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

4. Fuel quality standards

Extensive studies have been carried out in the US, EU and Japan to understand the linkage between vehicle technology, fuel quality
and emissions level”. These studies have shown that fuel improvements can reduce pollutants from fuel combustion directly, and
more importantly, enable the use of more effective exhaust aftertreatment devices. These findings highlight that the best vehicle
emission performance can only be achieved if fuel and vehicle standards are implemented in parallel and a compliance program is

established to enforce both fuel and vehicle standards.

Primarily following the European standards, the China fuel standards have been gradually tightened since the late 1990s. Unleaded
gasoline was introduced in the late 1990s and the sale of leaded gasoline was banned nationwide in 2000. The national limit on sulfur,
the most important parameter affecting vehicle emissions after lead, has been lowered from 1,500-ppm in 1999 to the current level
of 150-ppm for gasoline, and from up to 10,000-ppm to at most 2,000-ppm for diesel. A voluntary diesel sulfur limit of 500-ppm has
been in effect and a mandatory limit of 350-ppm will take effect in July 2011. Major cities like Beijing and Shanghai have adopted
fuel standards limiting sulfur content in gasoline and diesel to 50-ppm to enable early implementation of Euro 4 for passenger

vehicles and Euro IV standards for medium- and heavy-duty vehicles.

Over the past decade, fuel standards in China, except for some major cities, have consistently lagged behind the fuel requirements
corresponding to the vehicle emission standards (see Figures 4.1 and 4.2). China stopped type approval for China II heavy-duty diesel
vehicles (HDDVs) on Jan 1, 2007 and for China II light-duty vehicles (LDVs) on Jul 1, 2007 nationwide™, meaning that only HDDV
and LDV prototypes meeting China III standards can be certified starting from these two dates. But China III gasoline standard was
implemented in Jan 2010, two-and-a-half years after China III LDV standards were implemented, and China III diesel standard will
not be adopted nationwide until July 2011, four -and-a-half years after the HDDV standard was tightened to China III. The lagged
implementation of fuel standards (particularly the high diesel sulfur limits) has become a major roadblock to ratcheting down vehicle

emission standards.

29 For example, the Auto/Oil Air Quality Improvement Research Program (AQIRP) established in the US in 1989 included major oil companies, automakers
and four associate members. A test program called the European Program on Emissions, Fuels and Engine Technologies (EPEFE) was initiated by the
European Commission and joined by the auto and oil industry. The Japan Clean Air Program (JCAP) was formed by the Petroleum Energy Center as a joint
research program of the auto and oil industries and supported by the Ministry of Economy, Trade and Industry.

30 Starting from Jul 1, 2007, China stopped type approval for China Il LDV standards, and no China Il diesel HDV models could obtain type approval
starting from Jan 1, 2007.
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Overview of China's Vehicle Emission Control Program
Past Successes and Future Prospects

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
China 350
Beijing 50
Shanghai*** 50
Guangzhou+ 350 50
Europe 350 50 10
HDV standards
adopted
nationwide: China | China Il China lll China IV China VvV

Figure 4.1: Diesel fuel standard adoption timeline

* Fuel sulfur limits for super (2,000 ppm), premium (5,000 ppm) and regular (10,000 ppm) motor diesel fuel.

** A set of voluntary China II diesel standards, with limits on sulfur at 500 ppm, was adopted in 2003, but diesel meeting China II

requirements are not widely available in China.

*#% No intermediate local standard was announced before the advanced implementation of China III diesel standard (50-ppm sulfur
content) in Shanghai in November 2009, but diesel sulfur content should have come down to below 2000 ppm (probably around 1000
ppm or less) the few years before 2009.

+ China IV vehicle standards took effect in Pearl River Delta on Jun 1, 2010; 50 ppm diesel fuel is already available in Guangzhou

and will be gradually supplied to Guangdong province in 2010.

1999* 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
China 500 150
Beijing 500 150 50
Shanghai 500 50

Guangzhou+ 500 150 50

Europe 500 150 50 10
LDV standards T T T I
adopted
nationwide: China l China Il China Il China IV

Figure 4.2: Gasoline fuel standard adoption timeline

This section reviews the current diesel and gasoline standards adopted in China, discusses the obstacles for improving the fuel

standard and offers recommendations for overcoming those obstacles to ensure that fuel standards and vehicle standards are

developed and adopted in tandem.
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Past Successes and Future Prospects

4.1 Gasoline fuel standards

The characteristics of today's gasoline that are the most relevant to vehicle emissions are sulfur concentration, volatility, aromatics,
olefins, oxygenate and benzene levels. Tables E-1 and E-2 in Appendix E summarize the impacts of various gasoline fuel qualities

on emissions from light-duty gasoline vehicles and two- and three-wheeled motorcycles.

