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Supplementary Note 1. Energy conservation and emission reduction and NEVs
promotion policies of China's transport sector

In the 19th National Congress of the Communist Party of China, General Secretary Xi
Jinping proposed "building a strong transportation country", "advocating a green and
low-carbon lifestyle", and encouraging everyone to travel green. In the future, there is
an urgent need to promote energy conservation and emission reduction in the field of
transportation and promote the electrification and cleaning of urban public transport
and vehicles. The support policies of NEVs have covered industrial planning, industry
management, financial subsidies, tax incentives, charging facilities construction,
convenience measures, etc., for forming a policy system to support the development
of new energy vehicles. Through the review of relevant policies, it can be found that
in recent years, China's road transport sector has dramatically improved
comprehensive efficiency, strengthened scientific and technological innovation, and
promotion of low-carbon technology. Significantly, the relevant policy system has

continuously promoted and applied in new energy and clean energy vehicles (See

Supplementary Figure 1 and 2).



Supplementary Note 2. Cross-city difference in NEVs diffusion and emissions.
The development of NEVs presents a significant combined effect at the regional level.
There were only 4 cities surpassing the threshold of 50,000 NEVs in 2016, and the
number increased to 15 in 2019. Except for Chengdu, Chongqing and Liuzhou, these
cities are all located in the eastern and central regions. The demand of Beijing,
Shanghai and Guangzhou ranks first, and the growth rates of Zhejiang Province and
Jiangsu Province are noticeable. However, under the influence of the restricted
purchase policy, the sales growth of NEVs in some first-tier or new first-tier cities is
relatively slow. The most typical representative is Beijing, followed by Tianjin,
Guangzhou, Hangzhou, and other places. Shanghai is a particular case among the
purchase-restricted cities, primarily because it has not implemented the new energy
license auction policy. In addition, considering population density, economic
development level, and related supporting infrastructure, such as charging piles!,
Zhengzhou and Chongqing are cities with enormous market demand for NEVs in the
central and western regions.

Regarding CO:2 emissions, the top 10 cities in terms of carbon emissions, except
Chengdu and Chongqing, are all located in the central and eastern regions. Beijing has
the largest emissions at 18.88 Mt. Although Beijing ranks first in the country in terms
of vehicle stock (more than 6 million vehicles in 2020), since the implementation of
relevant policies, such as travel restrictions (2007) and a car purchase lottery (2011),
its motor vehicle stock has increased at a lower speed than that in other cities, leading

to the continued slowdown of the growth rate of its carbon emissions. Chengdu and



Chongqing currently have more than 5 million motor cars. Suzhou, Shanghai,
Zhengzhou, and Xi’an have more than 4 million motor cars, which provides a
reasonable explanation for the high emissions and high carbon emission growth in
these cities. Notably, as a new first-tier city, Zhengzhou has seen significant growth of
its vehicle stock. Its passenger car stock ranks sixth in China and first among the
capital cities of the six central provinces. In recent years, the construction of
transportation infrastructure in Zhengzhou has grown significantly, citizens find travel
more convenient, and the purchase of private cars has increased substantially.
Moreover, Zhengzhou has a well-developed logistics industry and is a transportation
hub in the central region. These factors have led to a rapid increase in Zhengzhou’s
CO:2 emissions from road traffic. At a similar level to that in the central region,
Chongqing’s CO2 emission growth rate is the most obvious in the western region.
Apparently, China’s first- and second-tier cities show more “stock” characteristics due
to their early development, mature automobile markets, and near-saturated demand.
Nevertheless, driven by economic growth in the central and western regions, there is
much room in the consumer market, and the expected increase in carbon emissions is

substantial.



Supplementary Note 3. Supplementary analysis on time trends of NEVs diffusion
and the associated CO2 emissions.

The proportion of battery electric vehicles (BEVs) gradually increased by vehicle type,
and hybrid vehicles gradually decreased (Fig. 3b). The largest NEV sales volume in
2019 was for BEVs, whose sales accounted for 24.7% and 39.9% more than those of
HEVs and PHEVs, respectively. This is directly reflected in the stock structure of
NEVs. Among the NEVs in 2019, BEVs, HEVs and PHEVs accounted for 58.61%,
24.68% and 16.71%, respectively. This is directly related to the promotion of NEVs
and the stickiness of consumer habits. In the early stage of the promotion of NEVs,
considering the critical position of traditional fuel cars in consumers’ car-buying
habits, the National Development and Reform Commission advocated the priority
promotion of oil and gas or electric hybrid vehicles. However, in the later period of
the promotion, considering the goal of energy conservation and emission reduction
and the development requirements of green and low-carbon transportation, the
Ministry of Industry and Information Technology vigorously promoted pure electric
vehicles.

