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In this article, a comprehensive analysis is conducted on the influencing factors of
carbon emissions in the transportation sector during the evolution of
electrification in Beijing. We also considered the impact of indirect carbon
emissions caused by carbon emissions from public and private cars and
electricity consumption on overall carbon emissions. Based on the LMDI
decomposition theory, nine influencing factors are separated, including
development level, energy intensity, vehicle structure, number of private cars,
and private transportation energy consumption. The analysis results show that,
from 2010 to 2021, the carbon emissions from transportation in Beijing increased
from 922.98 × 104t to 1490.6 × 104t. The private road carbon emission accounts
for about 77.97%, and has become a decisive factor affecting road carbon
emissions. In the public domain the contribution values of the development
level and energy intensity are 25.20% and −38.71%, respectively. And they are the
two most critical factors affecting carbon emissions on public road carbon
emissions. In the private domain, the contribution values of the number of
private cars, energy consumption of private transportation, and vehicle
structure are 60.17%, 47.86%, and −12.99%, respectively. They are the three
key factors affecting the private road carbon emissions. There is a significant
difference in the proportion of indirect carbon emissions from electricity in the
public and private domain. Indirect carbon emissions from electricity account for
about 13.6% of road carbon emissions in the public sector, and about 0.9% in the
private sector. The results in this paper provide useful references for decision-
making in the adjustment of transportation energy structure and the promotion
of electrified transportation in Beijing and other cities.
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1 Introduction

With the increasing use of fossil energy, its emissions lead to a more serious greenhouse
effect. In an effort to tackle climate change, the world signed the Paris Agreement in 2015 to
stop global temperatures from rising. China is committed to achieving carbon peak by
2030 and carbon neutrality by 2060. However, CO2 emissions of China’s transportation
industry have increased rapidly, and road traffic carbon emissions are dominant. Therefore,
in order to achieve the goal of “double carbon,” it is necessary to conduct detailed research
on road traffic carbon emissions. As an important transportation hub in China, Beijing’s
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transportation industry transport 240.374 million tons of goods and
280.577million passengers in 2022. Beijing’s transportation industry
has become an important component of China’s road traffic field, so
it is necessary to conduct in-depth analysis of Beijing’s road traffic
carbon emissions. So that it can provide effective guidance on how to
decarbonize road traffic across the country.

At present, a large number of literatures have studied carbon
emissions in the field of electrified transportation. As a key carbon
emission factor in the field of transportation, automobiles have great
research value. Therefore, starting from the direction of energy types,
scholars believe that the development of electric vehicles instead of fuel
vehicles can effectively alleviate traffic carbon emissions (Liu et al.,
2022), and then study the impact of electric vehicles on traffic carbon
emissions. Wang (2021) analyzed the impact of electric vehicles on
carbon emissions in Maryland, United States, and concluded that CO2