The current gasoline standards (China III, which is similar to Euro 3 gasoline standards) took effect on Jan 1, 2010 nationwide. While
they are a marked improvement from the previous (China II) standards: limit on sulfur is lowered from 500 ppm to 150 ppm, benzene
and olefin limits are cut down from 2.5% to 1%, and from 35% to 30% respectively, the China III fuel standards were implemented
two-and-a-half years after the compatible vehicle standards became effective, as mentioned above. On July 1, 2010, China IV light-
duty gasoline vehicle (LDGV) standards are scheduled to take effect, but no announcement has been made on the implementation
date of China IV fuel standards. While using China III gasoline in China IV LDGVs and motorcycles would not cause long term
damage to engines and emission control systems, research based on limited testing data in China and test results from around the
world suggested that a China IV LDGV using 150-ppm sulfur (China III) gasoline would emit 36%, 25% and 13% more NOx, CO
and HC respectively than one using 50-ppm sulfur (China IV) gasoline, even though emissions would still be less than a China III
LDGYV using 150-ppm sulfur gasoline’. The estimated lost benefits do not account for reduced emissions from using lower sulfur

fuel in existing pre-China IV vehicles.

Higher sulfur gasoline leads to higher NOx, CO and HC emissions because sulfur in gasoline impacts the three-way catalytic

converter (TWC) in the following ways:

o Fuel sulfur reduces conversion efficiency for CO, HC and NOx (known as sulfur inhibition) because sulfur competes with these
gaseous pollutants for catalyst reaction space and interferes the management of oxygen on the catalyst surface. Extensive research has
been conducted showing that emissions of HC and CO dropped by 9-55% and NOx emissions reduced by 8-77% when sulfur in fuel
is reduced from high (200-600ppm) to low (18-50ppm) . The level of emission reduction for going from high to low sulfur gasoline
depends on vehicle technologies and driving conditions, but in general low emission vehicles and high-speed driving conditions have

.. . . . .33
demonstrated greater emissions reduction when switching to lower sulfur gasoline™.

o  While sulfur's effects on three-way catalysts are reversible, high catalyst temperatures are required to completely reverse sulfur
inhibition, which could thermally damage catalyst and reduce its efficiency. Normal driving will quickly reverse part of the sulfur
inhibition, but complete reversibility requires extending driving with occasional high catalyst temperatures from high speed and high
acceleration operation. Therefore, impacts of sulfur might never be completely reversed for vehicles that operate at low load and low

speed™.

In general, operating China IV vehicles on China III gasoline would lead to higher emissions of HC, NOx, CO, benzene, SO,, SO;,
and 1,3 butadiene than if gasoline specified for China IV standards is used. This is a result of the less stringent limits on aromatics,
olefin, sulfur and RVP for Euro 3 gasoline compared to Euro 4 (see Appendix F for comparison of China fuel standards with EU, US
and California). Because of the lag in improving fuel quality, China IV-compliant vehicles can meet China IV emission limits during
certification (when China IV gasoline is used), but not when operating on the road. Therefore delayed adoption of China IV gasoline

will substantially reduce the full benefits that could be offered by implementing China IV standards.

31 See Liu H. et. al. 2008. Analysis of the impacts of fuel sulfur on vehicle emissions in China. Fuel. Vol. 87. pp. 3147-3154.
32 ACEA et. al. 2006. Worldwide Fuel Charter. September. Fourth Edition.

33 EPA. 1998. EPA Staff Paper on Gasoline Sulfur Issues. EPA 420-R-98-005.

34 EPA. 1999. Tier 2/Sulfur Regulatory Impact Analysis. Appendix B: Irreversibility of Sulfur's Emission Impact.
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4.2 Diesel fuel standards

One of the most important diesel characteristics affecting engine emissions (NOx and PM emissions) is sulfur. During combustion,
sulfur in the diesel fuel converts into direct particulate matter emissions (sulfuric acid) and SO, emissions that can lead to secondary
particle formation in the atmosphere and cause acid rain formation. For a diesel vehicle with no emission control, sulfur-related PM
emissions are directly related to the fuel sulfur content. Therefore, reducing sulfur in fuels can result in lower PM emissions from any

diesel engine regardless of the vehicle standard the engine could reach.

