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

1. Executive summary

Introduction

In less than a generation, China has become the world's leading motor vehicle market in terms of both production and sales.
The iconic image of bicycle-filled boulevards has been replaced in many cities by one of congested roadways where primarily
domestically produced cars, motorcycles, trucks, and buses vie for space. Annual sales of on-road vehicles (excluding two-wheelers
and rural vehicles) have grown from roughly 250,000 in 1980 to nearly 14 million in 2009. Annual sales of two-wheelers (including

electric bikes) have grown from about 600,000 to a staggering 50 million plus.

The Ministry of Environmental Protection (MEP), which achieved cabinet-level ministry status in 2008, is on the front line of efforts
to mitigate the air pollution resulting from these vehicles and other sources'. In the last decade, under the auspices of the China Air
Pollution Prevention and Control Law, China has implemented a series of increasingly stringent vehicle and fuel standards, inspection
and maintenance programs, and traffic restriction zones to improve air quality. However, the rapidly growing vehicle fleet poses a
great challenge. Every vehicle rolling down the assembly line and joining traffic on those roadways adds to an already heavy burden
of air pollution. With industry increasingly located away from the big cities, motorized transportation has become one of the leading
contributors to fine particulate matter pollution (PM2.5), haze, smog, and other serious air quality problems”. The resulting public

health impacts range from increased risk of premature death to rising incidence of respiratory and cardiovascular diseases.

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 and has also regulated motorcycle fuel consumption. Indeed 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. One of the major drivers of this increase
in Chinese oil consumption is 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.

Objectives and methodology

At the request of MEP, the International Council on Clean Transportation (ICCT) has undertaken an assessment of the
accomplishments to date and deficiencies of China's current vehicle emission control program. Further, MEP asked the ICCT to
assess the impact of various policy options and implementation scenarios in the short- and longer term (between 2010 and 2030)
covering urban and regional air pollutants as well as emissions of climate forcers. The scenarios are to include the potential tightening
of vehicle and fuel standards along with improvements to the compliance program, improvements in fuel consumption standards, and

the impact of advanced vehicle technologies and alternative fuels.

1 The MEP, formerly known as the State Council Leadership Group of Environmental Protection, was established in 1974. The agency was elevated to
become the Bureau of Environmental Protection under the Ministry of Urban and Rural Construction and Environmental Protection in 1978, then became
the National Environmental Protection Agency (NEPA) in 1988, directly reporting to the State Council. In 1998, NEPA became the State Environmental
Protection Administration (SEPA) directly under the State Council. And in 2008, it was formally elevated to the cabinet-level as the Ministry of Environmental
Protection, as one of the ministries of the State Council.

2 Chai Fahe, 2009. Air Pollution Control Law in the 12th Five Year Plan. Presentation at the 5th Regional Air Quality Management Conference, Beijing,
China. 10/26/09; Hao Jiming, 2008. Emission Control to Guarantee the Air Quality during the Olympic Games in Beijing. 11/6/08.

3 He, Huo, Zhang, He, Walsh and Wang, 2005. Oil consumption and CO, emissions in China's road transport, current status, future trends and policy
implication. Energy Policy Vol. 33.
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Overview of China's Vehicle Emission Control Program
Past Successes and Future Prospects

The ICCT assessment presented in this report includes a quantitative analysis of each scenario's impact on conventional and climate
forcer emissions, fuel consumption and public health as well as a qualitative comparison of China's programs to international best
practices. The ICCT team worked closely with the Vehicle Emission Control Center (VECC), which is a policy research center
affiliated with MEP, and a team of researchers from Tsinghua University led by Prof. He Kebin to assemble detailed information and

data about China's vehicle population and MEP's programs.

The quantitative analysis is based on the China Fleet Model (CFM) and the Health Impact Assessment (HIA) tool’. The CFM can
estimate emissions and fuel consumption from the entire Chinese vehicle fleet under a variety of past and future policy scenarios. The
model estimates all the major emissions of concern for air quality and climate change such as carbon monoxide, oxides of nitrogen,
total hydrocarbons, particulate matter, carbon dioxide, nitrous oxide, methane and black carbon. The model user can customize policy
scenarios that cover new vehicle emission standard levels, fuel sulfur concentration and vehicle fuel consumption limits. The model

user can also adjust the effectiveness of enforcement and compliance programs and the penetration of all-electric vehicles.