emissions caused by electric vehicles have a large weight in the total CO2

emissions of road passenger transport. Zhang and Su (2020) also
proposed to accelerate the scientific research and promotion of new
energy vehicles to solve the problemof transportation carbon emissions,
believing that this is an effective way to reduce carbon emissions in the
field of transportation vehicles and break the bottleneck of low-carbon
urban environment. Rui Feng et al. believe that the proportion of
pollution-free electricity and coal electricity input in the charging
process of electric vehicles is one of the important indicators to
determine how much carbon emissions indirectly generated by
electric vehicles. If the electricity input in the charging process of
electric vehicles is pollution-free electricity, it can be understood that
electric vehicles do not cause carbon emissions in the charging process.
If the electricity input by the electric vehicle during the charging process
contains coal electricity, it can be considered that the electric vehicle
indirectly causes carbon emissions. According to research, more than
90% of energy consumption in China’s transportation field is fossil
energy that will cause pollution, and the proportion of non-polluting
electricity in the charging number of electric vehicles is only 15%
(Chang et al., 2011). At present, some scholars have studied the indirect
carbon emissions caused by electric vehicle consumption of electric
energy in road traffic (Cao and Jiang, 2018), but they have not carefully
distinguished the impact of buses and private cars on carbon emissions.
Literature (Zhuang and Xia, 2017) included the carbon emission of
urban private transportation into the carbon emission accounting
content, but ignored the impact of indirect carbon emission caused
by electric energy on road carbon emission when the proportion of
electric vehicles is increasing. In addition, there have been studies on
transport carbon emissions from different angles, including the factors
affecting transport carbon efficiency, the impact of residents’ socio-
economic characteristics on transport carbon emissions, the changes in
carbon emissions from freight transport, the prediction of transport
energy consumption or transport carbon emissions (Li and Jiu, 2016),
as well as the improvement of transportmeasures, the use of new energy
vehicles and low-emission vehicles, and the promotion of government
policies to reduce carbon emissions from transport, among others.
Research on the effect of transport carbon emission reduction. In terms
of estimation of transport carbon emissions, Jia et al. (2010) estimated
the level of transport energy consumption in China based on
international calibre and compared it with that of other developed
countries; Zhang et al. (2014) measured the energy consumption and
carbon emissions of Beijing’s public transport in the whole life cycle;
Zhao et al. (2009) estimated the carbon emissions of Shanghai’s urban

transport such as private cars and buses; and Kakouei et al. (2012)
estimated the carbon emissions of buses, taxis, private cars and
motorbikes in Tehran, Iran. Regarding the selection of methods for
analysing the factors affecting carbon emissions, among themainstream
methods for analysing carbon emissions, the LMDI decomposition
method has been widely used due to its advantages of being residual-
free and easy to use, and its decomposition process is simpler than that
of the modified Fisher decomposition method and the S/S
decomposition method, which is easier to be put into practical
application (Liu et al., 2017; Zhang and Liu, 2021; Li et al., 2023).

From the viewpoint of existing literature, the current domestic
research on urban road traffic carbon emissions still stays at the level of
large-scale transportation operations mainly in the public sector (Wang
et al., 2017; Gao, 2019; Liang and Feng, 2021), and does not give much
consideration to the carbon emissions of the private sector, which are
gradually becoming dominant, resulting in the limitations of the current
analysis of road traffic carbon emissions (Cai et al., 2011; Xie andWang,
2011; Li, 2022). With the increasing number of new energy vehicles, the
electrification of transportation has also appeared new characteristics,
and the carbon emissions of private road transportation have become
an important part that cannot be ignored, and it is necessary to include
the private sector in the accounting process of road carbon emissions
into the scope of accounting (Yuan and Pan, 2013). Therefore, the
purpose of this paper is to account for the carbon emissions generated
by gasoline and fuel oil consumed by road traffic, distinguish the
contribution of buses and private cars to the overall carbon emissions,
and include the indirect carbon emissions caused by the consumption
of electric energy by electric vehicles in the scope of the accounting, and
optimize the traditional Kaya model, decompose the targeted
influencing factors through LMDI decomposition, and explore the
influence mechanism of the energy structure, the structure of the
vehicle ratio, and other factors on carbon emissions. The study
explores the influence of energy structure, vehicle ratio structure and
other factors on carbon emissions, and provides a reference for Beijing
and other cities to make decisions on the adjustment of transportation
energy structure and the popularization of electrified transportation.