Even more importantly, sulfur in diesel can damage or impede the performance of advanced aftertreatment devices effective for
controlling PM and NOx emissions. These technologies include diesel particle filters (DPFs), some types of catalysts used in selective

catalytic reduction (SCR) technology and lean NOx traps. The impacts of sulfur on these technologies are discussed below.
Fuel sulfur impacts on after-treatment systems
DPFs can achieve about 85%-95% reduction in PM emissions but its efficiency can be impacted by fuel sulfur in several ways:

- Operation with higher-sulfur fuels can cause the filter to be over-loaded with soot and can result in engine damage (due to increased

backpressure) and/or uncontrolled filter regeneration that can damage the filter.

- In DPFs with passive regeneration, sulfur in the exhaust can be oxidized over the filter to form sulfates, dramatically increasing the
PM emissions. Sulfur oxides also decrease the efficiency of the filter by competing for sites on the catalyst needed for the critical NO

to NO, reaction. This increases the regeneration temperature and lowers the efficiency of the filter.

- In active regeneration DPFs, higher sulfur leads to sulfate formation, resulting in an increase in PM emissions. Sulfate formation
can also increase backpressure, requiring more frequent regeneration, which results in increased fuel consumption and shorter

maintenance intervals.

Sulfur in fuels also impacts the efficiency of two advanced NOx control technologies: SCR and lean NO, traps. For an SCR system
with an oxidation catalyst ahead of the SCR catalyst, high fuel sulfur limits the efficacy of the oxidation catalyst, resulting in an
increase in PM emissions. Sulfur reaction with urea-based SCR systems can also form ammonium bi-sulfate, a severe respiratory
irritant. In addition, SCR system using zeolyte catalysts that perform better in urban duty cycles (low-load, low-temperature)
operations are sensitive to sulfur (cannot function well with 350-ppm sulfur). High sulfur fuel will limit the effective use of zeolyte

catalysts for SCR systems, therefore impacting the performance of SCR systems for urban uses.

Lean NOx traps, a NOx after-treatment technology still under development, can easily be deactivated by fuel sulfur because the NO,
absorption sites absorb SO, in preference to NO,. The effects are reversible, but the high temperatures required to regenerate can

contribute to catalyst aging and the fuel needed for regeneration degrades vehicle fuel efficiency.

Other diesel characteristics, including polyaromatic content, cetane number, density, distillation, ash, suspended solids content and
viscosity, also affect diesel emissions. Impacts of these characteristics and sulfur on the performance and emissions of light- and

heavy-duty engine are summarized in Tables E-3 and E-4 in Appendix E.




LS R HE R R R T AL

JRINZ R 5 AR B
—

20024, HETEAEVEEISCIE T RIS R, B R E2000ppm, —EEJE, SUHE TR &S REA500ppmiy
HEERMEE PRSI . (B2, IRTBTE P EA S R TR TROMREHIREAS SR, SEMSIEE & B F B EASTE, 5
X, (TSRAE S EERT & 5:2000ppm I 4H (EEULAN4.3) o InEiSOimdR, AEMEM2011457 S fE e EIES b (B
GHE350ppm) , (HRSSHEEIVIRSIRE (S E50ppm Y& MAEE L HAR. il rPER 201141 A IHaant 4
SmZESEEIVATE, IBALESCHERI, TE— eI VR I & 51 2000ppm I 4, SR f5 4 R FIRT & EE350ppm )
290 (2011496 HLUG) o Al BRIVARER R AR S (B SEIEIN A M S 5L s HIIISCR RS SRR
B A BT EIHUDPFs 4TI SCRATH A B e EBE A58, ik, (EMARGEIVIREL (& & S50ppmry4e
D R, EIVESD RIS R ABER R, SRR AR EIVEROEHESCR . G ER,

B (8 P & it SOppm SR, IV A= anfd FEbR & 5 350ppm A S R AT HE I IN9%, BRI HEROEINT5 %™ o

