), a curve like that shown in Figure 58 may be plotted. As
shown in the graph, on average the fuel consumption of diesel vehicles is lower than that of gasoline ones by 22%
or so. With the rise in vehicle mass, the superiority of diesel vehicles in fuel consumption is further salient. Upon
formulation of the standard for fuel consumption limits of passenger cars, same limit values are established for
gasoline and diesel vehicles, with the aim to

China Automotive Technology And Research Center .
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encourage the development of diesel vehicles and reduce the overall fuel consumption level by adjusting the
structure of the auto market.

Table 9 Conformity of vehicles of different fuel types with the Phase III targets

Total number Conformity with Phase III targets
of vehicle .

types Number of vehicle types Share

Special construction 3,146 329 10.5%

Gasghne Other than special construction 2,090 292 14.0%
vehicles

Total 5,236 621 11.9%

Special construction 217 194 89.4%

Diesel vehicles Other than special construction 136 111 81.6%

Total 353 305 86.4%

Special construction 27 12 44.4%

Others Other than special construction 92 16 17.4%

Total 119 28 23.5%

Total 5,708 926 16.2%

Table 10 Distribution of fuel consumption in each engine displacement segment and mass segment (mean value)

<=1.0 1.0-1.3 1.3-1.6 1.6-2.0 2.0-2.5 2.5-3.0 3.0-35 3.5-4.0 >4.0
CM <750 5.7 59
750 <CM < 865 5.9
865 <CM <980 6.4 6.8 6.5
980 <CM < 1,090 7.1 7.2 7.0 7.5
1,090 <CM < 1,205 7.2 7.2 7.2 7.8
1,205 <CM < 1,320 5.6 7.9 7.6 7.9
1,320 <CM < 1,430 7.4 7.8 83 8.5 9.6
1,430 <CM < 1,540 7.5 8.8 9.4 9.5 9.8 15.0
1,540 <CM < 1,660 8.0 9.3 9.8 9.2 9.9 10.7 14.5
1,660 <CM < 1,770 9.8 10.4 9.2 10.7 11.5 15.8
1,770 <CM < 1,880 9.9 10.6 9.4 10.5 11.3 16.9
1,880 <CM < 2,000 10.6 10.8 10.5 11.1 11.4 13.4
2,000<CM <2,110 10.1 11.0 10.8 12.0 12.5 133
2,110<CM <2,280 10.8 12.1 10.5 13.0 13.1
2,280<CM <2,510 10.7 10.4 10.2 12.3 133 14.4
2,510<CM 10.4 10.9 12.9 15.1

Mass segment (longitudinal) in kg; engine displacement segment (transverse) in L; fuel consumption in L/100 km
Notes:

Represent the transverse extreme, i.e., the engine displacement segment with the lowest fuel consumption corresponding to the mass
segment concerned,;

Represent the longitudinal extreme, i.e., the mass segment with the highest fuel consumption corresponding to the engine
displacement segment concerned;

Represent the equality of transverse and longitudinal extremes.

Table 10 lists the average fuel consumption of vehicle type for different engine displacement segments and mass
segments. Obviously, it is almost a general rule that, in each fixed mass segment or engine displacement segment,
the mean fuel consumption increases with engine displacement or mass. At the same time, it may find that, for
each mass segment, there is a most economical “golden displacement” (as indicated by in the graph), i.e., the
optimal matching engine displacement corresponding to the curb mass. Given the sameness in related
configurations and technical level, if the matching between curb mass and engine displacement is reasonable,
then the vehicle may attain much lower fuel consumption.
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3.2.4. CO; emissions vs. fuel consumption
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Figure 59 CO, emissions vs. fuel consumption

As indicated by local and foreign test data, a certain correlation exists between the fuel quantity consumed by
vehicle travel and the CO, emissions emitted thereof, whereas different fuels present non identical chemical
composition, the use of different fuel would emit different volume of CO,.

In the “Appraisal Report on Implementation Effectiveness of the National Standard ‘Limits of fuel consumption
limits for passenger cars’” (2006), analysis was conducted to the correlation of gasoline and diesel fuel with CO,
emissions in China for the year 2006, leading to the conversion formula between gasoline and CO; emissions, i.e.,
1 L/100 km = 23.8 g/km, and, in the case of diesel fuel, 1 L/100 km = 26.7 g/km"*. This report, based on the
currently available data, conducts updated analysis to the relation between automotive fuel consumption and CO,
emissions. As shown in Figure 59, according to the data of 2010, for each liter of gasoline consumed, 2374.7 g

CO; would be emitted, that is, 1 L/100 km = 23.747 g/km; and for each liter of diesel fuel consumed, 2604.7 g

CO,, that is, 1 L/100 km = 26.047 g/km. Obviously, given identical fuel consumption, the use of diesel fuel emits
slightly more CO,. As compared to the data of 2006, the conversion factor between gasoline and CO, emissions
almost remains unchanged, while, in the case of diesel vehicles, the change is apparent. The reasons for the
apparent change may be attributed to the following two points: 1) In the 2006 report, the data of local diesel
vehicles were not available, the resulted conversion factor came from the fuel consumption data of the United
Kingdom and Germany; and 2) As shown in the graph, the data of some diesel vehicles are somewhat divergent,
consequently leading to the relatively small conversion factor.

4. Application Status of Automotive Energy-saving Technologies

This Chapter unfolds sum-up statistics to the application status of energy-saving technologies for passenger cars
in China in 2010, in addition to the qualitative analysis over the effects of energy-saving technologies on fuel
consumption.

