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

2. Project introduction and background

The International Council on Clean Transportation's (ICCT) comprehensive assessment of China's vehicle emission control program
began in July of 2009 at the request of the Ministry of Environmental Protection (MEP) of China. The main objectives of this project-

hereto referred to as the Retrospective Study-are as follows:
1) Assess both quantitatively and qualitatively the successes and gaps in China's current vehicle pollution control program.

2) Provide recommendations for program improvements in the near term (to inform the 12th 5-year plan) and the long term (2015 —
2030) .

3) Provide tools for continued assessment of the program's impact.

The project scope extends to all on-road vehicle types as well as rural vehicles and includes an analysis of fuel consumption

regulations. The ICCT organized its activities to achieve these objectives in four major tasks:

1) Summarizing regulations adopted and implemented to date and comparing them to international best practices;

2) Establishing future scenarios for the adoption and implementation of emission and fuel consumption regulations;

3) Developing a fleet model to estimate emission and fuel consumption impacts of current and potential future regulations;
4) Assessing costs and monetizing health benefits associated with current and potential future regulations.

The ICCT project team is led by Fanta Kamakaté and Michael Walsh, chairman of the ICCT board (advisor) and includes Freda
Fung, Ben Sharpe, Hui He, Kate Blumberg, and Yongling Sun. The internal review committee is comprised of Alan Lloyd, Drew
Kodjak, John German, and Anup Bandivadekar. Board member Michael Wang provided input to the chapter on Alternative Fuels and
New Energy Vehicles. Collaborations with the Vehicle Emission Control Center (VECC), which is a policy research center affiliated
with MEP, and Tsinghua University have facilitated the availability of data and information, which has been extremely valuable in

better understanding the Chinese context.

2.1 Historical context and significance of the current vehicle emission control program

The vehicle population in China has experienced significant growth over the past thirty years. The tremendous growth in the last
decade has led China to become in 2009 the largest vehicle producer and consumer in the world. As shown in Figure 2.1, annual
sales of on-road vehicles (excluding two-wheelers and rural vehicles) have grown from roughly 250,000 in 1980 to nearly 10 million
vehicles in 2008. Over that same time period, two-wheelers (motorcycles and electric bikes) annual sales have grown from about
600,000 to a staggering 50+ million. Since 2000, the total stock of cars, trucks, and buses has more than quadrupled from 13.5 to over

60 million vehicles. Over this ten-year span, the total stock of motorcycles has roughly tripled from 68 to over 200 million.




e RIS 4R B A

WRINZE K A K
e
35
-1 N — +jﬁ%$%¥ﬁ%§
R
= B BT

1980 1985 1990 1995 2000 2005

2.1: 1980 — 2009 *FEHHES (BIREMBIEFRAGE. £ENETL)

ZBIEEIE Z10F AP LAN E R RIE DL, RN RGN TRt DA SCEINE K. [Pl 2 EsE = SR ETT
T TSR, M EHAI80FE RgITHE, th EMHEBER Sk BUS THEICR . B2 2R T B sl ARl L
ANEREE, EIEMERHETT CRSISAPIAEY o RN P ESES I SR EE IR A . SPUPIsi e, BA
BB E— P 1999 AEAL s IS THASIE BRI 582 AR E B K A SR T A BT o 7 DA

o

6 ElPRYSIRSRIEF PEYENERE China Fleet Model, CFM). CRMISRI AT Sl AMFB RIS E BAIRATHERRT 2 ENN L E SEI MR I —
B RUHIERET1980-2008FFESERATRPON (SETIEE) | FHELHIEEMEERA. B, EH2008F US0MEEETAY
RS,

7R T EER—H, PEOEETRNENEF SRR, ENEEED, BB SR eSS TRES,
PEMPREERRS, REENENETANSEREINT. NNEER—, BN SEBTIT S,




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

35
30 —&—Total Highway VehicleSales @/
@ —#—=Motorcycle Sales
2 —+—Electric Bike Sales
(]
>
_S 20 S e e e el
% 15
(7]
2
» 10
5 -
0 :
1980 1985 1990 1995 2000 2005

