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Overview of China's Vehicle Emission Control Program
Past Successes and Future Prospects

8. Fuel efficiency and greenhouse gas
programs

Traditionally, national energy security has been the main driver for vehicle fuel economy standards. Over the past decade and a half,
China has gone from being self sufficient in oil to becoming one of the largest importers in the world. By the end of the 20th century,
China became the world's third largest oil consumer after the US and Japan. With an annual rate of increase of 4% in oil consumption
experienced in the past 20 years, China's oil consumption reached 210 million tons in 2000 and 394 million tons in 2009.87 The
amount of oil imported by China reached 70 million tons in 2000, accounting for 30% of that year's total oil consumption and has
since risen to 204 million tons or 52% of the annual total in 2009. A major cause of the increase in Chinese o0il consumption can
be attributed to the rapid growth of the transportation sector in general and motor vehicles in particular™. About 60% of China's oil
consumption in 2009 was for transportation.

Nowadays, governments around the world are also increasingly concerned about the climate impacts of greenhouse gases (GHG).
To date, seven world-leading auto markets have adopted or at least proposed vehicle fuel economy or GHG emissions standards.
China, as one of the world's largest GHG contributors and with the world's most rapidly growing auto market, is confronting the dual
challenge of reducing fossil oil consumption and curbing GHG emissions.

Driven by oil independence concerns, China was among the first countries in the world to adopt its first phase of fuel consumption
standard for light-duty passenger vehicles in 2005. The implementation of Phase I and Phase II light-duty vehicle standards helped
reduce the fleet fuel consumption from about 9 liters per hundred kilometer (9 L/100km) in 2002 to about 8 L/100km in 2008, or
a 10 percent of reduction. Now China is in the process of approving the third phase of the standard. China also established fuel
consumption standard for motorcycles. Fuel consumption regulations for heavy-duty vehicles are also in development. None of these
regulations addresses GHG emissions directly.

The design of various regulations may be improved to enable more certain fuel or carbon reduction outcomes. The following
provide a summary of international programs, China's programs and through a comparison highlights recommendations for future
improvements.

8.1 Overview of international programs

This section reviews current and proposed light-duty passenger and commercial vehicle fuel economy or GHG emissions standards
around the world. The focus is on the U.S. and EU regulations, as those two markets together account for over half of world's auto
production. For easy comparison with China, country-specific targets are converted from their original metrics to liters per hundred
kilometer (L/100km) under the NEDC cycle, the same metric adopted in China, in the brackets next to the original target values.

The United States

For decades, the focus of U.S. federal fuel economy regulation was energy security. On April 1st, 2010, the U.S. Environmental
Protection Agency (EPA) and Department of Transportation (DOT) finalized a new joint regulation for greenhouse gas (GHG)
emissions and fuel economy for light-duty vehicles (including passenger cars and light trucks) for model years 2012 through 2016.
The EPA established the first-ever national greenhouse gas (GHG) emissions standard under the "Clean Air Act", and the DOT
established an updated Corporate Average Fuel Economy (CAFE) standard under the "Energy Policy and Conservation Act". Key
elements of the rule are summarized below.

87 Wang Qian. 2010. Oil imports hit alarming level in China: Study. China Daily.

88 He, Hao, Zhang, He, Walsh and Wang. 2005. Qil consumption and CO, emissions in China's road transport, current status, future trends and policy
implications. Energy Policy 33.
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Stringency: Average light-duty vehicle GHG emission rate would be reduced from the average of model year 2008, which was 342
gCO,e/mile, to 250 gCO,e/mile in model year 2016, a 27% reduction. Interim standards would apply for 2012-2015. Fuel economy
would increase from an average model year 2008 level of 26 miles per gallon (10.3L/100km) to 34.1 miles per gallon (7.6 L/100km)
by model year 2016, a 31% improvement. Annually, this would be a 3.8% reduction per model year in average GHG emissions, and

3.5% increase per model year in fuel economy.

Pollutants: Additional requirements would be imposed on non-CO, GHG emissions, including hydrofluorocarbons (HFCs) from
vehicle air conditioning systems. Per-vehicle emission caps would be set for nitrous oxide (N,O) and methane (CH4) emissions.

Other climate forcers, such as black carbon, are not covered.

Structure: Following the current DOT fuel economy standard framework, the program sets separate numerical standards for vehicle
size or “footprint” (i.e., the area defined by the wheelbase and average track width) for passenger cars and light trucks. In contrast
to the S-shaped constrained logistical curve previously used, the new proposed system uses “piecewise linear” functions between
vehicle footprint and the test-cycle GHG emission rate. This general shape allows for different-size vehicles to have different

standards in the sloped portion, but constrains the largest vehicles at the upper bend and incentivizes vehicles below the lower bend.

Flexibility: The main compliance mechanism is improving vehicle fuel efficiency. But compliance credits can also be achieved via

other mechanisms, including air conditioning system technology and the deployment of flexible fuel vehicles.

On May 21st, 2010, the President requested the EPA and DOT, in collaboration with the State of California, to jointly develop the
next set of light vehicle GHG/fuel economy standards that will run from 2017 through 2025. A notice will be released by September
30th, 2010 that lays out the key components of the standards, including the potential standards that could be practically implemented
nationally for the 2017-2025 model years.