4.1. Statistics of application status of energy-saving technologies
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Table 11 Status and application of advanced energy-saving technologies

Number of
Item No. Description of technology er‘r/z)lﬁ)c}}?ntgyzﬁzh Share Domestic | Imported | Gasoline | Diesel | Others
technology
TECHI1 01 Variable Valve Timing(VVT) 701 54.1% 591 110 689 0 12
TECH1 02 | Gasoline Direct Injection (GDI) 71 5.9% 54 23 65 12 0
Continuous Variable Valve o
TECHI1 03 Timing (CVVT) 77 5.9% 77 0 77 0 0
TECHI1 04 Common Rail (CR) 69 5.3% 65 4 1 68 0
TECHI1 05 Turbo Charge (TC) 66 5.1% 49 17 62 0
TECHI1 06 Fuel Stratified Injection (FSI) 55 4.2% 26 29 55 0
TECH1 07 No Return Oil System (NROS) 42 3.2% 42 0 41 1
TECH1 08 | 1ur° Char%‘T“gl;““er“’Ohng 40 3.1% 40 0 25 15 0
TECH1 09 Variable Intake System (VIS) 39 3.0% 39 0 39 0 0
TECH1 10 | Electronic Throttle Control (ETC) 24 1.9% 17 7 24 0 0
TECHI 11 Controlled Burn Rate (CBR) 21 1.6% 21 0 21 0 0
TECHI 12 Variable Ge()(r{l/eé% Turbocharge 9 0.7% 9 0 4 5 0
Turbocharged Fuel Stratified o
TECHI 13 Injection (TFSI) 5 0.4% 0 5 5 0 0
TECH] 14 Electronic ]?llis]t)r;)l;utlon Pump 4 03% 4 0 0 4 0
TECHI 15 Electronic Unit Pump (EUP) 1 0.1% 1 0 0 1 0
TECH2 01 Variable Valve Lift (VVL) 50 3.9% 46 4 50 0 0
TECH2 02 Adjustable Oil Pump (AOP) 7 0.5% 7 0 7 0 0
Variable Cylinder Management o
TECH2 03 System (VCMS) 3 0.2% 3 0 3 0 0
TECH2 04 Dualogic Transmission(DT) 2 0.2% 0 2 2 0 0
TECH3 01 | Exhaust Gas Recirculation (EGR) 4 0.3% 4 0 0 4 0
Total 1,296 100.0% 1095 201 1,170 113 13

In consideration that a large difference exists as to the local level of automotive energy-saving technologies and
the proportion of applications, the filing of automotive fuel consumption label puts forward no unitary
prescriptions with respect to energy-saving technologies and their principles; rather, each manufacturer may
declare by themselves. For the sake of comparative analysis and assessment on different energy-saving
technologies and their energy-saving effectiveness, this report firstly sums up and collates the energy-saving
technologies as declared by manufacturers, classifies the technologies based on same/similar working principles
and functions, and unifies the description of same/similar technologies declared by manufacturers. For instance,
the “variable intake length” and “variable intake manifold” are combined under the title of “variable intake
system”.

According to the questionnaire survey results conducted to the experts, whereas some energy-saving technologies
are already extensively applied on the local passenger cars (e.g., Multi Points Injection, AF Ratio Closed Loop
Control, (Double) Overhead Camshaft, Electronic Fuel Injection, Independent Ignition System, and High Voltage
Ignition), they are ignored by this report upon analyzing the effects of energy-saving technologies on fuel
consumption.

TECHI1 shown in Table 11 represents the high-use-frequency technologies employed by the vehicle types which
utilize only one or more energy-saving technologies; TECH2 represents a second technology besides TECH1;
and TECHS3 represents a third one apart from TECH1 and TECH2. For the description of each energy-saving
technology, please consult Annex A. According to Table 11, being an off-the-shelf technology and featuring low
costs, “VVT” turns into the energy-saving technology utilized, at the highest frequency, by both domestic
vehicles and imported ones; while “CR” is the most popular energy-saving technology applied on the diesel
vehicles.

China Automotive Technology And Research Center .
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4.2. Effects of energy-saving technologies on fuel consumption
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Figure 60 Effects of the use of energy-saving technologies on fuel consumption

As indicated in Figure 60, according to the classification method of application of energy-saving technologies,
the use (or not) of energy-saving technologies has a clear indication on fuel consumption. The vehicles
employing no energy-saving technologies present the highest fuel consumption, and the more the energy-saving
technologies are adopted, the lower the fuel consumption. In the graph, the trend line of employing three
energy-saving technologies is quite special due to the data size; nevertheless, the regularity mentioned above is
still clear.

Table 12Statistics of application status of energy-saving technologies

Domestic o Impqrted o o
sl e Share, % vehicle Share, % Total Share, %
types
Employing no energy-saving technology 4,117 81.2% 470 72.0% 4,587 80.1%
Employing one energy-saving technology 842 16.6% 157 24.0% 999 17.4%
Employing two energy-saving technologies 97 1.9% 26 4.0% 123 2.1%
Employing three energy-saving 17 03% / / 17 03%
technologies
Total 5,073 100.0% 653 100.0% 5,726 100.0%

In addition, it is clear from Table 12 that a higher share of imported vehicle types adopt the energy-saving
technologies, while the share of employing no energy-saving technology is lower than that of the domestic
vehicles.

5. Analysis of Fuel Consumption and Technical Status of Energy-saving Vehicles

After June 2010, MIIT, in conjunction with NDRC (National Development and Reform Commission) and
Ministry of Finance, has organized and unfolded the popularization of energy-saving vehicles, by working out
the “Detailed Implementation Rules for Popularizing Energy-saving Vehicles (Passenger cars < 1.6 L) under the
Framework of ‘Huimin Project of Energy-saving products’ (hereinafter the “Detailed Implementation Rules”),
periodically making public the catalogue of vehicle types satisfying the requirements for energy-saving vehicles,
and granting a lump-sum subsidy (RMB3,000 yuan) to each individual who purchases an energy-saving vehicle,
so as to propel the production and sales of energy-saving vehicles. By the end of 2010, 4 batches of catalogues of
energy-saving vehicles had been released, involving 272 vehicle types in total.

