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Abstract: China is well known for its determination on large-scale vehicle electrification, which
currently is mainly driven by fuel economy and electric vehicle policies mixed with the extensive
charging infrastructure support and monetary incentives from the government. This study adopted
the New Energy and Oil Consumption Credits (NEOCC) model 2020 version, a vehicle policy
analysis tool developed by the Oak Ridge National Laboratory, in order to systematically quantify
the potential impacts of the “Passenger Cars Corporate Average Fuel Consumption and New Energy
Vehicle Credit Regulation”, which is a revised version released in June 2020 for the timeframe 2021-
2023, the so-called dual credit policy (2021-2023). It was found that, under the dual credit policy
(2021-2023), the sales of hybrid electric vehicles could reach 0.91 million by the end of 2023, which
would increase much faster than they did in 2018-2020. The annual sales share of plug-in electric
vehicles (PEVs) could reach 11.7%, and the PEV stocks could achieve 11.70 million by the end of 2023
if it keeps the expansion to the level of how it was in 2017. In addition, the BEVs with long electric
range (such as 400 km) and the plug-in hybrid electric SUVs could be the most popular PEV types.

Keywords: auto industry; market dynamics; electric vehicle; vehicle policy; modeling; projection

1. Introduction

The world is experiencing a revolution in transportation electrification, and the sales
of plug-in electric vehicles (PEVs) have been explosively growing since 2010 [1]. By the end
of 2019, the global stock of plug-in electric passenger vehicles was more than 7 million [2].
The share of PEV annual sales in the global vehicle market reached 2.5% in 2019, an increase
from the 2.2% market share in 2018 [3]. China contributes significantly to the development
of the global PEV market, amounting to around 45% of PEV passenger vehicles on the road
in 2018 [4]. However, the pathway of PEV development has not always been easy in China.
The vehicle market in China experienced downturns for two successive years (2018-2020),
and this gloomy atmosphere also explicitly spread to its PEV sales. In 2019, the PEV sales
in China were just over 1.2 million [3], which dropped about 4% off from 1.25 million PEV
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sales in 2018 [5]. In 2020, the COVID-19 pandemic and its social and economic impacts also
brought new challenges to the development of Chinese vehicle market [6]. Meanwhile,
even though the Chinese economy faced unprecedented uncertainties in 2020, the annual
sales of passenger PEVs were estimated to be about 1.246 million units in 2020, reaching a
new sales record in the Chinese market [7]. The development of the electric vehicle industry
is much faster than the vehicle industry as a whole, and it will lead the development of
the Chinese manufacturing, especially the green energy industry [7]. Nevertheless, future
sales of PEVs still face uncertainties due to consumer perception, charging infrastructure
deployment, technology progress, and even potential new policies [8]. Therefore, the
market dynamics of the electric vehicle market development in China is of great interest to
the stakeholders from industry, policymakers, and academics.

PEV is deemed a critical technological promotion trend and an effective green energy
transition pathway in terms of future mobility choices [9]. Policy orientation has often
been adopted as a significant impetus on PEV development in China in order to promote
electrified transportation [1]. The Chinese policies started with a strong demand-pull
strategy on the consumer side through subsidizing PEV sales (including subsidies from
both central government and local government) or non-monetary incentives such as license
plate privilege for PEVs, urban free parking, and free charging pile installation. Although
criticized that they could distort the market demand and magnify local protectionism [1],
these incentives motivated the sales of PEVs and enlarged the PEV user community in the
early stage of PEV market development. For example, the most powerful non-monetary
incentive for PEV purchase is a special priority given for vehicle registration and license
plate/PEV license plate privilege, with the estimated value of this policy being about USD
13,060 quantified by Ou et al. (2019) [9]. This value is equivalent to half of the vehicle’s
average price in China [9]. According to the report by Ren et al. (2019), nearly half of the
PEVs were purchased by the consumers who live in the regions with policy on PEV license
plate privilege, as shown in Figure 1 [5].
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Figure 1. Shares of PEVs from the regions with or without policy on PEV license plate privilege [5].

However, the demand-push brings extra financial burdens to the governments and
also causes some problems such as wasting of resources and subsidy cheating [1]. Therefore,
while the Chinese government has promised that it will not end the PEV subsidy at least
before the end of 2022 [10], it intends to transition the PEV support in a more supply-push
approach, indicated by the reduction of purchase subsidies, the enforcement of restrictions
on corporate average fuel consumption (CAFC) rate, and the implementation of PEV quota
policy. In 2017, the Chinese government issued a policy named Measures for Passenger
Cars Corporate Average Fuel Consumption and New Energy Vehicle Credit Regulation (dual
credit policy) for the years 2018-2020 to enforce the auto industry to improve the fuel
economy of their vehicle products, and more importantly, to divert the auto industry to
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an electrification path. This policy does not only lessen the financial pressures of direct
subsidies by the government, but also avoids the controversial regional protectionisms
blamed by stakeholders. At the same time, the government could divert its resources to
investing in public charging infrastructure.