FAWERITHIREIL , FOVLAN A5 3™ E R BT A AT & E50ppm AV RGTELH, ALsURI_E#5I17E200870
2009 HE AT SEHEE TV A HE bR AR SR B E T T IRARSRh, |~ ARE B = X b B S E S Btd T201056 A1 HEE
RS HEE TV AR R bR . B TSR AL A g i oh,  HAb D SRR Y S & BT DU R, S HAETV RS
T 7 HOHE O I E B I AR IR TR oK, VAR RN i NE TR E RS S (T AR BRI RIMREL
) Vo FBEEREXI AR A LIM AL ERHAPE R, SRS EIVERRh SR RE S ok B S SR RNGEE. R
EHIX S R REAS TN BTV R, B AL RN L st nT DA 4280 5 R el = S TV iR R, AP AR
N BERS PRI B 22 I s SRR A

35 TEFINTRRA/IVARAERT, BREBIESIEE % BIEN F eSS HERS (DPFs) RKFBEFNMER. R AEFADPFsERFERERMSSH (FiBid
50ppm) , FEILEZERIRRA/IVE R ERNLSS RS SMREMIZ N T 50ppm. EARELEZ G, £ BiS X R A ANE BRI DPFs; &I HBA BB G
SMBREE - NESEEINNSSHES NS (DOC) / HiniHEeSsl RAIVIINZESCR— o] LU EEAIVAFER . EIHIRNARRA/I VIR AR AT LUE
FERR & EXF50ppmAIAEt .

36 FMNREAZE, 2008F, (FEMFHREEXNERHHENNSHT) , (FUEL) 878, 3147-315411.

37 LiEtBREARRENTEIVIRE.




Overview of China's Vehicle Emission Control Program

Past Successes and Future Prospects
e

A mandatory diesel standard limiting sulfur content to 2,000 ppm (light diesel standard) was adopted nationwide in China in
2002, and a year later, a voluntary standard for automotive diesel fuel of 500-ppm sulfur was introduced. However, fuel sampling
conducted in Northern China and other locations suggest that sulfur content of diesel varies considerably across the country and diesel
with 2000-ppm sulfur is still being sold in some regions (see Figure 4.3). As discussed earlier, China is going to implement China III
diesel standards (350-ppm sulfur) across the country in July 2011, but no timeline is set for adopting China IV fuel standards (50-ppm
sulfur diesel). If China IV heavy-duty vehicle standards are to go into effect for all diesel vehicles as planned in Jan 2011, China
IV vehicles will be operated using diesel with up to 2,000 ppm sulfur initially then with 350-ppm sulfur diesel (after June 2011).
Common technology combinations for meeting Euro IV standards (EGR plus oxidation catalysts or engine control plus SCR systems)
are not as sulfur sensitive as DPFs, SCR systems using zeolyte catalysts, and lean NOx traps mentioned above. Therefore China IV
vehicles could function in the interim before China IV fuels (50-ppm sulfur diesel) are available. However, full emission reduction
benefits of these vehicles would not be delivered without the matching fuel standard®™. A study projected that a China IV-compliant

vehicle using 350-ppm sulfur diesel would emit 19% more NOx and 75% more PM than if it is using 50-ppm sulfur diesel™.

As mentioned before, some cities suffering from severe pollution from motor vehicles have already shifted to diesel with lower sulfur
content: 50-ppm diesel fuels are mandated in Beijing and Shanghai when the two cities adopted China IV vehicle emission standards
in 2008 and 2009 respectively and the Pearl River Delta of Guangdong province has obtained State Council approval to implement
China IV vehicle and fuel standards starting from June 1, 2010. Right now in Beijing and Shanghai, China IV vehicle standards only
apply to HDDVs operating within these two cities (city buses, sanitary and postal trucks) because fuel supplied outside these two
cities can have much higher sulfur content that could damage emission control devices of China [V HDDVs or increase maintenance
needs for those vehicles”. Considering the large fleet of urban diesel buses in these two cities, advanced implementation of China
IV vehicle and fuel standards can bring significant air quality benefits. Beijing and Shanghai could realize more air quality benefits
if fuels sold outside the cities could meet China IV standards, which allow the two cities to adopt China IV HDDV standards for all
HDDVs.

35 When the Euro 4/IV standards were developed, it was expected that compliant vehicles would have to be equipped with DPFs to meet the PM
requirements. Because the use of diesel particulate filters (DPFs) requires low sulfur diesel (50-ppm maximum), the diesel sulfur limit to match with Euro
4/IV vehicle standards was set at 50 ppm. After the standards were adopted, manufacturers were able to meet Euro IV requirements through engine
modifications and the use of after-treatment devices that are less sulfur-sensitive than DPFs, like EGR plus diesel oxidation catalysts (DOC) or partial flow
filters, or engine improvements plus SCR. As a result, the technologies for meeting Euro 4/1V standards can function using fuel with more than 50-ppm
sulfur.