The US currently does not have an established fuel economy or GHG standard for heavy-duty vehicles. But the"Energy
Independence and Security Act of 2007" has requested US DOT to formulate fuel economy rule making for heavy trucks which
at the earliest will be effective from Model Year (MY) 2016. The National Academy of Science has conducted thorough studies
on technology potential for fuel economy improvement of heavy-duty vehicles, which will lay the grounds for the upcoming rule
making. At the same time the US EPA had laid out in its review of policies to address GHGs several options for the control of
emissions from heavy-duty vehicles. The announcement made by the President on May 21st, 2010 directing EPA and DOT to jointly
develop policies for regulating GHG emissions and energy consumption of light vehicles and medium- and heavy-duty trucks,
calls for EPA and DOT to jointly complete a final rule for heavy-duty vehicle GHG/fuel economy standards by July 2011. The two

agencies have jointly released a proposal for the medium- and heavy-duty vehicle GHG/fuel economy standards in November 2010.
The State of California

In 2002, California enacted the first state law (AB 1493) requiring GHG emission limits for motor vehicles. As directed by the
statute, the California Air Resources Board (CARB) issued a regulation in 2004 to establish year-by-year GHG emissions targets
for two vehicle class categories from MY 2009 to 2016, giving automakers a 5-year lead time. In late 2009, EPA granted a
waiver to California to implement its GHG standard for 2009-2011 vehicles. California subsequently revised its program to allow
manufacturers to show compliance with California's standards by complying with the federal standards. It is expected that California
will propose the next set of standards, for years 2017-2025, by the end of 2010.




e LS HE R T R T AL

JRINZ g AR B
e

kiR

19984, BRER SRR T EEmA0F L R AEE T — BRI, F20085FE, K4 — A dtids s
140g/km o X—BEEFASEEL FIREERE], KRG E N S ARHERCE 9 159g/km o BREH e a7 3]
PRAEREIRA 1) — Sl . 20085F12 1, BREZZR RSN THHETME, FEIRHER M R ki, F20%
HAFEATR

JEREEEE: X — AR BRI S TR AR RS, A 10g/km OIS NSO B H e A R B, AR AR AR
. ASHAETERES . 2SR, BOhnAEYpREME BRI RIS . RS RREEZE R BER20134F T REZ Sl H RO R R 28,
HELEM TR R, RIFER20205% 495 g/km(3.8L/100km).

PRI A PR BN A AT TS ACRRHECR . IRE T — MR AR, FRARE G S Y
FUEHEREFR. A ki BARENR BRI AR, SR ERETTE RN . RIERELHIR R 275 TR SR
U HI G ST AN SR AR, (BT EN, PR ARIREREN S . XERIRIHEA TR 1A
PRI AR RIS, PSS IEAARHE H b

AR HAFRdE:  20096E10 5, BRRRASEE CHTHIREE, T RISEIRE IR - r " Sl (PRt
PPN o E120145F, BRI FHZERFEHEREERE £175g/km. B BAREE12020F 508135 g/km iy HFR. X—
PR R R AR A A - AR B N R B AR(E,  PrdEisit SR AE 240,

AT

BSR4 ke &2 T2005 90070 T BIEM: HErE, 20104, BENEDC LA R#HTIE A 4 4 E SRR HE T
(NACE) BN 2220 S/ f#4(9.5L/100km).

2009412 7, &AL 12011-20165F IR HIZE T 4oim = UAHE B B TR RS . SRR RECGEE SHTHIE FLLEE
RSP AR E . BAINBONEE T HEIER DT, W TN20165 N O =R R r iR 2= SURHE
EPERER BISEEAT OB BL153 78— S /EhR(7.6 NEDC L/100km). X 520074 /ENNE KB SRR, KEREIKT
20%. Ait, INERWERFYRNIEEEZVMRE, KBRS ASEMEPRELE, g Rn 2 gescil bBu i
FREAHHEBOICE BEARIHER . BN S KBS AR BB R R st 1, TR D& Kot = K520 16 FF 24 brofise
KA B 14950 X 1(6.9L/100km NEDC L5 ) B AEATISLRAL. Hit, A 1555 SRR E 75 BFRrT B

=M E bR

89 FIRAFEN_ENWHHIMBEMTEAIN: BinE= 130 + a*(M-M0), EFIMZZEMHRSE, M20125)20155, M0ETF1372,, a%7F0.0457. 20165FLL
&, MOB#HIAZANZBI=EHRAGEFNRE, Zaf257F0.0457. £ FERIN BiMERRREF D2 EEE T FMAF RS EH T
TEMBHIBCRITE. kR MBERE: MENSEIEMIE(EC) No 443/2009, 2009F4H23H .