After 3 years of implementation, the Chinese government issued a new official version
of Measures for Passenger Cars Corporate Average Fuel Consumption and New Energy Vehicle
Credit Regulation (a new version of dual credit policy) for the years 2021-2023 in June 2020
to replace the old version [11]. The new version of dual credit policy is called dual credit
policy (2021-2023) in this study. On the basis of the feedback from the automotive industry
and other stakeholders, this vehicle policy formulates the new fuel consumption targets
and electric vehicle quotas for the Chinese auto industry in years from 2021 to 2023. This
policy is believed to continue to strongly impact the future trends of the vehicle market
and the strategies of transportation energy in China [12]. How are the PEV sales and
market impacted by the policy? What type of powertrain technology could benefit from
this new policy? Will the downturn of the vehicle industry in 2018-2020 be reversed with
the prosperity of electric vehicles? It is essential to answer these questions considering the
huge market size and the role of China in global climate change.

Currently, the dual credit policy, adopted only in the passenger vehicles, consists of
two sections: the Corporate Average Fuel Consumption (CAFC) credit rules, and the New
Energy Vehicle (NEV) credit rules. Similar to the U.S. Corporate Average Fuel Economy
Standards, the CAFC credit rules require that the weighted average fuel consumption of
vehicles produced or imported by auto companies should be no larger than the required
CAFC limit calculated by the Chinese Vehicle Fuel Economy Standards. Auto companies
are allowed to accumulate their positive CAFC credits and to use them for the CAFC
deficits in other years. Furthermore, similar to the Zero-emission Vehicle Mandate in
California, the NEV credit rules in dual credit policy require that the ratio of the PEV
numbers to the conventional vehicle numbers from auto companies must be no smaller
than a quota. The auto companies can accumulate positive NEV credits and use them for
trading or filling the deficits of their CAFC credits. Both the CAFC limit and NEV quota
are more stringent year to year to the auto companies in the dual credit policy, so as to
increase the share of PEVs in the market.

This study adopted the New Energy and Oil Consumption Credits (NEOCC) model,
a vehicle policy analysis tool developed by the Oak Ridge National Laboratory, to quantify
the policy impacts on the electric vehicle market in China and to project the future trends
of market dynamics through 2023. This paper consists of four sections. Section 1 presents
research motivations and objectives, and generally introduces the current Chinese PEV
market. Section 2 describes the modeling assumptions and modeling approach for the
analysis of impacts of the vehicle policies in 2021-2023. Section 3 presents scenario analyses
and provides the market share projection through 2023 under the impacts of dual credit
policy (2021-2023). The final section summarizes the conclusions and the future work. In
this study, the exchange rate of USD 1.00 is CNY 6.91 (a yearly currency exchange rate in
2019) [13].

2. Market and Model

The vehicle market data for calibration of the NEOCC model was supplied by the
China Automotive Research and Technology Center (CATARC), and the data are the
aggregated information on the different vehicle technologies with respect to their annual
sales, sales-weighted vehicle prices, sales-weighted fuel economy, and sales-weighted
electricity consumption of other vehicle performance indexes in 2016-2019. The aggregated
information on the vehicle market in the years 2016-2019 is presented in Tables A1-A4
(Appendix A). Moreover, the most recent official version of the dual credit policy (2021-
2023) was released in June 2020, and it can be downloaded through the website by China’s
Ministry of Industry and Information Technology [11].
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The NEOCC model was firstly released in 2017 and has been improved and integrated
with various functions and features in following versions on the basis of user feedback [14].
The NEOCC model is an optimization model used to capture the dynamic changes of
the vehicle market while considering the quantitative impacts from the consumer driving
patterns (personal-owned vehicles and public vehicle fleet), the vehicle ownership and
production costs, and the government incentives or policy constraints on different power-
train technologies [15]. Figure 2 shows the algorithm of the NEOCC 2020 model version.
The NEOCC model includes the main model section, the consumer information such as
time value and travel patterns, the industry dynamics such as production cost and markup
factors, the charging infrastructure such as the electricity cost and charging inconvenience
cost under different charging scenarios, and the projections for technology evolution and
fuel economy requirements in 2020-2050.
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Figure 2. Algorithm flow of the NEOCC model (2020 version).

The NEOCC model comprehensively considers the vehicle market dynamics with
impacts from consumers, government, and the auto industry. It assumes that the auto
industry is able to distribute its internal subsidies on different powertrain types of vehicles
so as to sell as many cars as possible and maximize its profit. At the same time, the sales and
the shares of the vehicle types sold to consumers depend on ownership costs in responding
to the vehicle price, driving patterns, charging infrastructure, fuel cost, and so on. The sales
and shares by vehicle types are calculated through the method of the nested multinomial
logit model. To reach the optimized results, the calculation constantly adjusts the internal
subsidies for different vehicle technologies until it is believed that the total profit reaches
the largest one. In sum, this NEOCC model integrates the optimization (for example, the
genetic algorithm was adopted for 2019 NEOCC model and later versions) for seeking
the maximum profits with the discrete choice modelling on allocating the market share
of vehicles to the consumers on the basis of their utilities [14]. For the detailed model
algorithms, one can be referred to Ou et al. (2018) [15] and Ou et al. (2019) [14].

