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Abstract

Increasing emissions from road transport endanger China’s target to reduce
national greenhouse gas (GHG) emissions. The unconstrained growth of vehicle
GHG emissions are mainly caused by the insufficient improvement of energy
efficiency (kilometers traveled per unit energy use) under current policies, which
cannot offset the explosion of vehicle activity in China, especially the south-central
provinces. More stringent polices are required to decline GHG emissions in these
provinces, and thereby help to constrain national total emissions. In this work, we
make a provincial-level projection for vehicle growth, energy demand and GHG
emissions to evaluate vehicle GHG emission pathways under various policy options
in China and determine the way to constrain national emissions. Through sensitivity
analysis of various single policies, we propose an integrated policy set to assure the
target of peak national vehicle GHG emissions be achieved around 2030. The
integrated policy involves decreasing the use of urban light-duty vehicles by 25%,
improving fuel economy by 25% by 2035 relative to 2020, and promoting electric
vehicles and biofuels. The stringent new policies would allow China to constrain
GHG emissions from road transport sector around 2030. This work provides a
perspective to understand vehicle GHG emission growth patterns in China’s
provinces, and proposes a strong policy combination to constrain national GHG
emissions, which can support the achievement of peak GHG emissions by 2030
promised by the Chinese government.

Keywords: on-road vehicle; GHG emissions; peak; provincial analysis
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Highlights

Current policies cannot peak vehicular GHG emissions in China by 2030.

More than 75% provinces will continue their emissions growth.

We propose an integrated policy set through sensitivity analysis of policy
options.

The policy set will peak GHG emissions of 90% provinces and whole China by

2030.
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1. Introduction

The Chinese government has pledged to peak its greenhouse gas (GHQG)
emissions around 2030 in the joint announcement with the US in November 2014. In
the historic US-China climate deal, China agreed to peak its CO> emissions around
2030 while striving to peak early, and boost the share of non-fossil fuel energy to
around 20%. All GHG emission sectors in China need immediate control, while
increasing emissions from road transport endanger the national target. China has
experienced a 23 times increase in the number of vehicles since 1990. Consequently,
CO; emissions from road transport in China increased by 7.7 times between 1990
and 2013, while average increase in other economic sectors was only 5 times
(Multi-resolution Emission Inventory of China, http://www.meicmodel.org). The
growth potential of vehicles in China is still strong. China becomes the largest
vehicle market in 2009, and its total vehicle stock is projected to become the largest
in the world in next 15 years [1-3]. Constraining vehicle GHG emissions is a big
challenge for China.

International experience suggests road transport may be the most difficult sector
to reduce GHG emissions. For example, in the EU, transport is the only major sector
with rising GHG emissions; and in the US, road transport is experiencing a much
slower declining rate for GHG emissions than the other sectors. Since the continued
growth of vehicle emissions endangers GHG emission reduction, many studies
proposed stringent measures to constrain the emission pathway of vehicles towards
global or regional climate targets [4-6].

Researchers in China expressed that China could peak its total CO2 emissions
around 2030, while the transport sector may continue its growth [7,8]. Many studies

have projected the future energy use and GHG emissions of road transport in China.
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They provide valuable information on vehicle stock growth and survival patterns
[2,3], future energy use and emission trends [1,9-13], and effects from electric
vehicles and alternative fuels [14-23]. A common feature of these studies is that they
estimated the developments at national level without consideration of provincial
features. Using such method for analysis has two main limitations; first, vehicle
growth and fleet turnover patterns are significantly different between provinces in
China because of uneven regional economic development [24-27], energy intensities
and efficiencies [28-30]. Using national average parameters for projections may lead
to either under- or over-estimation of vehicle emissions for different provinces.
Second, GHG emission reduction in China, and elsewhere, requires a strong political
support at the national and provincial level, and the provincial governments are
responsible for practical implementation. Therefore, to allocate the national target to
provinces [31-35] and to track the provincial processes of GHG emission abatement
[36] are hot topics. In addition, many studies resolve the diversity of GHG emission
abatement costs and potentials between provinces using panel data model [37-39],
which implies the inter-provincial emission trading system [40,41]. However, few
researches focused on the projection of provincial vehicle emissions in China. The
national total projections with low resolution have difficulties in providing solid
support to policy makers. A provincial-level study evaluating the development of
road vehicle GHG emissions towards the national peak and ways of securing their
subsequent decline is urgently needed.