2 Research methods and data sources

Firstly, the transportation energy consumption is estimated, and
then the transportation carbon emissions are estimated by the
accounting method provided by IPCC (United Nations
Intergovernmental Panel on Climate Change). Finally, the LMDI
decomposition method is applied to analyze the factor
decomposition of transportation carbon emissions, establish the
influence factor model, and calculate the change value of each type of
carbon emissions. The expression of the contribution value of each
decomposition factor is written to quantitatively analyze the
contribution value of each influence factor of transportation
carbon emission (Li and Jiu, 2016). For the carbon emissions of
road transportation in the private sector mentioned in this paper, the
influence of the structure of private transportation vehicles is
included in the factor decomposition analysis, and the energy
intensity factor is divided into secondary indicators when
establishing the influence factor model, and the intensity of
thermal power and the actual electrical energy intensity are
introduced.
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2.1 Carbon emission accounting methods

As for the carbon emissions of the transportation industry,
China does not have a formal data source platform at present. In
this case, to obtain more accurate carbon emission data, reasonable
calculation and speculation can only be made through the relevant
data of carbon emissions. In the 2006 IPCC Guidelines for National
Greenhouse Gas Inventories (Research on China’s Sustainable
Development Energy and Carbon Emission Scenarios, 2003), two
methods for calculating CO2 emissions of the transportation
industry are proposed: “total” and “sub-total.” The “total”
method is to calculate the amount of energy consumed in the
process of transportation to obtain CO2 emissions. “sub-total” is
the indirect calculation of CO2 emissions through the calculation of
energy consumption by calculating the types of transport vehicles
used in various modes of transportation, the number of hundred
kilometers, hundred kilometers of fuel consumption and other data.

Considering the completeness of the published data in
China’s transportation sector in the actual situation, this
paper decides to adopt the total score in the 2006 IPCC
Guidelines for National Greenhouse Gas Inventories to
calculate CO2 emissions. Taking into account the actual
situation of fuels used in the road transportation sector, the
fuel types considered in this paper are divided into three
categories: gasoline, diesel and electricity. Most of the
emissions in the road transportation sector are CO2

emissions, so the data obtained by the above method is
approximately equal to the carbon emissions and can be used.

2.2 Carbon emission decompositionmethod

A quantitative analysis method of replacing carbon emission
reduction by electric energy in key industries is studied under the
influence of multiple factors, and it is inevitable to choose the carbon
emission factorization method to decompose carbon emissions into
various factors for quantitative analysis. Carbon emission
factorization methods fall into two categories: exponential

factorization analysis (IDA) and structural factorization analysis
(SDA). In contrast, the IDA method is simpler and more widely
applicable. The carbon emission decomposition method is shown
in Figure 1:

Among the methods in the IDA category, the LMDI I
decomposition method has the characteristics of strong
applicability and accurate calculation results, so it has gained
attention and exerted greater influence in the field of carbon
emissions, and is mainly used to analyze the influence factors of
national carbon emissions, regional carbon emissions, and the
influence of industry development on carbon emissions.

The analysis of carbon emissions before and after the
implementation of electric energy replacement in key industries
belongs to the analysis of the impact of industry development on
carbon emissions. Therefore, the LMDI I method is chosen for
carbon emission decomposition.

2.3 Beijing road carbon emission accounting

2.3.1 Estimation of transportation energy
consumption

The first step in carbon emission accounting is to estimate
transportation energy consumption, as shown in Eq. 1.

Ei
t � ∑2

k�1
Ej,k,i

t � ∑2
k�1

Qj,k,i
t × Fi

t (1)

where, i is the type of fuel, including gasoline, diesel and electric
energy. j is the mode of transportation, considering highway; k is the
type of carriage, including passenger and freight; t is the year; Et

i is
the amount of discounted coal converted to the i fuel in year t; Et

j,k,i

refers to the amount of discounted coal converted into fuel of type i
in type j passenger or freight mode k in year t; Qt

j,k,i refers to the
physical amount of fuel of type i when it is consumed by type k
passenger or freight transport mode of type j in year t; Fti is the
contribution factor of Class i energy converted into standard coal
in year t.

FIGURE 1
Carbon emission decomposition method.
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2.3.2 Calculation method of transportation
carbon emission

The second step in carbon emission accounting is to calculate
transportation carbon emissions, as shown in Eq. 2.