In this NOECC model version, the shares and the sales of 16 different vehicle pow-
ertrain technologies are projected through the discrete choice modelling. The vehicle
powertrain types include internal combustion engine vehicle ICEV), plug-in hybrid elec-
tric vehicle (PHEV), and battery electric vehicle (BEV). ICE vehicles are further classified
into three categories on the basis of their fuel economy level: ICEVs with a high-fuel
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consumption rate (ICEV-High), ICEVs with a medium-fuel consumption rate (ICEV-Med),
and ICEVs with a low-fuel consumption rate (ICEV-Low, referring to pure hybrid electric
vehicles in this model). PHEVs and BEVs are classified on the basis of their electric ranges,
with sedans having more classifications than SUVs/crossovers. More detailed classification
of these vehicle technologies in 2016-2019 is presented in Tables A1-A4 (Appendix A).

In addition, the purchase features and the travel patterns of two consumer types
are considered: (a) personal-owned vehicle drivers and (b) public fleet drivers. The
probabilities of consumers choosing a particular vehicle type depend on the value of the
total ownership cost for each type of vehicle. The total cost of vehicle ownership is summed
on the basis of the implicit or explicit values in responding to travel patterns, driver’s
incomes (value of time), and personal preferences of consumers, etc. [14,15]. For example,
the NEOCC model quantifies the costs of vehicle ownership impacted by the charging
activities and distributions of electric infrastructure. For a BEV owned by a personal
consumer, the total cost of vehicle ownership impacted by charging related activities are
estimated through three different perceived costs: the electricity charging costs (at home, at
public charging stations, and at workplace), the charging inconvenience cost, and the range
anxiety cost [14]. What is more, this total cost of vehicle ownership impacted by charging-
related activities varies depending on whether the consumer owns a dedicated residential
parking spot or not [16]. Calculating through the NEOCC model, Figure 3 reveals the
lifetime charging activities costs on individually owning a BEV in 2023. The charging
activities include the charging at home, at workplaces, and at public stations with either
DC fast charging or slow charging. Additionally, these charging-related costs consider the
actual electricity cost, the charging inconvenience cost, the time cost, and the range anxiety
cost [14]. We can see that, by 2023, the sedan BEVs with electric range at 400 km had the
lowest cost of ownership related to the charging activities. In addition, owning dedicated
residential parking could largely decrease the ownership cost on charging activities by
43-49%, although owning dedicated residential parking is high-cost spending.

$16000
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$14000
. $12,263 $12,209
a
g $12000 10,722 $11,039
= $9990
2 $10000 $9387
2 $7591
o $8000
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Figure 3. Estimated lifetime charging activities cost of BEVs that are individually owned in 2023.

Except the explicit and implicit values from consumer travel patterns and charging
infrastructure, the monetary and non-monetary incentives from the government are also
significant to determine the purchase selection in the vehicle market. The government has
confirmed that its subsidies to electric vehicle purchasing will continue at least by the end
of 2022 [10]. Meanwhile, the subsidies will be 10%, 20%, or 30% less than they are in the
last year during 2020-2022 [10]. The subsidies to PEV vehicles also depend on the technical
indexes, such as electric range, electricity consumption rate, specific energy density, and
maximum speed. For simplification, the subsidies adopted in the NEOCC model only
consider the electric range. The maximum subsidies offered by the central government are
presented in Table 1. Moreover, the purchase privilege, which refers to the vehicle license
plate privilege for PEVs in major cities in China, is also considered in the NEOCC model.
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Because of the ratio of PEVs sold to the major cities that still have the vehicle license plate
privilege policies becomes less by year, as shown in Figure 1, the sales weighted purchase
privilege is assumed to decrease by year in the NEOCC model. In the NEOCC model 2020
version, the purchase privilege is 30,000 CNY in 2019 and is assumed to linearly decrease
to 0 by 2035.

Table 1. Maximum PEV purchase subsidies (by electric range, ER) by the Chinese central government in 2020-2022.

Vehicle Type Year 300 km < ER <400 km ER > 400 km ER > 50 km
2020 16,200 CNY 22,500 CNY -
Battery electric vehicle 2021 12,960 CNY 18,000 CNY -
2022 9072 CNY 12,600 CNY -
. . . . . 2020 - - 8500 CNY
P dectic eic g xended - -
& 2022 - - 4760 CNY

3. Scenario Analysis for Vehicle Market in 2021-2023

To find out the effectiveness of the dual credit policy (2021-2023) in the vehicle market,
this study quantified the market evolution of PEVs and ICEV-Low (hybrid electric vehicles)
impacted by dual credit policy (2021-2023) and compared it with the market dynamics
under different vehicle policies. Four different policy scenarios are simulated in the NEOCC
model, and the definitions of these scenarios are described below. Additionally, please note
that the monetary incentives to PEVs are also effective in the reference scenario, the CAFC
credit-only policy scenario, the NEV credit-only policy scenario, and the old dual credit
policy scenario.