Auto sales declined due to a combination of factors, such as the transformation
of the auto industry, US—China trade frictions, changes in environmental standards,
and COVID-19. However, given China’s “dual carbon” target, the recognition of
NEVs has improved among consumers, and NEVs will show a significant growth
trend in the future, especially in the second- and third-tier cities in the central and
western regions. It can be expected that the carbon emission reduction potential and

contribution of road transportation electrification will continue to increase.
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Supplementary Note 4. Evidence of stock-CO2-economic relations on the city
level

The cases of Beijing and Guangzhou re remarkable. In 2019, its passenger car stock
and CO: emissions were the highest among all cities, but its per capita GDP growth
rate (21.91%) and CO2 emissions growth rate (23.6%) were both more extensive than
the stock growth rate (5.7%). This is mainly because, as the capital, it has faced
severe traffic congestion and air pollution situations in recent years. Thus, its traffic
control and environmental governance are relatively strict. In particular, the rapid
expansion of motor vehicles is restricted by policies such as lottery and driving
restrictions. As a result, the high emissions growth is closely linked to a large fuel
vehicle stock and robust economic activity. In addition, Guangzhou’s CO2 emissions
and stock increased the most in 2019, reaching 94.7% and 59.9%, respectively, while
its per capita GDP increased by only 10.3%. The per capita GDP growth rates of
Shenyang, Hangzhou, Tianjin, and Jinan are lower than the average in eastern China,
but the CO2 emission growth rate and stock growth rate are more prominent. In
particular, Jinan’s per capita GDP growth in 2019 was only 0.46% compared with that
in 2016, but the increase in CO2 emissions and stock was 76.7% and 38.67%,
respectively. Therefore, it is interesting to pay some attention to the relationship

between economic development and carbon emissions in these cities.



Supplementary Note 5. Comparisons with transition pathways under the SSPs

We conducted a comparative analysis of China’s road traffic emission paths under
typical SSP scenarios. Compared with the SSP5-340S scenario, in which emissions
peaked in 2040, the three scenarios in this paper present reductions of 18.9%, 43.0%,
and 43.3% in the peak level. The SSP3-LowNTCF scenario calls for road traffic
emissions to peak in 2030, with emissions as low as 1043.55 Mt. The SSP1-19
scenario, which corresponds to the 1.5-degree temperature control target, requires a
carbon emissions drop beginning immediately. Evidently, compared with these
scenario results, our path is higher both at the peak and overall path levels, but this
does not affect the reliability of the low-carbon path in this paper. First, this paper
adopts a bottom-up microaccounting method based on high-frequency big data.
However, the historical accounting data we select are low-level high-frequency data,
which are more authentic than the public macro data statistics. In particular, fuel
economy and average mileage per month are sampled from big data (millions)
monitored in real time. Second, the data of the SSP scenario are mostly from the IEA
and were estimated by the top-down method. Nevertheless, the accounting of relevant

departments in China is more extensive than that of the IEA?3-,



Supplementary Note 6. Road transport stock under different scenarios and CO2
emission under BAU scenario (2020-2060)

The development paths of the vehicle under different scenarios are shown in Fig. S4a.
Under the BAU, the motor vehicle of road transport in China increases and will be
about 638.65 million in 2060. Vehicle ownership will reach its peak in 2049, with a
peak level of 599.25 million under the CPS. The TPS can advance the peak time of
the possession to 2047, and the corresponding peak level is 591.26 million.
Furthermore, the EPS can further extend the peak time to 2045 and reduce the
corresponding peak time to 559.05 million. By 2060, compared with the BAU, the
retention of the three scenarios will decrease by 29.85%, 37.15%, and 49.32%,
respectively. Fig. S4b shows that carbon emissions generated by the passenger
transport sector firstly increased and then decreased, reaching a peak of 1044.88 Mt in
2050 and decreasing to 1013.67 Mt in 2060. On the other hand, the carbon emissions
of the freight sector will continue to increase and reach 1548.26 Mt in 2060. Although
the carbon emission of passenger transport is slightly greater than that of freight
transport before 2023, freight transport will overtake passenger transport and become
the main force of road transport emissions from 2024. This is mainly because
industrialization and urbanization in China are continuing, and the demand for freight
transportation is still in the stage of rapid growth, mainly in bulk commodity
transportation. At the same time, with the prosperity and development of the
e-commerce economy, the demand for express transportation is also rising, which also
brings challenges to the low-carbon transition of freight transportation.

