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Cover Story

“Lucid waters and lush mountains are invaluable assets.” As the nexus between the
human kind and nature, the automotive industry can contribute positively to the
natural world.

The China Automobile Low Carbon Action Plan (CALCP) Research Report 2021 has
its front cover themed on the whole life cycle of automobiles, along with clear waters,
green mountains and the harmonious coexistence between the human kind and
nature. It shows that vehicles can not only provide people with comfort, convenience
and safety, but also contain green, low-carbon and clean properties.

For the low-carbon development, the connotation of vehicle has been indefinitely
extended, impacting on each and every facet of human production and life and
enabling the transformation towards carbon neutrality over the entire value chain of
the automotive industry. The CALCP program will guide the industry through the
growth towards net zero emission during the whole life cycle.
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Technical Support Organizations (in no particular order)

United Nations Environment Programme (UNEP); World Economic Forum
(WEF); World Resource Institute (WRI); World Steel Association (worldsteel);
Aramco Asia; University of Cambridge; University of Nottingham; University of
California, Davis; University of Southern Denmark; National Center for Climate
Change Strategy and International Cooperation (NCSC); Energy Research
Institute of NDRC; National Technical Committee of Auto Standardization,
CATARC; China Electricity Council; National Big Data Alliance of New Energy
Vehicles; Public Data Acquisition and Monitoring Research Center for New
Energy Vehicles, Shanghai Municipality; Tsinghua University; Institute of Energy,
Peking University; Institute of Urban Environment, Chinese Academy of Sciences;
China University of Petroleum; Beijing Institute of Technology; Beijing Normal
University; and Beijing University of Technology
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Preface

Much scientific evidence shows that one of the major causes for today's climate change globally is the green-
house gases (GHG) from human activities, especially the huge amount of them produced since the Industrial
Revolution. To deal with the climate change, the Paris Agreement aims to limit global temperature increase
to below 2 degrees Celsius above pre-industrial level, and ideally, to keep the increase within 1.5 degrees
Celsius, by the end of this century. To reach the aim, the signatories should, on an equal basis, try to balance
the man-made emissions and carbon sinks at the source of greenhouse gases, in order to achieve carbon
neutrality during the latter half of this century. On September 22, 2020, President Xi Jinping solemnly
announced that China aims to have CO. emissions peak by 2030 and achieve carbon neutrality by 2060.

As one of the economic pillars of China, the automotive industry has seen its overall GHG emissions increas-
ing rapidly and remaining strong over the entire value chain and intensive on a single-vehicle basis. Also,
there exist a number of issues, such as the lack of a policy on vehicular GHG emission standards, the ambigui-
ty in carbon neutrality for an independent brand, and the weakness of Chinese companies in the low-carbon
competition. The targets of the Chinese government to have its carbon peak by 2030 and the carbon
neutrality by 2060 will act as a major opportunity for the automotive industry to transform and upgrade itself
and realize green, low-carbon and high-quality growth, and for China to actively participate in the global
climate governance and honor its commitment as a responsible power. When all the industries are marching
towards net zero emission, the automotive industry should develop its leading and driving role sufficiently,
by choosing the right path and pushing and pulling its upstream and downstream counterparts on the value
chain in a decarbonization effort. Only in this way can the independent automotive brands grow stronger.

In 2018, Automotive Data of China Co., Ltd. (ADC) established the World Automotive Life Cycle Association
(WALCA) and launched the China Automotive Low Carbon Program (CALCP). Now it has accounted for and
published results on whole life cycle GHG emissions of vehicles for four years consecutively.

In 2021, ADC initiated the research for the CALCP Research Report 2021 (“Report”) by working with 24 other
organizations and institutions in China and other countries. First, the Report develops whole life cycle GHG
emission calculations on the basis of single vehicles and fleets, to analyze the life cycle GHG emission levels
per single vehicle and per fleet. It adopts the China Automotive Life Cycle Model (CALCM) to study the
passenger vehicles sold in the territory of China in 2020. Second, it establishes three scenarios, i.e. the current
policy scenario, the intermediate emission reduction scenario and the intensive emission reduction scenario,
by choosing eight reduction paths, i.e. power grid cleaning, vehicle electrification, material efficiency, vehicle
production energy efficiency, GHG emissions of power batteries, vehicle use energy efficiency, alternative
fuels and consumption modes, and by conducting predictions and analyses over the life cycle GHG emissions
on the basis of single vehicles and fleets by 2025, 2030, 2050 and 2060 in these three scenarios. Last but not
least, it offers recommendations for achievement of carbon neutrality of the automotive industry in each
phase. Hopefully it will become a useful reference for government agencies, industrial organizations, vehicle
manufacturers and individuals in their carbon neutrality-related activities.
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* In alphabetical order

Amir F. N. Abdul-Manan Science specialist, Saudi Aramco

“China has pledged to peak its national GHG emissions by 2030, and to ultimately achieve carbon
neutrality by 2060. Decarbonizing passenger road transport in one of the largest automobile
markets in the world will be key to successfully mitigating GHG emissions in China and globally.
The “China Automobile Low Carbon Action Plan (CALCP) Research Report (2021)" is a timely and

relevant publication that outlines technological opportunities for the automotive sector in the

country. By adopting a Life Cycle Assessment (LCA) approach, the Automotive Data of China
(ADC) has demonstrated the role that a broad mix of technologies can play, and that their
climate change mitigation potentials depend critically on the source of energy that is used to
power the vehicle. Thus, this report highlights the importance of availing cleaner electricity for the
charging of electrified vehicles, and equally, the need for low-carbon fuels for use in advanced,
highly-efficient combustion engines. The report further assesses several fleet decarbonization
scenarios and draws important insights, key of which is the opportunity for accelerating and

reducing peak emissions by expediting the deployment of low-carbon electrofuels in China.”

. . Deputy Director, National Center for Strategic Research and
Aimin Ma International Cooperation on Climate Change
““China plays a vital role in tackling climate change, and the announcement of the" double
carbon "goal sets higher requirements for carbon emission reduction. The automobile industry is

an important carrier of road traffic. With the growth of China's economy, people's demand for

) travel is increasing day by day, and the number of cars will continue to increase. As the number

‘ /ﬂ of passenger cars in China is still dominated by gasoline cars, it is necessary to effectively control
carbon emissions in this field. In this study, the current situation of carbon emissions in China's
passenger car industry was fully studied through the life cycle research method, and the future
development trend was predicted. The countermeasures and suggestions put forward by this
study can provide support for the formulation of carbon emission reduction policies and

measures in China's passenger car industry. "
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Can Wang Tsinghua University, professor

“China Automobile Low-carbon Action Plan (2021)" makes full and detailed analysis of China's
passenger car carbon emissions inventory, fleet carbon emissions and future emission reduc-
tion trend from the perspective of the whole life cycle by using the latest data of the automobile
industry. The report is of great significance for China to accelerate the promotion of new

energy vehicles, promote carbon emission reduction in the transportation industry and

promote the energy structure adjustment strategy. "

National Center for Strategic Research and International

: H Cooperation on Climate Change, Deputy Director/Associate
Cuimei Ma P ge mepy

Research Fellow of Department

" China Automobile Low-carbon Action Plan (2021) provides a theoretical method for quanti-

fying the greenhouse gas emissions of passenger cars from the perspective of life cycle, and is
of positive significance in promoting the technological transformation and upgrading of the
automobile industry, coping with the possible green trade barriers in the automobile trade field

and further improving the competitiveness of China's automobile industry in the international

market."

- Peking University Energy Research Institute
Fuqlang Yang Distinguished Researcher

"This study provides a specific life cycle accounting method for greenhouse gas emissions of

fuel vehicles and electric vehicles, which is helpful for enterprises to understand the carbon
emission sources of their products at different stages of life cycle, and can formulate targeted

emission reduction measures, thus laying a solid foundation for the low-carbon development

of China's automobile industry. In order to cope with climate change and achieve the goal of
carbon neutrality, we need to strengthen cooperation in different fields, hoping that more
enterprises and institutions will respond to the call of the state and actively invest in low-carbon

development. "
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Fanran Meng University of Cambridge, Research Associate

The "China Automotive Low-Carbon Action Plan (CALCP) Research Report (2021)", based on
detailed inventory data, has established a vehicle- and fleet- scale carbon emission accounting

method, quantified the life cycle carbon emissions of passenger vehicles in the vehicle and fuel

cycle. Considering international carbon neutral policies and regulations, the report has analysed
the path of carbon peaking and carbon neutrality in China’s auto industry under different
scenarios. This provides a solid data basis and decision-making basis for the relevant carbon
emission policies in the future. It thus has significant implications to support the Chinese auto

industry achieve the goal of carbon neutrality ahead of the 2060 schedule.”

Gang Liu Professor, University of Southern Denmark

“The automotive industry is one of the sectors that are the most difficult to realize an overall GHG

emission reduction in light of the modern industrial system. Its whole life cycle GHG emission
consists of the direct emissions in the use phase of vehicles and the indirect emissions from the

energy and industry sectors that support the automotive sector. Building on the China Automo-

bile Low Carbon Action Plan Research Report 2020, the China Automobile Low Carbon Action
Plan Research Report 2021 further refines the accounting framework. Under the carbon peaking
and carbon neutrality visions of China, it takes into account the dynamics of fleets, electric
systems and consumption patterns that are suitable under the condition of China. It studies the
GHG emission paths in various dynamic scenarios and provides policy recommendations. It will

play a significant role in the realization of net zero for passenger vehicles of China.”
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0o The Energy Foundation, Senior Project Director of
HUImmg Gong China Transportation Project

"The 14th Five-Year Plan period is a crucial period for building the carbon emission model and
data base of the industry, which will lay a solid foundation for vigorously promoting the carbon
emission management and emission reduction of the industry during the 10th Five-Year Plan
period. Automobile industry, as a major energy consumer in the transportation industry, is an

industry with sustained and rapid growth in various industries. Promoting low-carbon action in

the automobile industry will not only strongly support the national goal of peaking carbon
emissions around 2030, but also help the rapid decline of total carbon emissions after 2030.
Different from the previous calculation of total carbon emissions from top to bottom according
to the consumption of different energy varieties, the bottom-up correlation analysis is more
conducive to closely combining the research of management measures and the analysis of
related emission reduction potential, and the perspective of life cycle analysis will be more
conducive to comprehensive and systematic understanding and solution of problems and
challenges. It is hoped that the research of China Automotive Data Co., Ltd. will continue to
break through and provide better management support for the low-carbon development and

technological progress of China's automobile industry. "

J f L Former Director, National Center for Strategic Research and
un eng | International Cooperation on Climate Change

" China Automobile Low-carbon Action Plan (2021)" uses the evaluation method of the whole
life cycle to comprehensively and systematically calculate the carbon emission intensity and

total carbon emission of passenger cars in China. The model adopts the latest industry data,

quantifies the carbon emissions of passenger cars in China from different levels of bicycles,
enterprises and fleets, and predicts the change trend until 2060. This research not only has
important research value for the low-carbon development of passenger cars and bicycles in
China, but also has huge significance for the green low-carbon sustainable development of

passenger car enterprises and industries in China. "
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Jixin Li Associate Expert, United Nations Environment
X iu Programme (UNEP)

“Cars contribute about one fourth of the total greenhouse gas emissions that are connected
with energies globally. Their share is expected to rise further to one third of the global total by
2050. China is the largest automobile market, and its car stock reached 372 million in 2020,
ranking in the first place globally. Last year, the Chinese government announced its aim to have

its CO2 peak by 2030 and the carbon neutrality by 2060. The automotive industry, as one of the

three arenas that see the fastest growth of GHG emissions, is essential to the successful peaking
and neutrality of GHG emissions in China.To promote cleaner and more efficient automobiles is
the only way to achieve low-carbon and net zero emission. Building on previous studies on GHG
emissions on the single vehicle level, the China Automobile Low Carbon Action Plan Research
Report 2021 provides a study of the fleet stock structure of China for the first time. It introduces
the fleet model to assess changes in the total GHG emission and the ratios of the emissions in
the fuel cycle and the vehicle cycle, in different policy scenarios, on the level of the automotive
industry. The result will help improve and perfect the emission standards and management
systems for the automotive industry. It will accelerate the transformation and electrification

process. It will also be a good reference for other countries in developing similar studies.”

MCKeChnle University of Nottingham, Associate Professor

Understanding the full environmental impact of passenger cars requires a comprehensive
evaluation of material production, vehicle manufacture, use, and end-of-life. The China

Automotive Low Carbon Action Plan Research Report provides data and methods required to

undertake this assessment for the China context, and will underpin efforts of industry and
government to address life cycle emissions in this sector towards China’s ambitious targets for

2060."
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. Special Associate Researcher, School of Mechanics and Vehicles
Junjun Deng Beijing Institute of Technology

“The Research Report on China Automotive Low Carbon Action Plan (2021) takes the low
carbon competitiveness of China's automotive products as the entry point and analyzes the
urgency of the automotive industry’s shift to green and low carbon development. Based on
detailed basic data, it establishes a life cycle GHG emission accounting method for individual

vehicles, fleets and companies, and proposes a key path for carbon neutrality in the automotive

industry by building on the model measurement results and its policy recommendations. It is of

great significance in promoting the automotive industry to achieve the double carbon target.”

R Vice Dean & Professor, School of Environment
LIXIaO Zhang Beijing Normal University

“As one of a series of reports, the China Automobile Low Carbon Action Plan (CALCP) Research
Report 2021 further refines the accounting framework and parametric system, takes into full
consideration the carbon neutrality vision, and develops dynamic analyses of multiple scenari-
os. It raises different path options for the automotive industry in different time periods. It is very
important as it helps the automotive industry of China to further enhance its technology and

achieve carbon neutrality.”

Lulu Xue Fellow, World Resource Institute

“The China Automobile Low Carbon Action Plan (CALCP) Research Report 2021 is one of the

first research studies in China that adopts the LCA methodology to evaluate the life cycle GHG

emissions on the level of single vehicles, companies and fleets. From the industrial perspective,

it reveals how the automotive greenhouse gas emissions are closely connected with the
in-depth GHG emissions of the electricity and industrial sectors, especially the steel sector. On
the level of whole vehicle manufacturers, it shows that to achieve the business-level carbon
neutrality, the emissions over the entire supply chain need be controlled, and the green supply

chain and the purchase of green electricity be promoted.”
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Peng He China Lead, World Economic Forum

“Electricity, manufacturing and transport are the main contributors of CO2 emissions in China.
The automotive sector is one of the pillars of the manufacturing sector, as well as one of the main
consumers of the energy sector and one of the main emitters of the transport sector. It will play

an essential role in the comprehensive achievement of carbon peaking and carbon neutrality.

The automotive industry has benefited from globalization, but is faced with intensive global
competition as well. The low-carbon development over the entire value chain will be the next
new trend for the automotive industry in the world. The participants should have their deploy-
ments and plans ready in advance. On the basis of collected data, the China Automobile Low
Carbon Action Plan Research Report establishes a carbon footprint accounting system over the
whole life cycle. It provides a reference for the low-carbon and sustainable development of the
automotive industry. It also offers thoughts and ideas for the full decarbonization of the industrial
sector and the perfection of the circulation economy pattern. The World Economic Forum
recognizes that the transition to a circular economy in the automotive industry cannot be
realized without the cooperation and efforts of regulators and industry. It has launched the
“Circular Cars Initiative” at Davos 2020 with partners like Systemiq, etc. China is the world’s
largest automotive market and will lead the industry's innovative development in the field of
decarbonization and circular economy. | hope that the Report will inspire many other sectors with
innovative thoughts, explorations and practices on low-carbon development, to promote the
collaborative development between automobile, energy and transport sectors. The World
Economic Forum’s Circular Cars Initiative would like to join forces with Automotive Data
of China Co., Ltd. to contribute to the realization of carbon peaking and carbon neutrality

objectives.”
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0o h 0 Departmental Head & Fellow, National Center for
leln C al Climate Change Strategy and International Cooperation (NCSC)

“The China Automobile Low Carbon Action Plan Research Report follows closely the carbon
peaking and carbon neutrality strategies of China and the international developments of
related industries. It has been the first of its kind in the study and argumentation of the whole
life cycle emissions of vehicles. It raises very good comprehensive solutions, impact analyses
and policy recommendations for the high quality and carbon-neutral development of the
automotive industry in the medium-to-long run in China. It is very significant strategically and

academically.”

R ” T.B | World Steel Association, Technical Direct
usse . balzer Automotive Steel

‘With the release of the 2021 China Automotive Low Carbon Action Plan Research Report,

CATARC continues to be a leader in the global movement to adopt LCA as the critical metric
for measuring the environmental performance of vehicles. The 2021 report further enhances
our understanding of vehicle impact across the entire life cycle by highlighting impacts that are

not captured by tailpipe-only methods., "

. Chief Representative, World Steel Association Beijing
ShaOIIang Zhong Representative Office

“The Research Report on China Automotive Low Carbon Action Plan (2021), compiled and
published by Automotive Data of China Co., Ltd., brings together the industry wisdom of many
authoritative institutions and universities in the automotive industry chain, with detailed data
and strict logic. It provides highly informative research material for automotive and related

companies, research institutions, government decision-making departments creatively from a

total life cycle perspective and geared towards the 2060 carbon neutrality target.”
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i Division Head, Department of Industrial Development and
Idong Zhang Environment,China Electricity Council
“The China Automobile Low Carbon Action Plan Research Report 2021 adopts the LCA method-
ology and develops the life cycle GHG emission accounting model on the level of single vehicles,
companies and fleets, in a scientific and reasonable manner. It provides a theoretical method to

quantify the whole life cycle GHG emissions of passenger vehicles. It calculates the whole life cycle

GHG emissions of passenger vehicles that use six types of fuels. It also predicts the GHG emission

trends in the next 40 years. It studies the carbon neutrality paths under different scenarios and
provides carbon neutrality recommendations in different time periods, for the automotive

industry. It will play a significant role in helping the automotive industry of China achieve net

zero."

. Fellow, Institute of Urban Environment
Welqlang Chen Chinese Academy of Sciences
“The China Automobile Low Carbon Action Plan (CALCP) 2021, which is launched and

completed by Automotive Data of China Co., Ltd., is a very important project. It is based on a

large numbers of data studies and analyses. It traces and predicts the GHG emission features

and reduction potentials of passenger vehicles that vary in the year of production, age and fuel,
in a comprehensive and systemic manner. It provides a solid data basis and decision-making
support for the making of GHG emission strategies for the automotive industry in light of the
carbon peaking and carbon neutrality objectives. It forms an important scientific foundation to
enable the low-carbon transformation and sustainable development for the mobility sector of

China.”
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XIanZheng Gong Professor, Beijing University of Technology

Q L [ " China Automobile Low-carbon Action Plan (2021), adhering to the concept of life cycle, has
carried out a large number of meticulous pioneering studies on carbon emission accounting
methods, models and basic data of passenger cars in China, and has been systematically
applied to carbon emission accounting and forecasting of passenger cars, enterprises and
industries in China, which has important guiding significance for comprehensively interpreting
the life cycle carbon asset management of China's passenger car industry, and provides
important reference and technical path direction for the automobile industry to achieve the

goals of peak carbon dioxide emissions and carbon neutrality.”

Xlngyu Xue Aramco Asia, Head of Strategic Transport Analysis Team (China)

" China Automobile Low-carbon Action Plan (2021)" provides reliable data support and
theoretical basis for promoting China's passenger car industry to achieve the goal of "double

carbon"(carbon neutrality and peak carbon emission) The report emphasizes the importance

of life-cycle carbon emission management policies and reveals that a series of technical
solutions are needed to achieve the carbon emission reduction targets of the passenger car
industry, including the use of low-carbon fuels, electric vehicles and efficient hybrid technolo-
gies. It provides important theoretical support for car companies, relevant government depart-

ments and scientific research institutions to formulate technical routes and policy plans. *

X. Zh Vice Dean & Professor, School of Management and
Iang ang Economics, Beijing Institute of Technology

“The carbon neutrality of the automotive industry will be essential for China to realize its carbon
peaking and carbon neutrality objectives. By centering around the carbon neutrality objective,
the China Automobile Low Carbon Action Plan Research Report 2021 adopts the life cycle GHG

emission accounting models, and studies the GHG emissions and carbon neutrality paths of

passenger vehicles by 2060. It provides an accounting basis for the decision-making process in
the future. it is an important reference for the automotive industry to realize the carbon neutrali-

ty objective.”
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a Q Deputy Director, Shanghai New Energy Vehicle Public Data
XIaOhua Dlng Collection and Monitoring Research Center
“The China Automobile Low Carbon Action Plan Research Report 2021 is a professional research
report that is focused on the whole life cycle GHG emissions of passenger vehicles in China. It will
help other countries to understand the current GHG emissions of Chinese passenger vehicles. In

addition, through international bench-marking, China will know how the GHG emissions of

passenger vehicles change in other countries. The Report is necessary in order to achieve the

low-carbon objective of the automotive industry.”

zhu Z

Assistant Professor, China University of Petroleum (Beijing)

“The China Automobile Low Carbon Action Plan Research Report 2021 is based on accurate
and detailed data and scientific accounting models. It quantifies the whole life cycle GHG
emissions of passenger vehicles and studies the carbon neutrality paths for the automotive
industry under the carbon neutrality objective. The result will create a scientific methodological

support for the life cycle GHG emission accounting and assessment of passenger vehicles and

lay a decision-making basis for the emission reduction of the automotive sector. It is significant

in the low-carbon and sustainable development of the automotive industry.”
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University of California, Davis, Director of China Energy and
. Transportation Center, Co-Director of China-US-Netherlands
YunShI Wang ZeroEmission Vehicle Policy Laboratory

" China Automobile Low-carbon Action Plan (2021)" has made significant improvements on the

basis of 2020. In 2021, the life cycle carbon emissions of passenger cars were analyzed in more
detail, and the role of pure electric vehicles in carbon reduction was further confirmed. As | said
when | gave congrats for the 2020 report, this report provides a good foundation for China's

future carbon emission regulations for automobiles. "

Yan Lan Deputy Director of the Secretariat of Belt and Road International
Alliance for Green Developmen

“Based on models and data, the Research Report on China Automotive Low Carbon Action

Plan (2021) scientifically and objectively assesses the whole life cycle GHG emissions of the

automotive industry and proposes specific paths for the industry to achieve carbon neutrality,
thereby providing important technical support for the government and automotive industry

companies to make relevant decisions.”
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On December 27th, 2018, China Automotive Technology and Research Center (hereinafter referred to as China Automotive Center)
held a conference with the theme of energy-saving and green development achievements of the automobile industry in Tianjin,
and released the results of the second batch of China Eco-car Assessment Programme (C-ECAP) in 2018 and the "China Automo-
bile Low Carbon Action Plan" Research Report of the automobile industry. More than 100 representatives from industry associa-

tions, enterprises and media attended the conference.

In order to implement the national green development policy, guide the green consumption of automobiles, and promote the
automobile enterprises to fulfill their social responsibilities, since 2015, China Automobile Center has carried out a number of
batches of automobile ecological design evaluations based on the implementation of standards in the aspects of air quality,
comprehensive fuel consumption, exhaust emission, consumer concerns and social responsibility. During the conference, the
leaders of China Automotive Center released the second batch of evaluation results in 2018 and issued certificates to the evaluated

enterprises. At the same time, the 2019 new edition of "Eco-car Evaluation Regulations" was released.

China Automobile Center is the only institution in the automobile industry that has been selected as the evaluation center of
industrial energy conservation and green development of the Ministry of Industry and Information Technology. In order to promote
the green development of the automobile industry, the evaluation center has conducted a great deal of work in the policy research
of energy conservation and emission reduction, the establishment of green factories, the formulation of energy conservation and
green standards, etc. In 2018, the "China Automotive Low-carbon Action Plan" was implemented, and the carbon emission
accounting of electric passenger cars sold in China was carried out in the full life cycle. This conference released the accounting
results of five models including Changan Benben EV 2018. These efforts effectively promote the ecological design of the automo-
bile industry, popularize and apply advanced energy-saving and low-carbon technologies, and help the automobile industry to

realize the development of low-carbon life.
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On June 20-21, 2019, the 6th China International Forum on Automotive Ecological Design was held in Hangzhou, Zhejiang
Province. The forum was co-host by China Automotive Technology and Research Center Co., Ltd. (hereinafter referred to as "China
Automotive Center") and Hangzhou Municipal People's Government. There are almost 300 guests from relevant institutions,
foreign and domestic experts and scholars, representatives of automobile enterprises and mainstream media attended the forum.
Specialists from Department of Energy Conservation and Resources Utilization of the Ministry of Industry and Information Technol-

ogy also attended the conference.

Focusing on the theme of "Ecological design promotes the green and healthy development of the automobile industry”, it discussed
the policy trend of green development of the automobile industry, shared green practical experience, promoted the sustainable
development of the automobile industry and accelerated the green reform of the automobile industry. During the forum, China
Automotive Center released the white paper of China's automobile hazardous substances management industry, the results of the
first batch of evaluation models of China Eco-car Assessment Programme (C-ECAP) in 2019 and the latest research progress of

China Automobile Low-carbon Action Plan.
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Recently, Automotive Data of China Co., Ltd. released "China Automobile Low Carbon Action Plan" Research Report (2020). Earlier
this year, Automotive Data of China Co., Ltd has carried out the research of “China Automobile Low-carbon Action Plan” with 16
foreign and domestic institutions such as the United Nations Environment Programme (UNEP), the National Center for Climate
Change Strategy and International Cooperation (NCSC), the World Resources Institute (WRI) and Beijing University of Technology.
It preliminarily developed the carbon emission accounting methods of a single passenger vehicle, enterprises and automobile
industries, and calculated the carbon emissions of passenger vehicles with different fuel types in the full life cycle produced in China
in 2019. The research results show the historical evolution process and development trend of the life cycle carbon emissions of
China's passenger vehicles . It is committed to guiding automobile enterprises to implement green and low-carbon design, select
new low-carbon environmental protection materials, and utilize equipment with advanced low-carbon technology so as to
accelerate the promotion and utilization of new energy vehicles and promote the carbon emission reduction of China's passenger
vehicles in the full life cycle.

(Related achievements are available to download at http://www.auto.eaca.com )

CHINA AUTOMOBILE LOW CARBON ACTION PLAN(CALCP) RESEARCH REPORT 2021 =




| RESEARCH REPORT

HISTORY REVIEW <

& O © O wwmeo | rssivm
g hamralial L St m RELEASE OF “CHINA AUTOMOBILE LOW CARBON ACTION
©  TemERks  wEes  KSARF  KSES  ARSS  TERE  tEse PLAN" RESEARCH REPORT (2021)

A > TURIRIS > AR > BIESSATAR > TS

PRz Released Time: AM9:05 21t July 2021 Source: Department of Energy C-

T 202107210905 ik : PRESEARAA

onservation and Resources Utilization, Ministry of Industry and Informat-

o prien o AT o ion Technology of the People’s Republic of China

foo TR PRI A, BDE B TR RO R

Recently, Automotive Data of China Co., Ltd. released "China Automobile Low Carbon Action Plan" Research Report (2021). Based
on the China Automotive life cycle assessment Model (CALCM) and China Automotive Fleet Life Cycle Assessment Model
(CAFLAM), the report implemented the carbon emission accounting of the single passenger vehicles and fleets in the full life cycle
for passenger vehicles sold in China in 2020. Three scenarios are designed in the research, which are Stated Policy Scenario by
maintaining the overall policy supply unchanged, Median Decarbonization Scenario by strengthening the policy to promote the
carbon emission reduction of industries, and Deep Decarbonization Scenario by intensively strengthening the policy to promote
the emission reduction respectively. The life cycle carbon emissions of single passenger vehicles and fleets in 2025, 2030, 2050 and
2060 were analyzed based on the three designed scenarios with the combination of eight decarbonizing methods including clean
power grid, electrification of vehicles, material efficiency, energy efficiency of vehicle production, carbon emissions of traction
batteries, energy efficiency of vehicle use, alternative fuels and consumption patterns.

(Related achievements are available to download at http://www.auto.eaca.com )
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"CARBON NEUTRALITY"IN AUTOMOTIVE

INDUSTRY

1.1 Carbon Neutrality Defined

“Carbon Neutrality” means a balance between man-made
emission sources and the man-made carbon sinks through
vegetation and carbon capture and storage. The carbon neutrality
objective can be set on the level of the planet, a country, a city or
a company. It can refer to the emission of carbon dioxide (COz2)
only in a narrow sense, or the emission of all greenhouse gases
(carbon) broadly[1]. On September 22, 2020, President Xi Jinping
solemnly announced at the United Nations General Assembly that
China aims to have CO2 emissions peak by 2030 and achieve
carbon neutrality by 2060. These objectives have become a
national strategy and been introduced in a portfolio of ecological
civilization constructions. For the development of the green and
low-carbon circulation economy, the Chinese Communist Party
(CPC) committees and governments at all levels should create
their own timetables, road maps and construction maps to realize
carbon peaking and carbon neutrality. The raising of these
objectives will be significant for China in its working with the
climate crisis, increasing its voice in the international climate
governance, and strengthening its industrial transformation
process.

Be a party in the international consensus and perform the Paris
Agreement. The report of the Intergovernmental Panel on
Climate Change (IPCC) shows that the average temperature is
now about 1 degree Celsius above the pre-industrial level global -
ly. The continuously increasing temperature will cause climate
change and the sea level rise and other consequences. The Paris
Agreement Under the United Nations Framework Convention on
Climate Change, which was entered into in 2016, aims to limit the
global temperature increase to below 2 degrees Celsius above
pre-industrial level and ideally, to keep the increase within 1.5
degrees Celsius, by the end of this century. To reach the aim, the
signatories should, on an equal basis, try to achieve carbon
neutrality during the latter half of this century. Now, nearly 130
countries, including China, have had their carbon neutrality
objectives in different forms, taking up around 65% of the total
GHG emission globally or about 70% of the economic aggregate
in the world. In the face of the new global pattern to deal with
climate change, China will have to actively participate in the
global governance and in building up the community of common
destiny for all mankind.

Be a responsible power. Currently, the United States of America
(USA) and the European Union (EU) still have the dominating say
in the global climate governance system, while the voice of
developing countries has been weak. Due to the long-standing
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difference between developed and developing countries, the
climate governance has grown at a very slow pace. As China has
declared its carbon neutrality objective, it raises its voice as a
responsible power in the process. It will lead the system towards an
all-inclusive, all-benefiting and efficient and effective direction.

Strengthen industrial transformation process and promote high
quality development. With the dramatic growth of its economy,
China will see its energy demand increasing continuously. However,
due to the serious mismatch between the domestic energy produc-
tion and demand structures, the gap of the energy demand will
have to be filled up by import on a large scale. The Report on Oil
and Gas Industry Development in China and Other Countries 2019
shows that China'’s reliance on foreign oils and gases exceeded 70%
in both of these two aspects in 2019, which was far above the 50%
safety line[2] and is still on the increase. The foreign reliance and the
competition for resources will endanger the sustainability of the
Chinese industries. Secondly, despite its decreasing recently, the
carbon intensity of China remains higher than that of the USA or the
EU. In 2019, the carbon intensity of the USA and the EU was 2.3 tons
per USD and 1.9 tons per USD, while that of China was 7.1 tons per
USD, or 3.1 times higher than the USA or 3.7 times than the EU. The
carbon neutrality objective will effectively push the low-carbon
transformation of the industries of China, reduce the energy and
resource investment, and lower its reliance on foreign energies.
Moreover, it will increase the effectiveness of the Chinese industries
in working with the emission policies of China and other countries
and improve their dynamics in the outer circulation cycle so that
they can grow healthy in both the inner and outer circulation cycles.