e  Reference scenario: this scenario assumes that the vehicle market is constrained by
the dual credit policy (2021-2023).

e  CAFC credit-only policy scenario: this scenario assumes that the vehicle market is
constrained by the CAFC credit rules for 2021-2023 only. Therefore, the fuel consump-
tion of vehicles instead of the PEV quota is the only factor that impacts the industry
market strategy.

e NEV credit-only policy scenario: this scenario assumes that the vehicle market is
constrained by the NEV credit rules for 2021-2023 only. Therefore, the PEV quota
instead of the fuel consumption of vehicles is the only factor that impacts the industry
market strategy.

e Old dual credit policy scenario: this scenario assumes that the dual credit policy
(2018-2020) was applied to the vehicle market in 2021-2022. For example, the quota
targets on PEV share in 2021-2023 are 8%, 10%, and 12% respectively for 2021-2023,
instead of 14%, 16%, and 18% required by the dual credit policy (2021-2023). In
addition, the requirements of CAFC credit rules and tested driving cycles are also
both changed. In the dual credit policy (2018-2020), the requirement of CAFC is
5 L/100 km under the New European Driving Cycle (NEDC) by 2020 [17]. In the
dual credit policy (2021-2023), the requirement of CAFC is 4.6 L/100 km under the
Worldwide Harmonized Light Vehicles Test Cycle (WLTC) by 2023 [11]. Generally, the
fuel consumption rate under WLTC is 10% higher than it under NEDC for the same
vehicle [18]. Consequently, the industry CAFC targets in 2021-2023 are 6.60 L/100 km,
6.05L/100 km, and 5.50 L/100 km under WLTC, respectively, for 2021-2023, instead
of 492 L/100 km, 4.8 L/100 km, and 4.6 L/100 km under WLTC required by the dual
credit policy (2021-2023) [11];

e  Monetary incentives-only scenario: this scenario assumes that the vehicle market is
constrained by no dual credit policy (2021-2023) during 2021 and 2023; however, the
government subsidies and vehicle license purchase privileges are still in the market to
incentivize PEV purchases.
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This paper aimed to discuss and compare the short-term (2021-2023) market dynamics
impacts under different vehicle policies, and thus we did not focus on the evaluation
of model uncertainties by the external factors, which have been discussed by He et al.
(2020) [18]. Figure 4 presents the market shares of PEVs and high fuel-efficient ICE vehicles
under these four policy scenarios. Three types of vehicle are discussed: BEV, PHEV, and
ICEV-Low. The ICEV-Low refers to high fuel-efficient ICEV such as pure hybrid electric
vehicles in the NEOCC model.

Reference NG . 8.72%
§ CAFC credit-only policy NG I 9.36%
N NEV credit-only policy E—— I 5.63%
§ Old dual credit policy INEG— I 4.58%
Monetary incentives only I I 4.58%
Reference I IS 9.69%
g CAFC credit-only policy IEEEE—— s 10.53%
N NEV credit-only policy INEG———— I 6.16%
§ Old dual credit policy INEG— I 4.87%
Monetary incentives only I I 4.87%
Reference I I 11.73%
g CAFC credit-only policy I I 13.06%
N NEV credit-only policy IEEG—————— I 6.74%
8 Old dual credit policy  IEG—_— E—— 4.96%
Monetary incentives only I I 4.96%
0% 5% 10% 15% 20%

B BEV PHEV MW ICEV-Low

Figure 4. Shares of vehicle powertrain technologies under different vehicle policy scenarios. The numbers show the market

share of BEVs and PHEVs.

As shown in Figure 4, the reference scenario, with the dual-credit policy constraints,
motivates more PEV market shares than the monetary incentives only scenario, as well
as the NEV credit-only policy scenario and the old dual credit policy scenario. When
compared to the dual credit policy (2018-2020), two major types of adjustments in the
dual credit policy (2021-2023) are changed: (a) the dual credit policy (2021-2023) mostly
emphasizes the energy efficiency of BEVs, and the electricity consumption for a certain
driving range (kW /100 km) and the battery’s energy capacity (kWh/kg) become more
critical performance indicators to determine the value of NEV credit that each BEV can
obtain; (b) unlike the dual credit policy (2018-2020), the dual credit policy (2021-2023) also
encourages high fuel-efficiency ICE vehicles in the NEV credit rules. Therefore, because of
more incentives on the ICEV-Low by the dual credit policy (2021-2023), the sales number
of ICEV-Low in the reference scenario is the most among these five scenarios simulated.

The PEV market shares show much less than the quotas required by the dual-credit
policy (2021-2023). This is because the quota defined by the NEV-credit rules refers to the
ratio of PEV sales scores to ICEV sales scores, instead of the ratio of PEV sales to ICEV sales.
When calculating the ratio, in the numerator, a BEV with long electric range could amplify
the scores earned by PEV sales. In the denominator, a qualified hybrid electric vehicle can
reduce the scores earned by ICEV sales. Accordingly, the rules bring the automakers to
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produce more BEVs with long electric range or more hybrids. Consequently, the market
share of PEVs would be very likely smaller than the quota given by the dual-credit policy
(2021-2023).