The “Detailed Implementation Rules” adopt the following judgment criteria for energy-saving vehicles: (1)
gasoline or diesel fuelled passenger cars having engine displacement not exceeding 1.6 L (incl. HEVs and
dual-fuel vehicles); (2) already present on the “Announcement on Vehicle Makers and Their Products” and
already filed with respect to automotive

China Automotive Technology And Research Center



2010 P EIRERBHE R ARSI E-FTAE

FERRE R AR S R (3) SEMTRIT (T AR R T B RAR) (BT AR
“ S EhRAE) A REMIRE R H AR

AT T W DU A2 5 0E 1Al 4 R IRE R AT D 3 B R SR b 22
St AN SR BB B R AR
5.0 BHEE/ I AR I

14.0 00

13.0 P—
120 LN A B0
£ 110 y = 4.4831g0-0004x
g ' R?=10.7493
= 10.0 %

& 9.0
8.0 -
7.0 -
6.0 -
5.0 -
4.0

L/

.056360'OOO4X
o R2=05194

700 1,200 1,700
BEFE (kg)
B 61 TREE/IF T rREERRIEREE I HIBER

N
o
o

®©
o

o
o

PRELH #EE (L/100km)
D
o

n
o

& 62 TREZF/AFTTREFMRUHFERXILL
WE 61 Frax, ATVUALTTREE RIS TR 1660 kg LLT, I HEAEEEAR 750
kg-865 kg ZIIMMZEAL. TEXT [ & B 1797 e 42 5 JE 1T e 42 OB FE AT 0T E A0 #T J5 Kk
DL, AR EBRIAE TR E RN R E LT R E R 14%.

5.2 TREE/IFPREETRERARNABRXEL

@ P ESERARTTR AL



China Vehicle Fuel Consumption and Technology Condition Report 2010-Passenger Cars

fuel consumption label; and (3) satisfying the target fuel consumption of vehicle type as laid down in the
standard “Fuel consumption evaluation method and targets for passenger cars” (hereinafter the “Phase III
Standard”) in advance.

This Chapter probes into the differences between the first four batches of energy-saving vehicles and the non
energy-saving ones with respect to fuel consumption level, main technical parameters and performance, so as to
provide a reference basis for the analysis of the execution and popularization effectiveness of the “Detailed
Implementation Rules”.

5.1. Comparison of fuel consumption between energy-saving vehicles and non energy-saving ones
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Figure 61 Distribution of fuel consumption of energy-saving vehicles/non energy-saving vehicles

£100 L, 89 9
= 7.8 : I
o J 7.2 73 .~ o Z.# 7.
=) 8.0 66 65 53 7ul 1
Ay 5.8 6.2
2 55 5.7
= 6.0 — - -
kel
o - L — _— —
£ 4.0
>
2 20 — — B
o
::j 0.0 T T T — T — — \
Q Q ) Q Q Q Q
é\(o B S AP A
D Z Z Z Z Z Z
SR S K K O K R
Lo (@) (@) (@) (@) (@) O
o B B B B P
L & & E S 8
¥® & P W » &

Mass seament (ka)
Energy-saving Others

Figure 62 Fuel consumption comparison between energy-saving vehicles and non energy-saving ones

As shown in Figure 61, the first four batches of energy-saving vehicles present a curb mass below 1,660
kg, without any exception; plus, no vehicle type has the curb mass falling within750 kg ~ 865 kg. Through
the comparative analysis between energy-saving vehicles and non energy-saving ones in each mass
segment, it is found that the energy-saving vehicles have lower fuel consumption (roughly by 14%) than
the non energy-saving ones.

5.2. Comparison between energy-saving vehicles and non energy-saving ones with respect to the

application status of energy-saving technologies

China Automotive Technology And Research Center
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Table 13 Shares of energy-saving vehicles/non energy-saving vehicles employing energy-saving technologies

Energy-savin Non
gy’ & Share energy-saving Share
vehicles vehicles
Employing no energy-saving 198 60.2% 2855 81.2%
technology ) )
Employing one energy-saving 123 37.4% 677 16.3%
technology ) )
Employing two energy-saving 8 249 81 229
technologies e e
Employing three energy-saving o o
e 0 0.0% 3 0.3%
Total 329 100% 3616 100%

In order to probe into the effects of energy-saving technologies on energy-saving vehicles, statistical analysis is
conducted to the shares of energy-saving vehicles and non energy-saving ones employing the energy-saving
technologies.

Table 13 sums up the application of energy-saving technologies by the energy-saving and non energy-saving
vehicles having the curb mass below 1,660 kg; obviously, given the existing data size, 60.2% energy-saving
vehicles employ no energy-saving technologies, while for non energy-saving vehicles, such a share is 81.2%;
37.4% energy-saving vehicles employ one energy-saving technology, and 16.3% non energy-saving vehicles do,
with the former over twice of the latter; 2.4% energy-saving vehicles employ two energy-saving technologies,
slightly higher than the non energy-saving vehicles. Due to restriction in data size, however, there is no
energy-saving vehicle type employing three energy-saving technologies. As a whole, the application and
popularization of energy-saving technologies on the energy-saving vehicles are superior to the case of non
energy-saving vehicles.