90 XEFAEENFLHEPETRIE,




Overview of China's Vehicle Emission Control Program
Past Successes and Future Prospects

The European Union

In 1998, the European Union signed a voluntary agreement with auto manufacturers selling to the EU market to reduce fleet CO,
emissions to 140 g/km by 2008. That voluntary target was not met, and at the end of the compliance period the EU-wide fleet average
CO, emission rate was 159 g/lkm. The EU decided to establish mandatory standards to curb CO, emissions from cars. In December
2008, the European Commission adopted a new regulation to reduce the average CO, emissions of new passenger cars. Key features

of the regulation are as follows:

Stringency: The fleet-wide CO, target was set at 130g/km (5.2L/100km) by MY 2015. That target is to be met with vehicle efficiency
technology improvements alone, with an additional 10g/km cut achieved through additional measures including changes to tire
pressure, gear shift indicators, and air conditioning, as well as an increased use of biofuels. A more far-reaching 2020 target of 95g
CO,/km (3.8L/100km) was also announced, though the European Commission will have to consider the technology pathways to

achieving this target by 2013.

Structure: The standard is a weight-based corporate average of CO, emissions. The regulation specifies a linear equation®” to calculate
the specific emission target for each vehicle depending on its weight. The target for a particular manufacturer is then calculated by
sales-weighting the specific targets of all vehicle models it produces. The slope of the linear curve is determined largely based on the
current weight and CO, performance relationship trend line of manufacturers in EU, but is manipulated to be flatter than the slope of
the actual trend line. This is to prevent manufacturers to cheat against the system by arbitrarily up-weighting their car fleet in order to

gain a more lenient target.

Standard for light commercial vehicles: In October 2009 the European Commission adopted a new legislative proposal to reduce
CO, emissions from light commercial vehicles (vans or N1 category under the European classification™). A fleet average for all new
light commercial vehicles of 175g/km will apply as of 2014. A long-term target of 135g/km is specified for the year 2020. The
proposal also adopts a weight-based linear curve to calculate the specific target for each vehicle, similar to the regulatory design for

passenger cars.
Australia

The Federal Chamber for Automotive Industries established a voluntary target in 2005 to reduce National Average Carbon Emissions
(NACE) for all new passenger vehicles to 222 grams of CO,/km (9.5L/100km) under the NEDC driving test cycle by 2010.

Canada

In December 2009, Canada released a draft regulation to limit GHG emissions from passenger cars and light trucks in model years
2011 through 2016. The standards will adopt the footprint-based structure proposed in the latest U.S. rulemaking. While a more
detailed analysis is being conducted, the Canadian government anticipates that the average GHG emission performance of the 2016
Canadian fleet of new cars and light trucks would match the average level of 155g CO,/km (7.6 L/100-km) that has been projected
for the U.S. That would represent an approximate 20% reduction compared to the new vehicle fleet that was sold in Canada in 2007.
However, with a much smaller average fleet size than that in the U.S., by adopting the same footprint based standard structure,
Canada should be able to achieve a lower average emissions level than what the government has anticipated. If it is assumed that
Canada will achieve a similar annual fuel economy improvement rate, a more realistic target for Canada would be a fleet-average of
149g CO,/km (7L/100-km under NEDC cycle) by 2016. The 155g CO,/km target therefore could be considered as a low end target.

89 The equation to calculate the specific CO, emission target for each new passenger car is :Target= 130 + a*(M-MO0), where M is the mass of a particular
vehicle, from 2012 to 2015, MO equals 1372, a equals 0.0457. After 2016, MO will be adjusted to be the average mass of new passenger cars in the
previous three calendar years, while the value of parameter a will still be equal to 0.0457. The specific emissions target for a manufacturer in a calendar
year shall be calculated as the average of the specific emissions of CO, of each new passenger car registered in that calendar year of which it is the
manufacturer. Source: The European Union Commission:

Regulation (EC) No 443/2009 Of The European Parliament and Of The of 23 April 2009.

90 This vehicle category is under light-duty vehicle classification in the US.
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Japan

Introduced in 2007, the current fuel efficiency regulation sets weight-based binned corporate average standards for model year 2015.
When the 2015 targets are met, the fleet average fuel economy is expected to be 16.8 km/L (5.4 L/100km) under the new Japanese
JCO8 driving test cycle, a 23.5% increase over 2004 (13.6 km/L). Japan also established a fuel economy target for light commercial
vehicles (vans) of 15.2 km/L (6 L/100km) for 2015.

South Korea

In July 2009, South Korea proposed a combined fuel economy and GHG emissions target of 17km/L and 140gCO,e/km (6.4
L/100km) for MY 2015. The new standards will be weight-based, and will use the U.S. CAFE combined cycle for testing purposes.

8.2 Overview of China's fuel efficiency programs

Passenger Cars

China introduced its first national fuel consumption standards for new passenger vehicles (M1 category under the European
classification) in 2005. Three years later, as the second stage, the standards were made about 10 percent more stringent. In August

2009, China proposed a further strengthened Phase III standard. The evolution of these standards is illustrated in Figure 8.1.

Unlike the corporate average fuel economy or vehicle GHG emissions standards adopted in other parts of the world, the first two
phases of the Chinese standards were per-vehicle certificate standards. Under that type of system, a new vehicle model must meet
the minimum fuel consumption requirement for its weight class before it can enter the market. Such a compliance scheme, though
useful to phase out vehicles with outdated technologies at an early stage, cannot encourage manufacturers to adopt state-of-the-art
fuel efficiency technologies over time. In the proposed Phase III regulation, China is considering a combined per-vehicle certificate

standard and corporate average standard system. So far a detailed implementation plan has not been released.