In this paper, we track provincial vehicle activity growth in China from 2010 to
2035 and propose strategies to constrain the national emission pathway by 2030 and
decline the emissions afterwards. We build fleet turnover models for each province

to project provincial-level vehicle growth, energy demand and GHG emissions
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through 2035. Using such model, we evaluate the effects of different policy options
and an integrated policy set is finally proposed to ensure peak GHG emissions by
2030. Our objectives are to improve the resolution of vehicle GHG emission
projection in China and provide better understanding of the roadmap towards
national peak emissions.
2. Methodology and data
2.1 General methodology

Vehicular energy use and GHG emissions are determined by total vehicle
numbers, vehicle age distribution, annual distance travelled, fuel consumption rates
and carbon intensity of the fuel. Tank-to-wheels (TTW) fuel consumption is
calculated at first, and then is multiplied by carbon intensity of the fuel to get TTW
GHG emissions. Well-to-wheels (WTW) energy use and GHG emissions are
converted from the TTW fuel use on the basis of WTW energy-use intensity and
GHG-emission intensity [11]. WTW GHG emissions are used to evaluate the peak
emissions. Here we define “peak emissions” as to maximize emissions at some point
in time and decline afterwards at a constant or accelerated rate. For example, the
vehicle GHG emissions in the US peak around 2008 and decline at an annual rate of
0.7% since then [42].

For each province, TTW fuel consumption and GHG emissions are estimated

from 2010 to 2035 by Eqgs. (1) and (2):

xFC, ., xdensity,) (1)

Fuel, = > (VPx X, , xVKT, ,
i
Emis, ., = Z(F uel, x EF,) @)
k

where i represents vehicle types, including private cars owned by all urban residents

(denote as urban PCs) and rural residents (denote as rural PCs), urban motorcycles
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(urban MCs), rural motorcycles (rural MCs), commercial light-duty vehicles
(commercial LDVs), buses, light-duty trucks (LDTs) and heavy-duty trucks (HDTs);
Jj represents vehicle age in years; k represents fuel type; VP; is the number of vehicles
of type i; Xijx, VKTijr and FC;jy represent age distribution (share of vehicles in age
class /), annual distance traveled (km) and fuel consumption per distance (L km™")
for vehicle type i using fuel k at age j; densityx is the density of fuel k (kg L™"); EFy is
the CO, emission factor (g kg™') (other GHG emissions are ignored in the TTW
stage because of their few amount); Fuel and Emisrrw are TTW fuel consumption
(kg) and CO; emissions (g), respectively.

Provincial WTW energy use and GHG emissions are then calculated using Egs.

(3) and (4):

Energy, =Z(Fuelk X El ;) 3)
k

Emis,,,,, = Z(Fuelk xGl,) (4)
k

where E represents energy source (coal or petroleum); Elj g represents WTW energy
intensity of energy E for fuel k (kg kg™'); GIx represents WTW GHG emission
intensity for fuel k (g kg™'); Energy and Emiswrw are WTW energy use (kg) and
GHG emissions (g), respectively.

As presented in Eqgs. (1)-(4), VP, X, EF, VKT, FC, EIl and GI are key parameters
in this work. VP and X are modeled for each province using methods described in
Sect. 2.2. TTW CO> emission factors, EF, are calculated using fuel carbon intensity
multiplied by 3.67 (ratio of molecular weight of CO; to carbon). National average
VKT and FC are derived from simulation results of the Fuel Economy and
Environmental Impact (FEEI) model [43-45], for which the data source and

projection method are briefly described in Sect. 2.3. WTW ET and GI are determined

7



154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

on the basis of the Greenhouse gases, Regulated Emissions, and Energy use in
Transportation (GREET) model [46], which is widely used for analysis of life-cycle
energy and environmental impacts of vehicles. The GREET model used in this work
is parameterized with Chinese data to reflect real conditions. Details of the GREET
model configurations and how EI and GI are calculated are described in our previous
work [11].