CO2 � ∑3
i�1

CO2( ) � ∑3
i�1
Ei × Ki × 44/12 (2)

In the formula, Ei is the discounted coal amount of the i fuel,Ki is
the carbon emission coefficient of various fuels, meaning the heat
generated by various fuels in the reaction process and the carbon
molecular weight in the chemical reaction formula. The following
calculations in this paper consider carbon emissions from the public
and private sectors of road transport, and the types of energy
consumption considered are petrol, diesel and electricity.

2.4 Decomposition model of road traffic
carbon emission factors in Beijing

According to the specific energy consumption and carbon emissions
derived from the above, the traditional Kaya constant equation model
was improved and extended to establish a multi-influence factor
decomposition model in Eq. 3, decompose the carbon emissions of
the transportation industry into 10 corresponding influencing factors,
and the LMDI I decomposition method was chosen to decompose the
carbon emissions into quantitative contribution values of the influencing
factors according to the proportion of the weights, so as to study the
influencing mechanism of the influencing factors on the carbon
emissions of the roads in Beijing.

C � ∑3
i�1

Ci

Ei
×
Ei

E
×

E

Vd
×
Vd

V
×
V

Y
× Y +∑3

i�1

CS

ES
×
ES

Ki
×
Ki

K
× K (3)

C � ∑3
i�1
YEi × YSi × YI × YGd × YF × Y + SE × SI × SKi × K (4)

YS3 � E3

Es
×
Es

E
� YH × YB (5)

C is transportation carbon emission; Ci/Ei = YEi is the carbon emission
coefficient of the i energy consumption; Ei/E = YSi is the proportion of
the i type of energy consumption in the total road energy consumption,
representing the energy structure; E/Vd = YIi is the energy
consumption per unit turnover of the road, representing the energy
intensity of the road; Vd/V = YGd is the weight ratio of the turnover of
road transport mode in the total turnover of transportation, and is the
transportation structure; V/Y = YF is the ratio of the total
transportation turnover to the added value of the transportation
GDP, and is the transportation intensity; Y represents the added
value of transportation GDP; CS/ES = SE is the ratio of
transportation carbon emissions to energy consumption discount
coal amount, representing carbon emissions per unit energy
consumption of private transportation; Es/Ki = SI is the energy
consumption of private transportation unit of corresponding fuel
type; Ki/K = SKi for private transport vehicle architecture; K is the
number of private vehicles. E3/ES= YH is the proportion of thermal
power generation in total power generation; ES/E= YB is the ratio of
actual electricity consumption to total energy consumption.

Here an idea is provided that when only considering a certain type of
energy consumption, it is possible to break down a certain influence
factor in Eq. 4 in a more targeted way to analyze the contribution of its
corresponding secondary influence factor under the current energy
source, such as that shown in Eq. 5. This split is used to analyze the
mechanism of the influence of secondary influences on
carbon emissions.

2.4.1 Calculate the change in transportation
carbon emissions

ΔC � Ct − C0 � ⎛⎝∑3
i�1
YEi

t × YSi
t × YIt × YGd

t × YFt × Yt

+ SEt × SIt × SKi
t × Kt⎞⎠

−⎛⎝∑3
i�1
YEi

0 × YSi
0 × YI0 × YGd

0 × YF0 × Y0

+ SE0 × SI0 × SKi
0 × K0⎞⎠

� ΔCYE + ΔCYS + ΔCYI + ΔCYG + ΔCYF + ΔCY( )
+ ΔCSE + ΔCSI + ΔCSK + ΔCK( )

(6)
ΔCYE is carbon emission effect per unit energy consumption; ΔCYS is
Energy architecture effect; ΔCYI is Energy intensity effect; ΔCYG is
Transport structure effect ΔCYF is transport intensity effect; ΔCY is
development level effect;ΔCSE is Carbon effect of private transportation;
ΔCSI is Private transportation energy consumption; ΔCSK is Vehicle
architecture effect; ΔCK is Number of private cars.