5.3.  Analysis of performance characteristics of energy-saving vehicles
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Figure 63 Comparison of specific power between
energy-saving vehicles and non energy-saving ones
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Figure 64 Comparison of FEDC factor between
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According to the analysis conducted to the data of the vehicle types having engine displacement not exceeding
1.6 L, energy-saving vehicles are superior to the non energy-saving ones of the same type with respect to both
specific power and FEDC factor, while the curb mass is slightly higher than the latter. This means that the lower
fuel consumption of energy-saving vehicles is not at the cost of power performance and comfort.

6. Sales Weighted Average Fuel Consumption

Being recently developed, the Phase III Standard initiates key reform and perfection to the existing standard
system; that is, by getting rid of the practice of “mechanically and unitarily” requiring all the products of
manufacture to satisfy the target fuel consumption of vehicle type as specified by the standard, it introduces the
concepts of CAFC and target CAFC, in which manufacturer is regarded as the object for assessment, and the
target CAFC is established for the manufacturer based on the fuel consumption of vehicle type of all the
passenger car products of the manufacturer and the corresponding production. This chapter estimate, as per the
procedures laid down in the Phase III standard, the CAFC of the local main passenger car manufacturers in the
year of 2010, in addition to further calculating the national average fuel consumption and the average fuel
consumption of each technical source.

6.1. CAFC

Company average fuel consumption (CAFC) means the average fuel consumption of an auto maker calculated by
weighing the fuel consumption of vehicle type of the passenger cars produced/imported/sold by the manufacturer
in a certain year against the volume of production/importation/sales in that year (the use of concrete data type is
dependent upon the competent authority in this report, the volume of production is utilized for the estimation), as
expressed in the volume of fuel consumed per 100 km of travelled distance. The calculation method may be
depicted as follows: sum up the products between fuel consumption of each vehicle type of passenger cars
fabricated by a manufacturer and the volume of production of the vehicle type in a model year, and then divide
the total volume of passenger cars fabricated by the manufacturer within that year.

iFCipri
CAFC=-. ~
ZVpi

Where:
N means the serial number of vehicle type of passenger cars;
FC; means the fuel consumption of the i"™ vehicle type;
Vpi means the yearly production of the i"™ vehicle type

Substituting the curb mass of the ith vehicle type for ‘FC;’ in the above formula, the average curb mass of the
manufacturer may be computed; by replacing ‘FC;” with the corresponding Phase III limit of the ith vehicle type,
then the target CAFC may be obtained.

As shown in Figure 66, this report sums up, based on the sales of passenger cars of manufacturers for the year
2010, the CAFC of the top 50, with manufacturers represented by serial number only. The sum of the production
of passenger cars of these 50 manufacturers represent 98.7% of the total in China (In Figure 67, bubble size
indicates each manufacturer’s

China Automotive Technology And Research Center .
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production of passenger cars in 2010), which can subsequently reflect the fuel consumption level of the local
passenger car manufacturers’ ..
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Figure 66 CAFC vs. target CAFC
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Figure 67 Production of passenger cars, production-weighted curb mass and fuel consumption of Top 50 manufacturers

According to the statistical results, amongst the top 50 manufacturers of passenger cars in the year 2010, only
two ones can satisfy the respective target CAFC (see the arrows in Figure 66), occupying 4% thereof. The CAFC
data vary largely, with the highest being 12.38 L/100 km, and the lowest, 6.16 L/100 km. In terms of the
manufacturers failing to satisfy respective target CAFC, the lowest outstripping is 3%, while the biggest one,
23%.

6.2. National average fuel consumption

As defined, national average fuel consumption (NAFC) means the average fuel consumption of all vehicle types
sold on the Chinese market within a certain model year, as weighted by production or sales volume (in this report,
estimate is conducted as per the volume of production). NAFC may be calculated by the production weighted
fuel consumption fabricated within that year, or computed by the CAFC of all the auto manufacturers.
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N M
ZFCiXVpi ZCAFCjXVj
NAFC = S

N
ZVp,. 27

J

Where:
N means the serial number of vehicle type;
FC; means the fuel consumption of the i vehicle type;
Vpi means the yearly production of the i" vehicle type;
M means the serial number of manufacturer;
CAFC; means the CAFC of the of the ™ manufacturer;
V; means the yearly production of the jth passenger car manufacturer

This report utilizes the second method to calculate the NAFC of passenger cars; based on the average fuel
consumption of the 50 passenger car manufacturers and the total production of passenger cars of each
manufacturer (see Figure 68), the NAFC of passenger cars of China in 2010 is 7.70 L/100 km, about 4.5% lower
than that of 2006 (i.e., 8.06 L/100 km). Likewise, through substituting CAFC; by the average curb mass of the
jth manufacturer, the national average curb mass of passenger cars in China in 2010 is computed, i.e., 1,253 kg.
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S 79 -
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S 77 1
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Figure 68 National average fuel consumption during 2006 ~ 2010

In order to more visually depict the distribution of average fuel consumption of passenger cars of the local
manufacturers, the average fuel consumption of 50 manufacturers are plotted onto Figure 69, where blue
horizontal dotted line indicates the national average fuel consumption of passenger cars planned to be reached in
the Phase III Standard; by end of 2010, 6 manufacturers had attained such target, occupying 12%. The green
horizontal dotted line represents the production-weighted national average fuel consumption level of passenger
cars for China in 2010; 23 manufacturers may attain the target, occupying 46%.
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Figure 69 CAFC distribution of passenger cars in 2010

6.3. Average fuel consumption per technical source

In China, the manufacturers of passenger cars are mainly of joint ventures, and a majority of mainstream vehicle
types are introduced from overseas. For the sake of analysis, passenger car products are divided into different
groups in view of the technical source (EU, USA, Japan, S. Korea, and China), for which respective Technical
Source Average Fuel Consumption (TSAFC) is calculated.