36 See Liu H. et. al. 2008. Analysis of the impacts of fuel sulfur on vehicle emissions in China. Fuel. Vol. 87. pp. 3147-3154

37 Shanghai also requires construction trucks to comply with China IV standards.
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Source: Zhang, K., et al. 2010. Sulfur content of gasoline and diesel fuels in northern China. Energy Policy, vol. 38, number 6.

Figure 4.3: Sulfur content of diesel in samples from highway service stations in northern China

In addition to undercutting the efforts of big cities to control vehicle emissions, the delays in adopting requirements for lower sulfur
diesel fuel have become a major roadblock for tightening new vehicle standards and for implementing measures for controlling in-
use emissions nationwide. Diesel particle filters, the most effective emission control devices for controlling PM emissions from new
and in-use vehicles, require the use of low sulfur diesel (50-ppm maximum, 10-ppm preferred). If lower sulfur diesel is not available,
further tightening of vehicle standards and strengthening control of emissions from the existing fleet would be challenging, if not

impossible.

4.3 Non-road diesel fuel standards

Like motor vehicle diesel, the most important characteristic of non-road diesel affecting emissions is sulfur content. In many
countries, non-road engines and equipment are subject to less stringent emissions standards, and so non-road diesel fuels are usually

subject to less strict standards than those that apply to motor fuel.

In the past decade, the US, EU and Japan have gradually tightened emissions standards for non-road engines and equipment. To
enable the use of emission control devices on non-road applications, these countries have promulgated in parallel lower limits on
non-road diesel sulfur. China's current sulfur standard for non-road fuel is 2,000 ppm, the same as the mandatory standard for motor
vehicle diesel. The sulfur limits for non-road fuel in China is much higher than the limits adopted/to be adopted in EU, US, and
Japan. Table 4.1 shows the fuel sulfur limits adopted in the US, EU, Japan, Brazil and China.
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LIMITS Us! EU JAPAN BRAZIL CHINA

15 ppm for non-road
10 ppm (starting in
Current sulfur limits uses’ 1000 ppm 1800 ppm * 2000 ppm
2008)
(starting in 2010)

15 ppm by 2012 for

. Non-road specific
non-road, locomotive

10 ppm by 2011 standards: 1800ppm
by 2014

Adopted future limits .
and marine

applications

Table 4.1: Non-road fuel requirements in the US, EU, Japan, Brazil and China

1 — Small refiners and importers are allowed more time to meet the diesel sulfur requirements, which will be 500ppm by 2010 and 15
ppm by 2014.

2 — Non-road engines and equipment include construction, agricultural, industrial and airport equipment.

3 — Sulfur limit for diesel sold at the countryside, which is mainly consumed for non-road applications; Brazil will implement an
official sulfur limit of 1800 ppm for non-road diesel in 2014.

4.4 Barriers to progress in China

Policy and political barriers

MEP lacks the authority to set fuel standards: While MEP is the lead agency for developing and enforcing vehicle emission
standards and has proposed limits for toxics in fuels (e.g., benzene in gasoline), it does not have the clear authority to specify fuel
quality parameters even if those parameters affect vehicle emissions. With MEP having no direct control of the stringency and
implementation timeline of fuel quality standards, it would be challenging to further tightening vehicle standards to or beyond China
IV because the most effective options of emission control technologies for meeting China V for light-duty diesels and China VI for
all diesel vehicles (DPFs and zeolyte SCR systems) are limited without low sulfur fuel (fuels with 50 ppm or less sulfur content).

The technical committee that sets fuel standards is dominated by industry representatives: The development and management of fuel
quality standards is led by the National Petroleum Products and Lubricants Standardization Committee (which is called TC280),
a committee managed by the Standardization Administration of China (SAC)*™, and a subcommittee under TC280 is dedicated to
development of the fuel specifications. The secretariat organization of TC280, the Research Institute of Petroleum Processing (RIPP),
is a research division of Sinopec, one of the largest oil companies in China. RIPP is responsible for staffing and managing TC280 and
its subcommittee, as well as for drafting fuel specifications. Oil industry representatives and experts close to the industry dominate
TC280 and its subcommittee—only three out of the 43 members in TC280 represent environmental and automobile interests and
three out of the 30 members of the subcommittee are MEP or auto representatives. Such a small representation from the MEP and
auto industry compromises the balance of the discussions on setting new standards due to the outsized influence of the oil industry's
perspective.