Revitalize the green and beautiful country. Carbon neutrality is a
part of the Beautiful China program, an important grip to build
ecological civilization, and an internal requirement for green
growth. According to the ecological civilization timetable depicted
in the 19thCPC National Congress and the National Ecological
Environment Protection Conference, the Beautiful China will be
built up basically by 2035 and fully by the middle of this century.
Moreover, China will try to have its carbon peak by 2030, with the
GHG emission per GDP to be 25~35% lower by 2035, and to achieve
carbon neutrality by 2060. It shows that carbon peaking and carbon
neutrality are essential milestones for our Beautiful China dream
come true. They are necessary to create a force to reversely drive
the green and low-carbon circulation. In addition, we need work
with other countries to take good care of our planet and develop a
basis for ecological civilization. All of us will have to step on the
road of green growth and march towards carbon neutrality.




1.2

The automotive industry has become one of the key industries in
China’'s GHG emission management because of its long industry
chain with wide radiation, fast growth of total GHG emission and
high carbon intensity of single vehicle, which is of great signifi-
cance to promote the green and low-carbon transformation of
its upstream and downstream industry chains and achieve carbon
neutrality in China.

First, the rapid growth of GHG emissions in the automotive
industry makes it one of the fastest-growing areas of GHG
emissions in China at present. China, as the world's largest
automobile manufacturer, has ranked first in the world in terms
of automobile production and sales for 12 consecutive years. As
shown in the Figure below, the overall vehicle sales from 2001 to
2020 were on the rise, with an average annual growth rate of
12.57%. In 2020, China’s automobile stock reached 281 million[3],
with production and sales reaching 25.225 million and 25.311
million respectively[4]. Meanwhile, China is also becoming a large
exporter of automobiles, with 995,000 automobiles exported in
2020[4]. With the increase of automobile production and sales
and exports, as a typical resource- and energy-intensive industry,
the automotive industry has not yet decoupled carbon emissions
from economic growth and become one of the fastest-growing
areas of GHG emissions in China at present. Direct GHG
emissions from vehicles travelling on roads reached nearly 800
million tons in 2019, accounting for about 8% of China's total GHG
emissions (Automotive Data of China Co., Ltd. (ADC)).

Second, with long industrial chain and extensive radiating
surface, the automotive industry serves as an important means to
promote the carbon neutrality of the upstream and downstream
industry chains. To peak GHG emission and achieve carbon

neutrality is a broad and profound economic and social systemic
reform. All industries need to accelerate the transition to carbon
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Importance of carbon neutrality in the automotive industry

neutrality and promote the realization of the goal of carbon
neutrality. As an important pillar industry of China’s national
economy, the automotive industry is characterized by long
industry chain, wide radiation and strong driving force. According
to the data of National Bureau of Statistics, the overall revenue of
China’'s automobile manufacturing industry in 2019 was 8.08
trillion yuan, which will indirectly drive upstream and downstream
industries with massive scale of about 40 trillion output value
according to the driving multiplier of 1:5 for upstream and down -
stream industries[5]. The realization of carbon neutrality in the
automotive industry will become an important grip to promote
carbon neutrality in the upstream and downstream industry
chains.

Third, China has high GHG emission intensity for single vehicle

and weak low-carbon competitiveness compared  with
developed countries. Currently, the life cycle GHG emissions of
battery electric vehicle in China are about 12% higher than those
of the EU. With the implementation of the European Green Deal
and a series of low-carbon strategies, including the European
Battery Directive, the Circular Economy Action Plan, the Sustain -
able and Smart Mobility Strategy, the EU Hydrogen Strategy and
the EU Energy Systems Integration Strategy, the gap between
China and Europe in terms of single-vehicle carbon intensity is
expected to further widen in the future[6, 7]. Meanwhile,
developed countries are establishing a new international trade
dimension based on life cycle GHG emissions. First, the EU
established a carbon border adjustment mechanism, i.e., carbon
tax collection, and proposed that all goods under the EU-ETS
should be included in the scope of carbon tariff collection and
involved both intermediate and end products (including
automotive products). The US, UK, Canada and other countries
are also promoting their own carbon border adjustment taxes.

Second, the EU is developing carbon footprint limit regulations

2012 2013 2014 2015 2016 2017 2018 2019 2020

Figure 1 Vehicle sales in China from 2001 to 2020
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for automotive components and complete vehicles exported to
the EU. According to the 2019 CO:z Emission Standards for
Passenger Vehicles and Light-duty Commercial Vehicles, it's
necessary to assess the whole life cycle GHG emissions of passen-
ger vehicles and light-duty commercial vehicles at the EU level.
The feasibility of establishing a common LCA methodology for
the evaluation and data reporting of life cycle GHG emissions
should be assessed no later than 2023. It also points out that
follow-up measures should be taken and legislative proposals
should be made as appropriate. The proposal of the EU's Regula-
tion Concerning Batteries and Waste Batteries proposes that
maximum carbon footprint limits for batteries will be introduced
by July 1, 2027. In this context, compared with developed
countries, China is subject to weak low-carbon competitiveness in

terms of automotive products, and China will face greater

1.3 The meaning of carbon neutrality

In this report, “carbon neutrality” refers to the net zero GHG
emissions over whole life cycle of a vehicle. At the product level,
carbon neutrality refers to net zero emissions over whole life cycle
of a vehicle, including the vehicle cycle and fuel cycle. At the fleet
level, fleet carbon neutrality refers to the net zero emissions of all
vehicles in the fleet stock at different life cycle stages in a given

year.

At present, international car companies have proposed their own
carbon neutrality targets, mainly involving three levels: factory,
product and enterprise, and the time point for achieving carbon
neutrality is by 2050. For example, Daimler proposed to “eventu -
ally build a new fleet of carbon neutrality cars in the next 20
years”; Volvo proposed to “develop the company into a global
zero-load climate benchmark enterprise by 2040"; Toyota
proposed a zero life cycle CO2 emissions challenge to “achieve
zero COz2 emissions throughout the life cycle of vehicles” and the
factory zero CO2 emission challenge “to achieve zero CO:
emissions in global factories by 2050"; Nissan proposed “to
achieve vehicles life cycle carbon neutrality by 2050". The carbon

neutrality at the factory and enterprise levels proposed by car
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pressure and challenges of GHG emissions to make its automo

tive products available worldwide.

In summary, carbon neutrality in the automotive industry plays an
important role in both reducing the growth rate and intensity of
GHG emissions in the automotive industry itself, and driving GHG
emission reduction in the upstream and downstream industry
chains. Accelerating the green and low-carbon transformation of
the automotive industry and further moving towards net zero
emissions over whole life cycle is of great significance for China to
achieve the goal of carbon neutrality, marks the key milestone for
China to realize the dream of building a strong automotive
industry and is an important guarantee for promoting the harmo-

nious coexistence between human beings and nature.

in the automotive industry

companies mainly refers to GHG emissions at the production and
operation stages without involving the whole life cycle concept.
Among these car companies, some of them explicitly proposed
the whole life cycle carbon neutrality of a single vehicle, but more

of them didn't specify or only included the road driving stage.

In the future, with the development of electrification and
intelligence of automobiles, changes will also take place in their
GHG emissions to gradually shift from the use of automobiles to
the whole industry chain, and the GHG emissions related to the
production and manufacturing of vehicles themselves and the
production of upstream component suppliers will become
increasingly important. Therefore, the whole life cycle carbon
neutrality of the automotive industry is of particular significance in
promoting GHG emission reduction in the automotive supply
chain and improving the market competitiveness of supply chain
enterprises. Therefore, the carbon neutrality referred to in this
report covers the whole life cycle of automobiles, including the
carbon neutrality of single vehicle and fleets, with a view to
provide reference for the work related to automotive carbon

neutrality.




CHINA AUTOMOBILE LOW CARBON ACTION PLAN(CALCP) RESEARCH REPORT 2021 |

STANDARDS AND REGULATIONS ON AUTOMOTIVE <

LIFE CYCLE GHG EMISSIONS

2.1 Overview of low carbon standards and regulations for each stage of the

vehicle life cycle

At present, a global system of standards and regulations has been
established for each stage of the whole life cycle of automobiles,
or even the whole stage. According to the different types of
standards, they can be divided into low-carbon constraint indica-
tor-based standards and regulations, low-carbon quantitative
accounting-based standards and regulations, low-carbon techni-
cal path-based standards and low-carbon basic general-related

standards, as shown in Figure 2 below.

As mentioned earlier, the scope of whole life cycle GHG emission

accounting for automotive products includes vehicle cycle and

fuel cycle. In the automotive life cycle low-carbon standard
system in Figure 2, the vehicle cycle includes the vehicle manu-
facturing stage (including raw material acquisition, material
processing and manufacturing, complete vehicle production, and
repair and maintenance component production) and the vehicle
recycling stage (including recycling and dismantling, re-manu-
facturing, cascade utilization and recycling). The fuel cycle
includes the vehicle fuel production stage (oil well - fuel tank), the
vehicle product energy efficiency management stage (fuel
consumption management), and the fuel (vehicle) use stage (fuel

tank - wheels).

Fuel cycle

Standardized Production and
objects manufacturing
Enterprise average
Low carbon fuel fuel consumption CoerI_c‘)éate Service carbon
LCA limits . . emission footprint
Low carbon Fuel consumption Fuel consumption (= Limits
constraint limits limits
Fuel Electric Electric
. consumption  vehicle vehicle
Egi{'}-ﬁ%gﬁ’ﬂﬂt test electricity  electricity acoount
Low carbon accountinz meﬁngforl consumption: consumption
quantitative Convenuenal SCOMVESIon:
accounting
, e Electric vehicles, Avoiding travel, peak shifting
Biomass fuel, e-fuel, Shggdgg:ec:ti?r‘ ower batteries, travel, public transportation,
L b ammonia, hydrogen, conditioning rive motors, fuel exhaust gas cleaning system,
Qs wind, photovoltaicr, emergency cells, and other use of electric vehicles,
technical pat hydro, nuclear start/stop, energy  Safety technology waterways, railroads and
power. rec0\}ery requirements other low-carbon
. standards. transportation methods.
Electric
Low carbon
general basis

Figure 2 Automotive life cycle standards and regulations system
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2.2 Whole life cycle standards and regulations for automotive products

At present, the standards and regulations for GHG emissions
accounting and management around the whole life cycle of
automotive products mainly include general methods and specif-
ic standards and regulations for automotive products. General
low carbon quantitative accounting standards mainly include ISO
14067, GHG protocol product accounting standards, PAS2050,
etc. The automotive industry can carry out the whole life cycle
GHG emission accounting and quantification of automotive
vehicles and key components based on these general standards.
At present, the whole life cycle GHG emission-related standards
for automotive products mainly include PEFCR - Product
Environmental
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Meanwhile, there are also some standards and regulations
involving the constrained type of life cycle carbon footprint of
automotive products, such as the EU's Regulation Concerning
Batteries and Waste Batteries, which puts forward relevant
constrained index requirements from the whole life cycle of
power batteries, such as the ratio of recycled materials used,
waste battery collection rate, waste battery material recycling
level, carbon label, and hazardous substances, electrochemistry
and durability, etc. The main index requirements are shown in

Figure 3.

Waste battery material recycling level

Battery type

Recycled material

Timeline Toad Timeline

2025.01. 01

75% 65% 50% 2025.01.01  90% 90% 90% 35% 90%

80% 70% 2030.01.01  95% 95% 95% 70% 95%

Timeline Regulatory requirements

The accompanying technical file shall contain a carbon footprint statement drafted

in accordance with the enabling legislation

Labelirrfg indicating the carbon footprint performance level of the battery and stating in the technical file that the carbon
ootprint and carbon footprint performance level are calculated in accordance with the enabling legislation

established by the European Commission

Demonstrate in the accompanying technical file that the declared cycle carbon footprint value is below the

maximum limit set by the enabling act

Limit conditions

Batteries (whether or not contained in appliances) should not contain more than 0.0005% mercury by weight;
not more than 0.1% mercury by weight in homogeneous materials of batteries in vehicles regulated

by 2000/53/EC.

Picks and Not more than 0.01% of picks in battery homogeneous materials in vehicles controlled by 2000/53/EC, not
applicable to vehicles exempted under 2000/53/EC Annex I.

Battery type Electrochemical performance and durability parameters

2027.01. 01

Battery capacity, minimum mean discharge time,
shelf life, cycle life, leakage resistance

Rated capacity and capacity decay;
power and powerdecay; internal resistance
internal resistance increase
capacity cycle eff|C|ency and its decay; set condition life expectancy

Figure 3 Requirements of EU's Regulation Concerning
Batteries and Waste Batteries on the life cycle of power battery
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Meanwhile, in the future, China will carry out research on quanti- vehicle products and component products, gradually improve
tative standards for whole life cycle GHG emission accounting the standard system of low-carbon development of automobile
around road vehicle products and component products. After life cycle. In summary, the current standards and regulations
data accumulation, it will carry out research on basic general involving automotive product life cycle low-carbon constraints,
standards such as whole life cycle carbon footprint limit low-carbon quantitative accounting, etc. are shown in Table 1.

standards, terms and definitions, and carbon labels for road

Table 1 Standards and regulations on life cycle low-carbon management for automotive products

Standard number

Standard name

L Low COM(2020) 798 final EU's Regulation Concerning Batteries and Waste Batteries (draft)
carbon
) Stcrz?n_ts GB/T Whole life cycle carbon footprint limits for road vehicle products
Under development GB/T Whole life cycle carbon footprint limits for road vehicle components
3 The GHG Protocol Product life cycle accounting standards
4 Carbon footprint of products Requirements and guidelines
ISO 14067:2018 for quantification
5 PAS 2050-2011 Specification for life cycle greenhoAuse gas assessment
of goods and services
Low
6 carbon PEFCR Rules for product environmental footprint categories: high-voltage
quanti- rechargeable batteries for mobile applications
tative
account-
ing GB/T Carbon footprint of road vehicle products Type rules
Passenger vehicles
GB/T Carbon footprint of road vehicle products Type rules
Commercial vehicles
7 Under development GB/T Carbon footprint of road vehicle products Type rules Trailers
GB/T Carbon footprint of road vehicle products Type rules Motorcycles
GB/T Carbon footprint of road vehicle products Type rules
Power battery
GB/T Carbon footprint of road vehicle products Type rules Others
Low GB/T Road vehicles General requirements for carbon
carbon initi
8 I Under development management Terms and.deﬂnltlons
geies GB/T Road vehicles General requirements for carbon
basis management Product carbon footprint labeling
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LIFE CYCLE GHG EMISSIONS ACCOUNTING

METHODOLOGY FOR AUTOMOBILE

This study applies the Life Cycle Assessment (LCA) method to
account for the life cycle carbon (GHG) emissions of passenger
vehicles. LCA is the compilation and evaluation of inputs, outputs
and their potential environmental impacts during the life cycle of

a product system.

Based on the requirements of national standards GB/T
24040-2008, GB/T 24044-2008 and ISO 14067-2018, with China
Automotive Life Cycle Database (CALCD), Automotive Data of
China Co., Ltd. developed China Automotive Life Cycle Assess-
ment Model (CALCM) based on the characteristics of the Chinese
automotive industry. At present, the new version of CALCM-2021
has been officially launched. Based on the previous version, the
new version is not only clearer and more concise, but also adds
data and calculation functions for power battery, manufacturing
process and material recycling, which provides more powerful
support for the automotive life cycle assessment research work. In
order to facilitate the operation of enterprises, it has developed
OBS, a life cycle assessment tool, to account for GHG emissions in
different product dimensions, such as materials, parts and
vehicles, and to provide enterprises with analysis of emission

reduction paths. The CACIS was developed to assist OEMs and

suppliers to collect, manage and account for GHG emission data
in the whole life cycle from raw materials, parts, production, use
and recycling. When accounting for GHG emissions, the data
information in CACIS can be directly imported into the automo-
tive life cycle assessment tool - OBS for utilization, which reduces
the difficulty and process of GHG emissions accounting for
enterprises and improves their own GHG emissions accounting

and management capabilities.

In this study, the CALCM-2021 model was applied to account for
the life cycle GHG emissions of passenger vehicles in China in
2020. The data of model name, model size, vehicle mass, fuel
type, fuel consumption, production volume, etc. required in the
accounting process were obtained from Automotive Data of
China Co., Ltd. The data such as the weight of materials for single
passenger vehicle, GHG emission factors of materials, production
energy consumption of complete vehicle and GHG emission

factors of fuel are derived from CALCD.

Among them, the accounting methods for life cycle GHG
emissions of single vehicle, enterprise and fleet of passenger

vehicles are detailed in chapters 3.1~3.4.

3.1 Vehicle life cycle GHG emissions accounting model

3.1.1 Determination of purpose and scope

3.1.1.1 Functional units

Changes relative to 2020: with reference to GB/T 32694 and GB/T 19596-2017, the study object was redefined, with

gasoline M1 vehicles (gasoline ICEVs) and diesel M1 vehicles (diesel ICEVs) changed to passenger vehicles that use single

gasoline or diesel; conventional hybrid passenger vehicles changed to non-externally rechargeable hybrid passenger

vehicles; and plug-in hybrid passenger vehicles changed to plug-in hybrid electric passenger vehicles.




The purpose of this study is to account for the life cycle GHG
emissions of passenger cars produced in China. The target of the
study is M1 vehicles with a maximum design mass not exceeding
3500 kg, including passenger vehicles that only use gasoline or
diesel, non-externally rechargeable hybrid passenger vehicles,
plug-in hybrid electric passenger vehicles, and battery electric
passenger vehicles (hereinafter referred to as “gasoline vehicles”,
“diesel vehicles”, and “conventional hybrid vehicles”, “plug-in

hybrid vehicles”, “battery electric vehicles”). The functional unit of

3.1.1.2 System boundary

The life cycle system boundary of passenger vehicles evaluated in
this study includes the whole life cycle stages including vehicle
cycle and fuel cycle of passenger vehicles. Among them, the
vehicle cycle of passenger vehicles includes raw material acquisi-
tion, material processing and manufacturing, complete vehicle
production, and maintenance (tire, lead battery, and fluid
replacement); the fuel cycle of passenger cars, i.e, “Well to
Wheels (WTW)", includes the production of fuel (Well to Pump)
and the use of fuel (Pump to Wheels). For fuel vehicles, WTP

includes stages such as crude oil extraction and refining and

CHINA AUTOMOBILE LOW CARBON ACTION PLAN(CALCP) RESEARCH REPORT 2021 |

this study is the transportation service provided by a passenger
vehicle driving 1 km during its life cycle, and the life cycle driving
mileage is calculated as (1.5x10° km. In this study, according to
the IPCC Guidelines for National Greenhouse Gas Inventories,
GHG emissions accounted for include greenhouse gas emissions
including carbon dioxide, methane, nitrous oxide, hydrofluoro-
carbons, perfluorocarbons, sulfur hexafluoride, and nitrogen

trifluoride.

processing; for electric vehicles, WTP includes stages such as
production and transmission of electricity (thermal power, hydro-
power, wind power, photovoltaic power generation, nuclear

power, etc.).

The transportation process of raw materials and parts, etc., the
manufacturing of equipment for passenger vehicle production,
plant construction and other infrastructure are not included in the
boundary. The system boundary diagram of life cycle GHG

emission accounting for passenger vehicles is shown in Figure 4.

Raw material

Il Fuel cycle

Components

Liquid Tires

Lead-acid
batteries

Lithium-electric
power batteries

input

Energy, Complete vehicle production
resource

Stamping| Welding| | Painting

Final
assembly

Powerhouse

Fuel production Fuel usage Tires, lead-acid batteries,

(Well to Pump,WTP) (Wellto

Figure 4 System boundary diagram of |

; Maintenance

Pump,WTP) fluid replacement

Refrigerant escape

ife cycle GHG emission accounting for passenger vehicles
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3.1.2 Inventory data

3.1.2.1 Vehicle cycle inventory data

The vehicle cycle in this study no longer accounts for specific total of 23 materials are verified, considering the ratio of material
parts, but directly accounts for the GHG emissions of materials. GHG emissions and weight to each part and the verifiability of the
The whole vehicle is divided into five parts: components, tires, data, as shown in Table 2.

lead-acid batteries, lithium-ion power batteries and liquids, and a

Table 2 Summary of materials within the scope of accounting

Material category

1 Steel

2 Cast iron

3 Aluminum and aluminum alloys
4 Magnesium and magnesium alloys
5 Copper and copper alloys

6 thermoplastics

7 thermosets

8 Rubber

9 Fabric

10 Ceramics / Glass

11 Lead

12 Sulfuric acid

13 Glass fiber

14 Lithium iron phosphate

15 Lithium nickel cobalt manganate
16 Lithium manganate

17 Graphite

18 Electrolyte: lithium hexafluorophosphate
19 Lubricant

20 Brake fluid

21 Coolant

22 Refrigerant

23 Washing fluid




The data on the weight ratio of vehicle cycle parts, tires, lead-acid
batteries, lithium-ion power batteries and fluids and the respec-
tive material composition ratio, material GHG emission factor and
GHG emission factor of the whole vehicle production are from
CALCM-2021. The data on the weight ratio of parts, tires,
lead-acid batteries, lithium-ion power batteries and fluids and
the respective material composition ratio are from the dismantled
production-weighted average of more than 90 mainstream

models of Automotive Data of China Co., Ltd.

In addition, this study accounts for GHG emissions from tire
replacement, lead battery replacement, fluid replacement and
refrigerant escape during vehicle driving for vehicle cycle, as well
as GHG emissions from manufacturing processes such as

complete vehicle stamping, welding, painting, final assembly and

3.1.2.2 Fuel cycle inventory data

The fuel consumption data for passenger vehicles in this study are

based on test data from the NEDC.

The GHG emission factor data for fuel production were obtained
from the CALCD and represent the average level in China, as
shown in Annex 4. Among them, the GHG emission factors for
electricity are measured based on the energy structure in China in
2017 (64.7% for coal power, 18.6% for hydropower, 6.5% for

renewable power, 3.9% for nuclear power, 3.2% for natural gas
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powerhouse. The number of tire, lead battery, fluid replacement

and refrigerant escape is shown in Annex 2.

As shown in Annex 3, the GHG emission data of vehicle materials,
energy, fuel and vehicle production in this study are obtained
from the China Automotive Life Cycle Database (CALCD), which
represents the average data in China. CALCD is the first localized
automotive life cycle database in China, covering more than
20,000 items of life cycle inventory process data related to
automotive products, including basic materials, energy,
transportation and processing, as well as product process data
such as key automotive components and complete vehicles with
inventory data categories including resource consumption,
energy consumption, environmental pollutant emissions, green-

house gas emissions, and economic costs.

power, and 3.1% for oil power) according to the national average

level.

GHG emissions from fuel use were calculated using the CO:
conversion coefficient in GB 27999-2019. For gasoline use, they
are calculated using 2.37 kg CO:¢e/L and for diesel use, they are
calculated using 2.60 kgCO:ze/L; GHG emissions from the use of

electricity were calculated using 0.

3.2 Single-vehicle life cycle GHG emission accounting method

3.2.1  Vehicle cycle GHG emission accounting method

Where: C vehicle

Vehicle cycle GHG emissions are calculated according to equation (1).

CVehfc/e = C Material + C Production + C Relcement ... 1)

vehicle cycle GHG emissions, kgCOze

C Material GHG emissions from raw material acquisition, kgCOze
Cproduction GHG emissions from the production of the whole vehicle, kgCOze
CRelcsment

GHG emissions from maintenance (tire, lead battery, refrigerant replacement), kgCOze
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3.21.1 Raw material acquisition stage

Changes relative to 2020;

(a) This year, the GHG emissions of the raw material acquisition stage is no longer calculated in accordance with the
complete vehicle, but divided into five separate parts, including component materials, lead-acid batteries, lithium-ion

power batteries, tires and liquids.

(b) The scope of raw materials was expanded and the materials with ratio of weight or GHG emissions accounting for more
than 1% of each part of the material were incorporated into the accounting scope. Fabric and glass fiber and four new liquid

materials were added, respectively, namely lubricants, brake fluid, coolant and washing fluid, etc.
(c) Plastics were classified as thermoplastics and thermosets without being distinguished separately.

(d) The GHG emission factors of some materials were updated.

The GHG emissions of raw materials acquisition stage should be calculated according to equation (2) with the calculation

results rounded (rounded off) to two decimal places.

Cl\/larena/s = C Parts +CLead acid battery +CL1—/on battery + C Tyres + CF/UldS ------ (2)
Where Cwmaterial ———— GHG emissions from the raw material acquisition stage, kgCOze
Chrarts ————— GHG emissions from components, kgCO2e
Clead acid battery ———— GHG emissions from lead-acid batteries, kgCOze
Cliton battery ———— GHG emissions from lithium—ion power battery, kgCOze
C1yres ——— GHG emissions from tires, kgCOz2e
C Fuigss ———— GHG emissions from liquid, kgCOze

Automobile parts (the whole vehicle excluding tires, batteries and liquid parts) GHG emissions should be calculated according

to equation (3) with the calculation results rounded (rounded off) to two decimal places.

Crparts = Z( M part material i % CEF Part material ) """ (3
Where  Cpats ———— GHG emissions of the component, kgCOz2e
M Part materiali ——————— weight of part material i, kg.

CEF part materiati ———— GHG emission factor of component material i, kgCOze/kg.




CHINA AUTOMOBILE LOW CARBON ACTION PLAN(CALCP) RESEARCH REPORT 2021 |

The equation for calculating GHG emissions from lead-acid batteries is shown in equation (4) with the calculation results
rounded (rounded off) to two decimal places:

CLeadacldbattery: Z( M Lead acid battery material i~ x CEFLead-ac/dbalterymarsrial/ ) ------ (4)
Where CLead acid battery — GHG emission of lead-acid battery, kgCO:e
M tead acid battery materiali ————— weight of lead-acid battery material i, kg
CEF Lead-acid battery materiasli ————— GHG emission factor of lead-acid battery material i, kgCO:e/kg

The lithium-ion power battery GHG emissions of battery electric passenger vehicles, plug-in hybrid electric passenger vehicles
and non-external rechargeable hybrid passenger vehicles can be calculated separately and the weight of the power battery
of passenger vehicles that only use gasoline or diesel is calculated as 0. Calculation equation is shown in equation (5) or (6)

with the calculation results rounded (rounded off) to two decimal places.

CLI—/on battery = Z ( M Li-lon battery i % CEF Li-lon battery i ) """ (5)
CL/-lan battery = R Li-lon battery % CEF Li-lon battery ~ **** " " (6)
Where  Ciionbattery ——— GHG emission of lithium-ion power battery, kgCO.e
M Liston batteryi ————— weight of lithium—ion power battery material i, kg

CEF Li-lon battery i

— GHG emission factor of lithium—ion power battery material i, kgCO:e/kg
R wi-on battery  ————— capacity of lithium—ion power battery, kWh

CEF Li-ton batery ————— GHG emission factor of 1ithium—ion power battery pack, kgCO:e/kWh

Tire GHG emissions can be calculated separately, and the calculation equation is shown in equation (7) with the calculation
results rounded (rounded off) to two decimal places.

Crypes = 2 ( Miypes materiali x  CEF Types materiali )+ -+ (D

Where Crypes GHG emissions of tires, kgCO:e

M types materiali  ———— weight of tire (5 including 1 spare tire) material i, kg

CEF types materiali ————— GHG emission factor of tire material i, kgCO:e/kg

12
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The equation for calculating liquid GHG emissions is shown in equation (8) with the calculation results rounded (rounded off)

to two decimal places.

Cridgs = 2 ( M Fuid materiati ¥ CEF Fuid materiali ) + =+ + (8)
Where  Cruigss ———— GHG emissions of liquids, kgCO:e
M Fuid materiasli ————— weight of liquid material i, kg
CEF Fuid material i —————  GHG emission factor of liquid material i, kgCO:e/kg

3.2.1.2 Complete vehicle production stage

Change relative to 2020: The low-level calorific value and carbon content per unit calorific value of common fossil fuels

were updated.

The GHG emission of the complete vehicle production stage should be calculated according to equation (9) with the calcula-

C Production = Y (ErxCEF,+ ErxNCV, x CEF ", )+ Mco, «+-v-- (9
Where  Ceroduction ~———— GHG emissions from the production stage of the complete vehicle, kgCO:e

Er ————— the amount of energy or fuel r purchased externally, kWh, m3or kg, etc

CEFr ——— GHG emission factor of energy or fuel r production, kgCOze/kWh, kgCO:e/m3 or kgCO.e/kg

CEF'» —— GHG emission factor for energy or fuel r use, tCOze/GJ

NeV, L
the average low-level heat of energy or fuel r, GJ/t, GJ/10'Nm’; adjustment has been made
according to the China Energy Statistics Yearbook 2019

M  _— the amount of CO: escape from the welding process, kgCOze

3.2.1.3 Repair and maintenance stage

Changes relative to 2020: the replacement of liquid materials such as new lubricants, brake fluid, coolant and washing fluid

was taken into consideration and the number of replacements is shown in Annex 2.
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GHG emissions from maintenance (tires, lead batteries, fluid replacement and refrigerant escape) are calculated according to

equation (10).

CRep/acemenr = CTyrer + CLeadac:dbatteryr + CFlur'dsr ------ (10)
Where  Chreplacement ——— Carbon emission at the stage of repair and maintenance, kgC0:e
Cryer ———— Carbon emission due to the replacement of tyres (4 tyres) at the stage of use, kgCOze
Clead acid batteryr ————— Carbon emission due to the replacement of lead acid battery, kgCOze
Cruidsr ———— Carbon emission due to the replacement of fluids and the loss of refrigerants (once), kgCOze

GHG emissions due to tire replacement (2 times, 4 tires each) should be calculated according to equation (11) with calculation
results rounded (rounded off) to two decimal places.
CTyresr = Z( MTyfematen'a!ri x CEF Tyre material i ) x 2 """ (11)
Where Cryesr ———— GHG emissions due to tires (4 pcs) replacement during the use stage, kgCO:e

M 1yre material i ————— weight of material i of the replacement tires (4 pcs), kg

CEF t1yre materiali  ———— GHG emission factor of tire material i, kgCO:e/kg

GHG emissions due to lead-acid battery replacement (2 times) should be calculated according to equation (12) with calculation
results rounded (rounded off) to two decimal places.

C/sadactdbarreryr = Z( M/eadac/dba[[erymare/fa// X CEFF/uIdmaIerfa//) PP/ 12>
Where  Ciead acid batteryr ———  GHG emissions due to lead-acid battery replacement, kgCOze
M tead acid battery materiali —————  weight of lead-acid battery material i, kg
CEF Fuid materiali ——— GHG emission factor of lead-acid battery material i, kgCO.e/kg

GHG emissions due to liquid replacement and refrigerant escape (1 time) should be calculated according to equation (13) with

calculation results rounded (rounded off) to two decimal places.