The United States, the European Union, Japan, and other developed countries are
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pioneers in low-carbon transport development. Therefore, the evolution of the
development characteristics of their transport industry can provide an essential
reference for the formulation of China's low-carbon transport development strategy®.
In typical economies, the historical trends of road transport energy consumption
(emissions) and GDP show a precise "S" shape. Moreover, the S-shaped peaks occur
at different times, depending on the population size. In general, energy consumption
for road transportation declines after a period of high growth and then tends to
stabilize®. In 2016, the United States transportation sector surpassed the electric power
sector as the largest carbon emitter for the first time. In 2018, carbon emissions from
the transport sector in the United States and the United Kingdom accounted for 33.1%
and 33% of total carbon emissions!’. Developed economies have completed
urbanization and industrialization, and private car ownership is growing slowly. As a
result, the energy consumption and emissions of the transport sector have reached an
S-shaped peak and began to decline. In contrast, China's industrialization and
urbanization process continue, and car ownership has yet to peak. The energy
consumption and emissions of the transport sector are still in the stage of rapid growth.
As a result, the energy consumption and road transport emissions have not reached the
S-shaped peak, and their proportion is still significantly lower than that of developed
countries. This further indicates that the contribution of stock adjustment to emission
reduction is more significant than that of transportation electrification. At present,
China needs to take strong policy measures to make the transport sector achieve a

carbon emission peak as soon as possible.



Supplementary Note 7. Emission reduction calculation of electrification
Battery electric vehicle (BEV):
ARpgy = ch —E, (1)

where, ARggy represents the CO2 emissions reduction of BEV, E; s represents the
CO2 emissions of traditional fuel vehicles, and E, represents the CO2 emissions of

BEV.
E,=Y(VS; X w; X AVT; X EF)/(1—k) (2

Where w; represents the power consumption for 100 km of type i (kWh/100km), k

represents the transmission loss rate from output to input region (The default value is

6%, MEPC).

Hybrid electric vehicle (HEV) and Plug-in hybrid electric vehicle (PHEV):
ARyppvpuevy = Etpdi — Enevipnev) 3)

Where, ARygypuEyy represents the CO2 emissions reduction of HEV (PHEV), E;f

represents the CO2 emissions of traditional fuel vehicles, and Eygypugy) represents

the CO2 emissions of HEV (PHEV).

Regional power emission factors are shown in Supplementary Table 4.
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Supplementary Table 1 | Quantification of impacts for different policy measures

Scenario settings
Scenario BAU CPS TPS EPS
measures
Sales Passenger car sales | In 2030 and 2060, | In 2030 and 2060, | In 2030 and 2060,
and truck sales will | passenger vehicle | passenger vehicle | passenger  vehicle
grow by 5% from | sales will reach 33 | sales will reach 36 | sales will reach 38
2020-2030, 3% from | million and 25 | million and 25 | million and 25
2030-2040, 1% from | million, while freight | million, while freight | million, while
2040-2050, and 0.5% | vehicle sales will | vehicle sales will | freight vehicle sales
from 2050-2060, | reach 5.5 million and | reach 6.5 million and | will reach 7 million
respectively. 3.5 million. 3.5 million. and 3.5 million.
Electrification | In 2030 and 2060, | In 2030 and 2060, the | In 2030 and 2060, the | In 2030 and 2060,
of vehicles the NEVs in new | NEVs in new | NEVs in new | the NEVs in new
passenger cars sales | passenger cars sales | passenger cars sales | passenger cars sales
will account for 25% | will account for 40% | will account for 45% | will account for 55%
and 55%, and the | and 80%, and the | and 85%, and the | and 100%, and the
NEVs in truck sales | NEVs in truck sales | NEVs in truck sales | NEVs in truck sales
accounted for 4 % | accounted for 5 % and | accounted for 7 % and | accounted for 20 %
and 10 %. 17 %. 19 %. and 80 %.
Stock The wvehicle stock | The vehicle stock will | The vehicle stock will | The vehicle stock
adjustment will  reach 370 | reach 370 million in | reach 390 million in | will reach 400
million in 2030, 600 | 2030, 600 million in | 2030, 600 million in | million in 2030, 600
million in 2045, and | 2045, and 495 million | 2045, and 456 million | million in 2045, and
495 million in 2060. | in 2060. in 2060. 384 million in 2060.
Technological | Basic data The fuel economy of | The fuel economy of | The fuel economy of
development traditional fuel | traditional fuel | traditional fuel
vehicles decreases by | vehicles decreases by | vehicles  decreases
0.5 on the basic data | one on the basic data | by 1.5 on the basic
in 2019. The average | in 2019. The average | data in 2019. The
power consumption of | power consumption of | average power
NEVs reaches 12 | NEVs reaches 11 | consumption of
Kwh / 100km. Kwh / 100km. NEVs reaches 10
Kwh / 100km.
Supplementary refs!'?13.
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Supplementary Table 2 | Basic data for estimation of passenger sector CO2
emissions in 2019