To assess the current program, the ICCT compared the vehicle and fuel standards implemented to date and the existing compliance
efforts with the emissions which would have occurred if no program improvements had been adopted beyond those already in effect

by the late 1990's ("Business as Usual" vs "No Regulation").

Looking ahead, emissions and fuel consumption estimates were made assuming that business as usual, i.e., all currently adopted
program elements are fully implemented while forecasted vehicle population growth continues. To assess potential program
improvements in the future, two additional scenarios were constructed ("Improved Program" and "Strong Program"). A variation on
these two scenarios was analyzed to evaluate the impact of delayed implementation of vehicle standards (China VI in 2020 instead
of 2015). A special scenario was also created to reflect policy options for urban areas ("Improved Urban Program"). These scenarios
were developed after consulting with the project team at the VECC and Tsinghua University and stakeholders within the MEP. The
emissions and fuels standards, fuel consumption requirements and compliance program elements set forth in these scenarios reflect
the project team's best judgment for what can be achieved over the next one to two decades. The scenarios are further defined in
Table 1.1.

The qualitative analysis begins with an in-depth review of best practices for setting new vehicle and fuel standards and enforcing
compliance. To this end, mature vehicle emission control programs in the United States, the European Union, and Japan are
synthesized and related to the Chinese context. In parallel, the ICCT team documented, with the help of the VECC and Tsinghua
University, the implementation of the current Chinese programs. A closer look was given to emission labels, an important consumer
information and in-use program enforcement tool. The ICCT also included a review of fuel economy/consumption and GHG
programs as well as alternative fuel and new energy vehicle programs. Although these programs are currently not MEP's primary
focus, the Ministry's involvement is expected to grow as concerns about transportation's climate impact redefine MEP's scope. For
each program reviewed, the ICCT team compared China's current program to the global best practices and identified barriers to

further progress in China.

4 The China Fleet Model and Health Impact Assessment tool documentations are available in Appendix B.
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Table 1.1: Scenario description

improvement); no HD

regulation

are gross emitters

FUEL
EMISSION EUEL ENFORCEMENT DEGREE OF
SCENARIOS STANDARDS STANDARDS CONSUMPTION AND COMPLIANCE | ELECTRIFICATION
STANDARDS
Stop at standards Stop at standards Existing type approval
No regulation None None
adopted by 1999 adopted by 1999 only
LD: Phase I, 11,
and III (2% annual 10% of vehicle fleet
BAU/Baseline China L, II, ITI, (IV) China I, IT, IIT None

Low-sulfur

LD: 3% annual

improvement; HD:

By 2015, only 5% of

LD: by 2030, 5% of

Strong program

“SULEV” (LD)

gasoline and diesel

improvement; HD:

50% improvement by

vehicle fleet are gross

Improved program China VI by 2015 gasoline and diesel vehicle fleet are gross new vehicle sales are
20% improvement by
(50 PPM) by 2015 emitters electric vehicles
2030, starting in 2015
China V (2012)
LD: 4% annual
and VI (2015) and Ultra low-sulfur By 2020, only 3% of LD: by 2030, 10% of

new vehicle sales are

and “China VII” (10 PPM) by 2015 emitters electric vehicles
2030, starting in 2015
(HD) by 2020
China IV + diesel
Low-sulfur

Improved urban particle filter in 2012 . . Same as Improved Same as Improved Same as Improved
d China VI b gasoline and diesel rogram rogram rogram
rogram an
Prog Y| (50 PPM) by 2012 prog Prog prog
2015
Conclusions

Despite the massive growth in vehicle stock and activity, China's vehicle emission control program has been effective in curbing

conventional pollutant emissions. According to the China Fleet Model (CFM), between 2000 and 2010, the cumulative emissions

benefit of the current program over a "no program" scenario has been 44.5 million metric tons for total hydrocarbons (THC), 238.7

million metric tons for carbon monoxide (CO), 38 million metric tons for oxides of nitrogen (NO,), and 7 million metric tons for

particulate matter (PM). See Figure 1.1 for a comparison of the two scenarios’. For a detailed account of the China Fleet Model data

sources, assumptions, and methodology, please see Appendix B.