CF/mdsr = Z( MF/UId material | X CEF Fluid material | x RF[u/dmatena/f ) + MRef/fgeran[ X GWP Refrigeranti ~ * """ (13)
Where Cruidsr — GHG emission due to liquid change and refrigerant escape (1 time) during the use stage, kgCO:e
M Fuid material i weight of liquid material i, kg M Refrigerant ————— weight of refrigerant, kg
CEF Fuuid materiali ————— GHG emission factor of liquid material i, kgCO:e/kg
R Fluid material i ———— number of replacements of liquid material i

GWP e frigerantit ———— the global warming potential of the refrigerant
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3.2.2 Fuel cycle GHG emission accounting method

3.22.1 Fuel production stage

Changes relative to 2020: The production boundaries for gasoline and diesel were expanded and the GHG emission

factors for gasoline and diesel production were adjusted accordingly.

GHG emission from fuel production of M1 vehicles that only use gasoline or diesel, non-externally rechargeable hybrid
passenger vehicles, and battery electric passenger vehicles should be calculated according to equation (14), with the calcula-

tion results rounded (rounded off) to two decimal places.

CFue/pruduc[/on = FC X CEFFue/ X L/IOO """ (14)
Where  Ceruel producton ——— emissions from fuel production, kgCO:e
FC ———— Fuel consumption, L/100km or kWh/100km, the fuel consumption of gasoline Ml vehicles and diesel

Ml vehicles is measured according to GB/T 19233, the fuel consumption of non-externally
rechargeable hybrid passenger vehicles is measured according to GB/T 19753, and the power

consumption of battery electric passenger vehicles is measured according to GB/T 18386.
CEF Fues ———— GHG emission factor of fuel production, kgCO:e/L or kgCO:e/kWh

| ——— life cycle driving range of passenger vehicle, calculated as (1.5X10°) km

The GHG emissions from fuel production of plug-in hybrid electric passenger vehicles should be calculated according to

equation (15), with the calculation results rounded (rounded off) to two decimal places.

CFuelproduction = FCStareB X L/lOO X (17 VZ‘ UFU) X CEFGasoline + ECSrateA x L/IOO X ZlUFc X CEFE/GCY”‘C/LV """ (15)
Where  Cruelproducton ———— emissions from fuel production, kgCO:e
FC ststes ——— B-state fuel consumption of externally rechargeable hybrid passenger vehicles, L/100km,

using the value measured according to GB/T 19753.
L ——— life cycle driving range of passenger vehicle, calculated as (1.5X10°) km
:Z] UFe ——— cumulative value of battery electricity utilization factor as of ¢ test cycles, calculated
according to GB/T 19753
CEF Gasoline ———— the GHG emission factor for gasoline production, kgCO:e/L
EC states ———— A-state electric power consumption of externally rechargeable hybrid passenger vehicles,
in kilowatt hours per 100 kilometers (kWh/100km), using the values measured according to

GB/T 19753

CEFE/ectn‘ciry ——— GHG emission factor of electricity production, kgC0:e/kWh
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3.2.2.2 Fuel use stage

The GHG emission during the fuel use of M1 vehicles that only use gasoline or diesel, non-external rechargeable hybrid
passenger vehicles, battery electric passenger vehicles should be calculated in accordance with equation (16) with the

calculation results rounded (rounded off) to two decimal places.

Cruetuse = FC x Kco. x L/100 <+ (16)
Where Crueluse ———— GHG emissions from fuel use process, kgCOze
FC ———— fuel consumption, L/100km or kWh/100km, the fuel consumption of gasoline M1 vehicles and

diesel M1 vehicles is measured according to GB/T 19233, the fuel consumption of non-ex-
ternally rechargeable hybrid passenger vehicles is measured according to GB/T 19753, and
the power consumption of battery electric passenger vehicles is measured according to

GB/T 18386.

Kco. ————— conversion coefficient refers to GB/T 19753, which is 2.37 kg/L for gasoline models, 2.60

kg/L for diesel models, and 0 for battery electric passenger vehicles.

L ———  life cycle driving range of passenger vehicles, calculated as (1.5X10°) km

The GHG emission of plug-in hybrid electric passenger vehicle during fuel use process should be calculated according to

equation (17) with the calculation results rounded (rounded off) to two decimal places.

Cruetuse = FCstaten x L/100 x (1* :Z,,LF «,) x Kco, rvcv n
Where Cruetuse ———— GHG emissions from fuel use process, kgCO:e
FC states ——————— B-state fuel consumption of externally rechargeable hybrid passenger vehicle, L/100km,

using the value measured according to GB/T 19753.
L ——— life cycle driving range of passenger vehicles, calculated as (1.5X10°) km

iUFC — cumulative value of battery electricity utilization factor as of c test cycles, calculated
=

according to GB/T 19753

Kco. —————— conversion coefficient, 2.37 kg/L for gasoline models

16
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3.3 Enterprise average life cycle GHG emission accounting method

The enterprise GHG emission accounting adopts the output-weighted average method. The annual average GHG emissions

of an enterprise are calculated by dividing the sum of the product of the GHG emissions of each model of the enterprise

_ ZC/ x V/'
C Enterprise - (18)
Vi
Where  C enterprise = ——— average GHG emissions of the enterprise, gCOze/km
Ci ——— GHG emission of the ith model, gCOze/km

| —— serial number of passenger vehicle models

Vi ————  the annual production of the ith model

3.4 Fleet life cycle GHG emission accounting method

The China Automotive Fleet-based Life Cycle Assessment Model (CAFLAM) accounts for GHG emissions at the fleet level of passenger
vehicles from a life cycle perspective. Compared with the single vehicle model, which focuses on the carbon intensity of vehicle products,

the fleet model focuses on the total GHG emissions of the vehicle industry. The fleet model can be used for the following purposes:

(1) Calculate the future fleet stock structure through the input of parameters such as historical retention structure, vehicle survival rate, and

future stock or sales volume;
(2) Calculate the total GHG emissions generated by vehicles in the fleet at different life cycle stages based on the fleet stock structure;

(3) Calculate the year-by-year trend of total fleet GHG emissions under different scenarios through a series of parameter settings; based

on the calculation results, provide relevant policy recommendations for GHG emission reduction in the automotive industry.
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The fleet model calculates the total GHG emissions of all passenger vehicles at different life cycle stages in a given year

Figure 5: Differences between the life cycle GHG emissions accounting methods for single passenger vehicle and fleets

Figure 5 shows the main differences between the life cycle GHG emissions accounting method for passenger vehicles and the GHG
emissions accounting method for fleets. For a passenger vehicle, the time dimension of GHG emissions accounting is the life cycle of the
vehicle, i.e. the GHG emissions generated from the raw material extraction to the end of the vehicle’s life; for a passenger vehicle fleet,
the time dimension of GHG emissions accounting is a time section, i.e. a specific year, and the life cycle GHG emissions of the fleet is the

sum of GHG emissions of all vehicles at different life cycle stages in the fleet stock in that year.

Historical data input Future data projections
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Figure 6 Calculation method of the stock structure of passenger vehicle fleets
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To account for GHG emissions at the fleet level, the most import-
ant point is to clarify the fleet stock structure, i.e., the ratio of
vehicles in the fleet in a given year under different age and fuel
type and other labels. Firstly, as mentioned earlier, at different life
stages of vehicles, GHG emissions to be considered are different.
For example, for new vehicles sold in the year, the GHG emissions
generated from the acquisition of raw materials and vehicle

production need to be calculated; while for vehicles in service, the

GHG emissions generated from fuel production and fuel use
need to be calculated; secondly, for vehicles by fuel type, the
emissions generated from their use stages need to be calculated
separately, because the emission factors for the production and
use stages of different fuels are different; in addition, for vehicles
of different ages, the fuel consumption and annual driving range
may be different. Therefore, their GHG emissions from the fuel

cycle will be different.

The fleet stock structure is calculated as shown in Figure 6 in the following way.

Stock y. = Stockys. + Sale y. — Scrapy. -+ (19
Where  Stock fleet stock, units Sale —————  new vehicles sold, units
Scrap —————————  scrapped vehicle, units
where y ——  year a ————————— age of the vehicle
t — fuel type
For the end-of-life vehicle Scrap, there are: Scrapy.. = Stockyi x (1 SRa ) -oe-- (20)
Scrapy. - ZL Scrapyi. 0 e @D
Where SR vehicle survival rate, %
Survival rate is defined as follows: P (0p.a)
SRa = — (22)
P(op,a—7)

That is, it is the probability that the vehicle will still operate normally at the age of a under the condition that the vehicle at the

age of a-1 operates normally. The vehicle survival rate in this study is referenced from the literature[8].
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Figure 7 Life cycle GHG emission accounting boundary for passenger vehicle fleets

Emissions from vehicle scrapping

After obtaining the structure of passenger vehicle fleet stocks for
each year, GHG emissions can be calculated for vehicles of
different ages and fuel types to obtain the GHG emissions of the
fleet as a whole. The accounting boundary for the life cycle carbon
emissions of the passenger vehicle fleet is shown in Figure 7. For

vehicles aged 0, i.e., newly sold vehicles, the GHG emissions from

raw material acquisition and vehicle production are calculated;
for vehicles aged 1 to 15, the GHG emissions from fuel produc-
tion and fuel use are calculated; for scrapped vehicle, the GHG
emissions from the scrap stage are calculated. Due to the lack of
data on the scrap stage, carbon emissions from this stage are

not considered in this study at this time.

a=1

Cf/eer,y,t = Sa/ey,t X Cveh/‘c/e,y,t +

The specific accounting methods for the life cycle GHG

S Stockay: x FCayt x VKTayt x ( CEFy + Keo. )

Where C fleetyt fleet life cycle GHG emissions, kgCO:e
C venicleyt single vehicle cycle GHG emissions, kgCO:e
G fuel consumption, L/100 km, kWh/100 km or kg/100 km
VKT driving range of vehicle per year, km
CEF GHG emission factor for fuel production, kgCOze/L, kgCO:e/kWh or kgCO:e/kg
Kco, ————— conversion coefficient refers to GB/T 19753, 2.37 kg/L for gasoline models, 2.60 kg/L for

diesel models, and 0 for battery electric passenger vehicles
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STATUS ANALYSIS: 2020 VEHICLE LIFE CYCLER GHG EMISSIONS <«

STUDY RESULTS

4.1 Single vehicle life cycle GHG emission research results

4.1.1 Research results of single vehicle life cycle GHG emissions of passenger vehicles

41.1.1 4.1.1.1Total life cycle GHG emissions of passenger vehicles

In this study, based on the aforementioned GHG emission accounting
method and 2020 passenger vehicle sales data (excluding imported
models), the total life cycle GHG emissions of passenger vehicles in
2020 were measured and the results show that the total life cycle GHG
emissions of passenger vehicles in 2020 were huge, at 670 million t
CO:z e and effective control of passenger vehicle GHG emissions is
crucial for China to achieve GHG emission reduction targets and peak
GHG emissions. Next, analysis will be given on GHG emissions by fuel

type, class and different life cycle stages.

(1) GHG emission analysis of models by fuel type

Figure 8 shows the whole life cycle GHG emissions of passenger
vehicles by fuel type in 2020, including gasoline vehicles, diesel
vehicles, conventional hybrid vehicles, plug-in hybrid vehicles and

battery electric vehicles.

As can be seen in Figure 8, there are significant differences in the GHG
emissions of passenger vehicles by fuel type. Relative to other vehicle
types, gasoline vehicles contribute the vast majority of the total life
cycle GHG emissions of passenger vehicles sold in 2020, emitting 630
million tCO:ze, accounting for 94.2%: followed by battery electric
vehicles, accounting for 3.0% of the total life cycle GHG emissions (20
million tCO2e¢); the remaining three fuel types of passenger vehicles
emit a total of 20 million tCOze, accounting for only 3%, contributing
little to the total life cycle GHG emissions of passenger vehicles sold in

2020.

Similar to 2019, gasoline vehicles will account for a much higher ratio
of GHG emissions than other fuel types in 2020, partly because of their
higher GHG emissions per vehicle, and partly because gasoline
vehicles will have the highest ratio of sales among the models sold in

2020. The higher total GHG emissions of battery electric vehicles and

21

account for 94.2%

17.486 million vehicles
account for 91.9%

conventional hybrid vehicles are also related to their sales volume. As
shown in Figure 9, 17.486 million gasoline vehicles were sold in 2020,
accounting for 91.9% of total sales in 2020; 412,000 conventional
hybrid vehicles were sold in 2020, accounting for 2.2% of total sales in
2020; 209,000 plug-in hybrid vehicles were sold in 2020, accounting
for 1.1% of total sales in 2020; and 910,000 battery electric vehicles

were sold in 2020, accounting for 4.8% of total sales in 2020.

Total life cycle GHG emissions of passenger vehicles by fuel type
in 2020 (100 million tCOze)
10 million t
account for 1.8%

Il
630 million t 20 million t

_—account for 3.0%

B Gasoline vehicles B Diesel vehicles

I Conventional hybrid vehicles Plug-in hybrid vehicles
. Battery electric vehicles

Figure 8 Life cycle GHG emissions of passenger vehicles by fuel type

Sales of passenger vehicles by fuel type in 2020 (10,000 vehicles)
412,000 vehicles
account for 2.2%

910,000 vehicles

_— account for 4.8%

B Diesel vehicles

B Gasoline vehicles
Plug-in hybrid vehicles [ Battery electric vehicles

Figure 9 Sales of passenger vehicles by fuel type in 2020

[ Conventional hybrid vehicles



(2) GHG emission analysis of vehicles by class
Figure 10 shows the whole life cycle GHG emissions of passenger vehicles by
class sold in 2020. Figure 11 shows the sales volume of passenger vehicles by

class. The vehicle classes in this report are classified into seven categories:

A0, AQ, A, B, C, D and “Other”. As can be seen in Figure 10, there are signifi-

cant differences in the GHG emissions of passenger vehicles by class.
Compared with other classes of vehicles, Class A vehicles account for a larger
share of the total life cycle GHG emissions of passenger vehicles sold in 2020,
emitting a total of 400 million t COze, accounting for 59.1%, followed by Class
B vehicles, emitting 160 million tCOze, accounting for 24.3%. The rest of the
vehicle classes emit 110 million tCOze, accounting for only 16.6%. After
analysis, it can be seen that the reason why GHG emissions of Class A
passenger vehicles are much higher than those of other classes is mainly due
to their higher sales volume than other models. As shown in Figure 11,
11.464 million Class A passenger vehicles were sold in 2020, accounting for

60.2% of the total sales in 2020.

2020 Total life cycle GHG emissions of passenger vehicles
by class (100 million tCO2e)

160 million t
account for 24.3%

40 million t
———  account for 5.3%

400 milliol
account for 5

70 million t
account for 10.0%

A0 @A BA 0B c D M other
Figure 10 Life cycle GHG emissions of passenger vehicles by class

2020 Passenger vehicle sales by class (10,000 vehicles)

4,222,000 units
account for 22.2%

867,000 units

11.464 million—ynit; / account for 4.6%

account for 60.2

2,040,000 units
account for 10.7%

A0 @A BA 0B c D0 M other

Figure 11 Sales volume of passenger vehicles by class in 2020

4.1.1.2 Life cycle GHG emissions of passenger vehicles by fuel

type
According to the accounting method of single-vehicle GHG emissions, the
sales volume of passenger vehicles by fuel type is weighted and averaged to

calculate the average GHG emissions per kilometer driven of
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passenger vehicles by fuel type in 2020, as shown in Figure 12.
Among the five passenger vehicles with five different fuel types,
diesel vehicles have the highest average GHG emission, which is
significantly higher than other fuel types, at 331.3gCO:ze/km;
gasoline vehicles have the next highest average GHG emission, at
241.9g COz2e/km; plug-in hybrid vehicles have 211.1gCOze/km;
conventional hybrid vehicles have 196.6g COze/km, and battery
electric  vehicles have the Ilowest GHG emissions, at

146.5g COze/km.

Compared with 2019, the average GHG emissions of gasoline,
diesel, conventional hybrid, and plug-in hybrid vehicles are higher
and the average GHG emissions of battery electric vehicles are
lower due to the updated accounting methodology. Among them,
the emission of conventional hybrid vehicles, diesel vehicles,
plug-in hybrid vehicles, gasoline vehicles increased by 17.6%,
17.5%, 16.7% and 15.7% respectively and the emission of battery
electric vehicles decreased by 4.8%, as the A0O battery electric
vehicles with lower GHG emissions per kilometer driven accounted
for 32.7%, which contributed more to the reduction of average

GHG emissions among battery electric vehicles sold in 2020.

Compared with traditional gasoline and diesel vehicles, conven-
tional hybrid vehicles, plug-in hybrid vehicles and battery electric
vehicles have GHG emission reduction potential, of which, battery
electric vehicles have the greatest GHG emission reduction poten-
tial, 39.5% and 55.8% lower than that of gasoline and diesel vehicles,
respectively; conventional hybrid vehicles have the second highest
GHG emission reduction, 18.7% and 40.6% lower than that of

gasoline and diesel vehicles, respectively.

2020 Different fuel type of vehicles
Average GHG emissions per mile driven gCOz2e/km

350 331.3
s 300
<
e
O 250 241.9
Q
> 211.1
E 200 196. 6
2 146.5
5 150
(@)
T
O 100
o
s
o 50
L
0
Gasoline Diesel  Conventional Plug-in Battery
vehicle vehicle  hybrid vehicle  hybrid electric

vehicle vehicle
Figure 12 Average GHG emissions per kilometer driven for passenger
vehicles by fuel type in 2020
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(1)Analysis of GHG emission ratio of passenger vehicles

by fuel type at each life cycle stage

Figure 13 shows the ratio calculated based on GHG emissions of
passenger vehicle by fuel type at different stage of life cycle (vehicle
cycle and fuel cycle). It can be seen that the life cycle GHG emission
shares of passenger vehicles by fuel type differ significantly and the
GHG emission contributions of passenger vehicles of all five fuel types
are greater in the fuel cycle stage than in the vehicle cycle stage. The
GHG emissions of gasoline and diesel vehicles mainly come from the
fuel cycle, accounting for 76.0% and 75.3%, respectively. With the
increase of electrification of vehicle models, the ratio of vehicle cycle
gradually increases, while the fuel cycle gradually decreases. The ratios
of vehicle cycle GHG emissions and fuel cycle GHG emissions of battery
electric vehicles are close to each other, but the ratio of fuel cycle is still
slightly higher.

Ratio of GHG emissions of passenger vehicles by fuel type
at different stages of life cycle

24. 0% 24. 7% 31. 8% 37.9% 46. 2%

100%
=
2 80% . . I I
<
~
s 60%  76.0%
2 76. 3%
S 40% 68. 2%
= 62. 1%
o 53. 8%
= 20%
[
0% ‘ : .
Gasoline  Diesel Conventional Plug-in  Battery
vehicle  vehicle hybrid vehicle hybrid  electric
vehicle  vehicle
Fuel cycle B Vehicle cycle

Figure 13 Ratio of GHG emissions of passenger vehicles by fuel type
at different stages of life cycle

Compared with the data in the Research Report on China Automotive
Low Carbon Action Plan 2020, the vehicle cycle GHG emission ratios of
all five fuel types show an increasing trend as the accounting method in

this report expands the scope of vehicle cycle accounting.

The large gap between the ratios of vehicle cycle and fuel cycle of
conventional fuel vehicles and battery electric vehicles is mainly due to
two aspects. On one hand, as electric vehicles need to be driven by
power batteries, the raw material acquisition of power batteries and the
manufacturing stage of batteries will emit a large amount of green-
house gases. Therefore, the GHG emissions of battery electric vehicles
in the vehicle cycle stage will increase compared with fuel vehicles. On
the other hand, as battery electric vehicles are driven by electricity, the
energy conversion efficiency of battery electric vehicles is higher than
that of fuel vehicles, and the direct emissions during the use of battery
electric vehicles are zero. Therefore, the GHG emissions of the fuel cycle

of battery electric vehicles will be lower compared with fuel vehicles.
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(2) Analysis of GHG emission ratio of passenger veh-
icles by class at each stage of life cycle

As shown in Figure 14, the ratios of GHG emissions of passenger
vehicles by fuel type are further analyzed (Class D and “other”
passenger vehicles are not included in the comparison). For vehicle
of different fuel types, according to the order of A0O, A0, A, B, C, as
the model level increases (the model becomes larger), the ratio of
fuel cycle roughly shows a gradually decreasing trend. For plug-in
hybrid vehicles, the fuel cycle ratio of Class B vehicles is slightly
higher than that of Class A vehicles, probably because, compared
with Class A vehicles, the average fuel consumption, electricity
consumption and battery capacity of Class B vehicles increase, which
has a greater impact on GHG emissions, leading to an increase in the
fuel cycle ratio of Class B vehicles.

Breakdown of the ratio of GHG emissions of passenger vehicles
by fuel type at different stages of life cycle
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Figure 14 Breakdown of the ratio of GHG emissions of passenger
vehicles by fuel type at different stages of life cycle
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The fuel cycle GHG emissions of passenger vehicles by fuel type are
shown in Figure 15, and the ratio of each part is shown in Figure 16. The
vehicle cycle GHG emissions by fuel type vary widely and are distributed
between 78.7-231.2g COze/km, with diesel vehicles emitting the largest
amount of carbon, followed by gasoline vehicles, and battery electric
vehicles the least. Secondly, the GHG emissions of each part of the fuel cycle
of passenger vehicles by fuel type also differ significantly (Figure 20), with
the fuel use GHG emissions of gasoline, diesel and conventional hybrid
vehicles accounting for about four times the fuel production; the fuel use
GHG emissions of plug-in hybrid vehicles accounting for about 1/3 of the
fuel production, which should be related to their fuel characteristics; and the

fuel use GHG emissions of battery electric vehicles being 0.

Fuel cycle GHG emissions of passenger vehicles by fuel type

300
250
200

150

100

50
78.7

31.4 42.6 22.9 101.9

GHG emissions per mile driven gCOz2e/km

Plug-in Battery
hybrid electric
vehicle vehicle

Gasoline  Diesel ~ Conventional
vehicle vehicle hybrid vehicle

Fuel production B Fuel use

Figure 15 Fuel cycle GHG emissions of passenger vehicles by fuel
type
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Figure 16 Ratio of fuel cycle GHG emission of passenger vehicles by
fuel type

The vehicle cycle GHG emissions of passenger vehicles by
fuel type are shown in Figure 17, and the ratio of each compo-
nent is shown in Figure 18. The vehicle cycle GHG emissions of
vehicles by fuel type range from 58.0 to 80.1g COze/km, with
diesel vehicles emitting the most, followed by plug-in hybrid
vehicles, and gasoline vehicles the least. Secondly, the GHG
emissions of each part of the vehicle cycle of passenger vehicles
by fuel type also differ significantly (see Figure 18), with the
highest ratio of GHG emissions in the raw material acquisition
stage, followed by refrigerant escape and the least GHG

emissions from lead-acid battery replacement.

Vehicle cycle GHG emissions of passenger vehicle by fuel type
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Figure 17 Vehicle cycle GHG emissions of passenger vehicles by
fuel type
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6-3% I I I I

100%

80%

=3}
=}
=

[\
=
=

GHG emission ratio %
=
(=]
=

0%
Gasoline Diesel Conventional Plug-in  Battery
vehicle vehicle hybrid vehicle hybrid electric
vehicle vehicle
[ Raw materialacquisition stage Complete vehicle production

. Fluid replacement . Refrigerant escape M Tire replacement
B Lead-acid battery replacement

Figure 18 Ratio of vehicle cycle GHG emissions of passenger
vehicles by fuel type
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The GHG emissions in the raw material acquisition stage of passenger
vehicles by fuel type are shown in Figure 19, and the ratio of each part
is shown in Figure 20. The GHG emissions in the raw material acquisition
stage range from 38.6-57.4gCOze/km, with plug-in hybrid vehicles
having the largest GHG emissions, followed by diesel vehicles, and
gasoline vehicles the least. Secondly, the GHG emissions of each part in
the raw material acquisition stage of passenger vehicles by fuel type
also differ significantly (see Figure 20). With the increase of electrifica-
tion, the ratio of GHG emissions of component materials gradually
decreases, and the ratio of GHG emissions of power battery gradually
increases. The ratio of GHG emissions of component materials of
gasoline, diesel and conventional hybrid vehicles all exceed 90% and the
ratio of component materials of plug-in hybrid vehicles is 77.9%. The
ratio of GHG emission from the component materials of battery electric
vehicles is 48.1%; the ratio of GHG emission from the power battery of
conventional hybrid vehicles is 0.8%, the ratio of GHG emission from the
power battery of plug-in hybrid vehicles is 18.3%, and the ratio of GHG
emission from the power battery of battery electric vehicles is 49.3%,
accounting for nearly half of the raw material acquisition stage, exceed-
ing the ratio of GHG emission from the component materials.

GHG emissions of passenger vehicles by fuel type during raw material
acquisition stage
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Figure 19 GHG emissions of passenger vehicles by fuel type during raw material
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Figure 20 Ratio of GHG emissions of passenger vehicles by fuel
type during raw material acquisition stage

4.1.1.3

Accounting results of life cycle GHG emissions
for passenger vehicles by class

According to the calculation method of the weighted average life
cycle GHG emissions of passenger vehicles sales by class (see Appen-
dix 6 for the model classification method), the average value of GHG
emissions per kilometer driven for passenger vehicles by class is
shown in Figure 21 and Figure 22. It can be seen that in the order of
A00, A0, A, B and C, the GHG emission per kilometer driven increases
gradually with the increase of the model class, and the average value
of class AOO vehicles is 101.9g COze/km, and the average value of
class C vehicles is 273.4gCOze/km. The reason for the huge gap
between the GHG emission per kilometer driven of class AOO vehicles
and other classes of vehicles is that, among class AOO vehicles, the
sales of battery electric vehicles with lower GHG emission are large
(99.0% of sales), thus lowering the GHG emission per kilometer driven
of class AOO vehicles.

2020 passenger vehicle by class
Average GHG emissions per kilometer driven gCOz2e/km
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Figure 21 GHG emissmns per k|lometer dr|ven for passenger vehicles by class

life cycle GHG emissions gCO2e/km
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o
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Note: This study does not consider Class AO diesel vehicles (1 model), Class AO
plug-in hybrid vehicles (3 models), Class C diesel vehicles (1 model), Class C conven-
tional hybrid vehicles (2 models), and Class D vehicles (only 2 models of gasoline
vehicles), because their models are small in quantity and their GHG emissions per
kilometer driven are not representative; “other” models are not considered because

their classification criteria are not clear.

Among the passenger vehicles by fuel type at all levels, GHG
emissions per kilometer driven show a decreasing trend in the order
of diesel, gasoline, plug-in hybrid, conventional hybrid, and battery
electric vehicles, and compared with other fuel types, battery electric
passenger vehicles possess the GHG emissions reduction potential

throughout their whole life cycle.
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Figure 22 Breakdown of GHG emissions per kilometer driven for passenger
vehicles by class

In the following, the GHG emissions per kilometer driven for passenger
vehicles by class are shown in detail. In order to reflect the representative-
ness, the models are filtered according to the sales volume; meanwhile, the
models with the same sales name under the same fuel type are filtered to
analyze the models with the highest GHG emissions per kilometer driven.
After filtering, the data of models of each fuel type are as follows: 392
gasoline vehicles, 8 diesel vehicles, 19 conventional hybrid vehicles, 49
plug-in hybrid vehicles, and 112 battery electric vehicles. The GHG emission

ranking per kilometer driven for passenger vehicles by fuel type and class
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is shown below, broken down into sedans and SUVs (including
MPVs). As the number of models under some filtering conditions

is small, they are not shown.

(1) Class A0O passenger vehicles

This section checks the GHG emission data per kilometer driven
of class AOO passenger vehicles and there are 16 models of

battery electric vehicles, all of which are sedans.

Class A0O battery electric vehicles

Top 10 sedans

Figure 23 shows the top 10 vehicles with the lowest GHG emission
in the Class AOO. From the lowest to highest GHG emissions per
kilometer driven, they are Hongguang mini (89.4g CO2e/km),
Baojun E100 (106.0g COze/km), Baojun E200 (106.7g CO2e/km),
SAIC Clever (108.7gCOz2e/km), Scenery E1 (112.3gCOze/km),
BYD E1 (114.99CO2e/km), Euler Black Cat (107.7gCOz2e/km),
Euler ~ White  Cat  (108.4gCOze/km), Baojun E300

(122.7g COze/km), BAIC EC (125.5g COze/km).

2020 Class A0O battery electric vehicle- sedan

GHG emission per kilometer driven gCO-e/km

Hongguang mini 89.4

© | ®»®»a g ¢

Baojun E100 106. 0
Baojun E200 106. 7
Euler Black Cat 107.7
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SAIC Clever 108.7
Scenery E1 112.3

) BYD E1 114.9
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Baojun E300 122.7

Qo BAIC EC 125.5

Figure 23 Top 10 models for Class AOO battery electric sedans
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(2) Class A0 passenger vehicles

This section checks the GHG emission data per kilometer driven of
Class A0 passenger vehicles. There are 55 models of Class AO

gasoline vehicles; 26 models of battery electric vehicles.

P Class A0 gasoline cars

Top 10 sedans

Figure 24 shows the top 10 models of Class A0 gasoline vehicles
with the lowest GHG emissions. From the lowest to the highest
GHG emissions per kilometer

(192.0g COz€e/km),

driven, they are Yaris L

Yaris L (194.9gCOz2e/km), ViosFS
(198.3g COze/km), Vios (202.0gCOze/km), Fit (202.6g CO2e/km),
Pegas (205.4gCOze/km), Kia K2 (209.7gCOze/km), Baojun310
(211.7gC0Oz2e/km),  Riona  (217.8gCOz2e/km), VW  POLO
(218.7gCO2¢e/km).The difference in GHG emissions per kilometer
driven between the Top 10 and Class AO gasoline cars is not
significant, mainly due to the small difference in overall mass and

fuel consumption between their different models.

2020 Class AQ gasoline vehicle-sedan

GHG emission per kilometer driven gCOse/km

INER VA 209.7

Baojun310 211.7

Riona 217.8

® Ve Q6660

VW POLO 218.7

Figure 24 Top 10 models for Class AO gasoline sedans

Top 10 SUVs

Figure 25 shows the top 10 models with the lowest GHG emission
for Class AOgasoline SUVs (including MPVs). From lowest to
highest GHG emission per kilometer driven, they are Kicks
213.7gC0O2e/km

KX1 Vision X3

(218.3gC0O2e/km),
222.5gC02e/km

(

( , Hyundai ENCINO (228.0gCO2e/km), Audi Q2L
(229.5gC0O2e/km
(

(

. Trumpchi GS3 (231.6gCO2e/km), Binyue

)
)
)
233.8gC0O2e/km), Changan CS15 (237.5gC0Oze/km), Baojun 510
239.6gC0Oz2e/km), MG ZS (240.6gCO2e/km). The GHG emission
per kilometer driven of Class A0 gasoline SUVs are generally
higher than that of sedans, which is related to the higher fuel

consumption and overall mass of SUVs.

2020 Class AQ gasoline vehicle- SUV

GHG emission per kilometer driven gCO-e/km

(G KX1 218.3
=
-
5 T

Figure 25 Top 10 models for Class AO gasoline SUVs

P Class AO battery electric sedan

Top 4 sedans

Figure 26 shows the GHG emissions of four Class AO battery
electric sedans. From lowest to highest GHG emission per kilome-
ter driven, they are Neta V (129.6gCO2e/km), BYD E2
(147.6gCOz2e/km), Chery eQ2 (147.7gCOze/km), and JAC iEV7

(148.4gCOze/km).