Figure 4 also clearly shows, with more strict requirements, the ratio of PEVs in the
passenger vehicle market under the reference scenario increases more than it did under
the old dual credit policy scenario. For example, comparing the PEV share under the old
dual credit policy scenario, we found that the PEV share under the reference scenario
increases to 11.7% in 2023 instead of 5.0% in the old dual credit policy scenario. At the same
time, surprisingly, the total PEV share (11.7% in 2023) in the reference scenario was found
to be smaller than it (13.1% in 2023) is in the CAFC credit-only policy scenario. Several
reasons could possibly explain this: (a) the CAFC rules could incentivize the production of
more PHEVs, which can be helpful for further reducing the industrial CAFC [15]; (b) the
positive NEV credits can be used for offsetting the negative CAFC credits in the dual credit
policy, and thus the dual credit policy seems less stringent on improving zero-emissions
vehicles (PEVs) compared to the CAFC credit-only rules. Meanwhile, because the dual
credit policy (2021-2023) has more incentives for the ICEV-Low, the market shares and
sales of ICEV-Low under the reference scenario are much more than they are in the CAFC
credit-only policy scenario or other scenarios, as shown in Table 2.

Table 2. Projected sales by powertrain technology in Chinese vehicle market in 2021-2023.

Year Scenario BEV PHEV ICEV-Low ICEV-Med ICEV-High
Reference 1,108,363 746,575 485,788 13,886,252 5,055,529
CAFC credit-only policy 1,107,198 889,089 461,975 13,830,619 5,036,021
2021 NEV Credit—only policy 749,005 436,426 474,154 14,239,457 5,172,369
Old dual credit policy 522,243 439,700 478,517 14,359,089 5,209,603
Monetary incentives only 522,243 439,700 478,517 14,359,089 5,209,603
Reference 1,327,086 767,454 680,139 14,084,876 4,750,193
CAFC credit-only policy 1,351,667 928,897 656,395 14,006,277 4,724,281
2022 NEV credit-only policy 882,675 434,428 678,255 14,498,463 4,874,775
Old dual credit policy 598,028 438,459 686,465 14,651,595 4,917,508
Monetary incentives only 598,028 438,459 686,465 14,651,595 4,917,508
Reference 1,640,051 962,465 909,915 14,094,288 4,577,497
CAFC credit-only policy 1,758,640 1,151,614 885,479 13,955,118 4,531,075
2023 NEV credit-only policy 1,035,448 436,202 931,610 14,687,062 4,745,065
Old dual credit policy 636,236 442,058 949,228 14,910,571 4,797,422
Monetary incentives only 636,236 442,058 949,228 14,910,571 4,797,422

It was also found that the NEV credit-only policy scenario has less PEV sales. It means
that the NEV credit rules create less policy incentives on PEV sales in the market than the
CAFC credit rules. The major drive force of PEV growth is the CAFC credit rules in the
dual credit policy (2021-2023). However, the NEV credit-only policy scenario creates a
larger market share of ICEV-Low than the reference scenario or the CAFC credit-only policy
scenario. In addition, the impacts of the scenarios—the old dual credit policy scenario,
and the monetary incentives-only scenario—on the market sales are the same: their shares
and sales in 2021-2023 are indifferent. It indicates that the requirements in the old dual
credit policy have been relatively not strict enough to push forward the growth of PEV
sales anymore in the current market. The market with the government subsidies and the
vehicle license privilege policy (monetary incentives only scenario) could still motivate the
PEV market to grow to 5.0% by 2023. Combined with the dual credit policy (2021-2023),
the PEV market could grow to 11.7% by 2023.