Class | Vehicle | Propor | Fuel type | Annual Fuel economy
stock tion vehicle travel | L(kWh)/100k
(thousa | (%) (km) m
nds)
Passenge | Trad | Mini 229.919 | 100 Gasoline 13273.27 6.66
r ition 8
al Comm | 153029 | 99.9851 | Gasoline | 19801.12 7.80
fuel on 673
Vehi 2.2813 0.0149 | Diesel 20283.16 5.57
cle Middl | 6267.46 | 99.4223 | gasoline 15570.97 9.67
e 42
36.4148 | 0.5777 | Diesel 21690.34 8.68
Middl | 73.9233 | 97.7529 | Gasoline | 18523.72 13.39
e-high | 1.6993 2.2471 | Diesel 27667.21 11.15
High 0.1008 100 Gasoline | 23459.28 16.56
NEV | BEV 223.554 | 100 Electricity
S 5 21424.02 15.71
HEV 94.1239 | 100 Gasoline | 21707.47 5.06
PHEV | 63.7477 | 100 Gasoline | 24953.94 6.46

Source data are provided in Source Data file.
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Supplementary Table 3 | Basic data for estimation of freight sector CO2 emissions in

2019
Class Vehicle Proportio | Fuel Annua | Fuel economy
stock n (%) type 1 L(kWh)/100k
(thousand vehicl | m
s) e
travel
(km)
Freigh | Tradition | Mini 7616.9 27.37 Diesel 75000 | 15
t al fuel | Light 1162.5 4.18 Diesel 35000 | 18
Vehicle Mediu Diesel 21
19007.5 68.3 30000
m
Heavy | 41.3 0.15 Diesel 20000 | 25
NEVs Electricit
410 0.015 y 21424 | 15.71

Data source from Supplementary refs

16-19
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Supplementary Table 4 | Calculation results of OM emission factors of six regional
power grids in 2019 (2015-2017 three-year weighted average)

Regional OM emission factor (t CO2/MWh)

power grids 2015 2016 2017 weighted
average

North 0.9590 0.9242 0.9437 0.9419

Northeast 1.0959 1.0634 1.0886 1.0826

East 0.7987 0.7894 0.7888 0.7921

Central 0.8767 0.8564 0.8444 0.8587

Northwestern 0.9178 0.8614 0.8990 0.8922

Southern 0.8080 0.7900 0.8139 0.8042

Data source: Ministry of Ecology and Environmental Protection, PRC "2019 China Regional

Power Grid Carbon Dioxide Baseline Emission Factor OM Calculation".
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2013

2017

2018

Air

Taka the lead in promoting inelligent ¥afic
management, cooperate with the oil and gas
recovery and management of crude oil and refined
ofl leminals, optimize urban functions and layout,
aliminala  yellowlabaled vehicles and okl
wehicies. and shorten the mandatory retirement
life of buses, cars and rental cars.

2018

Implomentation Opinions of the Ministry of

Transport on Compratiensively
it al

Protection and Resolutely Fighting the Tough

Battlo of Pollution Provention and Control

Buikding & green transport infrastucture,
pramoling clean and efficiant iransportation
squipment, promoto  the  innovation  in
ransportation development, play adjusting the
stucture of transport 1o be completed play
diasal lrucks o be compleied, such as
pollution provontion fo strengthen the safoty
requiaton  and  emergency  capability

cooparaion in green taffic, lo carry oul tha
graen transpontation il action, perect the
system of ecological ciulizaton.

2019

Roport on the Work of the Government 2019

Continue to carry out the air poliutian control of
Beijing-Tianjin-Hebai and surounding areas,
the Yangtze River Delta. and the Fenwei Plain.
and strenghen the power of the three primary’
pollution sources of industry coal combustion
and motor vehicles.

of the Contral Committee of the
Communist Party of China and the State
Council on Accelerating the Construction of
Ecological Civliization
Developing public  transportation,  promofing
energysaving and new energy iransportation
squipmant. developing drop and pull ransport.

and efectively controlling  greenhouse  gas
emissions.

2018

Action Pian for Diesel Truck Pollution Control

Clean Diesel ‘ehicles. Diesel Engines.
Transportation Actions, Oil Actions, etc.