Phase I and Phase II standards helped improve the fuel efficiency of new passenger cars from 9.1 L/100 km in 2002 to 8.1 L/100
km in 2008. According to the China Automotive Technology and Research Center (CATARC), the proposed Phase III standards
will reduce the fleet-average fuel consumption of the new car fleet to 7L/100 km when fully implemented in 2015. This represents a
13% improvement in fleet wide fuel efficiency between now and 2015, or 1.8% annual gain over the period. Figure 8.2 compares the
world's light-duty vehicle fuel efficiency (GHG) regulations. China's new target ranks fourth after Japan, the European Union, and
South Korea in terms of regulatory stringency. Note that such ranking does not correct for the differences of average vehicle weight

among various markets. Generally speaking, the heavier a vehicle, the more fuel will be consumed to move it.

91 This is very likely because the technology improvements between the two markets are very close given the high harmonization of the North American
auto market.
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The 2015 target value is projected assuming the fleet mix by vehicle weight will remain the same as in 2008. One potential barrier

to reaching the target is that cars in China are getting larger and heavier”. China's weight-based fuel efficiency standard does not

provide any incentive for manufacturers to adopt light-weighting technologies to cut vehicle weight. As market demand for heavier

and higher-performance vehicles rises, the fleet-average fuel consumption will not be able to meet the 7L/100 km target.

18
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Note: Before CY 2016, the Phase III (automatic transmission, AT) targets will apply to LDVs with three rows of seats or less and

with automatic transmissions. After CY 2016, all LDVs will be subject to the same Phase III (manual transmission MT) targets.

Figure 8.1: Chinese new passenger vehicle fuel consumption standards

Other vehicle types

In 2005, China announced a two-phase fuel consumption standard for light commercial vehicles (N1 and M2 categories under
European classification). Similar to the Phase I and Phase II passenger car standard, the main purpose of the standard is to speed up
the phase-out of outdated technologies by accelerating the modernization of the fleet. In 2008, China introduced fuel consumption
standard for motorcycles. China is currently developing a test procedure to eventually set a new standard for heavy-duty vehicles, and

is about the finish the second phase of motorcycle fuel consumption standard.
Comparing the stringency of world tuel efficiency standards

Table 8.1 summarizes the key features, including stringency and structure, of light-duty passenger vehicle standards worldwide.
Table 8.2 compares the design of China's light-duty commercial vehicle fuel consumption standards with those proposed or adopted
in the EU, US and Japan.

92 Data from CATARC reveal that the share of models with curb mass below 1,090 kg was 44 percent in 2002, while that ratio dropped to 27 percent in
2006. Source: CATARC 2008, "Evaluation of Passenger Vehicle Fuel Consumption Standards".
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Table 8.1: Summary of world light-duty passenger vehicle standards

MODEL UNADJUSTED
COUNTRY/ STANDARD TARGETED
YEAR FLEET TARGET STRUCTURE TEST CYCLE
REGION TYPE FLEET
EFFECTIVE /MEASURETT
Fuel economy 34.1 mpg* or Footprint-based .
US 2016 . Cars/LT US combined
/GHG 250 gCO,e,/mil corporate average
Canada 155 (149)T Footprint-based .
2016 GHG Cars/LT US combined
(Proposal) 2CO,e,/km corporate average
Weight-based
EU 2015 CO, 130 gCO,/km Cars/LT NEDC

corporate average

Australia

2010 CO, 222 ¢CO,/km Single average Cars/LT NEDC
(Voluntary)
Weight-based
Japan 2015 Fuel economy 16.8 km/L Cars JCO8
corporate average
. Weight-based
China Fuel .
2015 . 7 L/100km Per vehicle and Cars/LT NEDC
(Proposal) consumption
corporate average
S. Korea Fuel economy 17 km/L or Weight-based .
2015 Cars/ SUVs US combined
(Proposal) /GHG 140 gCO,e,/km corporate average

*The U.S. mpg target incorporates a fuel economy credit equivalent to the GHG emissions reduction achieved through the
improvement of vehicle air conditioning system.

T The Canadian target is announced by the Canadian government. But this is only a bottom line target given that Canada has an
averagely smaller fleet than the US. The ICCT estimates a more reasonable 2016 target for Canada to be 149.gCO,/km, or 7L/100km
under the NEDC test cycle.

7T gCO,/km is the metric for CO, emissions per km traveled, gCO,e/km is the metric for presenting the GHG emissions per km
traveled that are equivalent to the global warming potential of the potential of CO,.

Though metrics and driving test cycles vary from country to country, the ICCT developed a methodology in its 2007 report —
Passenger Vehicle Greenhouse Gas or Fuel Economy Standards: A Global Update -- to normalize the different driving test cycles
to allow apples-to-apples comparison of different standards 92. Figure 8.2 shows this comparison, with standards normalized to the
NEDC cycle in L/100km. In terms of absolute value performance and target, the EU and Japan have adopted or proposed the most
stringent standards in the world. However, when comparing the stringency of various policies, one cannot ignore the variation of
fleet characteristics. Countries with heavier and bigger cars tend to set less stringent targets in absolute terms. This also indicates that
improvements in technology required under these various regulations may not be directly reflected in the absolute stringency of their
emission targets.