2020 Class A0 battery electric vehicle- sedan

GHG emission per kilometer driven gCOce/km

CEOM BYD E2 147.6

<> Chery eQ2 147.7
(SAC I ACEVT 148. 4

Figure 26 Top 4 models for Class AO battery electric sedans

SUV Topl0

Figure 27 shows the top 10 models with the lowest GHG
emissions for Class AQ battery electric SUVs (including MPVs).
From lowest to highest GHG emissions per kilometer driven, they
are Neta NO1 (144.8gCOz2e/km), BYD S2 (148.3gCOze/km), BYD
D1 (154.5gCOze/km), MG ZS (157.4gCOz2e/km), Audi Q2L
(157.7gC0Oz2e/km), COS 1°A500 (157.8gCO2e/km), Changxing
(157.8gCOz2e/km), Changan CS15 (160.6gCOz2e/km), BYD Yuan
(162.7g COz2e/km), BAIC EC5 (166.9g CO2e/km).

2020 Class A0 battery electric vehicle- SUV

GHG emission per kilometer driven gCO-e/km

[€11D) Audi Q2L 157.7

&
o
@

Figure 27 Top 10 models for Class AQ battery electric SUVs
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Class A passenger vehicles

This section checks the GHG emission data per kilometer driven
of Class A passenger vehicles. There are 202 models of Class A
gasoline vehicles, 11 models of conventional hybrid vehicles, 30
models of plug-in hybrid vehicles, and 47 models of battery

electric vehicles.

P Class A gasoline vehicles

Top 10 sedans

Figure 28 shows the top 10 Class A gasoline sedans with the
lowest GHG emissions. From the lowest to highest GHG emissions
per kilometer driven, they are Bluebird (201.2g COze/km), Tiida
(201.3gCO2e/km),Elantra(203.4g COz2e/km),Envix
(207.3gCOz2e/km), Jetta VA3 (207.8gCOze/km), Venucia D60
(212.7g COz2e/km),Roewei5(213.5gC0O2 e/km),Cavalier
(214.3g CO2e/km),Escort(217.8g COz2e/km),Focus
(218.3gCOze/km).

2020 Class A gasoline vehicle- sedans

GHG emission per mile driven gCO2e/km
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Figure 28 Top 10 models for Class A gasoline sedans
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Top 10 SUVs

Figure 29 shows the top 10 models of Class A gasoline SUVs
(including MPVs) with the lowest GHG emissions. From the lowest
to the highest GHG emissions per kilometer driven, they are
T-cross (218.6gCOz2e/km), Tacqua (220.0gCOz2e/km), Izoa
(229.1gCO2e/km), Toyota C-HR (221.9gCOz2e/km), Kamiq GT
(224.1gCOz2e/km), Karoq (225.7gCOz2e/km), Kamiq
(229.9gCOz2e/km), Mazda CX-30 (230.99COze/km), COS 1°

(231.0gCO2€/km), Emgrand GS (231.1gCO2e/km).

2020 Class A gasoline vehicle- SUV

GHG emission per kilometer driven gCO:e/km
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Figure 29 Top 10 models for Class A gasoline SUVs

P Class A conventional hybrid vehicle

Top 4 sedans

Figure 30 shows the top 4 Class A conventional hybrid sedans
with the lowest GHG emissions per kilometer driven. From lowest
to highest GHG emissions per kilometer driven, they are Crider
(170.89g COz2e/km),Envix(172.1g CO2e/km),Corolla
(173.9g CO2 /km), and Levin (174.6gCOze/km). Except for the
Roewe ei6, which emits 100gCOze/km per kilometer driven, all

other models are higher than 170gCOze/km.

29

2020 Class A conventional gasoline vehicle-sedan

GHG emission per kilometer driven gCO-e/km
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Figure 30 Top 5 models for Class A conventional hybrid sedans

Top 7 sedans

Figure 31 shows the top 7 Class A conventional hybrid SUVs
(including MPVs) with the lowest GHG emissions per kilometer
driven. From the lowest to highest GHG emissions per kilometer
driven, they are Roewe eRX5 (118.1gCOze/km), LYNK&COO01
(203.7gCO2€e/km), Acura CDX (206.2gCOz2e/km), Wildlander
(208.0gCOz2e/km), Toyota RAV4 (209.3gCO2e/km), Breeze
(213.1gC0Oz2e/km), and Honda CR-V (225.9gCOze/km). Class A
conventional hybrid SUVs differ significantly in GHG emissions per
kilometer driven. Except for the Roewe eRX5, which is lower, the

rest of the models are distributed from 203.7 to 235.7g COze/km.

2020 Class A conventional hybrid vehicle-SUV

GHG emission per kilometer driven gCO:e/km
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Figure 31 Top 8 models for Class A conventional hybrid vehicles




P Class A plug-in hybrid vehicle

Top 10 sedans

Figure 32 shows the Top 10 Class A plug-in hybrid sedans with
the lowest GHG emissions per kilometer driven. From the lowest
to highest GHG emissions per kilometer driven, they are Roewe
ei6  (160.5gCOz2e/km), Elantra (160.7gCOze/km), Corolla
(162.2gC0Oz2¢e/km), Levin (162.2gCOz2e/km), Roewe ei6 MAX
(167.7gCOz2e/km), MG6  (168.2 gCOz2e/km), Kia K3
(169.6gCOz2e/km), Emgrand (172.7gCOz2e/km), Buick Velite 6
(182.6gCOz2e/km), and Emgrand GL (197.0g COz2e/km). The GHG
emissions per kilometer driven of these 10 models vary widely,

ranging from 160.5 to 197.0g COze/km.

2020 Class A plug—in hybrid vehicle-sedan

GHG emission per kilometer driven gCO:e/km
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Figure 32 Top 10 models for Class A plug—in hybrid sedans

Top 10 SUVs

Figure 33 shows the top 10 Class A plug-in hybrid SUVs (including
MPVs) with the lowest GHG emissions per kilometer driven. From
the lowest to the highest GHG emissions per kilometer driven,
they are  Trumpchi GS4 (182.7g CO2e/km), Shirui
(185.7gC0Oz¢e/km), Xingyue (197.4gCOze/km), BYD Song MAX
(202.2gCO2e/km),  Jiaji  (202.5gCOz2e/km), Roewe eRX5
(204.7gC0Oz2e/km), SAIC Maxus EUNIQ5 (207.7gCO2e/km), MG
HS (213.1gCOze/km), Aircross (215.1gCOz2e/km), BYD Song

(217.5gCOze/km).
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Class A plug-in hybrid vehicle-SUV

GHG emission per kilometer driven gCO-e/km
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Figure 33 Top 10 models for Class A plug-in hybrid SUVs

P Class A battery electric vehicles
Top 10 sedans

Figure 34 shows the Top 10 models of Class A battery electric
sedans with the lowest GHC emissions per kilometers driven.
From the lowest to the highest GHC emissions per kilometers
driven, they are eElyee (143.4gCO2e/km), BYD E3
(147.7gCO2e/km), ORA iQ (148.9gC0O2e/km), Golf
(149.1gC0O2e/km), ORA Good Cat ( 149.5gCO2e/km), NISSAN
(151.4gC0O2e/km), BORA (152.4gCO2e/km), VENUCIA D60
(156.8gC0O2e/km), Lavida (157.0gCOz¢e/km) and LAFESTA
(159.7gC0O2e/km).

Class A plug-in hybrid vehicle-sedan

GHG emission per kilometer driven gCO-e/km
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Figure 34 Top 10 models for Class A battery electric sedans
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Class A plug-in hybrid vehicle-sedan
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Figure 34 Top 10 models for Class A battery electric sedans

Top 10 SUVs

Figure 35 shows the top 10 Class A electric SUVs (including MPVs)
with the lowest GHG emissions per kilometer driven. From the
lowest to the highest GHG emissions per kilometer driven, they
are lzoa (164.3gCOz2e/km), Cosmos (165.1gCOze/km), Toyota
C-HR (165.7gCOze/km), Roewe ERX5 EV (166.0gCOze/km),
Emgrand GSe (166.9g COze/km), Jetour X70S (168.5g COz2e/km),
Tiggo E (168.7gCOz2e/km), Buick Velite 7 (169.6gCO2¢e/km), Red
Flag E-HS3 (171.5gC0O2€e/km), and Geometry C
(172.4gC0O2e/km). There is no significant difference in GHG
emissions per kilometer driven for these 10 models, ranging from

164.3 to 172.4gCOze/km.

2020 Class A electric vehicle-SUV

GlG emission per kilometer driven gCO:e/km
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Figure 35 Top 10 models for Class A battery electric SUVs
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(4) Class B passenger vehicles

This section checks the GHG emission data per kilometer driven
of Class B passenger vehicles, with 108 models of Class A gasoline
cars, 6 models of conventional hybrid vehicles, 11 models of

plug-in hybrid vehicles, and 18 models of battery electric

vehicles.

P Class B gasoline vehicles

Top 10 sedans

Figure 36 shows the top 10 Class B gasoline sedans with the
lowest GHG emissions. From the lowest to highest GHG emissions
per kilometer driven, they are Honda INSPIRE (230.9g COze/km),
Camry (234.2gC0Oz2e/km), Peugeot 508L (237.9gCOze/km),
Trumpchi GA6 (240.1gC0O2e/km), Avalon (240.6gCO2e/km),
Teana (249.9gCOz2e/km), Orlando (249.9gCOze/km), MalibuXL
(251.0gCOz2e/km), Preface (251.7gCOz2e/km) and Beijing U7
(253.0gCOz2e/km). There is no significant difference in GHG
emissions per kilometer driven for these 10 models, ranging from

230.9 to 254.5g COze/km.

2020 Class B gasoline vehicles-sedan

GHG emission per kilometer driven gCO-e/km
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Figure 36 Top 10 Class B Gasoline Sedans




Top 10 SUVs

Figure 37 shows the Top 10 models of Class B gasoline SUVs with
the lowest GHG emissions. From the lowest to highest GHG
emissions per kilometer driven, they are Venucia T90
(244.2gC0O2e/km), Peugeot 5008 (256.5gC0Oz2e/km), BYD Song
PLUS (258.0gCOze/km), Mercedes-Benz GLB-Class
(267.0gCOz2e/km), Beijing X7 (270.5gC0Oze/km), COS 1°X7
(273.4gC0Oz2e/km), SAIC Maxus D60 (2274.6gCOz2e/km), Scenery
580 (278.5g COz2e/km), Wuling Hongguang S3 (279.4g COz2e/km),
Exeed TXL (284.0gCOz2¢e/km). There is no significant difference in

GHG emissions per kilometer driven for these 10 models, ranging

from 256.5 to 285.6gCOze/km.

2020 Class B gasoline vehicles-SUV

GHG emission per kilometer driven gCO:e/km
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Figure 37 Top 10 models for Class B gasoline SUVs

P> Class B conventional hybrid vehicle

Top 4 sedans

Figure 38 shows the Top 4 Class B conventional hybrid vehicles
with the lowest GHG emissions. From the lowest to highest GHG
emissions per kilometer driven, they are Camry (181.2g COze/km),
Avalon (188.0gCOze/km), Avalon (240.6gCOz2e/km), Honda
INSPIRE (188.2gCO2ze/km), and Accord (189.8g COze/km). There

is no significant difference in GHG emissions per kilometer driven
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between these 4 models, ranging from 181.2 to 189.8g COze/km.

2020 Class B conventional hybrid vehicles-sedans

GHG emission per kilometer driven gCO:e/km

Camry 181.2

Avalon 188.0

Honda INSPIRE 188.2

Accord 189.8

Figure 38 Top 4 models for Class B conventional hybrid sedans

P Class B plug-in hybrid vehicles

Top 7 sedans

Figure 39 shows the Top 7 Class B plug-in hybrid sedans with the
lowest GHG emissions. From lowest to highest GHG emissions
per kilometer driven, they are Kia K5 (184.4gCOze /km), Bo Rui
GE (202.0g CO2e/km), Roewe €950 (204.0g COze/km), Sonata IX
(204.1gCOz2e/km), Passat (206.9gCOz2e/km), Magotan
(221.0gC0Oz2€e/km), and Volvo S60L (233.3gCOze/km). The GHG
emissions per kilometer driven of these 8 models are significantly

different, ranging from 184.4 to 233.3 gCOz2e/km.

2020 Class B plug-in hybrid vehicles-sedans

GHG emission per kilometer driven gCO:e/km
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Figure 39 Top 7 models for Class B plug-in hybrid sedans
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SUV Top4

Figure 40 shows the Top 8 Class B plug-in hybrid SUVs with the
lowest GHG emissions. From the lowest to highest GHG emissions
per kilometer driven, they are Scenery 580 (210.2g COze/km),
Commander (245.2g COze/km), WEY VV7 (202.0g COz2e/km), and
Volvo XC60 (256.7g COze/km). The GHG emissions per kilometer
driven of these 4 models are significantly different, ranging from

210.2 to 256.7gCOze/km.

2020 Class B plug-in hybrid vehicles-SUV

GHG emission per kilometer driven gCO-e/km
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Figure 40 Top 4 models for Class B plug-in hybrid SUV

P> Class B battery electric vehicles

Top 5 sedans

Figure 41 shows the Top 5 models with the lowest GHG emission
for Class B battery electric sedans. From the lowest to highest
GHG emissions per kilometer driven, they are Trumpchi AION.S
(165.1gCO2e/km), GAC i5 (165.1gCOze/km), JAC iC5
(173.9gC0Oze/km), BAIC EU7 (178.4gCOze/km), and Tesla Model
3 (182.2gC0Oz2e/km). The GHG emission per kilometer driven of
these five models are not significantly different, ranging from

165.1 to 182.2g COze/km.

2020 Class B battery electric vehicles-sedan
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Figure 41 Top 5 models for Class B battery electric sedans
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Top 10 SUVs

Figure 42 shows the top 10 Class B battery electric SUVs with the
lowest GHG emissions. From lowest to highest GHG emissions per
kilometer driven, they are MARVEL R (177.7g COz2e/km), COS 1°X7
(180.4gC0Oz2e/km), Roewe Marvel X (185.4gCOz2e/km), Ant
(187.7gCOze/km), Trumpchi AION V (196.7gCOze/km), Lingzhi
(198.7gCOz2e/km), BMW X3 (212.2gCOze/km), Hycan 007
(217.8gC0Oze/km), Trumpchi AION LX (224.3gCOze/km), and
BAIC ARCFOX oT (228.2gCOz2e/km). The GHG emissions per
kilometer driven of these 10 models vary widely, ranging from

177.7 to 228.2gCOze/km.

2020 Class B battery electric vehicles-SUV
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Figure 42 Top 10 models for Class B battery electric SUVs

(4) Class C passenger vehicles

This section checks GHG emissions per kilometer driven for Class
C passenger vehicles, of which there are 17 models of Class C

gasoline vehicles.

P Class C gasoline vehicles

Top 10 sedans

Figure 43 shows the top 10 models of Class C gasoline




cars with the lowest GHG emissions. From the lowest to highest
GHG emissions per kilometer driven, they are Citroen C6
(253.0g CO2e/km), Cadillac CT5 (271.2gCOze/km), Volvo S90
(272.0COz2e/km), Taurus (284.1gCOze/km), BMW 5 Series (295.3
gCOz2e/km), Cadillac XTS (319.7gCOze/km), Jaguar XFL
(322.5gC0z2e/km), Mercedes-Benz E-Class (323.8gCOze/km),
and Red Flag H7 (330.6g COz2e/km), Crown (334.0 COze/km).
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Figure 43 Top 10 models for Class C gasoline sedans

4.2  Results of life cycle GHG emission
study

4.2.1 Results of life cycle GHG emission study
of passenger vehicle enterprises

4211 Overview

This section checks the average GHG emission data of enterprises
based on the passenger vehicle sales weighted by GHG emissions
per kilometer driven in enterprises, and the passenger vehicles
sold in 2020 are from 122 enterprises respectively. The average

GHG emissions of passenger vehicles produced by enterprises
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range from 92.3 to 523.0gCOze/km, with an arithmetic average
of 232.8gC0Oze/km and there is a significant difference between
enterprises in terms of average GHG emissions. Some enterprises
mainly produce electric vehicles have lower average GHG
emissions, for example, Linktour Motors Co., Ltd. has the lowest
average GHG emissions of 92.3gCOz2e/km. The average GHG
emission of the companies that mainly produce fuel vehicles is
higher, for example, the corporate average GHG emission of
Beigi Tap Off-road Vehicle Technology Co., Ltd. s
414.1g CO2e/km, which is about 4.6 times of the aforementioned
company as the overall mass and fuel consumption of its main
production models are relatively large; and Zhonghengtian
Off-road Vehicle, as the company with the largest average GHG
emission of 523.9g COze/km, due to its main production of Class
C SUV models, the overall mass and fuel consumption is large
and the average GHG emissions of the company is far more than

other companies.

421.2 Average GHG emissions of enterprises of

different series

Figure 44 shows the average GHG emission of companies of
different series. From the Figure, it can be seen that there are
eight major series of automotive enterprises in China. In addition,
the average GHG emissions of enterprises of each series range
from 214.7 to 280.5gCOz2e/km, among which the average GHG
emissions of American, South Korean, French series and
independent manufacturers are lower, with their average GHG
emissions of 214.7g COze/km, 220.0g COze/km, 227.6gCOze/km
and 229.7gCOz2e/km respectively. The reason for the lower
average GHG emissions of American, South Korean and French
companies is that most of the models sold are Class A0 and A
models with lower GHG emissions; the reason for the lower
average GHG emissions of independent companies is the higher
sales of Class AO0 battery electric vehicles with low GHG
emissions, which in turn lowers the average GHG emissions of the

companies.

4.3 Fleet life cycle GHG emission rese-
arch results

According to the statistics of CCA, the passenger vehicle stock in

China from 2012 to 2020 is shown in Figure 45. It can be seen that
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passenger vehicle stock in China still maintains a relatively stable
growth trend, and gasoline vehicles are still the most dominant
fuel type, accounting for more than 96% of passenger vehicle stock

in 2020.

Passenger vehicles by series in 2020

GHG emission per kilometer driven gCOze/km
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Figure 44 Average corporate GHG emissions
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Figure 45 Passenger vehicle fleet stock in China from 2012 to 2020

As shown in Figure 46, the stock structure of China's passenger
vehicle fleet from 2012 to 2020 is obtained by age and fuel type,
in which vehicles aged 0 are the new vehicles sold in that year. For
the new vehicles sold in 2019 and 2020, there is a more obvious
decrease in the number of vehicles compared with the previous
years, and the main reason for this decrease may be the impact of
COVID-19. In addition, vehicles aged 15, include vehicles aged 15

and above.
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Figure 46 Passenger vehicle fleet stock structure from 2012 to 2020

According to the calculation method of GHG emissions in the

fleet model, the total GHG emissions of passenger vehicle fleet in

2020 can be calculated.

(a) Life cycle GHG emissions of passenger vehicle fleet in 2020
(100 million tCOze)

176 million t, 26%

494 million t, 74%

B Fuelcycle B Vehicle cycle
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(b) Vehicle cycle GHG emissions of passenger vehicle fleet in 2020
(100 million tCO:¢)

5 million t,3%
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B Gasoline vehicles B Diesel vehicles
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(c) Fuel cycle GHG emissions of passenger vehicle fleet in 2020
(100 million tCO2¢)

10 million t, 2%

485 million t, 98%

B Gasoline vehicles B Other fuel type vehicles

Figure 47 Life cycle GHG emissions of passenger vehicle fleet in 2020

The life cycle GHG emission level of China's passenger vehicle
fleet can be obtained through the calculation of the passenger
vehicle single vehicle model CALCM and the fleet model
CALFAM. As shown in Figure 47 (a), the total life cycle GHG
emissions of China’s passenger vehicle fleet in 2020 are about
670 million tCO:ze, of which about 74% of GHG emissions come
from the fuel cycle of the fleet and 26% from the vehicle cycle of
the fleet; as shown in Figure 47(b), for the vehicle cycle of the
fleet, gasoline vehicles generate about 90% of the GHG emissions,
followed by battery electric vehicles, conventional hybrid vehicles
and plug-in hybrid vehicles, accounting for 5%, 3% and 2%,
respectively. With the gradual promotion of new energy vehicles,
the ratio of GHG emissions of battery electric vehicles and
plug-in hybrid vehicles in the fleet vehicle cycle will gradually
increase; as shown in Figure 47 (c), the vast majority of GHG
emissions generated in the fuel cycle come from gasoline

vehicles, accounting for about 98% or more.
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PATH ANALYSIS OF CARBON NEUTRALITY IN THE <

AUTOMOTIVE INDUSTRY

5.1  Overall technical route

The automotive industry involves many fields such as energy, industry
and transportation, etc. To achieve the goal of carbon neutrality in the
automotive industry, it is necessary to consider all aspects and explore
practical and feasible emission reduction paths. This study adopts a
bottom-up approach and calculates GHG emission parameters of
different types of passenger vehicles at different life cycle stages
through CALCM model, and applies CAFLAM model to calculate life
cycle GHG emissions at the fleet level by combining the predicted data
of stock and sales volume, based on which scenario analysis is
conducted to study the impact of different emission reduction
measures on the carbon neutrality of the automotive industry and
analyze practical emission reduction paths. The overall technology

road map is shown in Figure 48.
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Figure 48 Carbon neutrality analysis technical road map for automotive industry

37

As shown in Figure 49, according to the forecast of ADC, China's
passenger vehicle stock will show a growth trend for a long time in the
future, and is expected to reach about 410 million units in 2050; new
car sales will also show a growth trend in the time from 2020 to 2050
and the new car sales are expected to peak at about 36 million units in
about 2050.

Passenger vehicle fleet stock forecast
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Figure 49 China’s passenger vehicle fleet stock and sales forecas

This shows that the growth potential of China's passenger vehicle stock
is still huge. Without effective emission reduction measures, GHG
emissions from the passenger vehicle fleet will continue to increase with
the growth of stock and new vehicle sales, and the ratio of GHG
emissions from the automotive sector in China'’s total GHG emissions
will continue to rise. Therefore, it is required to analyze the emission
reduction effects of different emission reduction paths for passenger
vehicle fleets and adopt the most effective emission reduction
measures at different time stages. Only in this way can we peak GHG
emissions and achieve carbon neutrality in the automotive industry as

early as possible.

5.2  Carbon neutrality path analysis

After determining the basic situation that China's passenger vehicle
stock will demonstrate a growth trend for a long time in the future, the

way to reduce the total fleet

B sales volume
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GHG emissions while the stock grows is the key issue to achieve carbon
neutrality in the automotive industry. To this end, it is necessary to
explore different ways of reducing emissions throughout the life cycle
of automobiles, and determine an effective path to achieve the life
cycle carbon neutrality goal of China's automotive industry by
comprehensively evaluating the impact of different emission reduction
measures on the life cycle GHG emissions of the passenger vehicle

fleet.
5.2.1 Scenario setting

In order to evaluate the emission reduction effect of different emission
reduction paths on passenger vehicle fleets, this study set up three
low-carbon emission reduction scenarios based on a series of authori-
tative reports, industry information, academic studies and internal
analysis, i.e., the current policy scenario, the intermediate-level
emission reduction scenario and the intensive-level emission reduction
scenario, with different emission reduction parameters set in each
scenario, followed by calculations and analysis through the passenger
vehicle fleet life cycle GHG emission model to evaluate variation of total
life cycle GHG emissions, ratios of fuel cycle and vehicle cycle GHG
emissions of passenger vehicles and fleets in different scenarios. For
different scenarios, eight emission reduction measures, including
electric power cleaning, vehicle electrification, alternative fuels, material
efficiency, vehicle production energy efficiency, power battery GHG
emissions, vehicle use energy efficiency, and consumption modes, are

considered as influencing factors in this study.
5.2.1.1 Current policy scenario

The current policy scenario is set based on the current situation in
China with the variation trend of relevant parameters similar to the
historical variation trend. The annual variation rate of parameters is
relatively moderate. In this scenario, the ratio of non-fossil energy
generation gradually increases, and the ratio of non-fossil energy
generation is expected to be about 45% in 2030 and 94% in 2060; the
ratio of vehicle electrification is steadily on the rise, and the sale of
traditional fuel type vehicles is expected to be banned in 2060; the
sales volume of hydrogen fuel cell vehicles gradually increases and
then maintains a certain ratio in the newly sold vehicles; the energy
structure of key materials is gradually optimized and the energy
efficiency of vehicle production is gradually improved; the vehicle use
energy efficiency is gradually improved; the ratio of recycled material
use is improved year by year; the annual vehicle driving range remains

unchanged.

5.2.1.2 Intermediate-level emission redu-

ction scenario (neutrality by 2060)

The intermediate-level emission reduction scenario is based on the
current policy scenario and the annual rate of variation of each
emission reduction parameter is increased to a certain extent. In this
scenario, the ratio of non-fossil energy generation is gradually on the
rise, and the ratio of non-fossil energy generation is expected to be
about 51% in 2030 and 96% in 2060; the ratio of vehicle electrification
is steadily on the rise, and the sale of traditional fuel type vehicles is
expected to be banned in 2050; the sales volume of hydrogen fuel cell
vehicles gradually increases, and then maintains a certain ratio in the
newly sold vehicles; the energy structure of key materials is gradually
optimized and the energy efficiency of vehicle production is gradually
improved; the vehicle use energy efficiency is gradually improved; the
ratio of recycled material use is improved year by year; the annual

vehicle driving range drops slightly.

Intensive-level emission reduction
scenario (neutrality by 2050)

5.2.1.3

The intensive-level emission reduction scenario is the most aggressive,
and the relevant emission reduction parameters are set at the
maximum value of emission reduction. The annual rate of variation of
each parameter increases significantly. The ratio of non-fossil energy
generation in this scenario increases the fastest year by year, and is
expected to account for about 53% of non-fossil energy generation in
2030 and 97% in 2060; the ratio of vehicle electrification increases
significantly, and the sale of traditional fuel type vehicles is expected to
be banned in 2035; the sales volume of hydrogen fuel cell vehicles
gradually increases, and then maintains a certain ratio in the newly
sold vehicles; the energy structure of key materials is quickly optimized
and the change rate of energy efficiency of vehicle production is
improved greatly; the variation rate of vehicle use energy efficiency is
improved greatly; the ratio of recycled material use is improved by
large margin year by year; the annual vehicle driving range drops
greatly.

5.2.2 Parameter settings

This summary will detail the relevant abatement parameter settings in

the three scenarios.

5.2.2.1 Power grid cleaning

The adjustment of China's power structure and the increase of the
ratio of renewable energy generation play a crucial role in the
low-carbon development of the automotive industry. On one hand,
with the promotion of passenger vehicle fleet electrification and the

gradual elimination of traditional fuel vehicles, the GHG emissions of,
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passenger vehicle fleet driving stage will gradually shift to the energy
supply side, and the electricity emission factor will directly determine
the GHG emissions of fleet fuel cycle; on the other hand, considering
from the vehicle cycle of the fleet, the emissions generated from
various stages of vehicle raw material acquisition and vehicle produc-
tion are closely related to the electricity emission factor. At present, the
average GHG emission factor of China's power grid is still relatively
high compared with developed countries such as Europe and the
United States, mainly because China’'s coal power accounts for a
relatively high percentage. This is also determined by the characteris-
tics of China's coal, poor oil and gas resources reserves. From the
perspective of energy security, coal power is indeed the security of
China's electricity, but for GHG emission reduction needs, in the
process of reducing emissions, it's required to set some limits on coal
power and enhance the ratio of renewable energy generation, while
strengthening the construction of power grids, enhance the power
dispatching capacity, the development of energy storage technology,
to prevent the potential problems such as the blackout in Texas, the U.
S. due to the increase of ratio of wind power, photovoltaic and other

renewable power.

The power factor in this study is set based on the calculation of the
power generation ratio of various energy sources under different
scenarios, and the relevant data are mainly referred to the IPCC Fifth
Assessment Report[9], the Report on China's Energy and Electricity
Development Planning Study for 2030 and Outlook for 2060[10], and
the relevant research results of the National Center for Strategic
Research and International Cooperation to Address Climate Change,
the Energy Research Institute of the National Development and
Reform Commission, and the China Electricity Council and other

institutions.

China’s electricity structure in the existing policy context
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Figure 50: Forecast of China's electricity structure under three scenarios

Figure 50 shows the ratios of electricity generated by each type of
energy source in China from 2020 to 2060 under the current policy
scenario, the intermediate-level emission reduction scenario, and the
intensive-level emission reduction scenario, respectively. The main
difference between the three scenarios is the variation of the ratio of
renewable energy generation over time. In the current policy scenario,
the ratio of renewable energy generation grows the slowest, and in the
intensive-level emission reduction scenario, the ratio of renewable
energy development grows the fastest. Based on the energy structure
in the three scenarios, the average electricity GHG emission factors of
the national grid in different years can be calculated, as shown in

Figure 51.
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Average GHG emission factor of national
grid under different scenario settings
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Figure 51 Average GHG emission factors forelec-
tricity in China under three scenarios

5.2.2.2 Vehicle electrification

The electrification of the passenger vehicle fleet is mainly realized by
increasing the ratio of new energy vehicles in new vehicles sold and
limiting the sale of traditional fuel vehicles gradually. With the
retirement of in-service traditional fuel vehicles and the increase of
new energy vehicles in new vehicles, the increase of the ratio of new

energy vehicles in the stock is gradually realized.
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Figure 52 Ratio of various fuel types in new vehicle
sales under three scenarios

Based on the forecast of future new vehicle sales in this study, param-
eters such as the ratio of new energy vehicles in new vehicles and the
ratio of battery electric vehicles in new energy vehicles at different time
points were under different scenarios. As shown in Figure 52, under
the current policy, the ratio of new energy vehicles is gradually on the
rise in new vehicle sales. 90% of new vehicle sold in 2060 are new
energy vehicles. Hydrogen fuel cell vehicles account for 10% of
passenger vehicle sales and the ratio of traditional fuel vehicles gradu-
ally decrease with the increase in the ratio of new energy vehicles.
Among them, conventional hybrid vehicles account for 100% of
conventional fuel vehicle sales around 2035; under the intermedi-
ate-level emission reduction scenario, it is expected that around 90% of
new vehicle sold in 2050 will be new energy vehicles with hydrogen
fuel cell vehicles accounting for 10% of passenger vehicle sales. The
ratio of traditional fuel vehicles will gradually decrease as the propor-
tion of new energy vehicles increases. Conventional hybrid vehicles will
account for 100% of traditional fuel vehicle sales by around 2035.
Under the intensive-level emission reduction scenario, conventional
fuel vehicles will account for 0% of sales around 2035, with only new
energy vehicles and hydrogen fuel cell vehicles in new vehicle sales
after 2035, and 10% of hydrogen fuel cell vehicles around 2050.
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Intermediate-level emission reduction scenario
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Figure 53 Variation of fleet stock structure for each future year under three scenarios
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After determining the ratio of sales of each fuel type in different
scenarios, the passenger vehicle fleet stock structure for the coming
years can be obtained through fleet model under three scenarios.
Figure 53 shows the passenger vehicle fleet stock structure for each of
the three scenarios in 2021, 2025, 2030, 2035, 2040, 2045, 2050, 2055,
and 2060. Under the current policy scenario, diesel vehicles will be
completely phased out around 2050, but there will still be a portion of
conventional hybrids in the fleet stock until 2060. In addition, battery
electric vehicles account for about 73% of the fleet stock in 2060; in the
intermediate-level emission reduction scenario, gasoline and diesel
vehicles in the conventional energy vehicles will be basically phased
out around 2045, conventional hybrid vehicles will be completely
phased out around 2060. The battery electric vehicles will account for
80% in the stock in 2060; In the intensive-level emission reduction
scenario, the conventional hybrid vehicles in the passenger vehicle
fleet, including conventional hybrid vehicles, will be completely phased
out around 2050, and battery electric vehicles will account for 81% of
the fleet in 2060. The ratio of hydrogen fuel cell vehicles in 2060 under

all three scenarios is about 9.8%.