We use the framework constructed by Egs. (1)-(4) to determine how to assure
the GHG emissions from road vehicles peak around 2030 and not beyond. First,
GHG emission pathways under current policies are estimated to evaluate whether
peak emissions can be constrained by 2030 without any new measures. The gap of
non-compliance is analyzed at provincial level. Second, sensitivity analysis for
various policy options are conducted to assess the effectiveness of single policy.
Finally, the most appropriate policy measures are developed to curb national GHGs
and evaluated considering the uncertainties of vehicle stock projections. The
scenario design is described in Sect. 2.4.

2.2 Modeling provincial vehicle stock (V'P) and fleet age distribution (X)

Vehicle population of each type (VP;) is projected based on different driving
forces (Table 1) for each province. Urban PCs, rural PCs and commercial LDVs are
projected using the Gompertz function (Eq. (5)), which links economic parameters to
vehicle ownership [47,48]. Urban and rural motorcycles are projected following the
assumption that motorcycle ownership declines when private income reaches a
certain level [1] (Eq. (6)), which shows the competition between car and motorcycle
purchases. Bus and truck stocks are driven by total demand for road transport of
passenger and freight, respectively [9]. The key issues in stock projection are

addressed below.
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[Table 1: Methods to project vehicle stock.]

Provincial Gompertz functions are constructed using historical data of each
province. We see very different Gompertz functions among provinces, which
illustrates the various growth patterns. Saturation level (7”) is a key parameter in the
use of Gompertz function. For China, values for " of 400-600 cars per 1000 people
are commonly used [1-3]. 7" is affected by factors such as population density and
urban development pattern [2]. The limited space available for driving and parking
in urban areas leads to lower ¥~ than in rural areas. In addition, the government
policy of restricting car purchases (e.g., in Beijing, Shanghai, and Guangzhou) also
contains vehicle growth in urban area. Therefore, we assume the V7 of urban PCs is
400 and that of rural PCs is 500. For Beijing and Shanghai, the V' of urban PCs is
assumed to be 250 because of their greater willingness to control vehicle stock, and
referring to similar growth patterns in other Asian megacities (e.g., Tokyo and Osaka
in Japan). The V" of commercial LDVs is determined as our previous work [2].

Unlike private car stocks, which grow to a saturation level and remain constant,
motorcycle ownership decreases linearly beyond a certain income level [49]. This is
because people tend to replace motorcycles with cars when their income level
increases. Based on the analysis of historical data from urban areas in China [49], we
find the switching point from MCs to cars is approximately $1,500 for per-capita
consumption level at 2010 prices [49]. Therefore, we assume that motorcycle
ownership increases before this point and declines after.

Bus and truck growth is driven by traffic volume of road transport. According
to China’s official forecasts [50], the freight volume by road transport will be 2.4
times its current size around 2030, and the passenger volume will be 3.2 times. The

projection is conducted on the basis of economic driving forces, social development
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requirements and construction plan of road infrastructure [50]. We adopt such
projections as total constraints for the whole China and develop provincial growth
patterns of bus and truck stocks using Gompertz functions [1,2].

After vehicle stock 1is projected, vehicle sales are estimated using a
back-calculation method [1,25]. Provincial-level age distribution (X) is then
simulated using sales data and survival functions [25]. The survival function is
constructed for each province on the basis of historical data. Please refer to our
previous work [1,25] for more details.

2.3 Mileage of single vehicle (VKT) and fuel consumption rate (FC)

In the FEEI model, the VKT of model years between 2002 and 2009 come from
survey data in China, and future VKT is projected on the basis of national travel
patterns [45]. The VKT of cars is projected to gradually decline, while those of buses
and trucks are expected to increase. In addition, VKT decline with vehicle age is
considered in the FEEI model, and adopted in this work.