By definition, TSAFC means the production or sales weighted average fuel consumption of all the vehicle types
of passenger cars fabricated by all the passenger car manufacturers of a certain technical source during a certain
model year, which are intended for the local market (this report adopts production for the estimate).

TSAFC = -

M
iFC[ XVp, ZCAFCJ xV;
j

Where:

N
Z Vp, Z v,

J

N means the serial number of a vehicle type of passenger cars within a certain technical source;

FC; means the fuel consumption of the i"™ vehicle type within a certain technical source;

Vpi means the yearly production of the i"™ vehicle type within a certain technical source;

M means the serial number of a passenger car manufacturer within a certain technical source;

CAFC; means the CAFC of the j™ passenger car manufacturer within a certain technical source;

V; means the yearly production of the jth

passenger car manufacturer within a certain technical source.

Through substituting FC; by CM,;, i.e., the curb mass of the ith vehicle type within the technical source, the
technical source average curb mass may be computed.

As calculated, based on the average curb mass of vehicle types, various technical sources are ranked (in the

descending

China Automotive Technology And Research Center



2010 Fp B ERENH B EARSIHE R E

SR WMAT R SRR AR R S BRI RO HAS SEEL BRI A
. XGRS 2006 FARECE IR KL, 2006 4P 0RHE FE 2 M & 2R A0 HES
WE: KA WM. HA #EL FE. HRERPEENEAE EACE MR TR S5 H
AR FARNRIE P e, X EEPUOH R 77 i S A OB R =i . Sefe, KA
AR, NI T SO 2 B 2 i AP 2R HE AR R A X DY (R 2 2% BT 1o 2R AR AE B
RIRIH FE 7 T RORSCE 2, BN P BB A B S R A BRI

1400 8.1
8.01 .
1350 1,338 1336
- 7.9 2
1300 + - 7.79
1,271 | I
§, 7.73 7.8 §
~ 1250 227 77 S
= 1,190 -
= 1200 + - ! ! A7 84 - 76 IH
NE 7.48 2
B - 75 &
1150 + - =
- 74 ¥
1100 + - 3
1050 . : : ; 7.2
S i R FH [
4R I
B 70 REEARRERLIREERER

7 #hig
7.1 2010 FREFRAEFBEEARSEER

2010 A3 FE I F 42 R EHRR S H R 0] U BLR JUAS 7 T AT #53A -

D RENNLHEE 2RI, K ERE e RAEE B, fFEA 2.0L 4
BURT o5 L e o =R O EH R AR ZE R, A 94%M E = E 8 RN HRTE 2.5 L
AT, Tk 2 RE e RHEE R, 1.6 L LT IER Y 6%,

2) EIFHEMLLFEAREL AN E, LLAZRES G, R e AR RS A E 5
Wb FIREBEZHN S B, ARHEIBNLL 4 ROYFE. k0 EFRERA B HEE,
R 6 1Y,

3) HrFEE LR Iksh SRR IR N, AR R IREh E AT 5 LB 3.3%, B4
K AR AR IRBH G EL I A B T 48.7%.

4) RIEFeHEr=m A LR E, ST G HEBICN 6.2%, HARBREIEAL 4L L
2.1%.

(€5 B ERART R AL



China Vehicle Fuel Consumption and Technology Condition Report 2010-Passenger Cars

sequence) as follows: Japan, USA, S. Korea, EU and China; based on average fuel consumption, the sequence
(also in descending order) is as follows: Japan, USA, EU, China, and S. Korea. Such result is largely different
from the situation of 2006, for which year the sequence (in the descending order of average fuel consumption)
was USA, EU, Japan, S. Korea, and China. Before, the average fuel consumption of Japanese-source vehicles
followed both EU and USA, and now, it takes up the top position, for which the main reasons lie in that the
product mix of the Japanese source has kept escalating towards high grade, deluxe, and large size (for sure, its
average curb mass and average fuel consumption has maintained salient rise during the recent four years). In
contrast, the vehicles of the S. Korean source have attained eye-catching fruits in terms of fuel consumption,
making it the technical source enjoying the lowest average fuel consumption.
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Figure 70 Average fuel consumption of different technical sources
Conclusions

Characteristics of main technical parameters of local passenger cars in the year 2010

For 2010, the characteristics of the main technical parameters of local passenger cars may be depicted from
several aspects below:

1)

2)

3)

4)

The distribution of engine displacement is quite like an olive, with a majority of vehicle types concentrated
in the middle segments of engine displacement and the share of vehicle types with engine displacement of
2.0 L is the highest. The difference is big between domestic vehicles and imported ones as to the distribution
of engine displacement; 94% domestic vehicle types have the engine displacement below 2.5 L, while most
of the imported ones are concentrated at the large segments of engine displacement, with the share of
vehicle types below 1.6 L being just 6%.

For the domestic passenger cars, MT is still the mainstream, while AT plays the complementary role. Only a
minor portion of vehicle types employ other types of transmission. MT vehicle types are mainly of 5-gear,
while AT ones, mainly of 4-gear. In contrast, the imported vehicle types mainly adopt AT, where half
employs 6-gear.

The domestic vehicle types are mainly of Front- and rear-wheel drive, with the share of all-wheel drive
being just 3.3%; while 48.7% imported vehicle types employ the all-wheel drive.

The passenger car products are still based on gasoline, with the share of diesel vehicles being just 6.2% and
that of other fuel types about 2.1%.
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5) With respect to the three criteria of engine (namely, rated power, net power, and specific power), the
domestic vehicles are inferior to their imported counterparts, indicating a big indent as to power
performance.

6) This report takes the lead in analyzing the corresponding distribution between engine displacement segment
and mass segment of passenger cars, as well as the fuel consumption distribution in each engine
displacement segment and mass segment, in addition to proposing the “golden displacement” corresponding
to each mass segment, i.e., the optimal matching engine displacement.