2.4.2 Column write the contribution value
expression of each decomposition factor

The contribution value of each decomposition factor is expressed as
follows. The changes in transportation carbon emissions over the years
are shown in Eq. 6, which is obtained by subtracting the current year’s
carbon emissions from the baseline year’s carbon emissions. During the
process of differencing, each influencing factor is differenced and
mathematically substituted, resulting in the final expression of each
influencing factor as Eq. 6–16. The representative meanings of each
influencing factor in the formula are as follows:

ΔCYE � ∑3
i�1
Wi · ln YEi

t

YEi
0 (7)

ΔCYS � ∑3
i�1
Wi · ln YSi

t

YSi
0 (8)

ΔCYI � ∑3
i�1
Wi · ln YIit

YIi0
(9)

ΔCYG � ∑3
i�1
Wi · ln YGj

t

YGj
0 (10)

ΔCYF � ∑3
i�1
Wi · ln YFt

YF0
(11)

ΔCY � ∑3
i�1
Wi · ln Yt

Y0
(12)
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ΔCSE � ∑3
i�1
WS i · ln SEt

SE0 (13)

ΔCSI � ∑3
i�1
WS i · ln SIt

SI0
(14)

ΔCSK � ∑3
i�1
WS i · ln SKt

SK0 (15)

ΔCK � ∑3
i�1
WS i · ln Kt

K0
(16)

Eqs 17, 18 represent the carbon emission contribution
coefficients of the corresponding influencing factors in the public
and private sectors, respectively. The specific formulas are as follows

Wi � Ci
t − Ci

0

lnCi
t − lnCi

0 (17)

Ws � CSi
t − CSi

0

lnCSi
t − lnCSi

0 (18)

2.5 Data source

The basic data used in this paper include economy,
transportation and energy consumption, etc., which come from
Beijing Statistical Yearbook (2010–2021), China Statistical Yearbook
(2010–2021), China Transportation Yearbook (2010–2021) and
China Energy Statistical Yearbook (2010–2021). In order to
ensure accuracy, a reasonable conversion method is needed to
normalize the physical data of energy consumption in Beijing
Statistical Yearbook. We used the energy conversion coefficient
provided in China Statistical Yearbook 2021 for correction, and
the specific correction coefficient is shown in Table 1. As for the
turnover data of roads, railways, pipelines and civil aviation, it is
obtained from the Beijing Statistical Yearbook and the China
Statistical Yearbook, while the energy consumption per unit
turnover data is obtained from the China Transportation Yearbook.

The data of fuel consumption in the private transportation
sector refer to the consumption of gasoline and diesel in the
domestic energy section of the China Energy Statistical Yearbook
for 2010–2021. The data of the added value of the transportation
industry are from the Beijing Statistical Yearbook, and the number
of private vehicles is from the number of private vehicles in the
China Transportation Yearbook.

The discounted coal coefficient is taken from the General
Principles for the Calculation of Comprehensive Energy
Consumption, and the carbon emission coefficient is taken from
the 2006 IPCC Guidelines for National Greenhouse Gas Inventories.

3 Result analysis

3.1 Total carbon emission analysis of
road traffic

Road traffic carbon emissions in Beijing showed an overall
growth trend during 2010–2021. In 2010, the total carbon
emission of road traffic was 992.98 × 104t, and reached the
highest value of 1516.97 × 104t in 2019, with the maximum
increase of 523.99 × 104t, with a total increase of 52.77%. During
the period of 2019–2021, due to major public health events, the data
decreased slightly, which was 1490.60 × 104t in 2021, with an
increase of −26.37 × 104t and a growth rate of −1.7%. As can be
seen from Figure 2, carbon emission from the public sector in
2010 was 264.22 × 104t, and this data increased to 327.09 × 104t in
2019, with an increase of 62.87 × 104t, or 23.79%. From 2019 to 2021,
due to special factors, it will be reduced to 261.68 × 104t. In 2010, the
carbon emission of the private sector was 728.75 × 104t, and in 2021,
it increased to 1228.97 × 104t, an increase of 500.22 × 104t, an
increase of 68.64%. From the perspective of public and private, the
increase of the private sector has driven the increase of the total
carbon emission of road traffic to a greater extent and is relatively
stable and not susceptible to special factors. It further explains the
necessity of carbon emission accounting in the private sector.