5.2.2.3 Material efficiency

Future vehicle material efficiency improvement is mainly reflected in
the reduction of energy consumption of material production and the
increase of recycled material content. In addition, the impact of grid
cleaning is also simultaneously included in the assessment. The above
three factors affect the material emission factor. In this study, this
parameter focuses on four materials, namely steel, aluminum, copper
and plastic, which account for a high ratio of vehicle production. The
change in the material energy use structure and the ratio of recycled
material use over time were mainly provided by the World Steel

Association and Beijing University of Technology.
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materials affected by material efficiency improvement over time
under three scenarios

After considering the material efficiency improvement of key materials,
the GHG emission of vehicle cycle component materials by fuel type in
different years under different scenarios are calculated according to

the single vehicle model, as shown in Figure 54.

5.2.2.4 Vehicle production energy efficie-
ncy

Vehicle production energy efficiency mainly considers the reduction of
GHG emission in the whole vehicle manufacturing stage due to the
energy efficiency improvement. Taking the GHG emission of the whole
vehicle production in 2020 as the existing policy value and considering
the influence of grid cleaning, the percentage of GHG emission
reduction in the whole vehicle production stage is set under three

scenarios. The specific parameters are shown in Figure 55.,
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over time under three scenarios
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5.2.2.5 Power battery GHG emissions

Power battery GHG emissions mainly consider the emission reduction
effect due to the reduction of energy consumption of battery produc-
tion. It mainly applies to conventional hybrid vehicles, battery electric
vehicles, plug-in hybrid vehicles and hydrogen fuel cell vehicles. The
GHG emissions generated from the production of power battery in the

three scenarios over time are shown in Figure 56.
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Figure 56 Variation of power battery GHG emissions over time un
er three scenarios

5.2.2.6 Vehicle use energy efficiency

Vehicle use energy efficiency mainly considers the reduction of GHG
emissions due to the reduction of vehicle fuel consumption. The fuel
consumption of vehicles with different fuel types is calculated as the
industry average with the weighted average of sales volume in 2020,
and the changes of fuel consumption of vehicles with different fuel
types are set for different scenarios. The specific parameters are shown

in Figure 57.
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Figure 57 Variation of vehicle fuel consumption over time for differen
t fuel types under three scenarios

5.2.2.7 Alternative fuel

The two main alternative fuels considered in this study are electricity
and hydrogen fuel. The emission factors conceming electricity are
consistent with the parameters set in the grid cleaning. The emission
factors for the hydrogen fuel production stage are mainly calculated
based on the weighted average of the hydrogen production quantities
of different hydrogen production processes. There are six main hydro-
gen production methods considered in this study, namely steam
methane recombination hydrogen production, coal gasification
hydrogen production, chlor-alkali hydrogen production, coke oven
gas hydrogen production, biomass hydrogen production, and renew-
able power generation - electrolytic water hydrogen production, with
the influence of electricity taken into account. The relevant GHG
emission factors were provided by Aramco Asia. The specific parame-
ters are shown in Figure 58. For gasoline and diesel, the production
and use stage emission factors are assumed to remain constant in the
future in all three scenarios, and the electricity emission factors are

shown in Figure 52.
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Figure 58 Variation of different fuel emission factors over time und
er three scenarios

5.2.2.8 Consumption mode

The consumption modes in this study mainly consider the variation of
the intensity of vehicle use, i.e., the variation of annual vehicle driving
range. In this chapter, the variability of annual driving range of
conventional fuel vehicles and new energy vehicles is distinguished,
where the annual driving range data of conventional fuel vehicles in

2020 are from WRI and the annual driving range data

47

of new energy vehicles are from the New Energy Vehicle National Big
Data Consortium. In the current policy scenario, the annual driving
range of conventional fuel vehicles and new energy vehicles are
assumed to remain the same. In the intensive-level emission reduction
scenario and the deepened-level emission reduction scenario, the
annual driving range tends to decrease over time, and the annual
driving range of traditional fuel vehicles and new energy vehicles gradu-
ally converge. The specific parameter settings are shown in Figure 59,
where the annual driving range of new energy vehicles in the existing

policy and the medium scenario remain the same.
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Figure 59 Variation of annual driving range of single passenger vehi
cle over time under three scenarios

5.3 Life cycle GHG emission intensity of p-
assenger vehicles under different sce-
narios

Under the three emission reduction scenarios, namely the current
policy scenario, the intermediate-level emission reduction scenario and
the intensive-level emission reduction scenario, the projected GHG
emission values per kilometer driven in 2025, 2030, 2050 and 2060 for
the five fuel types: gasoline, diesel, conventional hybrid, plug-in hybrid
and battery electric vehicles are shown in Figure 60. Under the three

emission reduction scenarios, all five fuel types of passenger vehicles,
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show significant emission reductions, with gasoline, diesel and conven-
tional hybrid vehicles showing a small reduction after 2050 due to the
nature of the internal combustion engine.

In 2020 and 2060, for example, the GHG emissions per kilometer driven
will be reduced in the order of battery electric vehicles, plug-in hybrid
vehicles, gasoline vehicles, diesel vehicles, and conventional hybrid
vehicles. Among them, the emission reduction effect of battery electric
vehicles is the most obvious, with 82.5%, 87.6% and 90.0% reduction in
GHG emissions per kilometer driven under the current policy scenario,
intermediate-level emission reduction scenario and intensive-level
emission reduction scenario, respectively; the emission reduction effect
of conventional hybrid vehicles is the least, with 31.5%, 33.6% and 34.2%
reduction in GHG emissions per kilometer driven under the current
policy scenario, intermediate-level emission reduction scenario and
intensive-level emission reduction scenario, respectively. In the same
scenario, the emission reduction effect of gasoline vehicles is 34.3%,
35.9% and 36.3% lower, respectively.

The vehicle cycle emission reduction effects of the five fuel passenger
vehicles under three scenarios are shown in Figure 61. Taking the
vehicle cycle GHG emissions in 2020 and 2060 as an example, the
emission reduction effect under the current policy scenario is reducedin
the order of diesel, conventional hybrid, battery electric, gasoline,and
plug-in hybrid vehicles, and the reduction percentagesare 68.0%, 67.5%,
67.4%, 67.4%, and 67.2%, respectively. Under the intermediate-level
emission reduction scenario, the emission reduction effect is reduced in
the order of battery electric vehicles, diesel vehiclesdiesel vehicles,
conventional hybrid vehicles, plug-in hybrid vehicles and gasoline,

vehicles, and the emission reduction ratio is 75.6%, 74.4%, 74.2%, 74.2%,
and 74.1%, respectively. Under the intensive-level emission reduction
scenario, the emission reduction effect is reduced in the order of
battery electric vehicles, plug-in hybrid vehicles, diesel vehicles,
conventional hybrid vehicles, and gasoline vehicles, and the reduction
ratios are 80.3%, 76.7%, 76.2%, 75.9%, and 75.8%, respectively

The vehicle cycle emission reduction effects of the five fuel passenger
vehicles under three scenarios are shown in Figure 61. Taking the
vehicle cycle GHG emissions in 2020 and 2060 as an example, the
emission reduction effect under the current policy scenario is reduced
in the order of diesel, conventional hybrid, battery electric, gasoline,
and plug-in hybrid vehicles, and the reduction percentages are 68.0%,
67.5%, 67.4%, 67.4%, and 67.2%, respectively. Under the intermedi-
ate-level emission reduction scenario, the emission reduction effect is
reduced in the order of battery electric vehicles, diesel vehicles,
conventional hybrid vehicles, plug-in hybrid vehicles, and gasoline
vehicles, The fuel cycle reduction effects of the five fuel passenger
vehicles under three scenarios are shown in Figure 62. Taking the
fuel-cycle GHG emissions in 2020 and 2060 as an example, the
emission reduction effect is reduced in the order of battery electric
vehicles, plug-in hybrids, diesel vehicles, gasoline vehicles, and
conventional hybrids, and the reduction percentages under the
current policy scenario are 95.5%, 82.0%, 38.5%, 23.9%, and 14.8%,
respectively. Under the intermediate-level emission reduction scenar-
io, the reduction percentages are 97.8%, 84.3%, 38.5%, 23.9%, and
14.8%, respectively. Under the enhanced abatement scenario, the
abatement percentages were 98.3%, 86.2%, 38.5%, 23.9%, and 14.8%,
respectively.
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Figure 60 Life cycle GHG emission per kilometer driven for single passenger vehicle under three scenarios
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Vehicle cycle GHG emissions of single passenger vehicle under different scenario
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Figure 61 Vehicle cycle GHG emissions of single passenger vehicle under three scenarios
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Figure 62 Fuel cycle GHG emissions of single passenger vehicle under three scenarios
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The analysis of the life cycle emission reduction potential of battery
electric vehicles under current policy scenario is shown in Figure s
63-66. The largest contributor to the emission reduction of battery
electric vehicles is grid cleaning, which contributes between 10% and
50% in different scenarios; material efficiency is also important to the
GHG emission reduction of battery electric vehicles, which can reduce
the GHG emission of battery electric vehicles by 4%-13%; with the
development of time, the role of power battery GHG emission on the
GHG emission reduction of battery electric vehicles becomes more and
more obvious, increasing from 4% to 7%; the use energy efficiency and
grid cleaning both act on the GHG emission reduction of battery electric
vehicle fuel cycle. The emission reduction effect of using energy
efficiency tends to decrease as the grid becomes cleaner. Among the
different emission reduction measures, the role of energy efficiency in
production is the least obvious, mainly due to its low ratio in the life

cycle GHG emissions of battery electric vehicles.

life cycle emission reduction potential of battery electric passenger
vehicles under current policy scenario in 2025
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Figure 63 Life cycle emission reduction potential of battery electric
passenger vehicles under current policy scenario in 2025

Life cycle emission reduction potential of battery electric passenger
vehicles under current policy scenario in 2030
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Figure 64 life cycle emission reduction potential of battery electric
passenger vehicles under current policy scenario in 2030

life cycle emission reduction potential of battery electric passenger
vehicles under current policy scenario in 2050
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Figure 65 Life cycle emission reduction potential of battery electric
passenger vehicles under current policy scenario in 2050

life cycle emission reduction potential of battery electric passenger
vehicles under current policy scenario in 2060
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Figure 65 Life cycle emission reduction potential of battery electric
passenger vehicles under current policy scenario in

5.4  Total life cycle GHG emissions of pa-

ssenger vehicle fleet under different
scenarios

After determining the different parameters under three scenarios, the
fleet model can be used to calculate the life cycle GHG emissions of

the fleet under the corresponding scenarios.

5.4.1 Total fuel cycle GHG emissions of p-
assenger vehicle fleet under differe-
nt scenarios

Based on the fleet stock structure and the annual driving range of a

single vehicle, the annual driving range of the fleet can be calculated.
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Figure 67 Forecast of annual passenger vehicle fleet mileage under
three scenario

As shown in Figure 67, the variation of annual driving range of passen-
ger vehicle fleet under the current policy scenario, the intermedi-
ate-level emission reduction scenario, and the intensive-level emission
reduction scenario are shown respectively. As shown in the Figure, for
the current policy scenario and the intermediate-level emission
reduction scenario, the trend of annual fleet driving range is basically
consistent with the trend of fleet stock growth, and for the
intensive-level emission reduction scenario, the annual fleet driving
range reaches the maximum around 2035 due to the large annual

decrease in vehicle driving range.
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Figure 68 Fuel consumption, electricity consumption and hydrogen energy consumption of passenger
vehicle fleet under three scenarios
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After obtaining the annual vehicle driving range under different
scenarios, the fuel consumption, electric energy consumption and
hydrogen energy consumption of the passenger vehicle fleet under
different scenarios can be calculated by combining the parameters set
in the vehicle use energy efficiency, where fuel includes gasoline and
diesel. As shown in Figure 68, under the current policy scenario, fuel
consumption is expected to peak before 2030 and then decrease year
by year, and there is still a certain amount of fuel consumption in 2060,
while electricity consumption has been maintaining an increasing
trend, which is mainly caused by the fact that the ratio of new energy
vehicles in the stock still has room to rise, and hydrogen fuel consump-
tion also rises with the growth of hydrogen fuel cell vehicles; under the
intermediate-level emission reduction scenario, the trend of fuel
consumption is consistent with the current policy scenario, but the rate
of decline is faster after the peak of fuel consumption, and the fuel
consumption is close to zero around 2060, while the electric energy
consumption shows a trend of growth and then decrease, reaching a
peak around 2054, and then gradually decreasing. The trend of hydro-
gen fuel consumption is also basically the same, but the peak of
hydrogen fuel consumption decreases due to the reduction of vehicle
fuel consumption; under the intensive-level emission reduction
scenario, as traditional fuel vehicles are banned from sale in 2035, the
traditional fuel vehicles in the stock are gradually phased out, and the
fleet fuel consumption is basically close to zero in 2050. The peak of
electric energy consumption is expected to arrive around 2045 and
then start to decrease, and the consumption of hydrogen fuel is

reduced significantly.
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Figure 69 Fuel cycle GHG tetrg]riggigrcwgr%‘r%asssenger vehicle fleet under
After calculating the passenger vehicle fleet fuel consumption data, the
total GHG emissions from the fleet driving stage can be calculated by
combining the set values of fuel cycle emission factors. As shown in
Figure 69, under the current policy scenario, the total fleet fuel cycle
GHG emissions are expected to peak at about 630 million t COz2¢e in
2028, and then the total fleet GHG emissions will decrease year by year
with the increase of the ratio of new energy vehicles and the decrease
of the electricity emission factor, but there will still be about 110 million
t CO2e of GHG emissions in the vehicle fuel cycle until 2060. Most of
them are generated by fuel consumption production and use, and a
small portion is caused by electricity production. In the intermedi-
ate-level emission reduction scenario, the peak of GHG emissions of
passenger vehicle fleet driving stage is advanced, and is expected to
reach the peak around 2026, with total peak emissions of about 580
million t COze. Compared with the current policy scenario, due to the
higher ratio of fleet electrification, lower vehicle fuel consumption, and
lower electricity emission factors, the GHG emissions of fleet fuel cycle
in 2060 under this scenario has been reduced to below 40 million t
COze. In the intensive-level emission reduction scenario, the peak of
GHG emissions in the fleet fuel cycle is also advanced and is expected
to peak around 2025, with total GHG emissions of 570 million t COze at
peak. With the rapid promotion of passenger vehicle fleet electrification
and the reduction of GHG emission factors in the grid, GHG emissions
from the passenger vehicle fleet use stage will decrease faster after the
peak, and the total GHG emissions will be below 0.03 billion t COze in
2050.




CHINA AUTOMOBILE LOW CARBON ACTION PLAN(CALCP) RESEARCH REPORT 2021 |

5.4.2 Total GHG emissions of passenger
vehicle fleet vehicle cycle under d-

ifferent scenarios

The GHG emissions of the passenger vehicle fleet vehicle cycle are
mainly caused by the acquisition of raw materials for newly sold
vehicles and vehicle production each year. Based on the GHG emission
parameters related to vehicle manufacturing set in the three scenarios,
combined with the forecast of future annual sales volume and the ratio
by fuel type, the total GHG emissions of the future vehicle cycle can be
calculated for each year. For the vehicle cycle emissions of the fleet

until 2020, the parameters of 2020 are used for calculation.
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Figure 70 Vehicle cycle GHG emissions of passenger vehicle fleet u
nder three scenarios

As shown in Figure 70, the total vehicle cycle GHG emissions of
passenger vehicle fleet in each year under three scenarios are shown.
Since the vehicle cycle only needs to consider the vehicles sold in that
year, its total emissions are influenced by the sales of passenger
vehicles in that year, and the vehicle cycle GHG emissions always show
a decreasing trend with the increase of time, so the peak of fleet vehicle
cycle GHG emissions under three scenarios occurs in 2016. Under the
current policy scenario, the GHG emissions in the vehicle manufactur-
ing stage will decline to a limited extent, and a small GHG emission
peak of about 190 million t COze will also occur in 2043 when the sales
peak occurs after 2020, and for the other two scenarios, the GHG

emissions of the fleet vehicle cycle show a decreasing trend over time.

5.4.3 Total passenger vehicle fleet life cy-
cle GHG emissions under diff-erent
scenarios
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Figure 71 Total life cycle GHG emissions of passenger vehicle fle
et under three scenarios
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The total life cycle GHG emissions of the passenger vehicle fleet can be
obtained by summing the GHG emissions of the vehicle cycle and fuel
cycle under three scenarios, as shown in Figure 71. In all three scenarios,
the ratio of fleet fuel cycle GHG emissions shows an increasing trend
until 2025, mainly due to the increase of fuel vehicles in fleet stock and
the increasing energy efficiency of vehicle production. The peak time of
fleet life cycle GHG emissions under three scenarios is also largely
determined by the peak time of fleet fuel cycle GHG emissions. After
2030, as the share of new energy vehicles in new vehicle sales and stock
increases, the ratio of vehicle cycle emissions in fleet life cycle GHG
emissions increases under all three scenarios. In the current policy
scenario, the vehicle cycle share of fleet life cycle GHG emissions for the
passenger vehicle fleet will reach more than 50% in 2060, and in the
moderate and intensive-level emission reduction scenarios, the vehicle
cycle share of fleet life cycle GHG emissions for the passenger vehicle
fleet will be more than 50% earlier due to the adoption of more aggres-
sive electrification strategies. The main reason for this phenomenon is
that, as vehicle electrification advances, emissions from the fuel cycle of
vehicles shift toward the electricity production side, and GHG emissions
from the electricity production side gradually decrease with the increase
in the ratio of renewable energy generation; in the vehicle cycle of
passenger vehicle fleets, GHG emissions gradually shift from the fuel
cycle to the vehicle cycle due to the increasing ratio of electrification in
the fleet. The ratio of vehicle cycle GHG emissions in total life cycle GHG
emissions is increasing but the total amount is on a decreasing trend.

Based on the above results, even in the most aggressive enhanced
emissions reduction scenario, while fleet fuel cycle GHG emissions can
be reduced to low levels, fleet vehicle cycle GHG emissions are still
difficult to achieve carbon neutrality with the current portfolio of
reduction options, unless negative carbon technologies are used to
remove this portion of GHG emissions. Therefore, for the future
low-carbon development of the automotive industry, the focus of
carbon neutrality in the automotive industry needs to transition from the
fuel cycle to the vehicle cycle. Relying on vehicle electrification and
energy efficiency improvement alone is not enough for automotive
industry’s carbon neutrality. Instead, it needs to explore carbon
reduction measures and negative carbon technologies for the whole life
cycle of vehicles. In the next step, China should further strengthen the
upstream and downstream linkage and system integration of carbon
neutral solutions in the automotive industry chain, so that the carbon
neutrality of the whole industry chain can be pushed and pulled by the
carbon neutrality of the whole life cycle of the automotive industry, and
the carbon neutrality of the whole industry can lead the whole industry

to move towards net zero emissions.
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5.4.4 Life Cycle Carbon Reduction Poten-
tial of E-Fueled PassengerVehicle F-
leets

Electro-fuels (e-fuels), also commonly referred to as “CO:z-based
synthetic fuels”, “liquid sunshine”, or “power-to-fuels’, have gained
huge interest around the world as a promising solution to effectively
decarbonize the transport sector [1] [2]. These alternative fuels are
produced via chemical synthesis of carbon and hydrogen to form liquid
or gaseous hydrocarbons. The CO2 can be captured either from
ambient (direct air capture, DAC) or concentrated sources (e.g. industri-
al exhaust gases), while hydrogen can be produced from water electrol-
ysis with renewable electricity [3]. The recycling of CO2 (i.e.non
fossil-based carbon) and the utilization of renewable electricity
distinguish sustainable e-fuels obtained from other types of synthesis
processes such as coal-to-liquid (CtL) or gas-to-liquid (GtL), and it also

excludes synthetic fuels derived using CO2-intensive hydrogen.

The versatility of the conversion technology makes e-fuels an attractive
solution for the global transport sectors. E-fuels can be tailored to
minimize the criteria pollutant emissions from internal combustion
engines (i.e. NOX and soot formation) [4]. The productions of synthetic
e-gasoline and e-diesel allow them to be blended into regular gasoline
and diesel fuels, with a drop-in capability of close to 100%. E-fuels can
be perfectly compatible with existing infrastructures and vehicle fleet
while allowing near-zero transport GHG emissions. Thus, many govern-
ment agencies, automakers and relevant stakeholders are advocating
for e-fuels as a realistic greenhouse gas (GHG) mitigation strategy.
E-fuels, for the first time, are counted towards the renewables target of
the recast Renewable Energy Directive (RED Il) for 2021-2030 in the
European Union (EU) [5]. Automakers are engaged in the production
and development of e-fuels technologies to decarbonize their fleet,
alongside electrification and efficiency improvement. As an example,
over the past few years, Audi has embarked on a comprehensive plan
for a range of e-fuels research (i.e. Audi e-gas, e-gasoline and e-diesel)
to lower the CO2 footprint of existing combustion engine vehicles [6].
Porsche, Siemens Energy and a lineup of international companies are
developing a pilot project in Chile with expectation of around 130,000
liters of e-fuels to be produced as early as 2022 [7]. Similarly, China has
rolled out a strategic plan for e-fuels. The vision and strategy for “liquid
sunshine” were articulated by the Chinese academy of Sciences (CAS)
[8]. Scientists led by the Dalian Institute of Chemical Physics (DICP) have
begun a large-scale project to demonstrate synthetic methanol using
solar energy and COz from industrial plants in Lanzhou province, with a

capacity of 1,000 tonnes of methanol per year.

5.4.4.1 Whole life cycle GHG Emissions A-
nalysis of E-Fuel

E-fuels production pathways consist of two main processes: syngas
production, followed by fuel synthesis pathways to produce fuels in
gaseous (methane) or liquid forms (methanol, gasoline, diesel and
middle-distillates etc.). In this study, the life cycle GHG emissions of
e-gasoline and e-diesel, produced through a combination of mature
technologies, are assessed. The drop-in e-gasoline production involves
the methanol synthesis process by reacting a mixture of CO2 and H2 to
produce methanol as an intermediary, which is then converted to
gasoline using the well-known methanol-to-gasoline process (MTG).
Fisher-Tropsh (FT) process, as a proven technology at a commercial
scale, is adopted for e-diesel production, where fuel synthesis starts with
conversion of the COz2 to CO using the reverse water gas shift (RWGS)
reaction. A syngas with a specific ratio of H2 to CO s directed to the FT
unit to produce synthetic feedstock, which can then be refined to
produce finished products. The Well-to-Wheel (WtW) carbon intensity
data in this study are obtained from Aramco, based on the company's
in-house assessment. Additional information regarding e-fuels carbon
intensity can be found in the 2020 CALCA report [6].

i Fischer Tropsch :

CQ2 :

T | o ER N ediesel
' refining '

e | |

i Methanol to Gasoline

> e-gasoline |

Figure 72 Block flow diagram for e-fuels production with FTs and
MTG pathways (Image courtesy of Aramco)

Figure 73 compares the life cycle GHG emissions of BEV, e-diesel ICEV
and e-gasoline HEV under the 2030 and 2050 stated policy scenario
(SPS). Note that the results for each generic vehicle model (vehicle
weight is presented) in this study are weighted average values based on
current market structure in China. E-fuels have significantly lower
carbon footprint compared to the conventional energy carriers. The
GHG emissions associated with combustion are offset by the CO:
capture during the fuel production phase, despite a large variation of
fuel economy for each vehicle powertrain system. GHGs abatement
potential of e-diesel powered ICEV and e-gasoline powered HEV can
reach 35% and 53% compared to the BEV in 2030. Even in 2050, when
the electricity is projected to be extensively decarbonized and the
environmental load from battery productions is expected to be
significantly reduced, e-diesel powered ICEV and e-gasoline powered
HEV could still enable 18% and 40% GHG emissions reduction compared
to the BEV.
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Figure 73 Life cycle GHG emissions between BEV and e-fuels powered vehicles in 2030 and 2050 (current
policy scenario, SPS)
(Image courtesy of Aramco)

5.4.4.27 GHG Emissions Assessment of Fle-
ets

A key advantage of liquid e-fuels is that very little effort is required to
make them drop-in fuels and fully compatible with existing infrastruc-
ture, storage, distribution and vehicle fleets. Thanks to similar
physico-chemical properties compared to fossil fuels, liquid e-fuels are
compatible with internal combustion engines, enabling all the advan-
tages of conventional liquid energy sources such as ease of use (stable
at room temperature), short refueling process, and high energy density
with a long vehicle range. This makes e-fuels a compelling choice to
benefit the transport sector from both an energy and GHG emissions
perspective, since there is no need for slow and expensive fleet
turnover, and the disposal or conversion of existing infrastructure can
be avoided.

Figure 3 illustrates the impact of e-gasoline deployment on the annual
life cycle GHG emissions of China's passenger vehicle fleet under the ).
The e-gasoline blending ratio on conventional gasoline is assumed to
increase linearly at different rates, from 0% in 2020 to 30%,
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60% and 90% in 2060. Since the vehicle fleet is primarily composed of
ICEVs, the deployment of e-gasoline lowers the GHG emissions from
the sector significantly (Figure 3(a)), and more importantly, reaching a
lower and sooner GHG emissions peak for the transport sector (Figure
3(b)). For the SPS without e-gasoline deployment, the annual GHG
emissions will peak at 810 Million tonnes (Mt) in 2029. With increase of
e-gasoline blending ratio, the year of peak annual GHG emissions will
be shifted to an earlier date with lower amount. For example, meeting a
hypothetical e-gasoline blending ratio target of 5% by 2027 will allow
the peak annual GHG emissions to be reduced by 35 Mt, and it is likely
to be achieved 2 years earlier than the base case. On the other hand,
blending e-gasoline in larger volumes, achieving 11% by 2025, could
lower the peak annual emissions by 89 Mt, where the GHG emissions

peak can be achieved 4 years sooner.
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Figure 74 Impact of e-gasoline deployment on the annual life cycle GHG emissions of China’s passenger vehicle
fleet under the current policy scenario: (a) annual life cycle GHG emissions towards 2060 (b) annual GHG emissions
vs e-gasoline blending ratio at the peak year
(Image courtesy of Aramco)

To put this into perspective, figure 75 illustrates the share of BEVs in the
vehicle stock to achieve the respective peak GHG emissions, with and
without e-gasoline blends. Achieving peak emissions of 775 Mt without
the use of e-gasoline would require about 17% BEV stock share by 2032.
This implies a significant investment to drive uptake of BEVs, retire older
vehicles in the fleet, and deploy large quantities of charging infrastruc-
tures. On the other hand, with the use of e-gasoline at 5% blend, a
similar peak GHG emissions level can be achieved by 2027 (5 year
earlier) with only 7% BEV stock share. The discrepancy could be further
magnified with enhanced e-gasoline penetration. This presents a
significant opportunity to decarbonize the vehicle fleet by changing the

energy source, rather than driving a complete overhaul of the transport

ecosystem.
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Figure 75 Comparisons on BEV stock share and model year of
peak GHG emissions with and without e-gasoline blending for
each e-gasoline penetration scenario.

(Image courtesy of Aramco)

However it is worth noting that the current technology for producing
e-fuels is still at the demonstration scale since there are significant
barriers to unlock the full potential of these low carbon fuels. The
production costs for e-fuels remain high (2.2-4.8 times) compared with
conventional fossil fuels [10]. The e-fuels production process is
inherently inefficient, converting at best half of renewable energy into
the liquid or gaseous fuels. The cost of renewable power generation
and multiple conversion facilities associated with significant thermody-
namic losses (therefore low yield of e-fuels production) are the key
limiting factors of production costs. Nevertheless, the prices are likely to
fall over time and become cost-competitive due to the economics of
scale, optimized conversion facilities and reduction in the feedstock
prices [11]. For instance, hydrogen productions are from regions with an
abundance of renewable wind, tide or solar energy sources (declining
cost). Equally, for e-fuels to be a success, a policy and regulatory
intervention will be needed to drive the investment and commercializa-
tion. This includes a holistic framework for GHG accounting (i.e.
LCA-based policy) to level the regulatory playing field and enable a
lasting impact on GHG emissions mitigation. Ultimately, achieving
China's ambitious climate protection goals will require a broad mix of
policies and technologies, in which e-fuels, BEVs and advanced hybrids

have important roles to play.
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SUGGESTED COUNTERMEASURES FOR FUTURE CARBON <
NEUTRALITY IN THE AUTOMOTIVE INDUSTRY

6.1 Near-term (to 2025)

Establish a sound GHG emission standard system for the automotive
industry. The automotive life cycle GHG emission standard system is the
basis for implementing automotive GHG emission management. It is
recommended to take the key aspects of the whole life cycle GHG
emission of automobiles as the entry point and gradually establish the
life cycle GHG emission standard system including the whole vehicle,
low-carbon materials, recycled materials, hydrogen fuel, hydrogen fuel
cell, power battery, etc., so as to provide standard support for the
national implementation of GHG emission management policy and also
provide a basis for the car enterprises to strengthen GHG emission

management capacity building.

Establish and improve the GHG emission management system for the
automotive industry. During 2020-2021, it is expected to promote the
establishment and publication of the technical specification for life cycle
GHG emission accounting of passenger vehicles GB/T or HJ standard.
From 2021 to 2022, based on GHG emission standards, it's expected to
promote the construction of a GHG emission public disclosure system,
study the establishment of a carbon labeling system for automobiles,
raise public awareness of low-carbon consumption, and urge
enterprises to make low-carbon transformation. From 2023 to 2024, it's
expected to develop incentive measures such as a low-carbon technol-
ogy catalog for passenger vehicles. In 2025, a series of binding policies
will be launched, such as the management of GHG emissions in the
automotive industry according to the life cycle GHG emission limits for
passenger vehicles standard and the imposition of fines and orders for
transformation if the limits are exceeded; the introduction of an
“integration” carbon tax on models with high GHG emissions to guide
the low-carbon development of the automotive industry, etc.

Accelerate the promotion of new consumption modes in the automo-
tive industry. The current lack of consumer awareness of GHG emission
reduction will inevitably offset the emission reduction efforts on the
production side. On the one hand, OEMs are forced to shift to the
production of electric vehicles due to the pressure of emission
reduction, and on the other hand, consumers prefer traditional fuel
vehicles, leading to increased risk of emission reduction in the OEM and
upstream and downstream supply chains, reducing their enthusiasm for

emission reduction. Moreover, production-side emission reduction
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cannot cover all GHG emission sources, and the unavoidable and
irreplaceable GHG emission sources need to be coped with by the
consumer side, so it is necessary to improve consumers’ awareness of
GHG emission reduction, strengthen their low-carbon consciousness,
change their consumption modes and further promote the consump-
tion of BEV.