Small refineries with dated technologies are not cost effective to upgrade: It is estimated that about 5% of fuel supply in China comes
from small refineries with dated technologies that might not be cost effective to upgrade. Concerns about unemployment and other
economic impacts from facility closures in the regions where these small refineries are located could cause more delay in tightening
fuel standards.

38 See description of the function of the committee at http://www.cptcstd.org/viewOrg.aspx (in Chinese, accessed on March 22, 2010)

39 Communications with VECC (March 12, 2010).
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40 Z=EEIMRS, 20004, (BRI BEARIVEFHIFENSRSHREITE2EK) EPA420-R-00-026, 55 IVE, IV-63-IV-64TT.

41 FBRIRN I SRS BIRRINE BRRLShZ A5 Hrhttp://www.energy.wsu.edu/documents/renewables/Fuels.pdf (2010545290 &E(9), REEINMERE
HRBOERTE SR, ML, http://www.epa.gov/ne/eco/diesel/retrofits.html ( 201045 29HE ).

42 N REEE—T RIS EE R NARERNN, EUENBER T, JLUREBE MRER MM ER “BRIFENE” . (EE=5E) FHE
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Financial barriers

Refineries may not recoup capital investment due to fuel price control: Retail prices of gasoline and diesel have always been set by
the central government in China. Without a market pricing mechanism, it is difficult for the oil industry to recoup capital investments
on refinery upgrades (such as adding desulfurization capacity at refineries) by passing on the higher production costs to consumers.
Prior to its implementation, US EPA estimated the annual capital investment cost for meeting the ultra low sulfur fuel requirements
(15-ppm sulfur gasoline and diesel) would be USD 2.15 billion (15 billion RMB) in 2004 and USD 2.49 billion (17.5 billion RMB)
in 2005*. US refineries were able to raise prices of ultra low sulfur gasoline and diesel to recover investments for the desulfurization
units*'. The incremental price was small compared to the variation in fuel price due to fluctuations in oil prices. To solicit industry's

support for setting more stringent fuel standards, MEP needs to explore ways to provide financial support for refinery upgrades.
Technical barriers

Limited technical expertise and data compared to the industry: There is a small team at MEP (including five staff in CRAES and two
staff in VECC) working on fuels-related research and regulatory work and a laboratory in CRAES that performs fuel testing. But
compared to the oil industry, MEP has far less expertise and technical capability, particularly on evaluating the emission implication
of various fuel compositions, which is essential for recommending standard specifications. In addition, MEP has limited access data
on refinery capacity and can only rely on the industry's analysis of the cost and technical implications when considering adopting

more stringent standards.

4.5 Recommendations

To address the barriers identified above, below are the ICCT's recommendations to MEP in the near-, medium- and longer-
term to accelerate improvement of fuel quality and allow the adoption of fuel standards that are consistent with vehicles standard
requirements. The recommendations are aimed to address the need for MEP to 1) seek the authority to set emission-related fuel
parameters, 2) support the adoption of increasingly cleaner fuel standards to maximize health benefits, and 3) help understand and

address economic and social impacts associated with the adoption of tighter fuel standards.

In the near term, MEP should seek the authority to set and enforce emission-related fuel parameters, and in the longer term, pursue to
the goal of having fuel and vehicles regulated as one system

Seek revisions to the Air Pollution Prevention and Control Law to grant MEP authority to set and regulate fuel parameters necessary
to control vehicle emissions (including sulfur levels): Granting MEP the legal authority to set and enforce emission-related fuel
standards is essential to ensure that standards for fuels and vehicle are developed and adopted as a system to achieve maximum
control of vehicle emissions. In the US, both the US EPA and the California Air Resources Board (CARB) have the authority to
regulate vehicle emissions and fuel characteristics that affect vehicle emissions”. Having the regulatory authority on both vehicle
and fuel allows US EPA and CARB to continue to adopt new limits for vehicle emission standards in tandem with increasingly
stringent fuel quality requirements. In the EU, the Directorate-General for the Environment (DG ENV) is responsible for setting
the environment-related fuel standards and the Directorate-General of Enterprise and Industry (DG-ENTR) sets vehicle standards.
While the authority for setting fuel and vehicle standards falls into two divisions, they work together on drafting new vehicle and fuel
standards.