The FC data are derived from the fuel consumption database for real driving
patterns established in the FEEI model [43,44]. It includes the 1% to 3 stage fuel
economy standards for LDVs and the 1% stage standard for LDTs in China. We
update the FEEI model with the latest standards published in 2014, including the 4"
stage standard for LDVs and the 1% stage standard for buses and HDTs. The former
one comes into effect in 2017 and aims to improve fuel economy of new cars to 5 L
100km~" in 2020, and the latter one takes effect in 2015 and is intended to improve
fuel economy of new buses and HDTs by 10%-15% relative to present levels.
Besides the standards, the FEEI model assumes FC decreases annually with

technology improvements (0.5% for LDVs and LDTs and 1.0% for buses and HDTs)
[11].
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2.4 Scenario design

Nine scenarios are designed in this work (Table 2), including “frozen policy”
(FP), “current policy” (CP), six scenarios for policy sensitivity analysis (VKTi,
VKT, FCi, FCy, EV and FuelBlend) and a “new policy” scenario (NP). The policy
options considered in the above scenarios are the most widely proposed measures to
address energy and environmental issues of road transport in China at present, which
include four aspects: strengthening fuel consumption standards, limiting car use
intensity, promoting electric vehicles, and blending alternative fuels.

[Table 2: Scenario design]

The FP scenario assumes that policies do not change or update and the current
situation will persist in the future. The CP scenario describes GHG emission trends
under near-term enacted policies (e.g., the 4" stage fuel economy standard for LDVs)
(see Sect. 3.2). Determinants of GHG emission trends in the CP scenario are
analyzed at the provincial level (see Sect. 3.3). We further conduct policy sensitivity
analysis (VKTi, VKT, FCi, FCz, EV and FuelBlend) to determine to what extent the
policies should be strengthened to achieve the peak target, and finally we develop an
effective NP scenario (see Sect. 3.4). Through the nine scenarios, we try to present a
complete roadmap towards the peak and ways of securing subsequent decline of
vehicle GHG emissions in China.

3. Results
3.1 Total vehicle stock from 2010 to 2035

We project total vehicle stock in China will increase from 174 million in 2010
to 565 million in 2035, as shown in Fig. 1a. All vehicle classes except motorcycles
are expected to grow quickly. Urban and rural PCs are projected to increase by up to

more than 10 times, and other vehicle stocks are predicted to be doubled.
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Motorcycles will gradually be replaced by private cars and will decrease by 20% in
2035. Urban and rural PCs are the main drivers of total stock growth, and will
contribute 61% and 10% to total vehicle stocks in 2035, respectively. The total stock
of rural PCs is one- sixtieth that of urban PCs in 2010, whereas the ratio increases to
one-sixth in 2035, because the growth rate of rural PCs is 1.65 times to urban PCs,
which can be attributed to its larger fraction of new-growth purchases (Fig. 1d)
compared with urban PCs (Fig. 1c). Although the total stock increases, the growth
rate gradually declines (Fig. 1b), as economic growth in China slows and private car
ownership approaches saturation.
[Figure 1: Vehicle projections from 2010 to 2035]

The provinces in China have different vehicle growth patterns as illustrated in
Fig. 2. Southern provinces have much higher vehicle growth from 2010 to 2035 than
northern and western provinces. This is because the vehicle growth in southern
provinces is more sensitive to economic growth than northern provinces. For
example, Jilin and Hunan are typical northern and southern provinces, respectively.
When their per-capita consumption level increased by 2 times from 2002 to 2010,
the urban PCs per 1000 people increased by 20 times in Jilin, while by 25 times in
Hunan. The provinces in south central China lie in the rapid growth stage for vehicle
stock, which promotes significant vehicle growth in the next 20 years. The
geographic disparity of vehicle growth highlights the importance of provincial
analysis, which helps to identify the key regions for GHG emission abatement.

[Figure 2: Provincial vehicle projections from 2010 to 2035]

3.2 Energy demand and GHG emissions under current policies

Figure 3 illustrates TTW and WTW energy use under FP and CP scenarios. The

FP scenario predicts a continuous growth in energy demand, while the energy use

12
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under the CP scenario tends to stabilize after 2020. The forthcoming fuel economy
standards considered in the CP scenario tighten fuel consumption rates of LDV and
HDTs, the two largest energy consumers. For example, LDVs and HDTs decrease
WTW energy use by 34% and 11%, respectively in 2035 in the CP scenario relative
to the FP scenario. Consequently, the TTW and WTW energy use in 2035 are 21%
and 20% lower in the CP scenario relative to the FP scenario. The cumulative saving
of TTW and WTW energy use can reach 47.4 and 60.6 thousand PJ from 2010 to
2035, respectively, or about 5.3-5.6 times the total vehicle energy use in 2010.
Though vehicle energy use could be significantly saved, it is difficult to reverse the
growth trend without any new measures, which leads to continued growth of GHG
emissions.