In the short term, through the development of technical specifications
and limit standards for GHG emission accounting in the automotive
industry and supporting policy measures, it's expected to improve the
GHG emission management capacity of enterprises and their awareness
of emission reduction, force enterprises to make green and low-carbon
transformation, shift traditional fuel vehicles to electric vehicles with
lower GHG emissions, and reduce the transition costs of electric vehicles
through consumer-side guidance, reduce the emission reduction
pressure on OEMs and create a favorable policy environment for the
subsequent R&D of low-carbon technologies and the popularization of

electrification.

6.2 Mid-term (to 2030)

Promote the application of low-carbon materials. Compared with
gasoline vehicles, the whole life cycle GHG emissions of electric vehicles
shift to the vehicle cycle, with vehicle cycle and fuel cycle GHG emissions
accounting for roughly half each, especially the power battery produc-
tion and end-of-life recycling stage will generate more GHG emissions.
Meanwhile, the European Union has proposed a series of mandatory
requirements for the carbon footprint of batteries and the utilization rate
of recycled materials in the proposed Law on European Battery and
Waste Battery. Based on emission reduction and compliance consider-
ations, the application of recycled materials and other low-carbon

materials in electric vehicles has become more urgent.

Promote research and development of low-carbon technologies.
Encourage vehicle enterprises to carry out low-carbon technology
innovation, improve process flow, improve production energy efficiency,
and design and develop low-carbon and zero-carbon components, so
as to further reduce the GHG emissions of vehicle cycles. Meanwhile,
power battery enterprises are encouraged to develop low-carbon and

zero-carbon battery positive and negative key materials and improve




the energy efficiency of battery production, so as to reduce the GHG
emissions of power batteries; in addition, vehicle enterprises should
promote upstream and downstream enterprises in the supply chain to
collaborate to reduce pollution and reduce carbon and increase
efficiency, so as to promote the wide application of low-carbon technol-
ogies in the entire automotive industry chain. Meanwhile, promote the
development and uptake of low-carbon fuels via a low-carbon fuels
standard (LCFS). This allows for the carbon intensity of fuels to be
reduced through the use of lower emissions crude oils, innovative
refining technologies, low-carbon hydrogen, renewable fuels and
sustainable e-fuels. On the one hand, during the period of excessive
electrification, the peak GHG emissions can be reduced by promoting
the use of low-carbon technologies and improving the fuel efficiency of
traditional gasoline vehicles. On the other hand, encourage technologi-
cal innovation in low-carbon technologies and commercial productions
of low-carbon fuels.

Increase the rate of vehicle electrification. As electric vehicles face the
problems of short range, long charging time and few charging piles, the
convenience of electric vehicle users needs to be improved, resulting in
the low penetration rate and insufficient driving range of electric vehicles
in China. Therefore, to improve the electrification rate of vehicles and
popularize electric vehicles, on one hand, we need enterprises to
continue to improve the technology of electric vehicles, including
improving the range of electric vehicles and shortening the charging
time. On the other hand, the government needs to improve EV
infrastructure and deploy sufficient EV infrastructure such as charging
piles in advance in urban planning.

Promote the change of travel mode. Optimize the existing public
transportation system, build an urban intelligent bus system, realize
functions such as automatic voice announcements, passenger flow
statistics, and shuttle bus route management, actively improve the
conditions for residents to travel by public transportation, and prompt
more residents to choose public transportation to travel. Optimize the
existing car-sharing supervision and management system, improve the
safety and standardization of car-sharing, and promote the safe and
healthy development of car-sharing in order to improve the efficiency of
car use and reduce the stock of private cars. In addition, car-sharing
oftentimes is a substitution for low emission transport (such as public
transport). To have a positive effect, car-sharing should complement
public transport and be connected to an efficient intermodal transport
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system based on public transport. To promote alternative vehicle
ownership models, a seamless connection with other modes of
transport is key. Additionally, incentivizing shared rides could be an
option to increase average occupancy rates.Meanwhile, optimize the
existing road design to protect the right-of-way for non-motorized
vehicles such as bicycles and encourage residents to use green travel

modes such as bicycles for short distances.

In the medium term, by continuously promoting technological innova-
tion in electric vehicles, reducing GHG emissions in the vehicle cycle,
overcoming problems faced by electric vehicles such as high cost, short
range, slow charging speed, and high GHG emissions in the vehicle
cycle, and rapidly improving product performance, quality, user experi-
ence, and emission reduction performance, we will gradually increase
the rate of vehicle electrification and create good technical conditions
for the next stage of the electric era. Meanwhile, by optimizing the
existing public transportation system, road design and car-sharing
supervision and management system, we encourage more residents to
travel green and low-carbon, reduce the purchase and use of private

cars, and reduce the pressure of emission reduction in the auto industry.

6.3 Long-term (to 2060)

Accelerate the transformation of grid cleaning. China's “coal-rich,
oil-poor, and gas-poor” fossil energy resource endowment has led to a
predominantly coal-based power structure and a high GHG emission
factor for electricity production, which has hindered the electrification
process to a certain extent. Meanwhile, from the above research results,
it can be seen that the emission reduction contribution of grid cleaning
is the largest under different scenarios. Therefore, promoting the
transformation of grid cleaning can accelerate the process of carbon
neutrality in the automotive industry. Currently, coal power is the main
source of electricity supply in China, and in the short term, it is not
feasible to phase out coal power in a “one-size-fits-all" manner.
Therefore, on one hand, we need to promote the efficient and clean use
of coal power, the application of carbon-negative technologies, and on
the other hand, gradually increase the ratio of non-fossil energy
generation, and eventually build a new energy power system based on

non-fossil energy.
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Promote the smooth transition of the electric era. Under the premise of
mature development of electric vehicle technology and grid cleaning,
the role played by electric vehicles in the carbon neutrality of the
automotive industry will be further amplified, and in the future, electric
vehicles will play the role of the main force of automotive carbon
neutrality. During this period, the application of electric vehicles in
various fields will be continuously promoted and the transition to the
electric era will be smooth. Additionally, BEVs can contribute as decen-
tralized storage facilities, further promoting the transition to the electric

era.

Promote research and development of zero-carbon fuel cell vehicles.
Accelerate the research and development of zero-carbon fuel cell
vehicles for long-distance transportation applications that are difficult to
electrify. The relatively high electricity consumption and short life cycle
of long-distance transportation make it difficult to electrify this part of
vehicles. Therefore, we can promote the application of zero-carbon
fuels such as renewable hydrogen for long-distance transportation,
which is difficult to electrify.

Accelerate the research and development of negative carbon technol-
ogy. Negative carbon technologies can greatly reduce GHG emissions
in the automotive industry. Because of technical conditions or cost
constraints, some vehicles may not be fully electrified or certain parts of
the life cycle cannot achieve net zero emissions, so negative carbon
technology is necessary for this part of GHG emissions and is a great
tool to achieve carbon neutrality. At present, negative carbon technolo-
gy is stillimmature, costly and not yet commercially available. Therefore,
in this stage, it's required to focus on promoting the research and
development of negative carbon technology to reach the level of

commercial application.

To sum up, in the long term, the main purpose is to achieve carbon
neutrality in the automotive industry by accelerating the transition to
cleaner power grids and electrification of vehicles, with the commercial

application of negative carbon technologies.
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Table 1 Automotive life cycle low carbon development standards catalog

Subsystem|  Subarea Standard name
1 Lcﬁﬁ’aﬁ?{%"” teL&Vy]i_ccgeroouqe GB/T 26989-2011 Automotive recycling terminology
7| e iea GB/T 26988-2011 Automotive components recyclability label
3 Lﬂﬁaﬁi{%"” teL&vxfgﬁrpoouqe GB/T19515-2015 On-road vehicle Recycling rate and recyclable rate Calculation method
4 Loi\a/aﬁz;{tr)yon teﬁ"ﬁ{fﬁ'ﬁ’oou“te GB/T 33460-2016 End-of-life vehicle dismantling instruction manual preparation specification
5 Loi\{]\/aﬁasglt')yon teL&%—ccaﬂrPOour{e GB/T 30512-2014 Requirements for banned substances in vehicles
6 Lcﬁﬁ’aﬁ?{%"” teL(?rmi—cc;rPoour{e QC/T 943-2013 Test methods for lead and cadmium in automotive materials
7 L‘%ﬁi{?f” teL&vrvﬂ-Cc;rPoour}e QC/T 941-2013 Test methods for mercury in automotive materials
8 Lﬂ”ﬁ’aﬁi{%"” tequVr\gi-éD:erOOur}e QC/T 942-2013 Test method for hexavalent chromium in automotive materials
9 Loi\r,‘wlc_iﬁggglon tengmi_ge?eroour}e Qe e-atis polyt;rrgsr:w mgttgc? %?gﬁtrerg)ﬁ l)éﬁ:glfg i(rl]DaBtI(Ie)(l]ésk))iiFr)whe‘i3 St%?n(gt?\?es )nawgtirials
10 Lﬂﬁ’aﬁi{?f“ teLc%v;/ﬂ—Cc:lrll’:)oour{e QC/T 1131-2020 Test method for polycyclic aromatic hydrocarbons in automotive materials
1 |uiabon| gwembon | oamosmsr-a0z | TeSEMethod fo volatle organic compounds and ldeydes nd
12 L%‘“r’ggirckig’ " Limiv/indicator GB 27999—2019 Evaluation method and index of fuel consumption of passenger vehicles
13 L%vgégirct%gn Limit/indicator GB 19578—2021 Fuel consumption limits for passenger vehicles
14 L%‘“r’c;girct{g” Limit/indicator GB 20997—2015 Fuel consumption limits for light-duty vehicles
15 L%\"rgg%rctisn Limit/indicator GB 30510—2018 Fuel consumption limits for heavy-duty vehicles
16 L%“r’g,g?[g? M| Limit/indicator GB/T 36980—2018 Electric vehicle energy consumption rate limit value
v |lowgrben)  Labe G 22757.1-2017 Enercy consumpton abeing for It dutyvehies Par
o @] b | osoraooy [ EmmReniateing o ont duy e Fa 2 Exeral
19 L%‘%gﬁg? M| Test method CBAIN255 2020 Fuel consumption test method for light-duty vehicles
20 L%\/\r/c—)girck%g M| Test method GB/T 27840—2011 Fuel consumption measurement method for heavy commercial vehicles
o || Testmethod | o azsasa—aoop | SO ol commumptn ofstics Pt L st et
22 L%‘%gﬂg;’ " Test method GB/T 12545.2—2001 Test method for fuel consumption of commercial vehicles
23 L%\/\r/c—)gzlajrck%g)n Test method GB/T 18386—2017 Test method foroine?g%%/riioygﬁirgsstiggr?rid driving range
Low-carbon Test method for energy consumption and driving range
24 products Test method GB/T 18386.1—2021 of electric vehicles Part 1: Light-duty vehicles
55 || Testmetnoa | GumiTs—a0n
6 L(;)VI\’/C_)S?Jertson Test method GB/T 19754—2015 Test method forr];gﬁégégg[?iscuvrgﬁitgens of heavy-duty
27 L%‘“r’ggirgg’ ™| Test method GB/T 35178—2017 Fuel cell electric vehicles Hydrogen consumption measurement method




Subsystem

Subarea

Continued Schedule 1

Standard No.

Standard name

Low-carb L Test method for fuel consumption of compressed
28 %vgoé%rctgn Test method GB/T 29125—2012 natural gas vehicles
Low-carb - Test method for fuel consumption of
29 %vﬁogirctgn Test method QC/T1130-2020 methanol-fueled vehicles
Low-carbon China’s driving e Driving conditions of vehicles in China Part
30 products cycle/conversion GB/T 38146.1—2019 1: Light-duty vehicles
Low-carbon China’s driving - Driving conditions of vehicles in China Part
31 products cycle/conversion CRT e 220 2: Heavy commercial vehicles
32 L%V;/(;gigg” cggier}%grgygis?gn GB/T 37340—2019 Electric vehicle energy conversion method
33 NSY\éng{gy Basic and general GB 18384-2020 Safety requirements for electric vehicles
34 NS%SB&@ Os%?féédsyirt]grr’r?y GB 38031-2020 Safety requirements for power battery for electric vehicles
35 Ng\r/é energy Batt\‘j%iec'lzmic GB 38032-2020 Safety requirements for electric buses
36 Ng}"égﬂg{gy Os%?aosgjsy%rgg%y GB/T 18333.2-2015 Zinc air battery for electric vehicles
37 NS‘I{\(/)SB?‘;{SQY Battsg}iecllictric GB/T 18385-2005 Electric vehicle power performance test methods
New energy G ~ Limit values and measurement methods for electromagnetic field
38 products Basic and general SR e emission intensity of electric vehicles
w | Mgy Battery electric GB/T 18388-2005 Electric vehicle shaping test regulations
New ener ; ; _ Electric vehicle conductive charging system Electric
e productgy Cencictieleraiging AR e AT o vehicle AC/DC charger (Station)
41 New energy Electric drive GB/T 18488.1-2015 Drive motor system for electric vehicles
products system Part 1: Technical
42 Ng‘r"égﬂg{gy Eleg;rsigeggive GB/T 18488.2-2015 Drive motor system for electric vehicles Part 2: Test methods
43 Ng\%gﬂgtrgy Basic and general GB/T 19596-2017 Electric vehicle terminology
44 Ng%gﬂg{gy Hyb\;ighﬁ:l%ctric GB/T 19750-2005 Hybrid electric vehicle shaping test procedure
45 NS%SB?{SQV Hyb\;iedhﬁ:lleectric GB/T 19752-2005 Hybrid electric vehicle power performance test methods
46 Ng‘r"’ogﬂg{gy Basic and general GB/T 19836-2019 Electric vehicle instrumentation
New energy ! , _ Connection device for electric vehicle conduction charging
47 products Conductive charging GB/T 20234.1-2015 Part 1: General requirements
New ener . ) Connection device for electric vehicle conduction charging
48 productgy Conductive charging | GB/T 20234.2-2015 Part 2: AC charging interface
New ener ! q - Connection device for electric vehicle conduction
49 productsgy Conductive charging GB/T 20234.3-2015 charging Part 3: DC charging interface
50 Ng\(\égﬂgtrgy Ot@%ﬁgﬁ%ﬁg‘ﬁtsnd GB/T 24347-2009 DC/DC converter for electric vehicles
51 NS%SE@{? Basic and general GB/T 24548-2009 Fuel cell electric vehicle terminology
50 Ng\rﬂégﬂgtrsgy Fue|§ee”i§|§cmc GB/T 24549-2020 Fuel cell electric vehicle safety requirements
New ener: ’ Performance requirements and test methods for electric vehicle
53 productsgy Hlydrogen refieling GB/T 24552-2009 windshield defrost and defogging system
54 Ng‘%gﬂg{gy Fuel cell systems GB/T 24554-2009 Fuel cell electric vehicle Hydrogen filling port+[Revision Sheet]
New ener . Fuel cell electric vehicle on-board Hydrogen system
55 productégy Hydrogen refueling GB/T 26779-2021 technical conditions+[Revision Sheet]
New energy Fuel cell electric vehicle on-board Hydrogen system
56 products Fuel cell systems GB/T 26990-2011 technical conditions+[Revision Sheet]
57 Ng‘(‘égﬂg{gy F“e'\fgﬁigﬂgcmc GB/T 26991-2011 Fuel cell electric vehicle test method for maximum vehicle speed
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Subsystem

Subarea

Continued Schedule 1

Standard No.

Standard name

58 NS%SE?{SQV Batt\%y i%I%ctric GB/T 28382-2012 Battery electric passenger vehicle technical conditions
New energy Fuel cell Technical specifications on demonstration operation of
59 products electric vehicle GB/T 29123-2012 hydrogen fuel cell electric vehicle
New ener Fuel cell electric Supporting facilities specification of hydrogen fuel cell electric
60 productgy vehicle GB/T 29124-2012 vehicle demonstration operation
New ener Fuel cell electric vehicle on-board hydrogen system test
61 productgy Fuel cell systems GB/T 29126-2012 method+[Revision Sheet]
62 Ng\r/\égﬂgtrgy Electric drive system GB/T 29307-2012 Test method for reliability of drive motor system for electric vehicles
63 Ng\rf‘égﬂgtfsgy Basic and general GB/T 31466-2015 Electric vehicle high-voltage system voltage level
New ener On-board energy Lithium-ion power battery packages and systems for electric vehicles
64 productsgy storage system GB/T 31467.1-2015 Part 1: Test procedure for high power applications
New ener On-board energy Lithium-ion power battery packages and systems for electric vehicles
65 productgy storage system GB/T 31467.2-2015 Part 2: Test procedure for high energy applications
New energy On-board energy Cycle life requirements and test methods for power batteries
66 products storage system GB/T 31484-2015 for electric vehicles
New energy On-board energy Electrical performance requirements and test methods for
&y products storage system GB/T 31486-2015 power batteries for electric vehicles
68 Ng%gﬂg{gy Basic and general GB/T 31498-2015 Post-crash safety requirements for electric vehicles
69 Ng‘r"égﬂg{gy Hyb\;iedhieclleectric GB/T 32694-2021 Plug-in hybrid electric passenger vehicle Technical conditions
New ener : Technical specification for electric vehicle remote service and
70 productsgy Basic and general GB/T 32960.1-2016 management system Part 1: General
New energy : Technical specification for electric vehicle remote service and
7l products Basic and general GB/T 32960.2-2016 management system Part 2: Vehicle mounted terminal
New energy i - Technical specification for electric vehicle remote service and
72 products Basicland]oeneral GB/T 32960.3-2016 management system Part 3: Communication protocol and data format
o [Memermer | Ophoadeney | aaraosor T O e ey
74 | Newenergy | O e enoreY | GB/T 34014-2017 Vehicle power battery coding rules
New ener Hybrid electric , - m
75 productgy e GB/T 34425-2017 Fuel cell electric vehicle Hydrogen filling gun
76 | Neweherdy |  Batteryelectric GB/T 34585-2017 Battery electric truck Technical conditions
77 Ng%gﬂg{gy Fuel cell systems GB/T 34593-2017 Fuel cell engine hydrogen emission test method
78 Ng%gﬂg{gy Hyb\‘;ghﬁ:lﬁe‘:tric GB/T 34598-2017 Plug-in hybrid electric commercial vehicles Technical conditions
New energy g q Electric vehicle conductive charging interoperability test
79 products Conductive charging GB/T 34657.2-2017 specification Part 2: Vehicles
80 New energy Electric drive system GB/T 36282-2018 Electromagnetic compatibility requirements and test methods for drive
products motor systems for electric vehicles
New energy | Other systems and - Technical requirements for high-voltage and high-current wiring
& products components ST SO harnesses and connectors for electric vehicles
8 NS\rNogEggy Basic and general GB/T 37153-2018 Electric vehicle low speed beep
New energy Fuel cell electric Fuel cell electric vehicle hydrogen emission test method
83 products vehicle GB/T 37154-2018 for the whole vehicle
84 Ng‘r"’ogﬂgggy Basic and general GB/T 38117-2019 Electric vehicle product use instructions Emergency rescue
85 Ng‘r"’ogﬂgggy Basic and general GB/T 38283-2019 Emergency rescue guide for electric vehicle disasters
New energy | Other systems and Technical conditions for battery management system for
86 products components GB/T 38661-2020 electric vehicles
New ener A q Wireless charging system for electric vehicles Part 1:
87 products’ | Wireless charging GB/T 38775.1-2020 general requirements
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Continued Schedule 1

Standard No.

Standard name

New energy Other systems Functional safety requirements and test methods for battery
88 products and components GB/T 39086-2020 management system for electric vehicles
9 Lewiensray Fuel cell electric - Fuel cell electric vehicle final test procedure
8 products vehicle GB/T 39132-2020
90 Ng%gﬂg{gy Battery replacement GB/T 40032-2021 Safety requirements for electric vehicle power exchange
New energy . Electric vehicles marking of operating parts, indicators
91 products Basic and general GB/T 4094.2-2017 and signaling devices
92 Ng‘ﬁggﬂﬁ{gy Osr%ékggsertjsﬁrgg{gy QC/T 741-2014 Ultra-capacitors for vehicles+[Revision Sheet]
93 NS\F/\(/)SrdgtrSgy Os%tr);;erds)%rggrrgy QC/T 742-2006 Lead-acid battery for electric vehicles
94 Ngmgﬂﬁ{gy Osr%(—)tr)é);édsgggrrgy QC/T 743-2006 Lithium-ion battery for electric vehicles
95 NS%S[]?{?V osqc‘)?aoserdsfsrt‘g{gy QC/T 744-2006 Nickel metal hydride battery for electric vehicles
% NS‘({,SE@{SQV Hydrogen refueling QC/T 816-2009 Technical conditions for hydrogen-filled vehicles
97 Ng%gﬂg{gy ar(?(jtiwc%rni{)séﬁrenr]sts QC/T 837-2010 Hybrid electric vehicle type
98 Ng\r/\ggﬂtcetrgy Basic and general QC/T 838-2010 Super capacitor electric city bus
99 Ng\r/\écejﬂgtrgy Conductive charging QC/T 839-2010 Super capacitor electric city bus power supply system
100 NS\I{\(/)SE(S{SQV O;%&?g’;é%@?g;gy QC/T 840-2010 Product specification size of power battery for electric vehicle
101 New energy | glactric drive system C/T 893-2011 Electric vehicle drive motor system fault classification and judgment
products
New energy Hybrid electric Heavy-duty hybrid electric vehicle pollutant emission on-board
102 products Y vehicle QC/T 894-2011 measurement method
103 Ngmgﬂgtrgy Conductive charging QC/T 895-2011 Conductive on-board charger for electric vehicles
104 NS\r/\éngtrgy Electric drive system QC/T 896-2011 Drive motor system interface for electric vehicles
105 Ng‘r"(’)gﬂ‘é{gy ar?dthc%rrrﬁ);/)%ﬁren:ts QC/T 897-2011 Battery management system technical conditions for electric vehicles
106 Ng‘r"égﬂgtrgy Batt\e/e i%'g‘:t”c QC/T 925-2013 Super capacitor electric city bus shaping test procedure
New energy A B Test method for reliability of power unit for light-duty hybrid
107 products Electric drive system QC/T 926-2013 electric vehicle (ISG Type)
108 Ng\;\égﬂg{gy Battery replacement QC/T 989-2014 General requirements for power battery box for electric vehicles
New ener . . Technical conditions for reducer assembly for battery
109 productsgy Electric drive system QC/T 1022-2015 electric passenger vehicles
110 Ng‘;‘ggﬂg{gy Osq(-)f?aoggdsgggrrﬁy QC/T 1023-2015 General requirements for power battery system for electric vehicles
m Ng\r/\égﬂgtrgy Electric drive system QC/T 1068-2017 Asynchronous drive motor system for electric vehicles
12 NS%SE?{?Y Electric drive system QC/T 1069-2017 Permanent magnet synchronous drive motor system for electric vehicles
13 NS%cejEstrgy Electric drive system QC/T 1086-2017 Range extender technical conditions for electric vehicles
14 NS\;‘gng{sgy Battse %ﬁmic QC/T 1087-2017 Technical conditions for battery electric urban sanitation vehicles
New ener: . . Technical conditions for charge/discharge motor controller
15 productgy Electric drive system QC/T 1088-2017 for electric vehicles
New energy ; Electric vehicle regenerative braking system requirements
e products Basic and general QC/T 1089-2017 and test methods
17 NS}%SB‘E{?V Electric drive system QC/T 1132-2020 Electric powertrain noise measurement method for electric vehicles
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Subsystem

Subarea

Continued Schedule 1

Standard No.

Standard name

New energy Other systems Environmental test requirements and test methods for insulated gate
118 products and components QC/T 1136-2020 bipolar transistor (IGBT) modules for electric vehicles
19 ngl}géﬂw teL&Wni_g:IrPc?unte GB/T 34015-2017 Recycling of automotive power batteries and residual energy testing

Cyclic low Low-carbon Recycling of automotive power batteries and secondary use Part
120 carbon technical route GB/T 34015.2-2020 2: Disassembly requirements
121 ngl,igcl)cr’lw teLc%Wni_cCaaIrirDc?urEe GB/T 33598-2017 Recycling of automotive power batteries Dismantling specifications

Cyclic low Low-carbon Recycling of automotive power batteries Recycling Part 2: Material
122 %:/arbon technical route GB/T 33598.2-2020 recycling requirements

Cyclic low Low-carbon Automotive power battery recycling management specification Part
123 )clarbon technical route GB/T 38698.1-2020 1: Packaging and transportation

Cyclic low Low-carbon Technical specifications for the re-manufacturing of automotive
124 %:/arbon technical route GB/T 34600-2017 components ignition, compression ignition engines

Cyclic low Low-carbon Re-manufactured automotive components and components
125 )c/arbon technical route GB/T 39895-2021 product labeling specifications

Cyclic low Low-carbon Technical specifications for re-manufactured automotive
126 )c/arbon technical route GB/T 28672-2012 components and components Alternators

Cyclic low Low-carbon Technical specifications for re-manufactured automotive
127 %:/arbon technical route GB/T 28673-2012 components and components Starter

Cyclic low Low-carbon Technical specifications for re-manufactured automotive components
[ %:/arbon technical route GB/T 28674-2012 and components Steering gear
129 ngl}gcl)%w teﬁ"rvﬂ'gaﬁrf’(?u”te GB/T 28675-2012 Automotive components re-manufacturing Disassembly
130 ngl}gécr’lw teL&vxi_ccaﬁrPc?uqe GB/T 28676-2012 Automotive components re-manufacturing Classification
131 C%:’gljgé?]w teL&vr\Qi_ccaaergunte GB/T 28677-2012 Automotive components re-manufacturing Cleaning
132 ngggéﬂw teL&focceaaer(?unte GB/T 28678-2012 Automotive components re-manufacturing Factory acceptance
133 C%’gljgé%‘” teL(:cmi_cCaaergurEe GB/T 28679-2012 Automotive components re-manufacturing Assembly

Cyclic low Low-carbon - Technical specifications for re-manufactured automotive components
194 %:/arbon technical route GBAIgs2505,2021 and components Automatic transmission

Cyclic low Low-carbon - Technical specifications for re-manufactured automotive components
&) )c/arbon technical route QC/T 1070-2017 and components Cylinder block assembly

Cyclic low Low-carbon ~ Technical specifications for re-manufactured automotive
1819 garbon technical route QEyT du-2uily components and components Cylinder head

Cyclic low Low-carbon B Technical specifications for re-manufactured automotive
137 )c/arbon technical route GB/T 34596-2017 components and components Oil pump

i Low-carbon Technical specifications for re-manufactured automotive

138 ngpgcl,?]w technical route GB/T 34595-2017 components and components Water pump

Cyclic low Low-carbon ~ Technical specifications for re-manufactured automotive
139 Xarbon technical route QC/T 1139-2020 components and components Connecting rod

Cyclic low Low-carbon _ Technical specifications for re-manufactured automotive
2 carbon technical route OEZRTRI2020 components and components Crankshaft
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Table 2 Number of components replacement (Unit: times)

Material name Applicable M1 vehicle except'for Battery electric
battery electric passenger vehicles passenger vehicle
1 Tire 2 2
2 Lead battery ) 2
3 Lubricants 29 8
4 Brake fluid 2 2
5 Coolant 2 2
6 Refrigerant Escape for one time and replace for one time Escape forfSP%rﬁm?n%’Qd replace
7 Washing fluid 14 14

Table 3 Vehicle cycle-related GHG emission factors

Default value of GHG emission facto Unit
1 Steel 2.38 kgCO2ze/kg
2 Cast Iron 182 kgCOze/kg
3 Aluminum and aluminum alloy 16.38 kgCO2e/kg
4 Magnesium and magnesium alloys 3955 kgCO2e/kg
5 Copper and copper alloys 423 kgCO2e/kg
6 Thermoplastics 3.96 kgCO2e/kg
7 Thermosetting plastics 457 kgCOz2e/kg
8 Rubber 3.08 kgCO2e/kg
9 Fabrics 5.80 kgCO2e/kg
10 Ceramics / Glass 095 kgCO2e/kg
n Lead 2.74 kgCO2e/kg
2 Sulfuric acid 010 kgCOze/kg
13 Glass fiber 8.91 kgCO2ze/kg
14 Lithium iron phosphate 293 kgCOz2e/kg
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Default value of GHG emission facto

15 Lithium nickel cobalt manganate 17.40 kgCO2e/kg
16 Lithium manganate 473 kgCO2e/kg
17 Graphite 548 kgCO2e/kg
18 Electrolyte:pH(t)f;iFl)Jrrlgtgexaﬂuoro— 1960 kgCOze/kg
19 Lubricant 1.20 kgCO2e/kg
20 Brake fluid 1.20 kgCO2e/kg
21 Coolant 185 kgCO2e/kg
22 Refrigerant 1510 kgCO2e/kyg
23 Washing fluid 097 kgCO2e/kyg
24 Lithium Qéicgegzﬁ?grayltp?cawganese 8778 kgCO2e/kWh
25 Lithium iron %fgc&?(phate battery 7351 kgCO2e/kWh
26 Lithium manganate battery pack 6790 kgCO2e/kWh
27 Complete vehicle production 550 kgCO2e/vehicle

Table 4 GHG emission factors for fuel production

Energy/Fuel Name GHG emission Accounting boundary

Electricity 0635 kgCOze/kWh Including energytﬁéﬁrsar%tils%%rﬁ)%\?/oecreggoduct|on, power

N : I?cludin ntaﬁural gas extractj&n, Q{rocess(ijng, transrlJlorta—
atural gas ion and other processes, without considering spillover
2 007 kgCOze/m3 emissions rom production processe% p

Includ(ijngtﬁrude oil extracti%?, p{ocessigg,, transp”ortation
Gasoline and other processes, without considering spillover
oy kgCOze/L emlspsmns from production procesgseé3

Including crude oil extraction, processing, transportation
Diesel 0535 kgCO2e/L and other processes, without considering spillover
g emissions from production processes

Incluging ratwh coal mtining and waghirgg profcess,lwitgout
Coal considering the spontaneous combustion of coal and gas
.05 kgCOz2e/kg Spillover emissions from mining sites

Use of coal as ener roduction, including raw coal
Low-pressure steam 0.31 KaCO2e/k mining, washing procggsPtransportann and bojler steam
(0.3MPa) 9 g production process
Medium-pressure steam Use of coal as energy production, includin%raw coal
0.38 mining, washing process, transportation and boiler steam
(1MPa) kgCO2e/kg 2 el production Brocess
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Table 5 Common fossil energy specific parameter values

Fuel variety LowGliyeI heat generation | Carbon content per unit Fuel carbon
t, GJ/104Nm3 calorificvalu (tCO2e/G)J) oxidation rate
Anthracite 26.700° 27.40%10% 94%
Anthracite 19.570° 26.10x10% 93%
Lignite 11.900° 28.00%10-% 96%
soliefuel Washed coal 26.3449 25.41x10% 90%
Other washed coal 12.545¢ 25.41x10°% 90%
Anthracite 17.460° 33.60x10% 90%
Coal 28.435¢ 29.50%10-% 93%
Coke 41.816¢ 20.10%10% 98%
Crude oil 41.816¢ 21.10x10°% 98%
Fuel oil 43,070 18.90x10°% 98%
Liquid fuel Gasoline 42,652 20.20x10% 98%
Bl il 43.070° 19.60x10% 98%
General kerosene 51.44¢ 15.30x10°* 98%
Liquefied natural gas 50.179¢ 17.20x10* 98%
Coal tar 33.453¢ 22.00%10-% 98%
Refinery dry gas 45.998¢ 18.20x10-*° 99%
Coke oven gas 179.81¢ 13.58x10-° 99%
Gas fuel Blast furnace gas 33.000° 70.80x107% 99%
Converter gas 84.000¢ 49.60x10- 99%
Other gas 52.270¢ 12.20x10°% 99%
Natural gas 389.310¢ 15.30x10-%° 99%
Notes.

a Data from the 2006 IPCC Guidelines for National Greenhouse Gas Inventories
b Data from the Provincial Greenhouse Gas Inventory Guidelines (Trial)

¢ Data from the China Greenhouse Gas Inventory Study (2007)

d Data from the China Energy Statistics Yearbook (2019)
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Table 6 Model classification method

Class A0O

Class AO

Class A

Class B

Class C

Wheelbase/mm <2450 2350-2600 2600-2750 2700-2900 2850-3150
Length-two compar
Sedan AT <3750 3750-4400 4200-4700
4700-5000 4950-5150
Length-trim/mm <4200 4100-4500 4350-4750
Wheelbase/mm <2650 2600-2750 2750-2900 >2900
SUV
Length/mm <4350 4350-4750 4700-5000 >5000
Wheelbase/m <2800 2800-2900 >2900
MPV
Length/mm <4600 4600-4800 >4800

Note: When the car length and wheelbase cannot match the above classification

criteria, the wheelbase will be the only basis for classification.