4. Competitiveness of Plug-In Electric Vehicles in 2021-2023

The NEOCC can also reveal the possible PEV shares and sales by powertrain tech-
nologies. Figure 5 shows the market sales of PEV sales in 2021-2023 under the refer-
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ence scenario. Table A5 (Appendix A) presents the projected market shares in PEVs for
Figure 5. Table A6 (Appendix A) presents the internal subsidies by industry for each
technology so as to meet the requirements of dual-credit policy (2021-2023). This NEOCC
model projects that the PEV sales could reach 1.286 million in 2020, which is very close
to the 2020 passenger PEV sales—1.247 million published by the China Association of
Automobile Manufacturers [7]. Considering the downturn in the vehicle market in 2018-
2019 and negative impacts of the COVID-19 pandemic, the projection could be harder to
achieve. However, it is projected that the PEV sales could still reach reasonably promising
numbers: 1.855 million in 2021, 2.095 million in 2022, and 2.603 million in 2023 if the sales
trend continues as per the market in 2020. Among these new PEV sales, the BEVs are still
more popular than the PHEVs. The BEVs with longer electric range (more than 300 km)
are especially welcomed. There might be several reasons behind this: (a) the cost related
to charging activities (BEV-300 km and BEV-400 km is better at saving this cost, as shown
in Figure 3), taking a nonnegligible amount in the total cost of ownership on the PEVs,
and (b) both the dual credit policy (2021-2023) and the government subsidies are more
clearly favorable when the BEVs have a longer electric range [9]. However, on the other
hand, it was found that 99% of the daily driving distances of a personal owned vehicle
in China is no more than 112.0 km, which means that BEV-150 km could still meet most
daily needs of personal vehicle drivers if the electric range anxiety is not considered [19].
Thus, while BEVs with extended range could be used by the public-fleet drivers (such as
taxis, or shared mobility), the BEVs with short electric range can still have their reasonable
market space for the personal vehicle drivers. For example, the GM and SAIC’s Wuling
released a car model—Hong Guang Mini EV with electric range at 120 or 170 km, which
does not target on the government subsidies but aims to meet the driver’s basic travel
patterns and the potential low-income buyers who are more sensitive to vehicle price [20].
In the SUV/crossover segment, the PHEVs and the BEVs with extended range are more
popular, most likely due to the SUV /crossover keeping aligned with the current market
and people who want to buy an SUV/crossover being less sensitive to the vehicle price
while having larger range anxiety.

PEV sales in 2021-2023

Sedan-PHEV50km
Sedan-PHEV80km
Sedan-BEV150km
Sedan-BEV200km
Sedan-BEV250km
Sedan-BEV300km
Sedan-BEV400km
SUV/Crossover-PHEV

SUV/Crossover-BEV250km

SUV/Crossover-BEV350km

100,000 200,000 300,000 400,000 500,000 600,000 700,000 800,000 900,000
Sales numbers

m 2021 m2022 m2023
Figure 5. PEV sales by powertrain technology in 2021-2023 under the reference scenario.

At the same time, nearly 50% of PEVs could be SUVs/crossovers by 2023, as shown in
Figure 6. The plug-in hybrid SUVs/crossovers and the battery electric SUVs/crossovers
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SUV/Crossover-PHEV, 3,216,410

with long electric range (>350 km) could largely grow in the following several years. The
PEV stocks by 2023 could be dominated by battery electric sedans with an electric range
of 400 km or more, battery electric SUVs/crossovers with an electric range of 350 km or
more, and plug-in hybrid electric SUVs/crossovers that take more than 70% of the market.
In addition, it was found that the dual credit policy (2021-2023) encourages the BEVs
with long electric range in the market more than the CAFC credit rules only, NEV credit
rules only, and the dual credit policy (2018-2020). For example, in 2023, the total share of
sedan-BEV 300 km, the sedan-BEV400 km, and the SUV /crossover-BEV350 km was found
to take up more than 57% of the market under the reference scenario. This is higher than it
was (41%) under the old dual credit policy scenario.

Vehicle stocks by the end of 2023

SUV/Crossover-BEV350km,
2,668,098

- Sedan-PHEV50km, 775,382
Sedan-PHEV80km, 113,589

Sedan-BEV250km, 367,903

Sedan-BEV300km, 1,050,497

SUV/Crossover-BEV250km, 77,334

Sedan-BEV400km, 2,468,735

Figure 6. The PEV stocks by the end of 2023 under the reference scenario.

5. Conclusions

By adopting the vehicle policy analysis tool —NEOCC model, this study quantified
the impacts of the dual credit policy (2021-2023) (official version released in June 2020)
on the vehicle market in 2021-2023 in China. The impacts of several policy scenarios are
compared, and the market dynamics in 2021-2023 under these scenarios are also projected.
Major findings are concluded on the basis of the simulation results by the NEOCC model:

e In general, the BEVs with a longer electric range often bring less cost on the charging-
related activities. For example, by 2023, the sedan BEVs with electric range at 400 km
were found to have the lowest cost of ownership related to the charging activities.

e Owning a dedicated residential parking spot can largely reduce the cost related to
charging activities; the cost-saving effectiveness of owning a parking spot is more
prominent to the BEVs with a shorter electric range.

e  Compared to the CAFC credit rules only, the dual credit policy (2021-2023) seems less
effective to incentivize the growth of PEV market shares. Meanwhile, the dual credit
policy (2021-2023) can contribute more sales of hybrid electric vehicles in the market.
For example, the sales of ICEV-Low could increase close to 0.91 million by 2023 under
the reference scenario.

e Itisfound that, compared to the CAFC credit-only policy scenario, the NEV credit-only
policy scenario creates less motivations on the PEV growth in 2021-2023. Meanwhile,
because of the increase of the NEV scores for hybrid electric vehicles, the projected
sales of ICEV-Low are the highest among all the scenarios simulated. Therefore,
policymakers should consider how to coordinate the relationship between the CAFC
credit rules and the NEV credit rules for achieving their goals.