Projected annual TTW and WTW GHG emissions under the FP and CP
scenarios are presented in Fig 3d and 3e. From 2010 to 2035, the TTW and WTW
GHG emissions in the CP scenario increase by 75%, while in the FP scenario they
increase by about 115%. The largest contribution to GHG reduction in the CP
scenario comes from fuel economy improvement, while the impacts of electrification
and fuel blending are limited because of high carbon intensity of the whole life cycle
in the near future [11,17]. With the increase of non-fossil fuel based electricity and
cellulosic ethanol, life cycle carbon intensity of electrification and fuel blending
improve. Consequently, such two measures contribute larger GHG reduction in 2035;
though the effect is still 80% lower than fuel economy improvement due to limited
penetration of electric vehicles and biofuel (see Table A.3 and A.4). On the basis of
above discussions, the current and planned policies in the CP scenario can
significantly cut GHG emissions, but cannot achieve the stated target of peak

emissions.
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[Figure 3: TTW and WTW energy use and GHG emissions under FP and CP
scenarios]
3.3 Determinants of GHG emissions: provincial analysis

Energy efficiency (kilometers traveled per unit energy use) and vehicle activity
(total vehicle kilometers traveled) are key parameters to determine road vehicle
GHG emissions [51,52]. Vehicle energy efficiency can be considered similar
nationwide because of simultaneously implemented fuel economy policies, while
vehicle activity growth is subject to significant geographic disparity as discussed in
Sect. 3.1. In some provinces, like Shanghai and Guangdong, GHG emissions growth
from vehicles driven by vehicle activity growth can be entirely offset by energy
efficiency improvement. In provinces like Jiangxi and Jiangsu, energy efficiency
improvements can only partly temper the emission growth driven by vehicle activity
growth. Fig. 4 compares provincial vehicle activity growth with national
improvement of WTW energy efficiency in the CP scenario. It suggests the energy
efficiency improvement can only curb activity growth in less than 25% provinces,
while most provinces are not constrained. Jiangxi, Sichuan and Jiangsu have the
largest emission growth from 2030 to 2035 and, Guangdong, Shanghai and Beijing
have the largest reductions. Developed provinces have declining emissions after
2030 because their vehicle stock approaches saturation and vehicle activity growth
slows. The other provinces continue vehicle activity growth; they dominate the
growth of national GHG emissions and are responsible for the non-compliance with
peak emissions.
[Figure 4: Provincial vehicle activity growth and improvement of energy efficiency
relative to 2020]

We evaluate provincial WTW GHG emissions in the CP scenario. The results
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are shown in Fig. 5. Significant differences exist between provinces for both spatial
distribution and growth patterns. In 2010, provinces on the east coast contribute to
vehicular GHG emissions most significantly, with the nine provinces being
responsible for 45% of the nation’s GHG emissions. In 2030, the activity growth in
these provinces is almost saturated and entirely offset by improved energy efficiency,
therefore the GHG growth falls to zero, or even becomes negative. Many of these
provinces will decline GHG emissions since 2030. In 2035, the proportion of GHG
emissions from these nine provinces decreases to 39% of the national vehicular
GHG emissions. Much faster growth of GHG emissions occurs in south central
China, where the energy efficiency improvement cannot offset the dramatic growth
of vehicle activity. The target of new policies should be set to constrain the GHG
emissions in the southern provinces.
[Figure 5: Provincial WTW GHG emissions in CP scenario]

3.4 Constrain national GHG emissions by 2030

As discussed above, staying at no more than current levels or even with enacted
measures (“frozen policy” or “current policy” scenarios) will not constrain the
vehicle GHG emissions by 2030, and stricter measures are thus needed. Measures to
reduce vehicle GHG emissions can be broadly divided into two categories: reducing
vehicle activity and improving energy efficiency. To constrain vehicle activity, the
Chinese government tries to vigorously develop the public transport system and
promote green travel to reduce dependence on cars in urban areas. According to the
government plan [53], China plans to increase the share of public transport to 60% in
urban areas with more than 1 million residents and increase the share of walking and
bicycling by 5-10% in 2017, which should help reduce the VKT of urban cars.