Figure 2.1: Vehicles sales from 1980 — 2009° (highway vehicles include passenger cars, trucks, and buses)

Given the sheer magnitude of vehicle growth over the past decade, the task of curbing the negative impacts of vehicle emissions has
taken on increased significance. Looking at the history of efforts to improve air quality, emission control legislation in China has
evolved greatly since its inception in the early 1980s. Figure 2.2 highlights a few select milestones in China's mobile source emission
control including the establishment and revisions of the "Air Pollution Prevention and Control Law", the cornerstone of the air quality
program. The first significant policies targeting vehicle emissions were phased in with the implementation of 'China I' standards’ in

Beijing and Shanghai in 1999. The various elements of the vehicle and fuel programs are discussed in more detail in later chapters.

6 Data in this figure comes from the China Fleet Model (CFM). The CFM has historical sales data/estimates from the model developed by Hong Huo and
the Argonne National Laboratory. This data is based on China Automotive Technology and Research Center (CATARC) "Automotive Industry Yearbooks" for
years 1980 through 2008, and then projections are used for the subsequent years. As such, data points in this figure may not accurately represent sales for
years after 2008.

7 Like many countries around the world, China has chosen to mirror its vehicle and fuels programs after those set forth by the European Commission. In the
Euro program, the Arabic numerals and Roman numerals denote standards for light- and heavy-duty vehicles respectively; however, in China, there is no
official distinction, and Roman numerals are used to represent both light- and heavy-duty standards. As with the Euro program, increasing number values
imply greater stringency of the standard.
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First motor vehicle Air Pollution Prevention and Control Law (APPCL):provided
exhaust standards legislative basis for mobile source emissions control but
adopted authrity to regulate is dispersed amongst agencies

Revision of the APPCL,which:1)gave authority
to the MEP to set emission standards 2)
emission limits basef on air quality,economic
and technological factors,and 3) required in-
use vehicles to meet emissions standards

Revision of the APPCL,which gave
the Stae Council the authority to
regulate mobile source emissions

2000 1995
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China | standards for light-(LDVsyand heavy-
duty vehicles (HDV;) and leaded gasoline
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2005

Timeline for adopting China lll, IV (and V for
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testing emissions limits and testig methods
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China | standards for MCq
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LDV¢/HDV;

China lll standards for LDV¢/
HDVg; nonroad China | and |l
standards and China Il MC
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Figure 2.2: Selected milestones in China's vehicle emission control program

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

criteria 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 (NOx), and 7 million metric tons for particulate

matter (PM). For a detailed account of the China Fleet Model data sources, assumptions, and methodology, please see Appendix B.




LS R HE R R R T AL

JRINZ R 5 AR B
—

90%

—— B — e SR - A= B - ae - R

80%

70%

60%
50%
40%

30%

20%

10%

0%
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

2.3 BT LB BRI TEIRREMAVRARIR OBHFEED




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

90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

—=— THC -+ CO ~4+- NOx -'+* PM

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Figure 2.3: Percent emission reductions of current program versus no program
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Given the consensus within the scientific community that human exposure to the pollutants in vehicle exhaust can lead to increased
incidence of mortality and morbidity, it is evident that the policies carried out to date have resulted in substantial public health
benefits. Avoided premature deaths and other health impacts were estimated using outputs from the CFM. 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 2.1 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.

These benefits are in line with, but lower than, recent estimates by Zhang et al. of the total health impacts of air pollution in China®.
Compared with Zhang's study, this analysis would imply that vehicle emissions were responsible for one-tenth of the health impacts
of air pollution at 2004 pollution levels, the year in which Zhang's study was done. As mobile sources tend to be responsible for 50
to more than 80 percent of air pollution in major cities in industrialized countries’, are in close proximity to people breathing, and are
a rapidly growing source in China, it would be expected that mobile sources are responsible for a larger portion of the health impacts
and are growing over time'’. Comparison of this analysis with other recent studies suggests that these findings should be viewed as

conservative, low-end estimates of impacts.