93 ICCT. 2007. Passenger Vehicle Greenhouse Gas and Fuel Economy Standards: A Global Update. (http://www.theicct.org/information/reports/car_and_li
ght_truck_fuel_efficiency#).
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ACTUAL FLEET AVERAGE FUEL EFFICIENCY DATA THROUGH 2008 AND
NEAREST TARGETS ENACTED OR PROPOSED THEREAFTER BY REGION

12 Solid dots and lines: actual data

o Hollow dots and dashed lines: nearest targets enacted
d 11 Smaller hollow dots and dotted lines: proposed targets
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Figure 8.2: Comparison of standards by region
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Table 8.2: World light-duty commercial vehicle fuel economy standard

EU usS Japan China
Light trucks max. GVW
10.000 pounds (= 4.6 tons)

(incl. SUVs, short-bed . . N1 (min. 50 km/h) and
N1 max. GVW 3.5 tons, N2 K Freight vehicles max.
Targeted Fleet L. pickup trucks, passenger N2 max. GVW 3.5
and M2 monitoring only GVW 3.5 tons
vans; excl. work trucks, tons

multi-stage and medium-
duty vehicles)

Current average CO, 388 g/mi = 241 g/km 13.5 km/l = 177 g/km
. 203 g/km (2007)’[NEDC] Unknown
emissions!' level! (2009)* (2004)* [JCO08]
Estimated effect of 175 g/km (2016) 352 g/mi = 218 g/km (2012)
. . . 15.2 km/l = 157 g/lkm
regulation on average new (phase-in from 2014 on) 302 g/mi = 188 g/km 2015) Unknown
fleet performance 135 g/km (2020)° (2016)°
5 . 5 5 Weight and
Metric of target system Weight-based Footprint-based Weigh-based .
displacement based
Current status of regulation | Proposal In force In force In force

1. note: average fleet values not directly comparable due to differences in vehicle definitions

2. source: AEA —"Assessment of Options for the Legislation of CO2 emissions from Light commercial Vehicles", p. 18

3. source: EPA — "Light-Duty Automotive Technology, Carbon Dioxide Emissions, and Fuel Economy Trends": 1975 Through 2009, p. 21. The
unadjusted test numbers were used.

4. source: METI — 2007 top runner report, p. 11. "Simplified Conversion Based on Assumption of a 90 % gasoline share", see p. 20

5. source: COM(2009) 593/3

6. source: EPA regulatory announcement, September 2009 (EPA-420-F-09-047)

8.3 Key regulatory design issues

Type of standard

Two broad types of standards are adopted worldwide: vehicle efficiency standards and GHG emissions standards. Efficiency
standards include fuel economy standards, measured by distance traveled per unit of fuel (mpg, Km/L), and fuel consumption
standards, measured by amount of fuel used for a given distance of travel (L/100km). GHG emissions standards may narrowly refer
to CO, emissions directly from combustion or to a suite of GHGs— such as CO,, CH,, HFC and N,O—emitted from operating a

vehicle and auto accessories.

Black carbon (or soot) is an aerosol emitted from incomplete combustion, and has a strong positive climate forcing (which causes
warming). But so far, the warming impact of black carbon is not regulated under any vehicle GHG standard. But because black
carbon is a part of the fine particles in vehicle exhaust emissions, it is regulated under tight conventional pollutants standards.
Removal of particulate matter can reduce the emission of black carbon as well. Alternatively, the CO,-equivalent value of black
carbon can be incorporated into a GHG standard. This requires knowledge of the black carbon emissions from the vehicle and its
Global Warming Potential (GWP). The ICCT has estimated a 100-year GWP of 460 based on official IPCC data. But to take full
account of the immediate climate benefits of black carbon reductions, the design of a GHG standard should take into consideration
the role of 20-year GWP values, which would be necessary for all pollutants in the GHG basket. For black carbon ICCT estimates a
20-year GWP of 1600.




LS HE R R R T A
JRINZ I AR B

RUEAHEL R, (EBRERSCR PR — SEARIRE AR rTAHEL AU A Il b T — RERIR AR, =8
AU E . Ry BA 2R E R ke, BT AREBRE (BREED MRS EARR, SARBEZERNS, AR
BHEFE AR N RERA AR B AR . JFH, SRk (BRETIRD AR b iy bl — SRR A =
Fo HIt, BORSIE & USRS R AR = AR 2[RI 2 5

I 2= SUAHESR D P ASR (I — PR s, BB MBI BIRHE—— B0 =S I A SRR st . i
FEE R LRSI RGISE R SWH RSN TR, XS R 2 BRVERE R HEIH B 2 0 "SRR BMAUR TS
RRHHER T DUREE S R LA T, $RTT S IR BRSO R PRI SFSREEL. Biln, SM=AEdEE AU — MRS
Bt .