Notice of 14 departmonts including the Ministry
of Transport on Printing and Distributing the
Action Plan for Promoting the Heaithy and Stable
Development of the Road Freight Industry
(2017-2020)

Reducing tha burden of road fraight oparatian and
promoting the innovatie deveiopment of the freight
industry.

2018

Theoe-yoar action plan for the defense of the
sky

Optimize and adjust the structure of cargo
wansportaion, speed up the upgrading of
whicl and wssol stucturo, strangthen tha
prevention and contol of moblie source
polluion, fight the tough batse against
corruption from  diasal trucks, improw the
systam of laws, rogulations and standards.
and Increase envionmental  enforcement
efiorts,

Speech by the Central Financial and Economic
Commission

Win the batie to defend te blue sky and fight the
brutal baitka of diesel iruck paliution cantrol

2018

Opinions of the Central Committee of the
Communist Party of China and the State
Council on  Strengthoning  Ecological
Environmental Protection and Resolutely
Fighting the Tough Battle of Pollution

Guide the public 1o live a green ife. fight the
tough batle agains! pollution from dsal
trucks, Improvs he acanom i palicy systom for
ecological and environmental protecton, and
wffeckvely deal with heavily polluted weather.

Supplementary Figure 1 | Road transportation energy conservation and emis
reduction policies in China
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2001

2009

2010

2012

863 Major Sclentific and Technological
Projects during the “Tenth Five-Year
Plan”

NEVs research projects

2014

New Energy Vehicle Manufacturers and
Product Access Management Rules

Refine the description

2014

Notice on Launching the Pliot Program
of Subsidy for Private Purchase of NEVs

The first subsidy policy

2013

Announcement on Tax-Froa Now Energy
Vehicle Purchase Tax

Stimulate consumption

(Guiding Opinions on Accelerating the'

Promotion and Appiication of New|

Enorgy Vehicles

Fonmulaling  dewelopment  plans  and
technical standards for charging facilities,
improving urban planning and corresponding
measures, improving land-use policies for
setting facilities, improving electricity price
policies, adwancing  crtical  technical
research on charging facilities, encouraging
public units to speed up the construction of |
charging facilities in intemal parking lots,
and  implementing  responsibility  for
f charging faciities, etc.

|The first batch of NEVs pliot cities
| released
|

Energy Conservation and New Enemy
Vehicte Industry Deveiopment
(2012-2020)

Proposa an industrial plan

2012

The "Twelfth Five-Year" Special Plan for
the Development of Electric Vehicle
Tachnology

Three goals: 1. Industrial upgmdr\g product
research and  development,  supporting
2

| promotes |

2014

2015

on the of

Nofice on the for
new anergy vehicle charging facilities

Financial support

Newly-built Pure Electric Passenger
Vohicte Enterprises

Lower bamiers to entry

2015

scalo demonstration, industry leadership; 3
Technology leapfrogging:  forward-ooking
deployment, innosative breakthroughs.

2015

Transportation Implementation Opinions
the and

i for the of
Electric Vehicle Charging Infrastructure
(2015-2020)

promoling the l:unslmcbm of the charging
the

on
Application of New Energy Vehicles in
the Transportation Industry

S1rangh-nmg planning guidance, improving

support capacity ol the supporting power
orid. accelerating the improvement of
standards and technological innovation.
exploring sustainable business models, and
camying out relevant demonstration work.

2019

plans, strictly selecting new
enemy vahlcle technologies,  improving
charging and replacing facilities, promoting
the implementation of supporting policies,
innovating  and  promoting  emergency
models, and strengthening safety and
emargency management.

2016

Notice on Supporting the Promotion and
Application of New Energy Buses

Promoting  product  consumption  and
optimizing the use environment, Starting
fom 2020, the method of ‘replacing
subsidies with awards” wil focus on
supporting the operation of new energy
buses. imploment tha policy of exempting
new energy buses from \ehicle purchase tax
and vehicle and vessel tax.

Guiding Opinions on Promoting Electric|
Energy Replacement

Support the construction of eloctric wshicle
charging and swapping infrastructure, and
promote the popularization and application|
of electric whicles.

Supplementary Figure 2 | New energy vehicles (NEVs) policies in China
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Supplementary Figure 4 | Road transport stock under different scenarios and
CO: emission under BAU scenario (2020-2060) a. Road transport stock under
different scenarios (2020-2060); b. CO2 emission under BAU scenario (2020-2060)
(PE=Passenger emissions; FE=Freight emissions; PS=Passenger stock; FS=Freight
stock). Source data are provided in Source Data file.
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