40 EPA. 2000. Regulatory Impact Analysis: Heavy-Duty Engine and Vehicle Standards and Highway Diesel Fuel Sulfur Requirements, EPA420-R-00-026,
Chapter IV, pp. IV-63-1V-64.

41 See some anecdotal examples in Washington States University Energy Extension Program. Ultra Low Sulfur Diesel. http://www.energy.wsu.edu/
documents/renewables/Fuels.pdf (accessed April 29, 2010), and EPA. Retrofits and Cleaner Fuels. EPA website. http://www.epa.gov/ne/eco/diesel/
retrofits.html (accessed April 29, 2010).

42 California is the only state in the US that is allowed to set separate vehicle and fuel standards as long as those standards are more stringent than the
federal standards and there is a need for the separate standards “to meet compelling and extraordinary conditions” . Other states are allowed to adopt
California standards.
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Expand MEP's role in setting fuel quality standards: To make sure that fuel standards are set with sufficient consideration of
environmental consequences, representation of MEP and the auto industry should be expanded in TC280 and the subcommittee to
ensure deliberation of fuel standards fully accounts for air quality needs and advancement of emission control technologies. If MEP
were granted the authority to regulate emission-related fuel parameters, the ministry might be given more representation in those
committees. But regardless of the outcome of its pursuit for regulatory authority on certain fuel parameters, MEP should seek to

expand its voices in TC280 and its technical subcommittee.

Gradually build up in-house capacity for setting fuel standards through MEP training collaboration with the EPA or other regulatory
agencies: EPA and California Air Resources Board (CARB) have a long history of setting fuel standards that support new vehicle
standards. In the past few years, EPA has hosted successful trainings for MEP staff on vehicle compliance and enforcement. While
MERP pursues the authority to regulate emission-related fuel standards, MEP should explore collaborations with the fuels team at EPA

and CARB to provide training to MEP's staff on developing and implementing fuel quality standards.

Pursue modifications of the "Air Pollution Prevention and Control Law" to treat fuel and vehicle standards as one system: Extensive
studies have established the relationship of selected fuel characteristics, vehicle emissions and air quality. As MEP adopts
increasingly stringent vehicle emission regulation, control of fuel quality will become even more critical because the performance
of many advanced emission control technologies can be impacted or even be destroyed by sulfur in fuels. In the US, the CAA
authorized fuel regulation to reduce emissions from motor vehicle since 1963. The 1970 CAA amendment explicitly stated that US
EPA could control or prohibit fuel or fuel additive under Section 211(c) if public health was endangered or if automotive emission
control system was impaired *. The 1977 CAA amendments further expanded EPA's authority to regulate the content of fuels. The
clear legal authority granted to EPA to regulate fuel content and vehicle emissions enables the agency to set standards for fuel and
vehicles as one system and requires fuel regulation be implemented preceding vehicle regulation to maximize emissions reduction.
In future revisions of the "Air Pollution Prevention and Control Law", MEP should pursue the recognition of fuels and vehicle as a
system for effective emission control, such recognition can become a strong legal basis for MEP's efforts on setting and enforcing

fuel and vehicle regulation.
MEP should support the adoption of increasingly cleaner fuel standards to maximize health benefits

Consider support to leapfrogging from China III fuel standards to China V standards (10-ppm sulfur content) nationwide in the near
term: China V fuels would not only enable the use of advanced emission control technologies in new vehicles, they would also lower
emissions when used in all the existing vehicles. Resulting air quality benefits would be enhanced if China V fuels could be brought
to the market as early as possible. From a cost perspective, studies have shown that high capacity hydro-cracking units would needed
to produce 50-ppm as well as 10-ppm sulfur fuels*. Therefore, the estimated incremental costs difference between lowering fuel
sulfur limit from China III to China IV (50-ppm sulfur), and from China III to China V are actually small (0.02 cents/liter, or 0.14
fen/liter) for a typical refinery in China. Comparing the costs and benefits of going from China III->IV->V fuel standards and from
China III->V, it is clear that skipping China IV standards would be a more cost effective pathway for China to maximize air quality

benefits. MEP should solicit support for leapfrogging to China V fuel standards.

43 Section 211(c) of the current version of CAA states that USEPA “may---control or prohibit the manufacturer, introduction into commerce, offering for sale
or sale of any fuel or fuel additive for use in a motor vehicle, motor vehicle engine, or non-road engine or non-road vehicle (a) if :* any emission product
of such fuel or fuel additive causes, or contributes, to air pollution which may reasonably be anticipated to endanger the public health or welfare, or (B) if
emission productions of such fuel or fuel additive will impair to a significant degree the performance of any emission control device or system---" .