Table 2.1: 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

Using conservative estimates to value health impacts, the total economic impact is significant. The avoided health impacts in 2010
are valued at a total of 170 billion RMB ($25 billion), the equivalent of 0.5% of the GDP. This study valued health impacts based on
studies conducted in mainland 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.

8 Zhang, M, et al. 2008. Economic assessment of the health effects related to particulate matter pollution in 111 Chinese cities by using economic burden of
disease analysis. Journal of Environmental Management 88:947-954.

9 Han, X, and Naeher, L.P. 2006. A review of traffic-related air pollution assessment studies in the developing world. Environment International 32:106-120.

10 Recent studies of PM,.5 sources in Beijing found vehicles to be one of the major sources of particles in the city (Chan, C.T. et al. 2005, Characteristics
of vertical profiles and sources of PM,.5, PM,,, and carbonaceous species in Beijing. Atmospheric Environment 39:5113-5124; Dan et al. 2004. The
characteristics of carbonaceous species and their sources in PM,.5 in Beijing. Atmospheric Environment 38:3443-3452.). In the 2001-2002 study by Dan et
al., however, PM,.5 concentrations rose by 50 to 100 percent in winter months, suggesting that home heating has been a significant source of emissions,
although this source is declining as other, cleaner fuels are replacing coal. Nonetheless, it would be expected that vehicle emissions be responsible for at
least 20 to 30 percent or more of health impacts in China with the share growing substantially if additional emission controls are not put in place.




LS R HE R R R T AL

JRINZ R 5 AR B
—

2.2 JE Bk

R HRIBCRETE D S R4 BT UGS TR s, (ERME TSI AT X, (hFHEARNI™E
SR RIS T RO SRR SR 2 [R12.4 1R T MEAEZI20304F MO S RLN, (=12 5IIFR T RIS 4=
HUMGIE DL, 2. 6FR2 7R T TEERIE R T, A REEIN M (O BRI, TR UL A7 5 B HE Rt
IBRERLER.




Overview of China's Vehicle Emission Control Program

Past Successes and Future Prospects
e

2.2 A look to the future

Despite the emission reductions and concomitant health benefits achieved by the current program, continued policy measures will be
required to mitigate the negative health and climate impacts of the significant projected growth trends in the vehicle market. Figure 2.4
provides the projected vehicle sales from today to 2030, and Figure 2.5 shows an estimate of total highway vehicle population growth
over the same time period. Figure 2.6 and 2.7 show the model results for criteria pollutant emissions and fuel consumption, assuming

no further action is taken to tighten regulations beyond their current, or business-as-usual (BAU), state.
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Figure 2.5: Modeled highway vehicle stock from 2010 — 2030

11 For highway vehicles, projections of vehicle sales are based on the model developed by Hong Huo and the Argonne National Laboratory. Forecasts for

motorcycle and electric bike sales are based on the team's best judgment. More details about modeling methodologies are discussed in Appendix B.
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Figure 2.7: 'Business as Usual? (BAU)' trends for fuel consumption, 2010 — 2030

12 With continued commitment to ratcheting down 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 control program.
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To model how China might strengthen its current program of today, three scenarios were developed: an Improved Program, a Strong
Program, and an Improved Urban Program. The Improved Program assumes the adoption of more stringent standards and other
program improvements in the near-and mid-term (2010-2025). The Strong Program includes more accelerated near- and long-term
improvements as compared to the Improved Program. The final scenario, the Improved Urban Program is an enhancement of the
heavy-duty vehicle portion of the Improved Program providing additional PM reduction benefits in urban areas that have early access
to ultra low sulfur diesel. After consulting with the project team at the VECC and Tsinghua University and stakeholders within the
MEP, the goals set forth in these scenarios (see Table 2.2 for scenario descriptions) reflect the project team's best judgment for what

can be achieved by 2030. The analysis included the following dimensions:
1) Emission standards: the timeline for moving to China VI standards and beyond
2) Fuel standards: the timeline for providing ultra low sulfur gasoline and diesel nationwide

3) Fuel economy"’ (FE): for light-duty vehicles, the BAU scenario includes Phases I, II, and III which extend from 2005 to 2015. The
effect of the current program was modeled as an annual FE improvement of 2% based on estimates of sales-weighted FE in 2002 and
the Phase III target for 2015. For medium and heavy-duty vehicles as well as light and mini trucks, the BAU annual improvement

was assumed to be 1%.