However, due to lack of clear action plan until now, we don’t include this policy in
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the analysis of CP scenario to avoid being over optimistic. Such measures will be
explicitly designed in the rigorous policy package. To improve energy efficiency,
China plans to update fuel economy standards to catch up with the level of other
developed countries in 2030, improve market penetration of electric vehicles [54],
and increase the proportion of biofuel blends [55]. To what extent these policies can
curb national GHG emissions is evaluated separately as below.

Figure 6a presents national WTW GHG emission pathways under different
policy options. The single policy of VKT,, FC; and FC, can achieve peak GHG
emissions by 2030, while the policies of VKT, EV and FuelBlend cannot. The
VKT, scenario is not effective because LDVs only contribute less than 30%
emissions around 2030; therefore a small reduction of LDVs’ use intensity doesn’t
have significant effect. Promote the use of electric vehicles and biofuels have little
influence because of their limited penetrations in the whole fleet in the next two
decades (see Table A.3 and A.4). The policy scenario of FC; is most effective;
however, improving fuel consumption rate by 50% in 2035 relative to 2020 is
unlikely to be attainable. Because such policy is stronger than contemporaneous
standards in the US, Japan and the EU, while current fuel consumption rates in
China are 10%-40% higher than the other developed countries. The other two
effective policies of VKT> and FC; are probably attainable according to China’s
plans, but may fail to constrain emissions by 2030 with fast vehicle growth patterns
(Fig. 6b and c). We vary the projections of LDVs and HDTs according to the ranges
reported in literatures [1,2,10,17,56] by 50%-120% and 75%-140%, respectively. It
suggests the upper bound of WTW GHG emissions keep growing from 2010 to 2035
(Fig. 6b and c) under scenarios VKT, and FC;. In conclusion, no single policy

option can ensure peak emissions by 2030 in China.
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[Figure 6: WTW GHG emissions in various scenarios]

On the basis of above analysis, we design a integrated policy package with
combination of the four scenarios of FCi, VKTi, EV and FuelBlend (NP scenario in
Table 2) to accommodate the explosive growth of vehicle activity in China. The NP
scenario can constrain national GHG emissions by 2030 (Fig. 6a) and is strong
enough to curb vehicle emission growth under fast growth patterns (Fig. 6d). Figure
7 presents the effect of the NP policy on provincial GHG emission trends. Fig. 7a
shows that the NP policy can significantly constrain vehicle activity growth in 28
provinces, with only 3 provinces located in southern China not constrained. A 25%
improvement in fuel economy (scenario FC;) is the most effective policy, which
makes 22 provinces peak their GHG emissions. The other three policies (VKT;, EV
and FuelBlend) together can ensure another 6 provinces achieve peak GHG
emissions. Though only 90% provinces can peak their GHG emissions, the national
total emissions can still be maximized successfully by 2030, caused by
compensation effect between provinces.

[Figure 7: Provincial vehicle activity growth and improvement of energy efficiency
in the NP scenario]
4. Discussion

Modeling future energy use and emissions of road transport involve many
aspects of assumptions, judgments and parameter estimates with high uncertainty.
Though many efforts have been made to reduce uncertainty, we still need to
carefully check with boundary conditions of the work and remind the conclusions
are highly relevant with such boundaries. In this section, we select several key
assumptions in this work, discuss the uncertainties and evaluate their possible

influences.
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First, we assume the policies would take effect to the extent planned by the
government without complete feasibility assessment. We make a careful judgment
according to investigation of current situation and different forecasts, but for a
rapidly developing country like China, it is not easy to make explicit projections. We
believe the designed scenarios present possible future developments under best
current understanding, and that they will allow progress to be made before more
exact projections are developed.

Second, we build fleet turnover model and estimate vehicle activity for each
province, while the other parameters such as VKT and FC remain the same for the
whole country. Inventories of vehicle emissions in China always use national
average VKT and FC, because of limitations in data availability [57,58].
High-resolution input data are urgently needed to further improve GHG emission
estimates for the road transport sector in China, which will require effort from not
only the science community but also relevant official departments.