e  The impacts of the dual credit policy on the market becomes much more significant
than the dual credit policy (2018-2020) and other policies such as government subsidy
or the vehicle license privilege policy. Under the monetary incentives-only scenario,
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the market with the government subsidies and the vehicle license privilege policy
could increase the PEV market to 5.0% by 2023. However, under the dual credit policy
(2021-2023), the PEV market could grow to 11.7% by 2023.

e  Although the sedan BEVs with electric range at 150 km have also met most travel
demands of personal vehicle drivers, the BEVs with short electric range are less
favorable by the dual credit policy (2021-2023) and the government subsidies.

e  The BEVs with longer electric range could be more and more popular during 2021-
2023. For example, by 2023, the sedan-BEV300 km, the sedan-BEV400 km, and
the SUV /crossover-BEV350 km in total take more than 57% of the market in 2023
under the reference scenario, being higher (41%) than under the old dual credit
policy scenario.

It is worth noting that these conclusions mentioned above are based on the premise
that PEV sales will continuously grow up as was the case in 2016-2018. Considering that
the vehicle market experienced a severe downturn during 2018 and 2019 and the longer-
term uncertainties brought by the COVID-19 pandemic globally, we agree it is still an
open question for researchers as to whether the electrification transition will continuously
expand in this rapidly developing market. However, it is still meaningful to draw a general
picture for the public, specifically for policymakers, in order to understand the possible
future trend of the electric vehicle market in China under the government subsidies, the
vehicle license privilege for PEVs, and the dual credit policy (2021-2023)—one of the most
significant vehicle policies in recent years.

Rather than discussing which policy is more effective, with it all depending on what
results the policymaker expects to have in the market, this study attempted to reveal
the potential market evolution impacts by multiple vehicle policies, specifically the dual
credit policy (2021-2023). Currently, some assumptions such as the projections of the fuel
economy and battery cost are based on a review of recent literature, and some calculations
are simplified for the data analysis. The market data needs close follow-ups and revisions
as more is learnt. The analysis and the NEOCC model will be continuously updated
and improved.
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Appendix A
Table Al. The aggregated market information in China in 2016.
Class Type Sales Vew Electric gg;ill:l?:;gl; ]]ED(;-pCII(:tairr?ge Price
(kg) Range km) 100 km)  (kWh/100km) (CNY2019)
ICEV-High 3,848,546 1303 - 8.56 - 144,535
ICEV-Med 8,202,637 1303 - 6.36 - 153,474
ICEV-Low 169,641 1303 - 5.00 - 169,339
PHEV-50 km 44,097 1749 63 5.35 16.51 344,531
Sed PHEV-80 km 2 1904 85 6.60 20.50 347,140
cdan BEV-150 km 124,093 1084 150 - 13.97 202,347
BEV-200 km 40,882 1494 200 - 16.74 238,317
BEV-250 km 1819 1498 250 - 16.45 263,598
BEV-300 km 40,882 1810 300 - 16.94 299,544
BEV-400 km 2407 * 400 * - 20.50 * 401,061
ICEV-High 1,845,306 1536 - 10.31 - 176,719
ICEV-Med 7,002,408 1536 - 7.92 - 181,486
SUV/C ICEV-Low 16,236 1536 - 6.06 - 193,587
rossover PHEV 26,497 1882 85 8.75 24.57 366,039
BEV-250 km 8783 1298 200 - 18.77 335,091
BEV-350 km 279 1486 300 - 20.63 396,472
* The information is adjusted on the basis of the most popular models of this vehicle type.
Table A2. The aggregated market information in China in 2017.
Class Type Sales vew Electric gg;ﬁllll::;gl; %(;;,Cll;:irfge Price
(kg) Range (km) (L/100 km)  (KWh/100 km) (CNY 2019)

ICEV-High 4,232,349 1321 - 8.07 - 153,074
ICEV-Med 6,904,604 1321 - 6.07 - 163,063
ICEV-Low 159,693 1321 - 4.61 - 190,748
PHEV-50 km 23,592 1627 58 5.31 13.41 303,035
Sed PHEV-80 km 16,596 1756 84 5.32 17.78 326,389
edan BEV-150 km 218,153 987 158 - 12.73 139,484
BEV-200 km 134,299 1466 201 - 15.26 173,881
BEV-250 km 20,242 1480 254 - 14.93 197,429
BEV-300 km 23,838 1788 315 - 15.38 231,629
BEV-400 km 7010 2407 400 * - 15.00 * 269,459
ICEV-High 2,717,363 1525 - 9.98 - 155,243
ICEV-Med 9,314,814 1525 - 7.57 - 161,129
SUV/C ICEV-Low 22,186 1788 - 6.06 - 171,584
rossover PHEV 58,070 2017 74 5.94 17.00 315,081
BEV-250 km 28,624 1732 250 - 16.28 356,585
BEV-350 km 19,883 1982 350 - 17.89 423,288

* The information is adjusted on the basis of the most popular models of this vehicle type.
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Table A3. The aggregated market information in China in 2018.