5 The model does not provide retrospective estimates of fuel consumption and CO, estimates because it only include fuel consumption calculations from

2010 on.
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Figure 1.1: Percent emission reductions of current program versus no program

The policies carried out by MEP to date have resulted in substantial public health benefits. Using outputs from the CFM, ICCT

estimated the avoided premature deaths and other health impacts in the HIA tool. These estimates only account for direct PM and

secondary PM formation due to NOx emissions and do not include health impacts due to ozone formation and direct emissions of

NOx, CO, toxics, volatile organic compounds (VOCs) and other species. Table 1.2 provides the estimated incidences of premature

mortality, chronic and acute bronchitis, asthma attacks, hospital admissions, and restricted activity days that have been avoided

in China due to the current policies that are in place. More details on the methodology for quantification of health impacts can be

found in Appendix B. Comparison of ICCT's analysis with other recent studies suggests that ICCT's findings should be viewed as

conservative, low-end estimates of impacts.

Table 1.2: Avoided incidences of health impacts due to the current policy package

HEALTH IMPACTS (THOUSANDS) 2000 2005 2010
Premature mortality 6.3 30 110
Hospital admissions 0.95 4.2 15
Chronic bronchitis 14 63 220
Acute bronchitis 75 320 1,100
Asthma attacks 96 420 1,400
Restricted activity days 7,400 33,000 110,000
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Using conservative estimates, based on studies conducted within mainland China, the value of these avoided health impacts is
significant. In 2010 it amounts to 170 billion RMB ($25 billion), the equivalent of 0.5% of the GDP. This study valued health impacts
based on studies conducted in China of the willingness to pay to reduce the risk of dying from air pollution. The methodology for the

valuation of health impacts is included in Appendix B.

Despite the emission reductions and concomitant health benefits achieved by the current program, continued improvements and more
stringent policy measures will be required to mitigate the negative health and climate impacts of the significant projected growth

trends in the vehicle market. For example, Figure 1.2 illustrates the emissions increases expected under the current program.

THC, CO/10, NOx PM
Thousands Thousands
30 4
THC co/10 NOx PM

25
3

20
15 2

10
1

5
0 0

2010 2015 2020 2025 2030

Figure 1.2: 'Business as Usual (BAU)' trends, 2010 — 2030 (thousand metric tons)

With continued commitment to further tightening vehicle and fuel standards and by introducing new policy elements that parallel
international best practice, China can drive down emissions trends and move towards a world-class emission control program. This
is clearly illustrated in Figure 1.3, which shows the results of the two national scenarios (Improved Program, Strong Program).
Implementation timeline does have a significant impact on the potential to capture these emission reductions. In 2020, scenarios that

achieve China VI by 2020 lead to 30% to 70% more PM and 64% to 70% more NOx emitted than the scenarios where China VI is
reached by 2015. Even by 2030, there is still an emission reduction gap between 2020 and 2015 China VI implementation scenarios.
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Figure 1.3: Emissions of the BAU, Improved, and Strong Programs in 2030
(thousand metric tons)

The dramatic reductions in emissions with the Improved and Strong Program scenarios would translate into important reductions in
adverse health impacts in future years. Figure 1.4, which summarizes the health impact assessment results for all scenarios, shows
that the current program has saved numerous lives in the past decade and that a strong emissions control program could prevent three

times as many premature deaths in the coming two decades.

In 2030, the monetary benefits associated with the reduced health impacts of the Improved and Strong Programs would be expected
to amount to approximately 2.4-2.6 trillion RMB ($350-390 billion), equivalent to an estimated 2.3%-2.6% percent of the GDP.
Analyses conducted by other researchers in China, the United Kingdom and elsewhere confirm these findings with similar or higher

expected impacts in terms of levels of premature mortality due to air pollution and total monetary benefits of reducing emissions.
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Figure 1.4: Annual premature deaths under different scenarios