7.2. Fuel consumption level of domestic passenger cars in 2010
7.2.1. Individual-vehicle fuel consumption

As specified by the standard “Limits of fuel consumption limits for passenger cars”, from Jan. 1%, 2009, all the
vehicles subjected to this standard shall satisfy the Phase II limits. As indicated by the data analysis, the standard
“Limits of fuel consumption limits for passenger cars”, as the key technical document intended for state
administration over access of automotive products, has played an incomparable role in cutting down and
controlling fuel consumption of passenger cars; except some imported vehicle types, all the vehicle types have
been strictly controlled within the Phase II limits. It shall member, however, that by end of 2010 only a tiny share
of vehicle types of passenger cars could attain the Phase III targets for individual-vehicle fuel consumption.

7.2.2. CAFC

According to the CAFC estimated for the 50 local main auto manufacturers in 2010, on average the CAFC is
higher than respective target CAFC by 10% or so; only 2 manufacturers could satisfy the target CAFC,
occupying 4% thereof. The national average fuel consumption is 7.7 L/100 km, roughly 4.5% down from 2006.
These data indicate that, given the current technical state, a further reduction of 9% or more (on the level of 2010)
is necessary to realize the national average goal, namely, 6.9 L/100 km, and the subsequent task for energy
saving would still be quite heavy. It shall take note that this report has utilized the passenger car sales and fuel
consumption data up to Dec. 2010; changes would surely occur before the implementation of the Phase III
standard and the start of the corresponding accounting.

7.3. Application status of new energy-saving technologies

For the purposes of satisfying the standard provisions and the requirements of related policies and regulations,
vehicle manufacturers have adopted multi types of new energy-saving technologies to reduce the fuel
consumption level of their products, which, to a certain extent, promote the advances of energy-saving
technologies. Through analyzing the fuel consumption data of vehicles employing different energy-saving
technologies, the application of energy-saving technologies has a quite salient role in cutting off passenger cars
fuel consumption; moreover, in statistical perspective, for a same kind of vehicles which are similar in other
parameters, the more types of energy-saving technologies are used, the lower the fuel consumption level. The
application share of energy-saving technologies on the side of imported vehicle types is slightly higher than that
of domestic vehicles; nevertheless, irrespective of the imported vehicle types or the domestic ones, the proportion
of the vehicle types employing energy-saving technologies is low. Therefore, along with the more extensive
application of energy-saving technologies, the fuel consumption of passenger cars would further go down.
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7.4. CO; emissions level of passenger cars in China in 2010

In 2010, the correspondence between fuel consumption and CO, emissions for gasoline and diesel vehicles is
respectively as follows: 1 L/100 km = 23.747 g/km and 1 L/100 km = 26.047 g/km. As mentioned above, in the
local present mix of passenger cars, a great majority is represented by gasoline vehicles. Consequently, the
conversion between gasoline consumption and CO; emissions, i.e., 1 L/100 km = 23.8 g/km, may approximate
the local current CO; emissions of passenger cars. Now that, in 2010, the local average fuel consumption of

passenger cars is 7.7 L/100 km, the CO, emissions level of the local passenger cars in 2010 is roughly 183.3
g/km.

7.5. Technical state of the first four batches of energy-saving vehicles

Based on the analysis to the technical parameters and fuel consumption data of the 272 energy-saving vehicle
types of the first four batches already present on the catalogue of popularization, the energy-saving vehicles have
a higher average curb mass than the non energy-saving vehicles of the same segment of engine displacement, the
fuel consumption level of the former is lower by the latter by about 14%, and the former is superior to the latter
with respect to rated power, FEDC factor (2.7), application share of energy-saving technologies, etc.; all these
indicate that the energy-saving vehicles present in the catalogue of popularization are of technical superiority
among the vehicles of the same kind.
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Exhibit A

Description of Energy-saving Technologies

No. of
technology

Title in Chinese

Title in English

Description

TECHI 01

AR IER

Variable Valve Timing

To enable engine to satisfy the actual demands
for distribution phase under different rotational
speeds, adjust, via the fitted control and
execution systems, the lift, overlapping time and
timing (partial or all thereof) of the
intake/exhaust gas system of engine, so that the
open/close time of air valve alters along with
engine speed, thus improving charge efficiency
and enhancing engine’s efficiency and power
performance.

TECH1 02

AN NER7

Gasoline Direct Injection

Via fuel injection nozzle mounted in combustion
chamber, directly inject gasoline into the
combustion chamber of cylinder; air enters the
combustion chamber via air inlet, and forms gas
mixture with gasoline, which is subsequently
ignited and applied to work.

TECH1 03

HESRAAR S TIERT

1
)

Continue Variable Valve Timing

Via electronic hydraulic control system, alter the
time point at which air inlet valve is opened by
camshaft; based on successive change in
working state of engine, it may control, in the
real-time manner, the extent of overlapping
angle of air valve, thus altering the gas input
volume of cylinder.

TECHI1 04

Common Rail

Means a fuel supply technology by which the
generating of injection pressure is totally
separated from the injection loop in the closed
loop system consisting of high-pressure fuel
pump, pressure transducer and ECU; that is,
high-pressure fuel pump delivers the
high-pressure fuel to the common fuel delivery
pipe, and, via solenoid valve, actualizes
precision control over the fuel pressure in the
common fuel supply pipe, thus making the
pressure of high-pressure fuel pipe have nothing
regard to engine speed, and consequently largely
reducing the effects of change of engine sped on
the fuel supply pressure of diesel engine.

TECHI 05

I

Turbo Charge

By making use of the heat and flow of exhaust
gas emitted during operation of internal
combustion engine, actuate the turbocharger
mounted upstream air inlet, soas to increase
intake air pressure and density and subsequently
improve the output and efficiency of engine.