S IARGARR R SRS RS, HREERE H 2 IAEIL FI/ZHFC-134a, HAeRRARZHaEE L A
TERREI 130075 . B IAMIR A A= AR XE LA, il RIS it (H2 G WPEBHRAVE A T LUR 2 ittt
IRIER R SRS AT, BB B UL FI2R1234YF . HGWPEZ4. PGB S ATRIHISH, Al
I/ D90% i) IR IS Y S5 " ARHENR. iR A e TR To ik e Ik Y BRI a7 o

PR LR — MBI R IR TERWBCR EARIIIE S Tk, ABIRZCSRA TR 2 BT IR SR bR
MEZRERA . BAE, HESE SRR, HansEimn = AR R rrfia o2 . 200948 AS 1R
SFEERSFERE G, PEASEE2020F IR R40%-45% .+ E H AR R AEbriEs Rk 1) R E bR G =
REREBTERZESERA R, AR RERR(E rT USRS — SR B bx, o H R LA e s —
AR 2R, SRR RO T, XM E RS AR AR . BN, RIS R, AR RER
PR BRI T MO 2 T A SRR DI 2 SUAHER . R, SRR e e B i = SRR R 2 2 SeBX —
FbRAEZEIS Z—.

A B A G AN 9 2l b B0 2

AT RS R B O Zeibrote, AR A B B R R I E R AR AR S D A P il 52 4 D 0 82,
BEGTHPE SR EL TRIR,  FRSXEEPREEAY, EER L EE SR KA AR BB
R RO AT R S RO Bl O brof . SR SREXE R DR A 2l oot 3R RS REEERRdfiRe “ BIENTE
R, B ARG ZRIER GRS IG Z RIFSEED) o B, B, o ERRS E R 2 R AR £ 0 B A A A
i

B TECR AR SR 24N, SRS S ERE RS IR K. 19794 2 E H R i A R4 B2 b
HERT, FruE R T REE Ul (GVWR) A AT 600055 HZE ., F19804F, GVWR FIRIET 285008 1 — B kL 5=
Lo ARV IG U HEHR 2 R B R A B D RN R 4, MBS e s AR A R EbRiE . A=l ighn
THEBETEIGVWR,  IX X AT T DM CAFEAREE A 00 . XAETT 2205 B, RS s BN 1728 %, iF#AI%
TR 5 ¢ sk, HE AR, Heaml g E s TS E S R AR Sk th R R S A .
EE TR TR EEREORIOT S, (B H AR L T 2R UR#a . 19939 4450 L B B A FEA RS bR
W, TEMARED T, SR EELIOERACEREIN T13%” ., X—M& S hEEREEEN R, PEDESHN TE
WE R EEh R GrEL FROkE S . R CERAESER e ZENEES, R AR ERZE Ll P i
AR N

94 EPA. 2008%F. (EBIZERIRFMARIESTIEBE: 1975-20085F) . AJ NEAN8EEEER{Shttp://www.epa.gov/ioms/cert/mpg/fetrends/420s08003.pdf 20084F9
B29H.
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Publications/prep_hand_out/lid:513.
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Although related, a fuel-efficiency standard and a CO, emission standard cannot replace each other. The two are interchangeable
only if the whole fleet is relying on a single source of energy. When there are multiple fueling options in market, the same fuel
consumption requirement does not translate into same CO, impact from tailpipe emissions of vehicles running on different fuels,
given the different carbon content in the fuels (or energy). Furthermore, the upstream CO, emissions for producing the fuels (or
energy) vary. Therefore, policy makers must take into consideration the difference between fuel efficiency and GHG emissions
standards.

A GHG emission standard also provides compliance flexibility by taking into account non-engine technology improvements—to the
air conditioning system and refrigerants, for example. Operating and even carrying the A/C system places an additional load on the
vehicle engine, and causes additional fuel to be consumed and therefore more CO, emissions. Emissions as the result of such extra
load can be mainly reduced by system redesign to increase the A/C efficiency, and using alternative refrigerants. For example, an
alternative system design is the externally controlled variable displacement compressors (VDCs).

Leaking refrigerant from the A/C system can have a considerable climate impact. The most commonly used A/C refrigerant in the
current U.S. fleet is HFC-134a, which has a global warming potential (GWP) 1,300 times that of CO,. Although the incidence of
leaks is relatively difficult to control, especially leaks that result from car accidents, adopting alternative refrigerant compounds with
lower GWP can significantly reduce the leakage-related climate impacts. Alternative refrigerants that are being considered for vehicle
application include R1234YF with a GWP of 4. Replacing the current refrigerant with propane, for example, reduces the CO,—
equivalent emissions from leakage by more than 90 percent. That benefit, however, is not reflected in the improvement of vehicle fuel
efficiency.

The type of standard is a political choice and depends on national priority. In the past, energy security and oil dependence were the
primary drivers of fuel efficiency standards. Today, as global awareness of climate change mounts, there is a noticeable shift toward
setting GHG emissions targets. After the 2009 Copenhagen Climate Conference, China pledged a 40%—45% reduction in carbon

intensity by 2020. Currently, China's light-duty or future heavy-duty vehicle standards do not directly address GHG emissions,
though the fuel consumption limit may temporarily translate into a CO, target given that almost all passenger cars currently are using
a single fuel -- gasoline. However, when alternative-fueled vehicles become more common in the future, such direct relation will not
hold. In addition, as mentioned previously, a fuel consumption standard does not encourage improvements of A/C system to reduce
GHG emissions. Therefore realigning the vehicle efficiency standard to GHG emissions standard could be part of the strategy to
fulfill this goal.