Schedule 7 CO2 Emissions Per Mileage of Various Models

Corporation Name

Category

CO2 Emission Per

Mileage (gCO2e/km)

Anhui Jianghuai Automobile Group q q
1 Corp., Ltd. Jiayue A5 Gasoline Sedan B 270.8
Anhui Jianghuai Automobile Group : :
2 Corp., Ltd. Jiayue X7 Gasoline SUV B 3141
Anhui Jianghuai Automobile Group q -
3 Corp., Ltd. JACiC5 Battery electric Sedan B 173.9
4 Anhui Jianghuai Automobile Group JAC iEVGE Battery electric Sedkr AQO 1612
Corp., Ltd.
5 Anhui Jianghuai Automobile Group JAC iEV7 Battery electric Sedan A0 1484
Corp., Ltd.
Anhui Jianghuai Automobile Group q :
6 Corp., Ltd. JAC iIEVA50 Battery electric Sedan A 1841
7 Anhui Jianghuai Automobile Group JAC iEVSA Battery electric SUV A0 1975
Corp., Ltd.
Anhui Jianghuai Automobile Group . ;
8 Corp., Lid. Refine M3 Gasoline MPV A 325.9
9 Anhui Jianghuai Automobile Group Refine M4 Diesel MPV B 3286
Corp., Ltd.
10 Anhui Jianghuai Automobile Group Refine M4 Eeasline MPV B 3841
Corp., Ltd.
Anhui Jianghuai Automobile Group , A
n Corp., Ltd. Refine S4 Gasoline SUV A0 262.3
12 Beijing Benz Automotive Co., Ltd. Mefgefg;gfenz Gasoline Sedan A 2603
13 Beijing Benz Automotive Co., Ltd. Mer(/;ei(j(:el;;;AMG Gasoline Sedan A 3009
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Category

(@F1

CO2 Emission Per
Mileage (gCO2e/km)

14 Beijing Benz Automotive Co., Ltd. Mer(ée_dcﬁggfenz Gasoline Sedan B 2707
15 Beijing Benz Automotive Co., Ltd. Merceéj(gé-Benz Battery electric SUV B 2433
16 Beijing Benz Automotive Co., Ltd. Mer%?%?;;fenz Pluge’lglt?i)ébrid Sedan c 250.3
17 Beijing Benz Automotive Co., Ltd. Mer%e_té?as;fenz Gasoline Sedan c 3238
18 | Beijing Benz Automotive Co., Ltd. Merceng‘Be”z Gasoline SUV A 270.2
19 Beijing Benz Automotive Co., Ltd. Mercegfg—Benz Gasoline SuV B 267.0
20 Beijing Benz Automotive Co., Ltd. Merceglt_e(s:-Benz Gesalis SUV B 308.0
21 BAIC Motor Co., Ltd. Beijing 40L Diesel SuUV A 370.6
22 BAIC Motor Co., Ltd. Beijing 40L Gasoline SUV A 409.9
23 BAIC Motor Co., Ltd. Beijing 80 Gasoline SUvV B 408.6
24 BAIC Motor Co., Ltd. Beijing U7 Gasoline Sedan B 253.0
25 BAIC Motor Co., Ltd. Beijing X3 Gasoline SuV A0 2585
26 BAIC Motor Co,, Ltd. Beijing X5 Gasoline Suv A 2765
27 BAIC Motor Co., Ltd. Beijing X7 Gasoline SUvV B 270.5
28 BAIC Motor Co., Ltd. Shenbao Zhixing Gasoline SUvV A 276.5
29 Beijing Hyundai Auto Co., Ltd. LAFESTA Battery electric Sedan A 159.7
30 Beijing Hyundai Auto Co., Ltd. LAFESTA Gasoline Sedan A 228.8
31 Beijing Hyundai Auto Co., Ltd. Elantra Lingdong Gasoline Sedan A 226.3
32 Beijing Hyundai Auto Co., Ltd. Elantra Lingdong PIu%—llier::tf:i)(/:brid Sedan A 160.7
38 Beijing Hyundai Auto Co., Ltd. MISTRA Gasoline Sedan B 270.8
34 Beijing Hyundai Auto Co., Ltd. Verna Gasoline Sedan A0 217.8
&3 Beijing Hyundai Auto Co., Ltd. SANTAFE Gasoline SUV A 348.0
36 Beijing Hyundai Auto Co., Ltd. Sonata Gasoline Sedan B 2575
37 Beijing Hyundai Auto Co., Ltd. Sonata x| Plug-in fiybrid Sedan B 204.1
38 Beijing Hyundai Auto Co., Ltd. Tucson Gasoline SUV A 325.7
39 Beijing Hyundai Auto Co., Ltd. ENCINO Battery electric SUV AO 172.7
40 Beijing Hyundai Auto Co., Ltd. Hyundai ENCINO| Battery electric SUV A0 228.0
4 Beijing Hyundai Auto Co., Ltd. Hyundai ix25 Gasoline SUvV A0 257.0
42 Beijing Hyundai Auto Co., Ltd. Hyundai ix35 Gasoline Suv A 281.8
43 Beijing Hyundai Auto Co., Ltd. Elantra Gasoline Sedan A 203.4
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Schedule 7 (Continued)

CO2 Emission Per

Corporation Name Fuel Category Class Mileage (gCO2e/km)
44 Beijing Hyundai Auto Co., Ltd. Elantra Yuedong Gasoline Sedan A 2333
45 Beijing Hyundai Auto Co., Ltd. Solaris Gasoline Sedan A0 219.7
46 Beijing Electric Vehicle Co., Ltd BAIC ARCFOX oT| Battery electric SUV B 228.2
47 Beijing Electric Vehicle Co., Ltd BAIC EC Series | Battery electric Sedan N 125.5
48 Beijing Electric Vehicle Co., Ltd BAIC EU7 Battery electric Sedan B 1784
49 Beijing Electric Vehicle Co., Ltd BAIC EU Series | Battery electric Sedan A 179.9
50 Beijing Electric Vehicle Co., Ltd BAIC EX3 Battery electric SUV AO 175.6
51 BYD Auto Co,, Ltd. BYD D1 Battery electric MPV AO 1545
52 BYD Auto Co,, Ltd. BYD E1 Battery electric Sedan AQ0 1149
53 BYD Auto Co., Ltd. BYD E2 Battery electric Sedan A0 147.6
54 BYD Auto Co., Ltd. BYD E3 Battery electric Sedan A 1477
55 BYD Auto Co., Ltd. BYD E5 Battery electric Sedan A 162.9
56 BYD Auto Co,, Ltd. BYD F3 Gasoline Sedan A 2252
57 BYD Auto Co., Ltd. BYD M3 Battery electric MPV A0 1739
58 BYD Auto Co., Ltd. BYD S2 Battery electric SUV AO 1483
59 BYD Auto Co., Ltd. BYD Han Battery electric Sedan C 196.4
60 BYD Auto Co., Ltd. BYD Han Plug.in hybrid Sedan c 2005
61 BYD Auto Co., Ltd. BYD Qin Battery electric Sedan A 175.2
62 BYD Auto Co,, Ltd. BYD Qin Plug.in hybrid Sedan A 210.4
63 BYD Auto Co., Ltd. BYD Qin Gasoline Sedan A 240.0
64 BYD Auto Co., Ltd. BYD Song Battery electric SuUvV A 210.2
65 BYD Auto Co, Ltd. BYD Song P'“%‘lglt?%b”d SuV A 2175
66 BYD Auto Co., Ltd. BYD Song Gasoline SUv A 3013
67 BYD Auto Co., Ltd. BYD Song Max | Plug;in hybrid MPV A 202.2
68 BYD Auto Co,, Ltd. BYD Song MAX Gasoline MPV A 2819
69 BYD Auto Co., Ltd. BYD Song PLUS Gasoline SUvV B 258.0
70 BYD Auto Co., Ltd. BYD Tang Battery electric SUV A 226.4
71 BYD Auto Co., Ltd. BYDTang | Pludiin ybrid suv " 245.7
72 BYD Auto Co., Ltd. BYD Tang Gasoline SUV A 330.3
73 BYD Auto Co.,, Ltd. BYD Tang Battery electric SUV A0 162.7
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Schedule 7 (Continued)

CO2 Emission Per

Corporation Name Category Class Mileage (gCO2e/km)
74 Changan E%r,dL/tAc;J.tomOb”e Fox Gasoline Sedan A 218.3
25 | Changan ForstAcftomObile Co., Fox Active Gasoline Sedan A 226.2
76 Crengzi ForstAdL-JtomobiIe = Escort Gasoline Sedan A 2178
77 Changan ForstAcftomobile Co., Mondeo i Sedan C 2841
78 Changan ForstAdLAJtomobiIe Co,, Mondeo Gasoline Sedan B 2931
79 Changan FordLﬁjL'Jtomobile Co,, ESCAPE Cessli SuV A 2826
80 Changan ForstAdLAJtomobiIe Co., Edge Gasoline SUV B 3306
81 Changan ForstAdL'JtomobiIe Co,, Explorer Gasoline SuV c 3380
g2 | Changan Mazda Motors Co, Mazda 3 Axela Gasoline Sedan A 234.0
g3 | ChanganMazda Motors Co. Mazda CX-30 Gasoline suv A 2309
g4 | Changan Mazda Motors Co, Mazda CX-5 Gasoline SV A 2852
85 GWM Co., Ltd. HAVAL F5 Gasoline SUv A 2428
86 GWM Co., Ltd. HAVAL F5 Gasoline SUv A 254.0
87 GWM Co., Ltd. HAVAL H5 Diesele SuV A 304.1
88 GWM Co.,, Ltd. HAVAL H6 Gasoline SUvV A 269.1
89 GWM Co,, Ltd. H’é\éﬁ;? Gasoline SuvV A 2518
90 GWM Co.,, Ltd. HAVAL H7 Gasoline SuvV B 278.3
91 GWM Co., Ltd. HAVAL H9 Diesele SUV B 3525
92 GWM Co., Ltd. HAVAL M6 Gasoline Suv A 248.3
93 GWM Co,, Ltd. HAVAL Big Dog Gasoline Suv A 254.1
94 GWM Co., Ltd. ORAIQ Battery electric Sedan A 148.9
95 GWM Co,, Ltd. ORA Bai Mao Battery electric Sedan A00 108.4
96 GWM Co.,, Ltd. ORA Bai Mao Battery electric Sedan A 149.5
97 GWM Co., Ltd. ORA Bai Mao Battery electric Sedan A00 107.7
98 GWM Co., Ltd. WEY W5 Gasoline suv A 256.1
99 GWM Co., Ltd. WEY W7 Gasoline suv B 284.3
100 E\Z‘t)gr?ggﬁ]e%hgr‘ﬁgf Benni Battery electric Sedan A00 133.1
00 | Romabhecor i Ees"E Gazeline suv A0 2466
102 Chongging Cha ke COS1° GT Gasoline suv . 3149
103 it?gr%gigﬁecgsr]ﬁt? COSMOS Battery electric MPV A 165.1
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Continued Schedule 7

CO2 Emission Per

Corporation Name Fuel Category Class Mileage (gCO2e/km)
104 Changan E%ff‘L/E\c;{tomOb”e COSMOS Gasoline MPV A 2893
105 Chongging chlevnlw_gt;;nAutombile Ounuo S Gasoline MPV AO 2523
106 Chongaing g(l;la’!rﬂginAutombile Oushang A600 | Battery electric MPV A0 167.3
107 | Chonading ChanganAutombile 1 oushang A600 | Gasoline MPV A0 2706
108 | ChongaIng changanAutomblle | oushang AB00 | Gasoline MPV A 2658
T Chonggqing gg\?rﬂ?gnAutombile Oushang COS1 @asalline SUV B 296.3
10 Chongging (C;Q?T?;nAUtomb”e Oushang X5 Gasoline SuvV A 231.0
m | Chongaing ggl?rlg;n/*utomb“e Oushang X7 | Battery electric Suv B 180.4
112 Gieieeliny chl?rlw_gtg;nAutombile Oushang X7 Gasoline Suv B 2734
13 Chongging ((:Z(I;la’!rﬂ?;nAutombile Oushang X70A Gasoline Suv A 2554
14 Chongaing ggfrli?;nAutombile Oushang X70A Gasoline Sedan B 2612
15 Chonggqing ch.?ra?;nAutombile Ruicheng CC Gasoline Crossove = 284.9
me | Chongaing ChanganAutomblle | ujxing M6 Gasoline MPV A 2888
17 Cireg el ggl?rlgt;;nAutombile Ruixing S50 Gasoline Sedan A 242.3
118 Chongaing g(l;wla’lrl?inAutombile EADO Battery electric Sedan A 163.8
119 Chongging ChanganAutombile EADO Cesaline Sedan A 240.6
Co., Ltd.
120 Chongaing ggl?rﬂginAutombile EADO DT Battery electric Sedan A 163.2
121 | Chonoding ggff?;”Aummb”e ALSVIN Gasoline Sedan AO 2217
R Chonggqing gg.?rE?;nAutombile Changan CS15 | Battery electric SUV A0 160.6
123 | Chongaing chffig;”AUtomb”e Changan CS15 Gasoline Suv AO 2375
124 | Chongaing ggf'ltg;”A“tomb”e Changan CS35 Gasoline Suv AO 263.2
125 Chongqing CCQZ‘“E?;”AUtOmb”e Changan CS55 | Battery electric Suv A 189.4
126 Chongqing ggl?rE?;nAutombile Changan CS55 Gasoline SUV A 2817
127 Chongaing CC(I;\fnﬂg;nAutombile Changan CS75 Plu%—lér;tf:i)[/:brid SuV A 231.6
128 | Chongaing ggf'ltg;”A“tomb”e Changan CS75 Gasoline suv A 340.1
129 | Chongging chffifl;”‘\ummb”e Changan CS85 Gasoline SUV A 3014
130 | Chongging ch‘f'lg;”AUtomb”e Changan €595 Gasoline SUV B 357.1
131 Chonggjing ggf??;nAutomb”e Changan CX70 Gasoline SUV B 287.2
132 | Chongaing chfr[?;”‘\uwmb”e Changan UNI-T | Gasoline suv A 2517
133 Chonggqing gg.?rﬂ?;nAutombile Changan V3 Gasoline Crossover _ 237.1
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Schedule 7 (Continued)

Cat a CO2 Emission Per
ategory ass Mileage (gCO2e/km)

134 Chongging %sngfdn Automobile Star of Changan 9 Gasoline Crossover - 260.8
135 | Chongaing %;':‘E’fdr? Automobile Changxing Battery electric MPV AO 158.7
136 Chongging (g];nﬁtadn Automobile Changxing Cesallis MPV A0 2706
Chongging Changan Automobile L Plug-in hybrid
137 Co., Ltd. Lixiang ONE electric SUvV C 236.1
138 | Daging Volvo Automobile Co., Ltd. Polestar2 Battery electric Sedan A 212.6
139 | Daging Volvo Automobile Co., Ltd. Volvo S60L Pluge-lier;trr?‘/:brid Sedan B 233.3
140 | Daging Volvo Automobile Co., Ltd. Volvo S60L Gasoline Sedan B 289.6
) . Volvo S90 Plug-in hybrid Sed
4 Daging Volvo Automobile Co,, Ltd. olvo e edan © 242.1
142 | Daging Volvo Automobile Co., Ltd. Volvo S90 Gasoline Sedan C 272.0
143 | Daging Volvo Automobile Co., Ltd. Volvo XC40 Gasoline SUV A 285.1
144 Daging Volvo Automobile Co., Ltd. Volvo XC60 PIU%_lglt?i)ébrid SuUvV B 256.7
145 | Daging Volvo Automobile Co., Ltd. Volvo XC60 Gasoline SUV B 306.7
Dongfeng Honda Automobile : Conventional
146 Co., Ltd Elysion i MPV B 2434
147 Dongfeng Honda Automobile Elysion Gasoline MPV B 3433
Co., Ltd
Dongfeng Honda Automobile R Conventional
148 Co., Ltd Honda CR-V hybrid SUvV A 225.9
149 Dongfeng Honda Automabile Honda CR-V Gasoline suv A 290.1
Dongfeng Honda Automobile Conventional
150 Co. Ltd Honda INSPIRE hybrid Sedan B 188.2
151 Dongfeng }—Ckc))nsz:dAutomobile Honda INSPIRE Gasoline Sedan B 230.9
152 Dongfeng I—égndL::dAutomobile Honda UR-V Gasoline Suv B 3212
153 DEREEIE Fci(c))ndLe:dAutomobile Honda XR-V Gasoline Suv A0 2478
154 Rongienglhiondaftteomebile JADE Gasoline Sedan B 259.4
Co., Ltd
155 Dongfeng Fci(c))ndLe:dAutomobile Ciimo X-NV Battery electric Suv A0 166.9
156 Dongfeng Honda Automobile e Gasoline Sedan A 244.0
Co., Ltd
157 Dongfeng I—écgndeAutomobile ENVIX Gasoline Sedan A 207.3
Dongfeng Honda Automobile Conventional
158 Co., Ltd ENVIX hybrld Sedan A 172.1
159 Dongfeng Liuzhou Motor Co., Ltd. | FORTHING CM7 Gasoline MPV B 384.3
160 Dongfeng Liuzhou Motor Co., Ltd. | FORTHING SX6 Gasoline SUvV A 283.7
161 | Dongfeng Liuzhou Motor Co., Ltd. | FORTHING T5 Gasoline Suv A 287.5
162 Dongfeng Liuzhou Motor Co., Ltd. FORE"\'/'gG TS Gasoline SUV A 249.1
163 Dongfeng Liuzhou Motor Co., Ltd. | FORTHING T5L Gasoline SUvV B 290.5
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164 Dongfeng Liuzhou Motor Co., Ltd. Jingyi S50 Battery electric Sedan A 167.7
165 Dongfeng Liuzhou Motor Co., Ltd. Lingzhi Battery electric MPV B 1987
166 Dongfeng Liuzhou Motor Co., Ltd. Lingzhi Gasoline MPV B 330.8
167 | Pongfeng ’\\A/ztrﬁ&gocrgr?qr;atfyn Passenger | Aqolus AX7 Gasoline SuV A 280.2
Dongfeng Motor Corporation Passenger " 5
168 Vehicle Company Yixuan Gasoline Sedan A 233.2
Dongfeng Motor Corporation Passenger ; i
169 Vehicle Company Yixuan GS Gasoline SUV A 244.4
170 Dong—les%nofr?SZi;ger Vehicle Kicks Sl SUV A0 2137
Dong-Nissan Passenger Vehicle : ;
171 Company Bluebird Gasoline Sedan A 201.2
Dong-Nissan Passenger Vehicle ;
172 Company Loulan Gasoline SUV B 306.0
Dong-Nissan Passenger Vehicle Conventional
173 Company Loulan hybrid SUv B 3185
Dong-Nissan Passenger Vehicle . .
174 Company x-trail Gasoline SUv A 283.0
Dong-Nissan Passenger Vehicle .
175 Company TIIDA Gasoline Sedan A 201.3
176 Dong—les%norli’fsgi;ger Vehicle Venucia D60 Gasoline Sedan A 2127
177 Dong—les%nofr?SZi;ger Veltste Venucia D60 | Battery electric Sedan A 156.8
Dong-Nissan Passenger Vehicle . }
178 Company Venucia D60 | Battery electric SUv A 1745
179 Dong-lesaénO?SZi;ger Ml Venucia D60 Gasoline SUV A 232.5
180 Dong-Nissan Passenger Vehicle Venucia D90 el suv B 244.2
Company
Dong-Nissan Passenger Vehicle !
181 Cerieeny TEANA Gasoline Sedan B 249.9
Dong-Nissan Passenger Vehicle ) !
182 Seriey Qashgqai Gasoline Suv A 2347
183 Dong—NissaCn Passenger Vehicle STAR Eensliie SuV A 252.1
ompany
184 Dong-Nissan Passenger Vehicle Sylphy Battery electric Sedan A 1514
Company
185 Dong-Nissan Passenger Vehicle Sylphy Gasoline Sedan A 2224
Company
186 | Dongfeng Xiaokang Automobile Co., Ltd. Xie?gl?agnfgrg% Battery electric Crossover o 182.2
. . Dongfeng h _
187 | Dongfeng Xiaokang Automobile Co., Ltd. Xiaokang C36 Gasoline Crossover 256.8
188 | Dongfeng Xiaokang Automobile Co., Ltd. Xia%cl’(gg;eﬂgﬁ Gasoline Crossover - 226.1
189 | Dongfeng Xiaokang Automobile Co., Ltd. | Fengguang Gasoline MPV A0 2595
190 | Dongfeng Xiaokang Automobile Co., Ltd. |Fengguang 370 Gasoline MPV AO0 244.4
191 | Dongfeng Xiaokang Automobile Co., Ltd. [Fengguang 500 Gasoline SUv A 2525
192 | Dongfeng Xiaokang Automobile Co., Ltd. [Fengguang 580 Pluge—kier;tf:iycbrid SUv B 210.2
193 | Dongfeng Xiaokang Automobile Co., Ltd. [Fengguang 580 Gasoline SUvV B 278.5
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194 |Dongfeng XiaOk?_?g. Automobile Co., | Fengguang E1 | Battery electric Sedan A0O 112.3
195 |Dongfeng Xiaokzirtwg Automobile Co., Fengguang ix5 Gasoline SuV B 3165
196 Dongfeng Xiaokzla_rtwgl Automobile Co., Fengguang ix7 Gasoline SUV B 3425
197 Dongfeng Xiaok?_r;g. Automobile Co., Fengguang S560 Gasoline SUV A 2794
198 Dongfeng Infiniti Motor Co., Ltd. Infiniti Q50L Gasoline Sedan B 285.1
199 Dongfeng Infiniti Motor Co., Ltd. Infiniti QX50 Gasoline SUvV B 307.2
200 |Dongfeng Yueda Kia Motors Co., Ltd. Forte Gasoline Sedan A 2184
201 |[Dongfeng Yueda Kia Motors Co., Ltd. Pegas Gasoline Sedan A0 2054
202 |Dongfeng Yueda Kia Motors Co., Ltd. ALL NEW Gasoline Sedan B 258.3
203 |Dongfeng Yueda Kia Motors Co., Ltd. Kaishen Gasoline Sedan B 256.9
204 |Dongfeng Yueda Kia Motors Co., Ltd. Kia K2 Gasoline Sedan A0 209.7
205 |Dongfeng Yueda Kia Motors Co., Ltd. Kia K3 Gasoline Sedan A 228.1
206 |Dongfeng Yueda Kia Motors Co., Ltd. Kia K3 Battery electric Sedan A 161.0
207 |Dongfeng Yueda Kia Motors Co., Ltd. Kia K3 Plu%'lglt%brid Sedan A 169.6
208 |Dongfeng Yueda Kia Motors Co., Ltd. Kia K5 Plu%'lgét%brid Sedan B 184.4
209 |Dongfeng Yueda Kia Motors Co., Ltd. Kia K5 Gasoline Sedan B 300.0
210 [Dongfeng Yueda Kia Motors Co., Ltd.|  Kia KX Cross Gasoline Sedan A0 2285
211 |Dongfeng Yueda Kia Motors Co., Ltd. Kia KX3 Gasoline Suv A0 260.4
212 Dongfeng Yueda Kia Motors Co., Ltd. Kia KX5 Gasoline Suv A Zifeld
213 |Dongfeng Yueda Kia Motors Co., Ltd. KX1 Gasoline SuUV A0 2183
214 |Dongfeng Yueda Kia Motors Co., Ltd. Sportage R Gasoline SUv A 280.5
215 Southeast (Fujian) Motor Co., Ltd. A5 Yiwu Gasoline Sedan A 248.1
216 Southeast (Fujian) Motor Co., Ltd. Southeast DX3 | Battery electric SUV A0 167.7
217 Southeast (Fujian) Motor Co., Ltd. Southeast DX3 Gasoline SUV AO 270.3
218 Southeast (Fujian) Motor Co., Ltd. | Southeast DX5 Gasoline SuUV A 270.3
219 Southeast (Fujian) Motor Co., Ltd. Southeast DX7 Gasoline SUV A 304.5
220 Fujian Benz Automotive Co., Ltd. Mers/e_d;:;fenz Gasoline MPV B 357.2
221 Fujian Benz Automotive Co., Ltd. Vito Gasoline MPV B 344.6
222 Qoros Auto Co., Ltd. Qoros 3 Gasoline Sedan A 244.5
223 Qoros Auto Co,, Ltd. Qoros 5 Gasoline SuUvV A 2813
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224 Qoros Auto Co,, Ltd. Qoros 7 Gasoline SUv A 266.0
225 GAC Honda Motor Co., Ltd. Oddesey Cont;’yeg‘rtiic‘;”a' MPV A 240.7
226 GAC Honda Motor Co., Ltd. Oddesey Gasoline MPV A 300.2
227 GAC Honda Motor Co., Ltd. VEZEL Gasoline SUvV A0 2412
228 GAC Honda Motor Co., Ltd. Fit Gasoline Sedan A0 202.6
229 GAC Honda Motor Co., Ltd. AVANCIER Gasoline SUvV B 321.2
230 GAC Honda Motor Co., Ltd. BREEZE Conﬁfg‘rﬁf”a' sV A 2131
231 GAC Honda Motor Co., Ltd. BREEZE Gasoline SUv A 2726
232 GAC Honda Motor Co., Ltd. Everus VE1 Battery electric SUv A0 182.6
233 GAC Honda Motor Co., Ltd. CRIDER Gasoline Sedan A 2334
234 GAC Honda Motor Co., Ltd. CRIDER CO”,:’;QEE’”B" Sedan A 1708
235 GAC Honda Motor Co,, Ltd. ACURA CDX 00”;;;;‘;,’”6' suv A 206.2
236 GAC Honda Motor Co., Ltd. ACURA CDX Gasoline SUV A 266.3
237 GAC Honda Motor Co., Ltd. ACURA CDX Gasoline SuV B 3286
238 GAC Honda Motor Co, Ltd. Shirui gl L suv A 1857
239 GAC Honda Motor Co., Ltd. Accord Conr:/)ia;rtignal Sedan B 189.8
240 GAC Honda Motor Co,, Ltd. Accord Gasoline Sedan B 280.3
241 | GACAION Newligérgy Vehicle Co., rympchi AION LX| Battery electric Suv B 2243
24p | GACAION Newﬁ’&?rgy WS C0 | o oY 2y i SUV B 196.7
243 CACAION NewLEtgtlargy Vehicle Co., Trumpchi AION.S | Battery electric Sedan B 1651
244 GAC Motor Co., Ltd. Trumpchi GA6 Gasoline Sedan B 240.1
245 GAC Motor Co., Ltd. Trumpchi GM6 Gasoline MPV A 280.0
246 GAC Motor Co., Ltd. Trumpchi GM8 Gasoline MPV B 304.6
247 GAC Motor Co., Ltd. Trumpchi GS3 Gasoline SUv A0 231.6
248 GAC Motor Co., Ltd. Trumpchi GS4 Gasoline SUV A 2442
249 GAC Motor Co., Ltd. Trumpchi GS4 P'U%‘lé’lt':%b“d Suv A 1827
250 GAC Motor Co., Ltd. Tr“rggagieesél Gasoline SUV A 2473
251 GAC Motor Co., Ltd. Trumpchi GS8 Gasoline SUV B 3187
252 GAC Motor Co,, Ltd. Trumpchi GS8 S Gasoline Suv B 289.8

253 | GAC Fiat Chrysler Automobiles Co., |Grand Command-
Ltd.