. FC-Char: EC-Char .
Class Type Sales VW Electric Sgsg\isi;gl; DCepCle:ir:gge Price
(kg) Range (km) (L/100 km) (KWh/100 km) (CNY 2019)
ICEV-High 1,829,787 1352 - 9.38 - 162,359
ICEV-Med 8,383,391 1352 - 6.03 - 173,887
ICEV-Low 199,930 1352 - 4.83 - 191,562
PHEV-50 km 66,424 1664 56 1.82 14.11 306,417
PHEV-80 km 40,612 1750 84 1.31 17.20 326,018
Sedan BEV-150 km 61,869 976 158 - 12.71 151,646
BEV-200 km 115,382 1037 206 - 12.70 169,940
BEV-250 km 107,927 1098 256 - 12.73 189,790
BEV-300 km 131,210 1303 310 - 13.16 214,873
BEV-400 km 106,477 1736 404 - 14.42 268,065
ICEV-High 2,385,512 1545 - 9.61 - 179,078
ICEV-Med 8,172,934 1545 - 7.48 - 184,431
SUV/Crossover ICEV-Low 56,726 1545 - 5.85 - 195,349
PHEV 110,774 2047 71 1.64 17.80 336,920
BEV-250 km 28,580 1525 250 - 14.79 226,603
BEV-350 km 159,942 1745 350 - 16.26 284,191
Table A4. The aggregated market information in China in 2019.
Class Type Sales VW Electric ggstc;llllzfr%; lls)ce]fi}el:ilfge Price
(kg) Range (km) (L/100 km) (KWh/100 ken) (CNY 2019)

ICEV-High 2,810,372 1357 - 8.19 - 155,372
ICEV-Med 6,551,233 1357 - 5.82 - 165,606
ICEV-Low 216,995 1357 - 4.66 - 185,139
PHEV-50 km 96,919 1625 60 1.49 16.00 235,995
PHEV-80 km 10,142 1764 83 1.04 17.20 249,488
Sedan BEV-150 km 902 966 153 - 10.00 130,007
BEV-200 km 11,561 1096 203 - 10.46 146,964
BEV-250 km 53,900 1319 254 - 10.73 163,922
BEV-300 km 128,516 1400 307 - 11.67 186,531
BEV-400 km* 290,410 1603 414 - 13.70 245,882
ICEV-High 2,135,187 1621 - 9.64 - 168,558
ICEV-Med 7,890,286 1621 - 7.22 - 174,775
SUV/Crossover ICEV-Low 78,081 1621 - 5.65 - 185,212
PHEV 85,657 2016 71 1.65 16.46 260,749
BEV-250 km 2391 1620 263 - 15.00 243,069
BEV-350 km 182,073 1854 365 - 16.49 299,593
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Table A5. The projected sales shares and stock shares in the PEV market under the dual credit policy
(2021-2023) in China.

Class Type Year 2021 Year 2022 Year 2023
Sedan-PHEV50 km 5.14% 5.18% 4.74%
Sedan-PHEV80 km 0.51% 0.48% 0.40%
Sedan-BEV150 km 0.10% 0.21% 0.34%
Sedan-BEV200 km 0.75% 1.36% 2.02%
Sedan-BEV250 km 1.35% 1.71% 2.71%
Annual sales Sedan-BEV300 km 7.16% 7.88% 7.57%
Sedan-BEV400 km 24.71% 25.71% 21.54%
SUV /Crossover-PHEV 34.60% 30.98% 31.84%
SUV /Crossover-BEV 250 km 0.03% 0.07% 0.10%
SUV/Crossover-BEV 350 km 25.65% 26.42% 28.73%
Sedan-PHEV50 km 8.06% 7.26% 6.63%
Sedan-PHEV80 km 1.43% 1.16% 0.97%
Sedan-BEV150 km 7.89% 5.73% 4.33%
Sedan-BEV200 km 5.83% 4.58% 3.92%
Sedan-BEV250 km 3.88% 3.28% 3.14%
Stocks Sedan-BEV300 km 10.00% 9.43% 8.98%
Sedan-BEV400 km 18.89% 20.85% 21.09%
SUV /Crossover-PHEV 24.18% 26.04% 27.48%
SUV/Crossover-BEV 250 km 1.18% 0.86% 0.66%
SUV /Crossover-BEV 350 km 18.67% 20.80% 22.80%

Table A6. The internal subsidies (USD in year 2019 price level) for each vehicle technology under the
dual credit policy (2021-2023) in China.

Class Type Year 2021 Year 2022 Year 2023
ICEV-High 0 0 0
ICEV-Med 0 0 0
ICEV-Low 66 32 0
PHEV-50 km 437 683 920
PHEV-80 km 10 5 0
Sedan BEV-150 km 119 237 335
BEV-200 km 112 212 296
BEV-250 km 503 955 1396
BEV-300 km 973 1275 1658
BEV-400 km 2379 2641 3431
ICEV-High 0 0 0
ICEV-Med 0 0 0
ICEV-Low 48 51 52
SUV/Crossover PHEV 1910 2012 2805
BEV-250 km 409 816 1147
BEV-350 km 3224 3352 4144
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