44 Enstrat International Limited. 2003. "Cost of Diesel Fuel Desulphurization for Different Refinery Structures Typical of the Asian Refining Industry". Final
Report prepared for the Asian Development Bank.
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46 EFESMERA (2010FMHEE) 4.727T/I0€. Yamaguchi, N., D, Fridley&K. Xiaoming, 20024 (KEREREARIRE: Hobimisaogm)
( Improving Transport Fuel Quality in China: Implications for the Refining Sector.) #&4%S: LBNL-50681. (http://china.lbl.gov/publications/improving-
transport-fuel-quality-china-implications-refining-sector ( 201053323 HZ5)
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Strive to align onroad and non-road diesel sulfur requirements: Major vehicle markets, such as the US, Japan and Europe, have
already or in the process of aligning the sulfur limits for on-road and non-road diesel. Right now there is no official differentiation
between on-road and non-road diesel in China, but as onroad diesel requirements become more stringent, there might be a need for
dual standards for onroad and non-road fuels. Even if a dual standard is adopted, in the near and longer term, MEP should strive
to continue lowering non-road fuel sulfur content as it tightens on-road fuel standards. Having the same low sulfur standards
for on-road and non-road standards will lighten the enforcement burden on the regulatory ministry, and would also enable the

deployment of onroad emission control technologies on non-road engines.

MEP should work with other ministries to help understand and address economic and social impacts associated with the
adoption of tighter fuel standards

MEP should work with relevant ministires to identify ways to finance industry's capacity investment on desulfurization units or other
costs to improve fuel quality: Subsidies for industry to finance refinery upgrades could be raised through raising fuel taxes, either
as a dedicated tax levied for a few years to cover most of the initial capital costs, or a permanent fuel tax that is set higher for less
clean fuel (e.g., higher sulfur fuel) and lower for cleaner fuels (e.g., ultra low sulfur diesel). Setting higher fuel tax for dirtier fuels
could also encourage sales of the lower sulfur fuel. Consumer incentives have proven to be successful in promoting early transition
to cleaner fuels when China switched to unleaded gasoline in the late 1990s. A 2003 study prepared for the Asian Development Bank
suggested that reducing sulfur content of diesel from 350-ppm to 10-ppm would result in an incremental cost of about 0.11 RMB/liter
for a typical Chinese refinery®. A 2002 study suggested that the incremental costs for lowering diesel sulfur content from 2000-ppm
to 50-ppm would be about 0.08 RMB/liter for Chinese refineries*’. In light of the major investments in modernization and capacity
expansion that have been made or are being made by Chinese refineries in recent years, it would be helpful to conduct an updated
China-specific analysis to better characterize the latest baseline refinery configuration and determine the current Chinese refinery

production capacity and capability to reassess the incremental cost and potential subsidies needed for refinery upgrades.

Phase-out small refineries with dated technologies: MEP in partnership with other relevant ministries should develop a transition plan
for closing down small refineries that cannot be cost effectively upgraded to produce low-sulfur diesel or whose products cannot be
temporarily diverted to non mobile source applications. In the US, because of concerns about the economic impacts of closing down
small refineries and the potential risks on energy security, EPA has allowed longer lead times for small refineries to comply with
the fuel standards. To-date, the US still has a large number of small, very old refineries. Those refineries would continue to present

challenge to EPA on enforcement and for future tightening of fuel quality requirements.

Initiate the discussion on the reform of the fuel price control policy: The central government control of gasoline and diesel retail
prices will continue to be a major barrier to promoting the production of cleaner fuels. MEP should initiate discussions of reforming
fuel price control among agencies in the context of fuel quality, vehicle emissions and air quality. The discussion should consider

measures for mitigating the impacts of higher fuel prices on farmers and other impacted populations.

45 Ibid.

46 Derived based on the highest cost estimate (2010 estimated cost) of 4.7 US cents per gallon. Yamaguchi, N., D, Fridley and K. Xiaoming. 2002.
Improving Transport Fuel Quality in China: Implications for the Refining Sector. Report No. LBNL-50681. (http://china.lbl.gov/publications/improving-
transport-fuel-quality-china-implications-refining-sector, accessed on March 23, 2010)