TECHI 06

YR 73 R

Fuel Stratified Injection

Via calculation and analysis, the control unit
exercises precision control over fuel injection
time and injection quantity; and, through design
of engine’s combustion chamber, let the gas
mixture to engender a strong eddy current, thus
realizing the sufficient blending between air and
gasoline. Then, enable dense gas mixture to exist
in the surrounding area of spark plug, and lean
gas mixture in other adjacent areas, thus
ensuring the stratified, homogeneous, and lean
combustion as far as possible under the
pre-condition of smooth ignition, and
subsequently improving engine efficiency.
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No Return Oil System
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Turbo Charging Innercooling
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Variable Intake System

3 R AT AR S MR AR B S BCE P RRT
o RIEEENHUA R, {3 A R
BRI SR TR N TSR DUERETE
JRAS A 78 SRR B AR IR Bk RN, AT
PR TN ZBHI R FR.
A5 A B /N 57 A T 2 3k 81 K A A v
SR AR RE DA B e A R A

TECHI 10
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Electronic Throttle Control
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TECHI 11
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Controlled Burn Rate
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TECHI1 12

AR TEH

Variable Geometry
Turbocharge
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TECHI 13
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Turbocharged Fuel Stratified

Injection
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Electronic Distribution Pump

R — &R MBI AT i, 2R
WA IO E, RE R RulE R | &
B ML AL H AT AT 28 2 0R
ey AAPm I 4 R A 0 R

H EVR BB T L




China Vehicle Fuel Consumption and Technology Condition Report 2010-Passenger Cars

No. of
technology

Title in Chinese

Title in English

Description

TECHI1 07

T [l 2 4t

No Return Oil System

All the fuel pump, fuel filter and fuel pressure
regulator are fitted inside fuel tank; during
operation of fuel pressure regulator, the
backflow of return oil winds up in the fuel tank;
only fuel feed pipe exists between fuel tank and
fuel distribution pipe, and the fuel tank involves
the pumped-out fuel only, having nothing regard
to any returned oil. For such kind of fuel supply
system, absolute pressure regulator is fitted
inside fuel tank, and consequently the pressure in
fuel distribution pipe remains constant.

TECH1 08

SRS

Turbo Charging Innercooling

Fresh air is compressed by turbocharger and
cooled by the intercooler; then, it enters the
combustion chamber via intake manifold and air
inlet valve. Effective intercooling technology
may largely reduce the supercharging
temperature, beneficial for the cut-down of
exhaust emissions, exhaust smoke at big load,
PM emissions and fuel consumption.

TECHI 09

ARG

Variable Intake System

Two types are involved: variable intake duct,
and variable intake manifold. Based on different
engine speed, intake pipe of different
length/volume is used to charge the cylinder, so
as to form the inertia charge effect and resonant
pulse wave effect, and consequently satisfy
engine’s demands for air input under different
modes. In this way, engine could maintain high
torque output, irrespective of small load and low
speed or big load and high speed.

TECHI 10

LA T

Electronic Throttle Control

Engine ECU receives such information as
accelerator pedal position, pedal pressing rate,
engine speed, coolant temperature and chassis
electronic control signals, and calculates the
actual opening of throttle valve; then executor
automatically adjusts the position of throttle
valve, thus having its opening precisely
controlled.

TECH1 11

Qe e

Controlled Burn Rate

The air intake duct of each cylinder of engine is
divided into tangential duct and neutral duct; at
the mode of low speed and low load, cut off the
neutral duct via the sliding inletting vertex
control system, and the air inlet from the
tangential duct engendersthe strong eddy current
ratio, thus improving the combustion rate of gas
mixture while reducing fuel consumption and
emissions; at high speed and high load, the
opening of the neutral duct could guarantee the
sufficient torque output.

TECHI 12

AR AR 4

Variable Geometry Turbocharge

At the mode of low speed and low displacement,
shut off some guide vanes to adjust the
cross-section, thus enlarging the intake pressure
of engine, and largely improving the response
time and accelerating capability at low speed.

TECH1 13

RO [ 7 R W A

Turbocharged Fuel Stratified
Injection

Fuel stratified injection (FSI) technology with
turbocharging.

TECH1 14

L% M LR

Electronic Distribution Pump

Only one set of fuel pumping unit is employed to
supply fuel for all the cylinders; fuel distributing
device is set up inside pump, which could
distribute fuel to each cylinder at a proper time
point and proper rate. Presently, distributing
pump involves two compression types, i.c.,
single plunger type and rotor type.
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Electronic Unit Pump
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Variable Valve Lift

HH A2 AU D0 T e il B P BT
AR R, TSI R T
FEo FAEARTERAS T AR, B
ANFRTITERE, AT AR R E, A2
2 BERU B, 1 RO
THRE UL T, R &

TECH2 02

IR LM

Adjustable Oil Pump
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Dualogic Transmission
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Exhaust Gas Recirculation
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No. of

technology Title in Chinese Title in English Description

For each engine cylinder, fuel injection is
completed by respective, independent injection
unit. A high-pressure fuel pipe is used to connect
unit pump with injector. Diesel fuel is fed to
injector via the electromagnetically controlled
TECHI 15 FEIRERRIE Electronic Unit Pump overflow valve fitted inside unit pump body.
ECU receives and processes the information of
engine operating parameters transmitted by each
sensor, and compared with the stored optimal
values, thus controlling injection timing and
injection quantity.

The control unit switches over two sets of cams
with different angle which are fitted on
camshaft, thus altering valve opening and lift. At
low speed, the use of smaller valve lift with
smaller intake inertia may uplift the air flow rate
and attain the goal of inletting more air; at high
speed, the use of higher valve lift may reduce air
flow resistance and uplift the air input.