Weight-based versus size-based structure

An attribute-based vehicle standard, such as one that differentiates by vehicle weight or size, can reduce the impact on manufacturers'
competitiveness and avoid restricting consumer choices, and therefore may be fairer and more politically acceptable. This is the main
reason why most governments apply attribute-based standards to light-duty vehicles. The U.S. adopted a size-based standard, and
its chosen size metric is the vehicle "footprint", defined as the area between the tires (wheelbase times track width). The EU, Japan,
China and South Korea have all adopted curb-weight based standards.

Choice of attribute can have a huge impact on sales trends, as well as on the results of the policy itself. When the U.S. light truck fuel
economy rule was first established in 1979, it applied only to vehicles up to 6,000 pounds gross vehicle weight rating (GVWR). This
ceiling was raised to 8,500 pounds GVWR in 1980, where it has remained. Manufacturers reclassified many models as light trucks,
instead of cars, to take advantage of less stringent light truck standards. Manufacturers also increased the GVWR of some models
so that they would be exempt from the CAFE standards. This has largely contributed to a 28% increase in average vehicle weight
and a decrease of fleet-average fuel economy over two decades’™; of course other factors such as consumer demand for more luxury
models and performance also played a role. Despite a stringent weight-indexed vehicle taxation program, Japan has evidenced a
similar trend. Under its weight-based fuel consumption standards, introduced in 1993, the average weight of normal cars increased by
13% over 1990 level™. The implications are important to China, where a trend of shifting to a heavier, more powerful, and less fuel-
efficient fleet is already happening. The up-weighting trend is an important concern to current policy makers, especially given the
rapid growth of China's auto industry.

94 EPA. 2008. "Light-Duty Automotive Technology and Fuel Economy Trends: 1975 Through 2008", available online at http://www.epa.gov/oms/cert/mpg/
fetrends/420s08003.pdf as of Sept. 29, 2008.

95 T&E. 2007. Reducing CO, Emissions from "New Cars: A Study of Major Car Manufacturers' Progress in 2006", available online at http://www.
transportenvironment.org/Publications/prep_hand_out/lid:513.
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A weight-based standard system, such as the one currently implemented in China, is ineffective in preventing an increase in average
vehicle weight. Weight-based standards give manufacturers an incentive to up-weight their fleet in order to qualify for more lenient
standards and penalize manufacturers who use advanced technologies to reduce vehicle weight and improve fuel efficiency. An
ideal standard structure would encourage all fuel-efficient technologies, including better powertrain designs, engine downsizing, and
lightweight materials, while at the same time allowing vehicles to be produced across the entire range of sizes typical for the targeted

market segment.

The U.S.-style footprint-based standard structure has all these advantages over the weight-based standard. It rewards the use of fuel-
efficient technology and lightweight materials, while punishing up-weighting of vehicles that is directly responsible for more energy
consumption. It discourages pursuing bigger engines and higher performance at the expense of fuel efficiency. In addition, the
footprint standard basis, by definition, can reduce the chances of manufacturer "cheating" by adding big bumpers or other accessories

that would increase vehicle exterior size and qualify the vehicles for a weaker standard.

8.4 The role of fiscal policies

Fiscal policies are a crucial component of transportation climate policies. On one hand, manufacturers' investments in advanced and
green technologies, such as gasoline direct injection, continuously variable transmission, variable valve train, hybridization, and so
on, often cannot be fully passed on to consumers. This is because consumers tend to severely discount the lifetime fuel saving benefit
from technologies”. With fiscal policies, the manufacturers' rewards for adopting such technologies are more certain. In addition,
fiscal policies provide consumers with price signals for fuel efficiency and lower emissions, and help increase the mix of more

efficient vehicles in the market.

Vehicle taxes or other charges that vary with vehicle CO, emissions or fuel consumption are potentially more effective than policies
based on vehicle attributes (such as weight or displacement) in encouraging lower emissions and more fuel-efficient vehicles. This
is because manufacturers may adjust vehicle attributes in response to an incentive based on that attribute, without changing vehicle
performance and CO, emissions. For example, under an engine displacement incentive system, manufacturers are rewarded for
adding turbochargers and downsizing the engine, even though the engine may be just as powerful and use just as much fuel and
generate the same CO, emissions as the larger naturally aspirated engine it replaced. Currently, the U.S. and a number of European

nations have adopted either fuel economy or CO, based fiscal policies.