Finally, uncertainties subject to parameter precision, but complete uncertainty
evaluations for all parameters are not included in this work. In our previous work,
uncertainties of single parameters have been thoroughly researched [2, 44, 45]. We
plan to take a more comprehensive approach, such as Monte Carlo methods, to
resolve the projection model uncertainties in future work.

5. Conclusion

GHG emissions from road vehicles will continue to rise through 2035 under
current polices, driven by the significant growth of vehicle activity in south-central
China. Energy efficiency improvement by current policies is not sufficient to offset
the explosive activity increase in this region. According to the sensitivity analysis of

alternative policies, we designed an appropriate policy package to curb GHG

18



429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

emissions for China. This integrated policy set includes a reduction in the VKT of
urban LDVs by 25%, improving fuel economy by 25% in 2035 relative to 2020, and
promotion of electric vehicles and biofuels. The integrated policy, rather than any
single policy, is effective to constrain peak GHG emissions by 2030. If this new
policy package can be implemented, China will reach its maximum GHG emissions
for the road transport sector around 2030.

This work provides a provincial perspective to evaluate to what extent policies
should be strengthened to achieve the target of peak road transport GHG emissions
for the whole China by 2030. A uniform improvement of energy efficiency will have
different impacts on GHG emissions by province, because vehicle activity growth
varies. Therefore, the regional disparity of vehicle activity growth is considered in
this work to make the policy analysis more specific. The method adopted in this
work can provide a reference for other sectors to develop policies constraining peak

GHG emissions with the consideration of large differences in regional development.
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Table 1. Methods to project vehicle stock.

Purpose Parameter Description Data Source
V=V"xexp(aexp(SE)) 5)
Model ownership 14 Vehicle ownership (in numbers per /
of urban and rural 1000 people)
PCs and v Vehicle saturation level (in numbers urban PCs: 400; rural
commercial LDVs; per 1000 people) PCs: 500; commercial
model provincial LDVs: 35; Trucks: 5
growth  patterns 2]
for LDTs and E Economic indicator, here is [59,60]°?
HDTs per-capita consumption (in RMB at
2010 price)
o and f Shape parameters (dimensionless) Regressed from
historical data [61]
V:{Vzow +OxX(E—-Ey,),E<E, . ©)
Vioro T @X(E, s = Eng) —Ox(E-E, ), E>E,
Modeling V (V219  Motorcycle ownership (in numbers /
ownership of per 1000 people)
urban and rural E (Ez;)  Economic indicator, here is [59,60]°?
motorcycles per-capita consumption (in RMB at
2010 price)
Evmax The per-capita consumption at $1,500 at 2010 price
which V is maximum (in $ at 2010
price)
o The growth rate of motorcycle Regressed from
ownership before E,uq (in numbers historical data [61]
per 1000 people per $)
0 The decline rate of motorcycle Regressed from

ownership after E,u. (in numbers

per 1000 people per $)

historical data [61]

2 GDP and population forecast are from [60], and scaled down to provinces with a growth pattern

developed by [59]. Urban and rural per-capita consumption of each province are taken from

official statistics [61], and projected using its relationship with per-capita GDP.
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460 Table 2. Scenario design.

Scenario ® Description Purpose

FP VKT comes from the FEEI model [45]. Fuel economy standards, electrification and
fuel blending ratios remain the same level as 2012.
Cp VKT comes from the FEEI model [45]. Fuel economy standards of the 4 stage for
LDVs and the 1 stage for buses and HDTs are considered. Electrification and fuel
blending ratios are projected according to government plans and available
literatures.

VKT, On the basis of CP, reduce the VKT of urban PCs and commercial LDVs by 25% in
2035 relative to 2020.

VKT, On the basis of CP, reduce the VKT of urban PCs and commercial LDVs by 50% in
2035 relative to 2020.

FC, On the basis of CP, improve FC by 25% in 2035 relative to the last stage fuel
economy standard.
FC, On the basis of CP, improve FC by 50% in 2035 relative to the last stage fuel
economy standard.
EV On the basis of CP, the electrification ratios are doubled.
FuelBlend On the basis of CP, the fuel blending ratios are increased by about 50%.
NP Combine the policies in VKT, FCy, EV and FuelBlend scenarios.