or Gasoline SUvV B 328.3
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o GAC Fiat Chrysl(la_;cﬁutomobiles Co,, OemERET Plug‘;a—lgz:tl:i)ébrid SUV B 2452
255 GAC Fiat Chryslicﬁutomobiles Co,, CofTEEEr Gasoline SUV B 3263
oD GAC Fiat Chrysl(la_;dAlutomobiIes Co,, Compass Smslie SUV A 3114
057 GAC Fiat Chrysltle_;cﬁutomobiles Co,, Renegade Gasoline SuV A0 3075
258 GAC Toyota Motor Co., Ltd. Toyota C-HR Battery electric SUV A 165.7
259 GAC Toyota Motor Co., Ltd. Toyota C-HR Gasoline SUV A 2219
260 GAC Toyota Motor Co., Ltd. GAC iA5 Battery electric Sedan B 165.1
261 GAC Toyota Motor Co., Ltd. Highlander Gasoline SUV B 3343
262 GAC Toyota Motor Co., Ltd. Camry Conr:/ftr)wr‘ﬂjonal Sedan B 181.2
263 GAC Toyota Motor Co., Ltd. Camry Gasoline Sedan B 234.2
264 GAC Toyota Motor Co., Ltd. Levin Gasoline Sedan A 2188
265 GAC Toyota Motor Co., Ltd. Levin HEST L Sedan A 162.2
266 GAC Toyota Motor Co., Ltd. Levin Conr:/ftr)wr‘ﬂjonal Sedan A 174.6
267 GAC Toyota Motor Co., Ltd. Wildlander Cong’;grtifna' suv A 208.0
268 GAC Toyota Motor Co., Ltd. Wildlander Gasoline SUV A 2478
269 GAC Toyota Motor Co., Ltd. Zhixiang Gasoline Sedan AO 192.0
270 GAC Toyota Motor Co., Ltd. Zhixiang Gasoline Sedan A0 1949
271 GAC Mitsubishi Motors Co., Ltd. Jinxuan ASX Gasoline SUV A 269.7
272 GAC Mitsubishi Motors Co., Ltd. Outlander Gasoline SUvV A 295.6
273 GAC Mitsubishi Motors Co., Ltd. Qizhi EV Battery electric SUV A0 172.6
274 GAC Mitsubishi Motors Co., Ltd. Eclipse Cross Gasoline SUvV A 286.0
275 GAC NlTCé cl\kl]ivglggsrgg:’-\ﬂ?mobile Hechuang 007 Battery electric SUV B 217.8
o76 [Cuangzhou Xg;ré%j\/lgg)rs lechnoloz Xpeng G3 Battery electric SUV A0 175.3
oy | Xg;’e%jv'ft’é‘.’rs Technolo-| yoengp7 | Battery electric Sedan c 208.9
278 BMW Brilliance Automotive Ltd. BMW 1-Series Gasoline Sedan A 2458
279 BMW Brilliance Automotive Ltd. BMW 3-Series Gasoline Sedan B 2716
280 | BMW Brillance Automotive Ltd. | BMW 5-Series | PUgn iybrid Sedan c 246.8
281 BMW Brilliance Automotive Ltd. BMW 5-Series Gasoline Sedan C 2953
282 BMW Brilliance Automotive Ltd. BMW iX3 Battery electric SUV B 212.2
283 | BMW Brilliance Automotive Ltd. BMwxt | Pugnhvbrid suv A 2492
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284 BMW Brilliance Automotive Ltd. BMW X1 Gasoline SUV A 279.9
285 BMW Brilliance Automotive Ltd. BMW X2 Gasoline SUV A 255.6
286 BMW Brilliance Automotive Ltd. BMW X3 Gasoline SUV B 304.1
287 Renault Brilliar&?’Jli_rtwglei Automotive s Caoline MPV B 408.8
288 Renault Brillia%?,Jli?g.Ei Automotive Huasong 7 Gasoline MPV B 3554
89 Br”“Z”&iﬁggﬁ:”cg???gqmg SWM GO1 Gasoline Suv A 286.0
200 | B e e g SWM GO5 Gasoline sV A 29356
o | P XopanTionan | x| oosine | sw )
w2 | P ™™ | swoa | Gmane [ B
293 Br”“iﬁ%ﬁgéﬁ:%g?ﬁgqing Little Sea Lion X30| Battery electric Crossover - 1447
294 Brilliinuﬁzrﬁgﬁﬁgncgﬁ?quing Little Sea Lion X30 Gasoline Crossover - 239.8
295 BriIIiaAnuctir:(qiggH:ncgr’ul)quing Littlexs3%aL Lion Battery electric Crossover _ 1785
097 JAC—Volksgggel—r;dﬁl\utomotive Sihao E20X Battery electric SuV AO 167.0
298 JAC-Volkswagen Automotive Sihao X8 Gasoline SuV B 2945
Co,, Ltd.
299 | Jiangling Motors Corporation Ltd. Everest Gasoline Suv B 3779
300 | Jiangling Motors Corporation Ltd. Territory Battery electric SuV A 1785
301 Jiangling Motors Corporation Ltd. Territory Gasoline SUvV A 254.2
302 Chery Jaguar L(a_:g? I_th()i\./er Automotive Ig;fgr?%irgy Gasoline Suv A 319.7
303 Chery Jaguar Lég? E%Yer Automotive Discovery Sport Gasoline SUvV R 2979
304 Chery Jaguar Lgr;? I_th(Jj\./er Automotive Jaguar E-PACE Casalire Y A 293.6
305 |Chery Jaguar ngt,j, E%Yer Automotive Jaguar XEL Gasoline Sedan B 258.6
306 |Chery Jaguar L?:r;? E%Yer Automotive Jaguar XEL Gasoline Sedan C 3225
307 |Chery Jaguar Lég? l_th()ter Automotive Rar&sgqlzc;ver Eeselliis SuV A 303.0
308 Chery Automobile Co., Ltd. Arrizo 5 PLUS Gasoline Sedan A 250.1
309 Chery Automobile Co., Ltd. Arrizo 5e Battery electric Sedan A 168.3
310 Chery Automobile Co., Ltd. Arrizo EX Gasoline Sedan A 257.8
311 Chery Automobile Co., Ltd. Arrizo GX Gasoline Sedan A 257.5
312 Chery Automobile Co., Ltd. JETOUR X70 Gasoline SUV A 206.3
313 Chery Automobile Co., Ltd. JETOUR X70M Gasoline SUV A 276.0
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314 Chery Automobile Co., Ltd. JETOUR X70S | Battery electric SUV A 168.5
315 Chery Automobile Co., Ltd. JETOUR X90 Gasoline SUV B 2995
316 Chery Automobile Co., Ltd. JETOUR X95 Gasoline SUV B 296.9
317 Chery Automobile Co., Ltd. ANT Battery electric SuUvV B 187.7
318 Chery Automobile Co., Ltd. Chery eQ1 Battery electric Sedan A00 126.7
319 Chery Automobile Co., Ltd. Chery eQ2 Battery electric Sedan A0 147.7
320 Chery Automobile Co., Ltd. TIGGO 3 Gasoline SUV AO 271.8
321 Chery Automobile Co., Ltd. TIGGO 3X Gasoline Suv A0 247.3
322 Chery Automobile Co., Ltd. TIGGO 5X Gasoline Suv A 246.2
323 Chery Automobile Co., Ltd. TIGGO 7 Gasoline suv A 255.2
324 Chery Automobile Co., Ltd. TIGGO 8 Gasoline suv A 2133
325 Chery Automobile Co., Ltd. TIGGO E Battery electric Suv A 168.7
326 Chery Automobile Co., Ltd. EXEED LX Gasoline SuV A 255.0
327 Chery Automobile Co., Ltd. EXEED TX Gasoline Suv A 282.7
B2t Chery Automobile Co., Ltd. EXEED TXL Gasoline suv B 284.0
329 SAIC Mowéh(fgépgg?rt]ig:&assenger MARVELR | Battery electric SUV B 177.7
330 SAIC Mot\;)éh(iigépggi;iggnsﬁssenger MG HS Plugé—lér;tt:iy(/:brid SuV A 213.1
gy || S RO e MG HS Gasoline suv A 3124
332 SAle Mog)éh?g épggi;iggnsassenger MG ZS Battery electric SuvV A0 1574
334 | SAICMotor Corporation Passenger MGs Gasoline | Secn A 2397
335 SAIC Mog)‘erhfgépggi;iggns/assenger MGG Pluge]énctr:%b”d Sedan A 168.2
336 SAIC Mot\;)gh(iigépgg%iggn?ssenger MG6 Gasoline Sedan A 274.7
a7 | SAC Moﬁloghfggpé’gi:ig:n';asse”ger HS Gasoline SUV A 313.0
338 SAIC Mog)erh(ilgépgg?rt]ig:&assenger Roewe €950 PIu%—lti%r::tf;i)(/:brid Sedan B 204.0
339 SA10 Mog)éh(i::' ;pggz:;ig:ni’/assenger Roewe Ei5 Battery electric Sedan A 166.3
o | ey | roovess | MGERP | i |
an | SAC Moﬁj’gh?c‘f;pggfﬁg: ni’/assenger Roewe eig Max| F'ug, I Ivbrid Sedan A 167.7
342 SAIC Mot\;)gh(iié)lépgg?;ig;nsassenger Roewe ER6 | Battery electric Sedan A 175.4
a3 | SAIC Moﬁj)erh%’;pggiﬁig;‘nsasse”ger Roewe eRX5 P'“%'lier;t*:%b”d suv A 2047
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344 SAIC Movgh?gépggi:ig:nsassenger Roewe ERX5 EV Battery electric SUv A 166.0
345 SHAE Movéh?sépgg?;iggnzassenger Roewe i5 Gasoline Sedan A 2185
346 SAIC Mot\;)gh?gépgger\rt]ig;\nsassenger Roewe i6 Gasoline Sedan A 220.7
347 | SAIC MOt\j’ghfggpé’giﬁiggnsassenger Roewe i6 MAX Gasoline Sedan A 2207
ag | SAIC MO{j’ghfggpggiﬂg;nsassenger Roewe iMAX8 Gasoline MPV B 315.9
349 SAIC Movéh?sépggigiggnsassenger Roewe RX3 Gasoline SUV A 240.3
350 SAlC Mo%)éhggépggi:iggnsassenger Roewe RX5 Gasoline SUv A 308.2
351 | S oy 9% | Roewe Rxs ehax | Pluginfybrid | gy A 2036
SAIC Motor Corporation Passenger )
352 Vehicle Company Roewe RX5 MAX Gasoline SUvV A 323.6
SAIC Motor Corporation Passenger )
353 Vehicle Company Roewe RX8 Gasoline Suv B 364.1
asa | SAC M"tv"gh?ggpggiﬁiggn;’asse“ger SAIC Clever | Batteryelectric | Sedan A0O 108.7
855) Shanghai NIO Motors Co., Ltd. NIO EC6 Battery electric SUv B 2334
356 Shanghai NIO Motors Co., Ltd. NIO EC6 Battery electric SUv B 239.0
357 Shanghai NIO Motors Co., Ltd. NIO EC6 Battery electric SuUvV © 250.1
358 SAIC Maxus Automotive Co., Ltd. NIO ES8 Gasoline SUv B 274.6
359 SAIC Maxus Automotive Co., Ltd. SAIC Maxus D60 Diesel SuUv © 349.2
360 SAIC Maxus Automotive Co., Ltd. SAIC Maxus D90 | Battery electric MPV A 1783
361 SAIC Maxus Automotive Co., Ltd. S/E{JCN“('SXSUS Plug invbrid | py A 2077
362 SAIC Maxus Automotive Co., Ltd. S’ESNA(ISXSUS Diesel MPV B 337.6
363 SAIC Maxus Automotive Co., Ltd. SAIC Maxus G10 Diesel MPV B 3322
364 SAIC Maxus Automotive Co., Ltd. SAIC Maxus G20 Gasoline MPV B 3545
365 SAIC Maxus Automotive Co., Ltd. SAIC Maxus G50 Gasoline MPV A 274.8
366 | SAIC VOLKSWAGEN Automotive Co., Ltd. VW Polo Gasoline Sedan AO 2187
367 | SAIC VOLKSWAGEN Automotive Co., Ltd. PHIDEON Gasoline Sedan C 338.0
368 | SAIC VOLKSWAGEN Automotive Co., Ltd. KAROQ Gasoline SUvV A 2257
369 | SAIC VOLKSWAGEN Automotive Co., Ltd. KAMIQ Gasoline SUv A 229.9
370 | SAIC VOLKSWAGEN Automotive Co., Ltd. KAMIQ GT Gasoline SuUV A 2241
371 | SAIC VOLKSWAGEN Automotive Co., Ltd. LAVIDA Battery electric Sedan A 157.0
372 | SAIC VOLKSWAGEN Automotive Co., Ltd. LAVIDA Gasoline Sedan A 2465
373 | SAIC VOLKSWAGEN Automotive Co., Ltd. Lamando Gasoline Sedan A 2223
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374 SAIC VOLKSWAGLED Automotive Co., Octavia eeine Sedan A 2352
375 |SAIC VOLKSWAGLESI Automotive Co.,| QOctavia Wagen Gasoline Sedan A 2210
SAIC VOLKSWAGEN Automotive Co., Plug-in hybrid
376 Ltd. A=l electric Szl B 206.9
a7 SAIC VOLKSWAGLE? Automotive Co., Qe e Crmslie Sedan A 2932
378 [SAIC VOLKSWAGLEQ Automotive Co., | syNA Santana Gasoline Sedan A 220.0
379 SAIC VOLKSWAGLE? Automotive Co., Superb @l Sedan B 259.8
380 SAIC VOLKSWAGEN Automotive Co., ToVER Essllie NPV A 263.7
Ltd. .
381 SAIC VOLKSWAGLE(I;I. Automotive Co., T a—" Gasoline SUV c 3702
SAIC VOLKSWAGEN Automotive Co., . Plug-in hybrid
382 L Tiguan L A SUV A 227.6
3gy [SAIC VOLKSWAGEN Automotive Co. | gigyan | Gasoline suv A 268.6
384 |SAIC VOLKSWAGEN Automotive Co., Tiguan X Gasoline SUV B 2859
Ltd. i
385 |SAIC VOLKSWAGEN Automotive Co., T-Cross Gasoline SuvV A 2186
Ltd. )
386 SAIC VOLKSWAGEN Automotive Co., e Cesaline Suv A 262.0
Ltd. ‘
3g7 |SAIC VOLKSWAGLE(l;l‘ Automotive Co., VilsEm el MPV B 3143
38 |SAIC VOLKSWAGLEtgl Automotive Co., Spaceback e Sedan A 223.2
3gg9 |SAIC VOLKSWAGEN Automotive Co., Rapid Sl Sedan A 223.2
Ltd. )
Al | Mot i .
390 SAIC Genera Lin?iterjS Corporation Encore Gasoline Suv A0 264.7
SAIC General Motors Corporation
391 [l i Encore GX Gasoline SuV A 246.2
SAIC General Motors Corporation
B Limited ENCLAVE Gasoline suv B 3103
SAIC General Motors Corporation .
393 Limited ENVISION Gasoline SUV A 3211
294 SAIC General Motors Corporation Gasoli SuV
Limited ENVISION S asoline B 292.2
SAIC General Motors Corporation .
395 T BUICK GL6 Gasoline MPV A 2473
SAIC General Motors Corporation .
396 Limited BUICK GL8 Gasoline MPV B 391.6
SAIC General Motors Corporation ) :
397 (e el BUICK Velite 6 | Battery electric Sedan A 1624
SAIC General Motors Corporation ! Plug-in hybrid
398 i) BUICK Velite 6 A Sedan A 182.6
399 SAIC GeneraILl\i/In%izas Corporation BUICK Velite 7 | Battery electric SUV A 169.6
400 | SAIC Ge”eralL’}An?iigrds Corporation MENLO Battery electric Sedan A 165.9
401 SHAIC Eenael Mems CopeiEion Trailblazer Gasoline SUvV A 2490
Limited :
SAIC G | Motors C ti )
402 enera Lirr?itggs orporation TRAX Gasoline SUv A0 2755
SAIC General Motors Corporation .
403 Limited Regal Gasoline Sedan B 296.3
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e SAIC GeneraILl\i/Irr?iizgs Corporation lacrosse Saline Sedan B 2801

G SAIC GeneralLl\i/ln?iiggs Corporation Bl el suv B 3028

| Ge”ﬂa'L’}/'nﬁggs Corporation Cadillac CT4 Gasoline Sedan B 2545

407 e GeneraILl\i/In%izgs Seieelation Cadillac CT5 Gasoline Sedan C 271.2

408 SAIC GeneraILl}/Inzf[ggs Corporation Cadillac CT6 i Sk c 3418

409 SAIC GeneraILl\i/Irrc])iizgs Corporation Cadillac XT4 Sessline SUV B 2856

410 SAIC General l\_/Io_tors Corporation Cadillac XT5 Sealiis SUV B 3214
Limited

e SAIC General Motors Corporation Cadillac XT6 el SUV B 3139
Limited

412 SAIC General l\_/lo_tors Corporation Cadillac XT6 Gasoline Sk c 319.7
Limited

413 SAIC General Motors Corporation Excelle Gasoline Sedan A 265.9
Limited

214 SAIC General l\_/lo_tors Corporation NMea Gasoline Sk A 2188
Limited

215 SAIC General Mqtors Corporation Cavalier Gasoline Sedan A 2143
Limited

416 SAIC General Motors Corporation Malibu XL Gasoline Sedan B 2510
Limited

417 SAIC General Motors Corporation Equinox Gasoline Sedan A 303.5
Limited

418 SAIC General Motors Corporation verano Gasoline Sedan A 231.2
Limited

419 SAIC General Motors Corporation ORLANDO Gasoline Sedan B 249.9
Limited

420 SAIC General Motors Corporation Excelle GT Gasoline Sedan A 224.0
Limited

421 SAIC General Motors Corporation EXCELLE GX Gasoline Sedan A 219.4
Limited

422 | SAIC-GM-Wuling (SGMW) Co., Ltd. |  Baojun 310 Gasoline Sedan AO 2117

423 | SAIC-GM-Wuling (SGMW) Co., Ltd. |  Baojun 310W Gasoline Sedan A 2406

424 | SAIC-GM-Wuling (SGMW) Co, Ltd. | Bacjun 360 Cazaling MPV A 2625

425 | SAIC-GM-Wuling (SGMW) Co., Ltd. Baojun 510 Gasoline SuvV A0 239.6

426 | SAIC-GM-Wuling (SGMW) Co., Ltd. Baojun 530 Gasoline SUV A 28838

427 | SAIC-GM-Wuling (SGMW) Co., Ltd. Baojun 730 Gasoline MPV A0 289.6

428 | SAIC-GM-Wuling (SGMW) Co., Ltd. Baojun E100 Battery electric Sedan A00 106.0

429 | SAIC-GM-Wuling (SGMW) Co., Ltd. Baojun E200 Battery electric Sedan A0O 106.7

430 | SAIC-GM-Wuling (SGMW) Co., Ltd. Baojun E300 Battery electric Sedan A00 1227

431 SAIC-GM-Wauling (SGMW) Co., Ltd. Baojun RC-5 Gasoline Sedan A 249.7

432 | SAIC-GM-Wuling (SGMW) Co., Ltd. Baojun RC-5W Gasoline Sedan A 250.0

433 | SAIC-GM-Wuling (SGMW) Co., Ltd. Baojun RC-6 Gasoline Sedan B 268.4
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434 | SAIC-GM-Wauling (SGMW) Co., Ltd Baojun RM-5 Gasoline MPV A 2725
435 | SAIC-GM-Wuling (SGMW) Co., Ltd Baojun RS-3 Gasoline SUV A0 2477
436 | SAIC-GM-Wuling (SGMW) Co., Ltd Baojun RS-5 Gasoline SUvV A 292.0
437 | SAIC-GM-Wuling (SGMW) Co., Ltd | Hongguang mini | Battery electric Sedan A0O 89.4
438 | SAIC-GM-Wuling (SGMW) Co., Ltd Victory Gasoline MPV A 2929
439 | SAIC-GM-Wuling (SGMW) Co., Ltd Wuling 730 Gasoline MPV A0 249.7
440 | SAIC-GM-Wuling (SGMW) Co., Ltd Gl Gasoline MPV A 264.9
Hongguang PLUS
441 | SAIC-GM-Wuling (SGMW) Co., Ltd Horg;tg%g 5 Gasoline MPV AO 2476
442 | SAIC-GM-Wuling (SGMW) Co., Ltd Hon‘é‘g‘jgr?g o Gasoline SUV B 279.4
443 | SAIC-GM-Wuling (SGMW) Co., Ltd Hor:’g‘g’;'lij’;%g . Gasoline MPV AO 2415
444 | SAIC-GM-Wuling (SGMW) Co., Ltd Row;gggng Battery electric |  Crossover . 1632
445 | SAIC-GM-Wuling (SGMW) Co., Ltd Ro\:\v;_cl]iggng Gasoline Crossover - 256.0
446 | SAIC-GM-Wauling (SGMW) Co., Ltd Ror:/g\;/;ﬂg%g . Gasoline CResSaET B 2435
447 | SAIC-GM-Wuling (SGMW) Co., Ltd Ror}’ggﬂ’a‘gg y Gasoline MPV AO 249.0
448 | SAIC-GM-Wuling (SGMW) Co., Ltd | Wuling Zhiguang Gasoline Crossover = 220.2
449 Dorl\%ffonrgm";luegggﬁ CLitgéen eflysée Battery electric Sedan A 1434
450 Dol%fteonrg\optireggg.t, (Iiittc;?en Elysée Gasoline Sedan A 2334
Sl B e Fengesiedd | Gl sedan 8 oz
452 Dol%ffo“ngopﬁfegégﬁ CLittdr-oen Peugeot 4008 Gasoline SUV A 248.2
453 Do&%ffongopgregggt Ctitt(;?en Peugeot 408 Gasoline Sedan A 228.0
:
455 BERUE e e R e Peugeot 508L |  Gasoline Sedan B 237.9
]
457 Dor/‘k%ffo“rgopt‘jfegégﬁ fitt(;_oe” AIRCROSS Gasoline Suv A 256.9
458 Dog%ffongopgfegggt CLittd’f’e” Citroen C3-XR Gasoline suv AO 2423
459 pengieg Optifegggﬁ Citroen Citroen C6 Gasoline Sedan c 253.0
460 Tesla (Shanghai) Co., Ltd. Tesla Model 3 | Battery electric Sedan B 182.2
461 | WM Mé’g%g;ﬁ;'ﬂ%?feyder"“p WM EX5 Battery electric suv A 1793
42 | WM Mé’;%g:ﬁ;'ﬂ%?%yfm“p WM EX6 Battery electric SUV A 179.8
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463 |Weichai (Chongging) Motors Co., Ltd.|  Weichai U70 Gasoline SUvV B 301.5

464 FAW-VoIkswagﬁPdAutomotive Co,, Audi A3 Caoline Sedan A 2340

05 FAW-VoIkswagﬁ?d‘Automotlve Co,, Audi AdL Gl Sedan B 2778
FAW-Volkswagen Automotive Co., ; Plug-in hybrid

466 Ltd. Audi A6L L lectie Sedan c 2628

467 FAW—VoIkswagﬁ?dlAutomotlve Co,, Audi A6L sl Sedan c 3401

468 FAW—VoIkswagf?d/l’-\utomotlve Co.,, Audi Q2L Battery electric S A0 1577

469 FAW—VoIkswagﬁ?dlAutomotlve Co., Audi Q2L i SV A0 2995

o FAW-VoIkswagf?d.Automotlve Co,, Audi 03 Gasoline SV A 299.2
FAW-Volkswagen Automotive Co., Audi Q3 :

47 Ltd. Sportback Gasoline SUV A 287.0

472 FAW‘VO'kS‘Nag‘f{‘d{*“mmm"’e co. Audi Q5L Gasoline suv B 286.7
FAW-Volkswagen Automotive Co., )

473 Ltd. Bora Battery electric Sedan A 152.4
FAW-Volkswagen Automotive Co., )

474 Ltd. Bora Gasoline Sedan A 244.4
FAW-Volkswagen Automotive Co., .

475 Ltd. Volkswagen CC Gasoline Sedan B 289.1
FAW-Volkswagen Automotive Co., .

476 Ltd. Golf Battery electric Sedan A 149.1
FAW-Volkswagen Automotive Co., .

477 Ltd. Golf Gasoline Sedan A 229.9
FAW-Volkswagen Automotive Co., .

478 Ltd. Golf Sportsvan Gasoline Sedan A 2357
FAW-Volkswagen Automotive Co., .

479 Ltd. Jetta VA3 Gasoline Sedan A 207.8
FAW-Volkswagen Automotive Co., )

480 Ltd. Jetta VS5 Gasoline SUV A 247.7
FAW-Volkswagen Automotive Co., .

481 Ltd., Jetta VS7 Gasoline Suv A 250.2
FAW-Volkswagen Automotive Co., o5 -

482 thd Magotan AR (Rfons Sedan B 221.0

: electric

FAW-Volkswagen Automotive Co., .

483 Ltd. Magotan Gasoline Sedan B 300.5

agq | FAW-Volkswagen Automotive Co. SAGITAR Gasoline Sedan A 246.7

485 FAW-VoIkswagf?d.Automotlve Co,, T-Rock R el UV A 2591

486 FAW-VoIkswagﬁ?dAutomotive Co., TACQUA gl SuV A 2200
FAW-Volkswagen Automotive Co., Plug-in hybrid

a7 Ltd. ARG electric Suv A 228.1

488 FAW—VoIkswagﬁ?dAutomotive Co,, TAYRON Gasoline SuV A 296.4

489 FAW—Volkswagﬁ?dAutomotive Co., TAYRON X Gasoline SUv A 2823

490 FAW—VoIkswagir[wdlAutomotlve Co,, C-TREK Gasoline Sedan A R

491 FAW Toyota Motor Sales Co., Ltd. Toyota RAV4 Conrxiabnrtiignal SUV A 209.3
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492 | FAWToyota Ilj{lgtor Sales Co., Toyota RAV4 Gasoline SuV A 2483
493 FAW Toyota Ilj{lgtor Sales Co., Corolla i Sadkm A 2301
a9 FAW Toyota Ilf{lgtor Sales Co., Corolia PIu%-hiarétI'r\i%brid Seqan A 1622
495 FAW Toyota Iljzlg'tor Sales Co., Corolla Conﬁ/;tr)wrtis)nal Sedan A 1739
496 | FAWToyota Motor Sales Co., Vios Gasoline Sedan A0 202.0
o FAW Toyota Ilz{lg'tor Sales Co., VIOS FS el Sedan AO 1983
498 FAW Toyota Ilz{lgtor Sales Co., AVALON Conﬁ/;grtiié)nal Sk B 1880
499 | FAW Toyota Motor Sales Co, AVALON Gasoline Sedan B 2406
500 | FAWToyota Motor Sales Co, IZOA Battery electric suv A 1643
501 | FAW Toyota Motor Sales Co. 1ZOA Gasoline SV A 2219
502 FAW Car Co., Ltd. Benteng B30 Battery electric Sedan A 1604
503 FAW Car Co., Ltd. Benteng B70 Gasoline Sedan B 302.9
504 FAW Car Co., Ltd. Benteng T33 Gasoline SUV AO 2559
505 FAW Car Co., Ltd. Benteng T77 Gasoline SuV A 262.1
506 FAW Car Co., Ltd. Benteng T99 Gasoline Suv B 294.5
507 FAW Car Co., Ltd. Benteng X40 Battery electric SUV A0 1795
508 FAW Car Co., Ltd. Benteng X40 Gasoline Suv A0 2551
509 FAW Car Co., Ltd. Hongai E-HS3 Battery electric SUV A 1715
510 FAW Car Co., Ltd. Hongai H5 Gasoline Sedan B 267.5
51 FAW Car Co., Ltd. Hongai H7 Gasoline Sedan C 330.6
512 FAW Car Co., Ltd. Honggi H9 Gasoline Sedan C 334.0
513 FAW Car Co., Ltd. Hongai HS5 Gasoline Suv B 309.9
514 FAW Car Co., Ltd. Hongqi HS7 Gasoline SUvV C 401.5
515 FAW Car Co., Ltd. Mazda 6/ Atenza Gasoline Sedan B 263.7
516 Yibin Cowin Auto Co., Ltd. Mazda CX-4 Gasoline SUV A 2713
517 Yibin Cowin Auto Co., Ltd. Cowin E3 Gasoline Sedan A0 2459
518 Yibin Cowin Auto Co., Ltd. Cowin E5 Battery electric Sedan A 163.9
519 Yibin Cowin Auto Co,, Ltd. Cowin X3 Gasoline SUV A0 2733
520 Yibin Cowin Auto Co., Ltd. Cowin X5 Gasoline SUvV A 280.1
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521 Yibin Cowin Auto Co., Ltd. showjet Gasoline SuUvV A 267.3
o
)
524 Zhejiang Hozon ggfvég'ergy Nezha V Battery electric Sedan A0 1296
525 Ay Esy ['tcél_ding Clouplee Benry Gasoline Sedan A 227.8
526 Zhejiang Geely 'Ct?jl_ding Group Co,, Coolray Plugé—l(ier;tf;i)ébrid Suv A0 1844
507 Zhejiang Geely [|tchjl.ding Group Co., Coolray sl SUV A0 2338
528 Zhejiang Geely [!tcgjlfiing Group Co., Borui GE PIU%—l(ier;tf;iyébrid Sk B 2020
529 | Zheliang Geely Et%@ng Group Co. | goniiGe Gasoline Sedan B 2731
530 Zhejiang Geely [itc&Ifjing Group Co,, Boyue el Suv A 2857
531 Zhejiang Geely 'Ct?jl.ding Group Co. Emgrand Pluge-lérltr:i)ébrid Sk A 1727
532 Zhejiang Geely [|tcc)jl-ding Group Co., Emgrand Gasoline Sedan A 2051
588] Zhejiang Geely I[Itcél-ding Group Co., Emgrand ev Battery electric Sedan A 165.8
534 Zhejiang Geely Iitzl'ding Group Co,, Emgrand GL Pluge-lierltr;iyébrid Sedan A 197.0
535 | Zhejiang Geely [!tcc)ilfiing Group Co. | gmgrand GL Gasoline Sedan A 2284
536 | Zhejiang Geely 'L*t?j'f’ing Group Co., | Emgrand GS Gasoline SuV A 231.2
537 | Zhejiang Geely ['tcélfjmg Group Co. | grgrand GSe | Battery electric UV A 166.9
538 | Zhejiang Geely 'Ct?il.ding Group Co., Haoyue Gasoline SUV B 300.0
539 | Zhejiang Geely [|t(zj|-<jing Group Co,, Geely icon Gasoline SUV A 2525
540 | Zhejiang Geely Tt%l-ding Group Co., Geometry A Battery electric Sedan A 167.3
541 | Zhejiang Geely 'L*tcc’j'f’ing Group Co. | Geometry C | Battery electric SuV A 1724
542 Zhejiang Geely Iit?jl'ding Group Co,, Jaji Pluge_lfierltr;i)(/:brid MPV A 2025
543 Zhejiang Geely [itc&Ifjing Group Co,, Jai Gacslis NPV A 2767
544 | Zhejiang Geely t!tcal-ding Group Co., LYNK 01 Cormabnrtiignal SUV A 203.7
545 Zhejiang Geely Ith(JjI'ding Group Co,, LYNK 01 Pluge—lierltr:i)(/:brid suv A 2911
546 Zhejiang Geely [itc&Ifjing Group Co., LYNK 01 sl SuV A 2914
547 | Zhejiang Geely 'Ct?jl,ding Group Co., LYNK 02 Pluge-l(ier(]:tf;i)(/:brid Y A 2943
548 Zhejiang Geely [itc&Ifjing Group Co., LYNK 02 sl SuV A 2642
549 | Zhejiang Geely 'L*t%'f’ing Group Co., LYNK 03 P'uge'lglt':?éb”d Sedan A 206.4
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Zhejiang Geely Holding Group !
550 Co. Ltd. LYNK 03 Gasoline Sedan A 283.1
Zhejiang Geely Holding Group ;
551 Co.. Ltd. LYNK 05 Gasoline SUV A 2921
Zhejiang Geely Holding Group Plug-in hybrid
552 Co., Ltd. LNIX @ electric Sy A0 2001
553 Zhejiang GeCeOIY I[itzl.ding Group LYNK 06 Gasoline SuV AO 2465
554 Zhejiang Geely Holding Group Xingrui Gasoline Sedan B 251.7
Co., Ltd.
Zhejiang Geely Holding Group - Plug-in hybrid A
555 o Ltd, Xingyue Clectric SUv 197.4
556 Zhejiang Geely Holding Group Xingyue Gasoline SUV A 298.9
Co., Ltd.
557 Zhejiang Geely Holding Group Vit Gasoline Sedan A 2223
Co,, Ltd.
558 | Zheliang Geely Holding Group Vision SUV Gasoline suv A 2552
559 Zhejiang Geely Holding Group Vision X3 Gasoline SuV AQ 2225
Co., Ltd.
560 | Zneiiang G%e(ly Iﬁtf()jlding el Succe Battery electric MPV A0 1827
561 Zhejiang G%eol%/ I[it(él.dmg Group Tei@ Gasoline SUV B 348.9

Note: For cars under the same model name, the maximum value of the carbon emission per mileage is used.
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CHINA AUTOMOBILE LOW CARBON
ACTION PLAN (CALCP)

China Automobile Low carbon Action Plan (CALCP) aims to establish a
sound research system on the vehicle life cycle GHG emission analysis,
support the formulation of national GHG emission policies and
standards, promote the R&D and application of low-carbon technolo-
gies in the enterprises, lead the automotive industry to move toward
life cycle carbon neutrality, and jointly build higher quality, more

efficient and more sustainable future.
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