3.2 Analysis of carbon emission factors

3.2.1 Analysis of public sector carbon
emission factors

Figure 3 shows the decomposition effect diagram of carbon
emissions, and the factors analyzed in the public domain are
as follows.

(1) Energy intensity. A reduction in energy intensity can drive a
reduction in energy consumption, that is, the ratio of the
amount of energy (fuel) consumed to the amount of traffic
turnover (the algebraic product of the tons of goods
transported and the distance traveled). During the period
of 2010–2021, the inhibitory effect was always maintained,
and the contribution to the inhibition of carbon emissions in
Beijing traffic was the largest, with a contribution value
of −201.43 × 104t, and the contribution rate reached −38.71%.

(2) Transportation structure: It has a significant positive impact
on the increase of transportation carbon emissions.
Considering the carbon emission and transportation
efficiency data of railway, water transport, civil aviation,
road and other modes, the carbon emission of railway is

TABLE 1 Conversion coefficients of various fuels.

Serial number Type of fuel Reduced standard coal
coefficient

Carbon emission coefficient/(t carbon/t standard
coal)

1 Gasoline 1.4714t standard coal/t 0.5857

2 Diesel oil 1.4571t standard coal/t 0.5714

3 Electricity 0.1229 kgce/kWh 0.5921
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the highest, and the carbon emission of road ranks the second
under the same transportation efficiency. From the
perspective of the overall transport proportion, in the
10 years after 2010, the proportion of railway transport is
stable, by the rise of new industries such as express delivery

industry, road transport has maintained a high growth trend.
The proportion of road turnover in the total turnover
increased from 17.8% in 2010 to 26.3%, while the
proportion of railway turnover decreased by 16.28%. The
road transport volume only decreased slightly in some years,

FIGURE 2
Comparison of total road carbon emissions of public and private sphere over the years.

FIGURE 3
Carbon emission decomposition effect.
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and the effect of the transport structure on the carbon
emissions in the transport sector was negative, while the
effect of the transport structure on the carbon emissions in
the transport sector was positive in most years.

(3) Transport intensity: has an inhibiting effect on the change
of carbon emissions in Beijing transportation. Transport
intensity refers to the ratio of transport turnover (the
algebraic product of tons of goods transported and
transport distance) and the gross transport product
within a cycle. A higher transport intensity is
understood to mean that under the condition of
constant gross product, a higher transport turnover is
required to complete the project, whereas a lower
transport intensity reflects high transport quality. From
2010 to 2020, the transportation intensity will be reduced
from 1.28 × 109t*km/106 thousand yuan to 1.12 × 109t*km/
106 thousand yuan, with an overall reduction of 12.5%,
which has played an effective role in inhibiting the
reduction of carbon emissions. The two periods from
2010 to 2013 and 2018 to 2019 have a positive effect on
carbon emissions in the transportation sector of Beijing for
a short time, and a negative effect in most and recent years,
but the effect is relatively slight. In general, it can be seen
that the transportation intensity has a inhibiting effect on
carbon emissions in the transportation sector.

(4) Development level: It is the leading factor in the increase of
Beijing’s transport carbon emissions, and has been increasing
from 2010 to 2019, contributing a large proportion to the
increase of Beijing’s transport carbon emissions, reaching
25.20%. It briefly declined in 2020 due to special factors.
But the overall trend is strong. During 2010–2021, transport
carbon emissions increased by 497.62 × 104t, which is 150%
of 2010 carbon emissions. During the same period, the gross
transport product of Beijing increased from 570.4×109 yuan
to 942.5×109 yuan, with an overall increase of 165%. The
growth rate of the gross transport product of Beijing was
higher than the increase rate of carbon emissions in the same
period. Reasonable low-carbon policies and sustainable
economic development provided a more scientific and
comprehensive sustainable development path for the
transport industry.