461  ?*Detailed parameters adopted in each scenario are presented in Table A.1-A.4.
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Figure 1. Vehicle projections from 2010 to 2035: (a) national total stock; (b) growth
rate every 5 year (e.g., 2015/2010); (c) sales of urban PCs and the proportion of
replacement purchases; (d) sales of rural PCs and the proportion of replacement
purchases. Replacement purchases mean that to buy a new car replaces the old car

one owns before.
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of energy efficiency (the red line) relative to 2020. The three lines of each box from
top to bottom represent upper, middle and lower quartiles, respectively. The range of

whisker is from the minimum to maximum.
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Figure 7. (a) Provincial vehicle activity growth (the box-whisker plot) and

improvement of energy efficiency (the brown line) in the NP scenario. And the

provinces have peak GHG emissions by 2030 under (b) VKT, (c) EV (FuelBlend)

and (d) FC scenarios individually.
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Appendix A. Parameters adopted in scenarios

Table A.1. Projected fuel consumption rates for new vehicles (L 100km™") in different scenarios.

FP¢ FC, (NP) FC;
2015 2025 2015 2025 2015 2025 2035
7.9 52 7.9 29
227 187 22.7 11.3
11.5 103 10.9 6.1
21.4 219 18.1 21.9 11.0

LDV = urban PC + rural PC + commercial LDV. G means gasoline vehicles and D means diesel.

¢ Fuel consumption rate of motorcycles is assumed to remain 2.5 L 100km™" in all scenarios.

b Fuel consumption rates of gasoline LDT, HDT and bus are 20% higher than diesel ones according to current requirements in China.



Table A.2. Projected VKT for new vehicles (1000 km) in different scenarios.

501
FP (CP) VKT; (NP) VKT,
2010 2015 2025 2035 2010 2015 2025 2035 2010 2015 2025 2035
Urban PC 165 142 9.9 9.6 16.5 14.2 9.7 72 16.5 14.2 9.3 48
Rural PC 165 165 16.5 16.5 16.5 16.5 16.5 16.5 16.5 16.5 16.5 16.5
Commercial LDV 165 155 12.5 12.4 16.5 15.5 12.3 9.3 16.5 15.5 11.8 6.2
Bus 1240 1277 1319  108.0 1240 1277 1319  108.0 1240 1277 1319  108.0
LDT 300 315 34 355 300 315 34 35.5 300 315 34 35.5
HDT 80.0 833 88.7 92 80.0 83.3 88.7 92 80.0 83.3 88.7 92
MC? 59 5.1 3.5 3.4 59 5.1 3.5 3.4 59 5.1 3.5 3.4

502 aMC = urban MC + rural MC.
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Table A.3. Projected market penetration of electric vehicles for LDVs? in different

scenarios.

In replacement purchases

In new purchases ”

FP CP EV (NP) FP CP  EV(NP)
2010 0% 0% 0% 0% 0% 0%
2015 0% 1% 3% 0% 1% 1%
2025 1% 6% 12% 0% 3% 6%
2035 3% 28% 60% 1% 14% 30%

3L.DV = urban PC + rural PC + commercial LDV.

b We assume people are more willing to buy an electric car in their replacement purchases than

the first new purchases.
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Table A.4. Projected biofuel blending ratios in different scenarios.

FpP? cp?b FuelBlend (NP)¢
Bio-ethanol  Bio-diesel Bio-ethanol  Bio-diesel Bio-ethanol  Bio-diesel
2010 2.5% 0.3% 2.5% 0.3% 2.5% 0.3%
2015 2.5% 0.3% 3.4% 0.7% 3.4% 0.7%
2025 2.5% 0.3% 7.7% 1.5% 10% 2%
2035 2.5% 0.3% 10% 2.5% 15% 4%

2In 2012, China used 2 million metric tons bio-ethanol and 0.3 million tons bio-diesel [62],
which accounted for 2.5% and 0.3% of total gasoline and diesel consumption, respectively.

b China plans to expand bio-ethanol and bio-diesel production to 10 million and 2 million tons in
2020, which can increase the fuel blending ratios to 6% in gasoline and 1% in diesel, respectively.
We assume the annual production from 2020 to 2035 remains the same as from 2010 to 2020 in
the CP scenario.

¢ We assume the biofuel production from 2020 to 2035 increases by 50% relative to CP scenario

in FuelBlend and NP scenarios.
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