TECH2 01 GRS NFar Variable Valve Lift

Divided into pressure regulating type and
volumetric flow regulating type. For pressure
adjustable oil pump, only pressure control valve
is sued to restrict its max. pressure, which is
realized by directly bypassing the superfluous
volumetric flow into the oil sump tank; while
volumetric flow adjustable oil pump engenders
pressure and volumetric flow based on demands,
thus minimizing the requisite transmission
power.

TECH2 02 AR Adjustable Oil Pump

Different cylinder working patterns are used
under different modes; i.e., it ensures all
cylinders operate in any case where big power
output is needed (e.g., startup, accelerating, hill

e et e S TR Variable Cylinder Management | climbing, etc.). By contrast, for mid-speed
EESRINE = System cruising and low engine load, only one cylinder
group operates. For mid acceleration, high-speed
cruising, and travel on a gentle slope, engine will
let some cylinders (with the number falling
between the cases above) operate.

TECH2 03

A type of automated mechanical transmission
complete with intelligent electrohydraulic
system, capable of automatically controlling and
managing clutching and sped shifting. Based on
MT, microprocessor is used to control the
TECH?2 04 HEE N AR A 1 25 Dualogic Transmission hydraulic pressure for the clutching and
gear-shifting purposes, such that the vehicle
could proceed with clutching and gear shifting at
a proper time point, consequently improving the
transmission power and reducing fuel
consumption.

Partial exhaust gas emitted from engine is sent
back, via EGR valve, to the air intake manifold,
which is then fed into cylinder together with
fresh gas mixture. Whereas exhaust gas doesn’t
TECH3 01 [RSAEI AR Exhaust Gas Recirculation join in the combustion within the combustion
chamber, it may absorb some heat arising from
the combustion process to reduce combustion
temperature and pressure, subsequently cutting
off the resultant NOx.
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Energy-saving technologies not considered for the statistics

W, f Title in Chinese Title in English Description
technology
Spark plug of each cylinder is provided with
an ignition coil, and high-tension current is
TECHO 01 FIL K A Independent Ignition System provided to spark plug independently, such
that each cylinder could be separately
ignited.

Single overhead camshaft means one
camshaft is used on the cylinder head for
directly actuating both air inlet and exhaust
TECHO 02 ) THE e hh (Double) Overhead Camshaft valves. Double overhead camshaft means
two camshafts are fitted on cylinder head,
one for actuating the air inlet valve, and the
other for actuating exhaust valve.

A closed loop control system intended for
controlling A/F ratio around its theoretic
value, consisting of OS, microprocessor and
mixture concentration regulator. OS is
mounted upstream the catalytic converter,
used for monitoring oxygen content in
exhaust gas and outputting different voltage
signals for different mixture concentration.
Based on the signals transmitted from OS,
microprocessor judges whether the mixture
is too rich/lean and then controls the
electronically controlled carburetor or
electronically controlled fuel injection
system, and adjust the mixture
concentration, thus maintaining it at the
theoretic A/F ratio.

TECHO 03 ZEWREE PHIER P22 AF Ratio Closed Loop Control

Fuel injector is fitted at the air inlet of each
cylinder; ECU proceeds with by-cylinder
separate injection or by-group injection;
gasoline is directly injected duly in front of
TECHO 04 % H EEAZE RIS Multi Points Injection air inlet of respective cylinder, which is then
fed into the cylinder together with air,
consequently forming the gas mixture. It is
generally accepted fuel injection pattern at
present.

Various sensors are used to gather the
parametric signals characterizing engine
operating modes; through computation,
analysis, and comparison, ECU exercises
precision control over the injection quantity
TECHO 05 B F2S SR 15 Bt Electronic Fuel Injection needed under each engine mode, thus
assuring satisfactory power performance,
economics and emission performance of
engine. By now, it is already extensively
employed on both local and foreign
vehicles.
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Transmission

Exhibit B

Description of Transmission and Type of Drive model

Title in Chinese

Title in English

Characteristics

TR AR AR

Manual Transmission

By manually shifting the gear level, alter
the gear engagement position of the
transmission, thus changing the drive
ratio and reaching the goal of gear
shifting.

B ASH &

Automatic Transmission

Here, AT specially refers to hydraulic AT,
consisting of hydraulic torque converter,
planetary gear and hydraulic control
system. Speed and torque are changed via
hydraulic transfer and gear combination.

BB A 222 i s

Automated Mechanical Transmission

Based on common MT, electronic control
unit and hydraulic system are added to
managing clutch and gear-shifting
process, such that automated or manual
gear-shifting could be realized without
driver’s manipulation of clutch.

TR AL H A

Continuously Variable Transmission

As compared to other transmission types
(MT, AT), CVT’s biggest feature lies in
that its drive ratio is not represented by
intermittent point (e.g., 6, 7, 8), both
continuously varying value (e.g., from 6
to 7).

W S A A

Dual Clutch Transmission

In addition to the flexibility of MT and
comfort of AT, DCT may provide
uninterrupted power output.

Type of drive model

Title in Chinese

Title in English

Characteristics

HITFE KB

Front Wheel Drive

EE ez

Rear Wheel Drive

Based on quantity of driving wheels,
four-wheel motor vehicles are classified
into two-wheel drive (having two and
only two driven wheels) and four-wheel
drive (having four driving wheels)’
concretely, Front-wheel drive means the
engine drives the pair of Front wheels
only, while rear-wheel drive means only
the rear two wheels are driven.

S R IR

All Wheel Drive

A type of drive model by which, at any
time point during vehicle travel, all the
four wheels are distributed with tractive
force.
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