In recent years, China reformed its vehicle excise tax and acquisition tax by raising the tax rate for larger engine vehicles while
reducing that for smaller-engine vehicles. The purpose of the reform is to encourage a more fuel-efficient fleet. But for the reasons
stated above, such a policy may only result in a fleet of small vehicles without much improvement in vehicle efficiency. Shifting the
policy basis to fuel consumption or CO, emission could provide a more direct incentive to manufacturers and consumers without
introducing an extra tax burden. The French Bonus-Malus program that rewards and penalizes buyers based on a vehicle's CO,
emission performance not only stimulated the domestic vehicle market but have also successfully directed consumers to buy lower
carbon vehicles. The United Kingdom and Germany have also introduced CO,-based fiscal incentives to promote sales of low-carbon
vehicles. A 2010 ICCT report (Best Practices of Feebate Program Design and Implementation) and an upcoming report (Review of
Fiscal Policies to Influence Light-duty Vehicle CO, Emissions) detail various design issues and international experiences of feebate
programs and broader vehicle fiscal incentive programs that aim at reducing GHG emissions from cars. These reports can be a
reference for China when designing its own fiscal policies. Starting from June 1, 2010, the Chinese government offers a one-time
3000-yuan incentive to consumers who purchase small engine-size (<1.6 liter) vehicles that meet the Phase III fuel consumption
standards. This new incentive is an important step towards the right direction.

96 Greene, D.L., J. German and M.A. Delucchi, 2009. “Fuel Economy: the Case for Market Failure” , Ch. 11, in D. Sperling and J. Cannon, eds.,
Reducing Climate Impacts in the Transportation Sector, Springer Science and Business Media.
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Overview of China's Vehicle Emission Control Program
Past Successes and Future Prospects

8.5 Recommendations

The following recommendations primarily aimed at MEP cover five areas: authority, stringency, structure, enforcement and
complementary policies.

MEP should seek the authority to monitor and regulate GHG emissions from motor vehicles

As one of the highest contributors of gross national GHG emissions and with the most rapidly growing auto market in the world,
China's actions in mitigating climate change are extremely important. MEP should take the lead in addressing climate change issues
from both stationary and mobile sources. In the near term, MEP should seek the authority to regulate GHG emissions from on-road
vehicles, and begin to monitor and collect GHG emissions data from both new and in-use vehicles. This data can be used to develop
a GHG inventory that can be included in the conventional pollutants inventory database , as preparation for establishing any future
GHG standards. MEP is best position to ensure that action both on conventional pollutants and climate forcers are consistent with
each other and lead to co-benefits. In order to obtain the regulatory authority, MEP might need to conduct basic studies of GHG
impacts from automobiles. In 2009, the US EPA issued two reports concluding that GHG emitted from motor vehicles contribute
to climate change that endangers public health and the welfare of current and future generations. In the mid-term (post-Phase I1I
standard), MEP may consider establishing GHG emissions standards for new vehicles, or consider harmonizing the fuel consumption
standards with GHG emissions targets as was done in other leading markets such as the US and EU.

China should enhance the stringency of its current fuel consumption standards

For passenger vehicles, the proposed Phase III target is the fourth most stringent standard in the world in absolute terms. However,
if China' s target is compared with those in EU and South Korea, where the fleet are of very similar average size and weight,
China's target is the least stringent. Currently the 2015 target of 7L/100km represents an annual improvement rate of only 1.8%;
while that rate for South Korea is about 4.4% over the same period. Although the annual improvement rate is 2.7% under EU's new
regulation, EU has a much lower baseline (current performance) than China. China should pursue an annual improvement rate of 3%
through 2030, which translates into a fleet-wide target of 4.25L/100km, as an improved program scenario. If possible, a 4% annual
improvement that would achieve 3.5 L/100km fleet-wide, in 2030, should be considered. The fuel savings and GHG reductions from
adopting these two targets are modeled in the improved program scenario and strong program scenario in this study.

For heavy commercial vehicles, China is currently in the preliminary stage of regulatory design. However, based on findings from
US studies on technology potential, China could achieved as much as 50% improvements in new vehicles by 2030 from the 2015
baseline. To illustrate this, a 20% fleet-average improvement as the improved program scenario and a 50% improvement as the strong
program scenario were analyzed in this study.

China should adjust the design structure of its current fuel consumption standards, in order to deliver more certain fuel
and carbon reduction fleetwide

China's current weight-based structure for passenger cars fuel consumption standards encourages up-weighting, which may dilute the
fleet-average target. The use of engine displacement, as is currently done for light commercial vehicles is even less effective, as it can
be easily gamed by adding smaller displacement engines with turbochargers. These effects can be avoided by adopting a size-based
standard structure instead. In addition, it would be beneficial to adopt a continuous line instead of step functions in determining the
specific target for each attribute class.

China should replace the current displacement-based fiscal policies with a CO,/ GHG-based scheme to better support
the fuel consumption regulations and an overall carbon reduction goal

China in the past few years has made continuous efforts to reform its vehicle tax policies to encourage a market shift to smaller and
thus more efficient vehicles. On one hand, these efforts have led to very positive market response and trends showing that new sales
of smaller engine vehicles had grown drastically. On the other hand, current fiscal policies are not ideal for supporting vehicle fuel
consumption or GHG emissions targets. Substituting direct taxes on fuel consumption or CO, emission for the existing displacement-
based vehicle taxes would be more effective in directing consumers to purchase low carbon vehicles, as evidenced by the European
experience with CO,-based vehicle taxes. As MEP considers providing fiscal policies to encourage the purchase of low emission
vehicles, the ministry should consider taking into account GHGs in the design so as to maximize the benefits of the incentive program
in reducing conventional pollutants and GHG emissions.