4) Compliance and enforcement: due to lack of China-specific data quantifying the efficacy of compliance and enforcement programs,

these policy components were modeled as having the cumulative effect of driving down the percentage of gross emitters'*.

5) Degree of electrification: electricity was the only alternative fuel for which a penetration scenario was developed. Heavy-duty
vehicles are not included in the electrification scenarios based on the ICCT's judgment that electric vehicles would have very minimal

adoption in on-road heavy-duty applications in the study timeframe.

Each modeled scenario is further described below in Table 2.2.

13 An important assumption in the Improved and Strong scenarios is that increased adoption of hybrid-electric vehicles will lead to improvements in FE.
However, hybrid vehicles are not specifically modeled in terms of their FE performance or market penetration.

14 In the model, gross emitting vehicles have emissions equivalent to vehicles with no engine or aftertreatment emission control features.
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Table 2.2: Scenario descriptions

Stop at standards Stop at standards Existing type approval

No regulation
adopted by 1999 adopted by 1999 only

Low-sulfur LD: 3% annual

By 2015, only 5% of LD: by 2030, 5% of

gasoline and improvement; HD:
Improved Program China VI by 2015 vehicle fleet are gross new vehicle sales are
diesel (50 PPM) 20% improvement by

by 2015 2030, starting in 2015

emitters electric vehicles

China IV + diesel Low-sulfur
Improved Urban particle filter in gasoline and Same as Improved Same as Improved Same as Improved
Program 2012 and China diesel (50 PPM) Program Program Program
VIby 2015 by 2012

The following figures summarize the modeling results and illustrate the significant benefits of a progressive vehicle emission

control program.
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Figure 2.8: Emissions of the BAU, Improved, and Strong Programs in 2030 (thousand metric tons)

The dramatic reductions in emissions with the Improved and Strong Programs would translate into important reductions in adverse

health impacts in future years. Table 2.3 provides the estimated incidences of adverse health impacts that could be avoided in each
scenario in the years 2015, 2020, 2025, and 2030.

Table 2.3: Avoided incidences of health impacts due Strong and Improved Programs

HEALTH 2015 2020 2025 2030

IMPACTS

IMPROVED | STRONG | IMPROVED | STRONG | IMPROVED | STRONG | IMPROVED | STRONG

(THOUSANDS)
Premature 34 38 100 110 200 220 310 340
mortality
Hospital 4.4 5 13 14 24 27 35 41
admissions
Chronic 67 76 180 210 330 370 480 530
bronchitis
Acute bronchitis 310 350 820 920 1,400 1,600 2,000 2,200
Asthma attacks 410 470 850 960 1,500 1,700 2,200 2,400
Restricted

ot 32000 36,000 84000 94,000 150,000 160,000 200,000 220,000
activity days




e RIS 4R B A

JRINZ R 5 AR B
—

MERIFRILIES], fEdEWI0FEd, BTEHEREE SRR TS Edr, SR IT%e, EAKRNE T4d, ]
Bege o g B T M ABCR B T BT =E2f5

400,000
W R T A # A M TR
BATRTUBEMAT R
BT T RBR O E G R

350,000 -~

300,000

250,000

200,000

150,000
100,000
50,000 I
0 T T T 1
2020 2025 2030

— T
2000 zool 201 2015

EEREETEN

-100,000

-150,000

2.9: FMER MERITLLRAINEE

F20304F, STHEMGE /T AR T = TR R A TN E R 182.4-2.6 T{Z AR (3500-3900(73571) , AT
FEIRNAEM=EE (GDP) #92.3-2.6%. (BRSBTS TS HE N EB . hEH G 3 TR O MR E DU H e H
X BORIF5TEE AR E T XREROMETR, E AR/ DR RTFE LT 10, WHERT T R B R e AN Bl as i L B A 124 51
AR =i