Additional improvements to the fuel economy program will yield substantial fuel savings and avoided carbon dioxide (CO,)
emissions as well as cement China's position as a global leader in this policy arena (Figures 1.5 and 1.6). In 2030, ICCT estimates
that the Strong Program will save roughly 78 billion gallons of fuel as compared to the baseline scenario (over 1,800 million barrels
of oil). In addition, there are considerable climate co-benefits associated with decreasing particulate matter emissions due to the fact

that black carbon-the highly potent climate forcing aerosol that is a subset of PM-is reduced as well.
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Figure 1.5: Projected fuel savings of Improved and Strong Program compared to BAU, 2020 and 2030
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Overview of China's Vehicle Emission Control Program
Past Successes and Future Prospects

In summary, with limited resources, the MEP has successfully adopted increasingly stringent emission standards and implemented
compliance programs that have helped eliminate millions of tons of pollution. In 2010, those efforts translated into approximately
170,000 avoided deaths. Without further regulation, however, emissions will increase dramatically, propelled by the expected vehicle
population growth. The two forward-looking scenarios evaluated show that a suite of well-defined policies together can reduce
emissions and fuel use as the Chinese fleet continues to grow.

Amongst the most important barriers to progress in China are the limits on MEP's authority with regards to emission-related fuel
standards and vehicle and fuel standard enforcement. This has undoubtedly delayed the adoption of lower sulfur fuels and reduced
the effectiveness of current standard compliance programs. Other barriers include opposition from the politically influential vehicle
and fuel industries on further tighening the vehicle and fuel quality standards as well as limited financial resources and staff technical
capacity.

Recommendations

The insights yielded by the quantitative and qualitative analyses lead to a set of near- and long-term recommendations for China's
path towards cleaner and more efficient transportation.

China has taken the critical first steps in the development of a world-class vehicle emission control program that can match its
position as a leading world vehicle market. Continuing that development will require building on the foundation established by the
current program and incorporating lessons learned from mature programs in the European Union, United States, and Japan. It will
also require unleashing creative and innovative policy thinking to adapt best practices to the Chinese context. Key areas of emphasis
in the coming years should include:

 Continued progress toward more stringent motor vehicles standards to close the gap with the Euro program, on which MEP
currently patterns its standards. This does not mean that China should simply retrace the path followed by the EU. On the contrary,
MEP should seek to adopt the most advanced standards necessary and feasible whenever possible. There are clear opportunities to
"leapfrog" to China VI and even beyond first in local jurisdictions where lower sulfur fuels (necessary for using the best available
control technologies) are available and then nationally. The public health and environmental payoff of seizing those opportunities
will be significant.

* Amending the "China Air Pollution Prevention and Control Law" to enhance MEP's authority to set fuel standards for emission
related parameters, enforce vehicle and fuel standards, conduct recall campaigns, and penalize noncompliance. Any significant
progress in the availability of clean fuels and the compliance and enforcement of adopted standards depends on the effectiveness of
that authority.

» Improving MEP's budget level and technical capacity. Limits on funding and technical capacity have in several instances put the
vehicle emission control program at a disadvantage with respect to other government and industry stakeholders. MEP should pursue
opportunities to raise funds through creative policy mechanisms such as emission fees, vehicle taxes and fiscal policies. Many such
programs would require partnerships with other ministries. Enhancing technical capacity could begin by prioritizing training needs,
continuing staff training programs with mature agencies, such as the U.S. Environmental Protection Agency, and leveraging resources
in China's universities and research institutes.

e Establishing policies to address greenhouse gas (GHG) emissions from the transportation sector. GHG policies are a natural
extension of the MEP's current program. To realize the potential co-benefits, conventional pollutants and climate forcers should be
addressed together. In near- to mid- term, MEP should obtain the authority to regulate GHG emissions from mobile sources and
enforce these regulations (including by imposing fines for non-compliance).

» Working with relevant agencies to realign China’s current fuel consumption standards for light- and heavy-duty vehicles to GHG
emissions standards. This process should include enhancing the stringency and improving the structure of current passenger vehicle
standards. Shifting from a weight-based or displacement-based to size-based (footprint) standard would remove incentives for up-
weighting and gaming.

* Fiscal incentives for both conventional pollutant and GHG/efficiency programs are an important complement to relevant regulation.
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. Replacing the current displacement-based fiscal policies with a CO,/GHG-based scheme would better
achieve this goal.

Detailed recommendations for each of the reviewed programs can be found in the relevant chapters and are summarized in Chapter
10.