PZEREALET B RIREE =T, {E20154F, SCHEbri el 5 S BB A MR 900 AR iy . RUERHERAR/ N,
[EESSESR NN A VNE S e/l = vk /AN S A e SO 2L SN

15 SNZBIFMA, ERIARZhangS A TRIMINEAZTF, M20005FEI20055, SFSRRISHHITRISRIMEMANEFIZE L ZELLICCTRIRERS 1045,
BAEMGITRRBRESEEFZIINNERESSE . REEMIARH T RENESENHRES, MZESFEIRRT MISESAA, SZETSHANI0%
(REE TR, RNEHERERS, TERE, 2009F1088RSWIRE, 2010F3822H) - RIBX—51, EEIESIERIIZET A ATE
0.2%M13%X—RmsAIHITEERN (2030FHHKT, TAIMN=HIER) - EEHECFSHREEE T ES S REN LT E=EFENEM E RS,
XA RITRIATI R ECBIRTHY




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

As can be seen in Figure 2.9, the current program has saved numerous lives in the past decade but a strong emissions control program

could prevent three times as many premature deaths in the coming years.
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Figure 2.9: Annual premature deaths under different scenarios

In 2030, the monetary benefits associated with the reduced health impacts of the Improved Program and Strong Program scenarios
would be expected to have health benefits of approximately 2.4-2.6 trillion RMB ($350-390 billion), equivalent to an estimated
2.3-2.6 percent of the GDP. The complete methodology for valuation of health impacts is included in Appendix B. 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".

Considering the impacts in just the three cities of Beijing, Shanghai, and Tianjin, the Improved Urban Program would save an
additional 1,900 lives in the year 2015. While the emissions reduction is very small, it has a larger impact on mortality because of the

higher exposure rate in these large cities.

15 As previously reported, two recent studies by Zhang et al. found premature mortality rates in the years 2000 through 2005 associated with air pollution
from all sources to be up to 10 times higher than the ICCT findings, with the value of the impacts also an order of magnitude higher. The UK government
recently publicized findings by the European Environment Agency that premature deaths in that country could be as high as 50,000 per year, or 10 percent
of all deaths (House of Commons, Environmental Audit Committee, Air Quality. Fifth Report of Session 2009-10. March 22, 2010). In this analysis, the
percentage of deaths due to air pollution from vehicles varied between 0.2 percent and three percent at the extreme (2030 emissions with no additional
controls in place). Many other studies have also reported much higher impacts of air pollution from vehicles both in terms of mortality rates and economic
impacts, suggesting that these study results should be considered conservative.
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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 2.10 and 2.11). In 2030, it is estimated
that the Strong Program will save roughly 78 billion gallons of fuel as compared to the baseline scenario. 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 (Figure 2.12).
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Figure 2.10: CO, emission trends for BAU, Improved and Strong Programs, 2010 — 2030
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ACTUAL FLEET AVERAGE FUEL EFFICIENCY DATA THROUGH 2008 AND
NEAREST TARGETS ENACTED OR PROPOSED THEREAFTER BY REGION
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Figure 2.11: Fuel economy trends of select countries/regions, 2002 — 2030




e L) 2R HECS AP

RN GH T AN
—

3,000

2,500

2,000

1,500

TAMRR

1,000

500

2010 2015 2020 2025 2030
-PITHRE WHEAR BEUFE

212: PiTHE R, HELEEN S EBES MR RAREZ2010 — 20305

TERE TREERED, A MM TIERS A= E5 %, S EPRRELRIITHAL. W HBREE )
FAWRHIEE R UL, BuBlT%, TERRII05E, kb ERE 2 AR .




Overview of China's Vehicle Emission Control Program

Past Successes and Future Prospects
E—

3,000
—8—BAU =#=Improved =i—Strong
2 2,500
i
L
= 2,000
=
é 1,500
1,000
500

2010 2015 2020 2025 2030

Figure 2.12: Black carbon trends for BAU, Improved and Strong Programs, 2010 — 2030

The next seven chapters will review each component of the current vehicle pollution control program and compare them to
international best practices. The comparison will help identify recommendations that will assist in enhancing the current program

and saving lives in China over the next decade.