Generally speaking, in the public sector, the transportation
structure has a positive effect on the growth of Beijing’s
transportation carbon emissions, but the magnitude of the effect
is not large; the level of development has a significant positive effect
on Beijing’s transportation carbon emissions; and the energy
structure, energy intensity, and transportation intensity all have
negative effects on the changes in Beijing’s transportation
carbon emissions.

3.2.2 Analysis of private sector carbon
emission factors

Factors in the private sector are analyzed respectively as follows.

(1) Energy consumption of private transportation: It has a
significant positive impact on the increase of carbon
emissions from transportation in Beijing. The unit vehicle

energy consumption of private automobiles is the ratio of
energy consumption of private automobiles to the number of
private automobiles. The higher the proportion of clean
automobiles, the lower the unit vehicle energy
consumption, and the more obvious the inhibition effect.
In 2010, the unit vehicle energy consumption of private
automobiles was 906.4 kg of standard coal, which increased
to 1097.8 kg of standard coal in 2021, and briefly decreased in
2020 due to special factors. The rising energy consumption of
private vehicles indicates that the traditional automobile and
new energy automobile industry still has great potential for
development in energy conservation and emission reduction.

(2) Vehicle structure: It refers to the proportion of vehicles
consuming different energy in the total number of vehicles.
As the structure of private vehicles gradually enters the stage
of new energy transformation, the market share of clean
energy will further increase, and the inhibition effect on
carbon emissions will be enhanced year by year. In 2021,
the generation of carbon emissions of 67.59 × 104t has been
suppressed, and the contribution rate reaches −12.99%. And
maintain the trend of stable inhibition. Excellent vehicle
structure scale system will be an important way of low-
carbon in our country in the future.

(3) The number of private cars has a significant positive
impact on the increase of carbon emissions from
Beijing’s transportation, with the total number of private
cars increasing at a high rate from 3.744 million to
5.211 million during 2010–2021, an increase of 140%
over the same period. With the rapid development of
China’s economy and the perfection of the auto industry
system, the scale of private cars will continue to rise. At
present, the carbon emissions caused by private cars
account for 60.17% of the total carbon emissions from
transport in Beijing. The continuous expansion of the scale
of private vehicles will change the traditional situation of
China’s road carbon emission based on public
transportation and enter a new era dominated by private
transportation. The carbon emission of private
transportation has become an important part of the
research and accounting of carbon emission in the field
of transportation.

In the private sector, the energy consumption of private
transportation and the number of private cars have a significant
positive effect on Beijing’s transportation carbon emissions; the
vehicle structure shows a negative effect on the transformation of
Beijing’s transportation carbon emissions; the vehicle structure
refers to the ratio of vehicles consuming different energy sources
in the total number of vehicles; the higher the ratio of clean cars, the
lower the energy consumption of the unit of vehicles, and the more
significant the inhibition effect. Through the private sector, the
above three effects show that the increase of the proportion of clean
energy has an obvious inhibiting effect on the carbon emission of
Beijing transportation, and the electric vehicle power substitution
technology can further improve its inhibiting effect under the
existing situation of the continuous expansion of the scale of the
private car, and the feasibility of the technology is high. Specific
analysis data are shown in Table 2.
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3.3 Road traffic energy structure analysis

As shown in Figure 4, in road traffic in the public sector, carbon
emissions caused by the three energy sources each account for a
certain proportion, among which the average carbon emissions
caused by gasoline account for 47.6%, the average carbon
emissions caused by diesel account for 38.7%, and the average
indirect carbon emissions caused by electric energy account for
13.7%. Between 2011 and 2021, the growth rate of carbon
emissions caused by gasoline is 21.2%, the growth rate of carbon
emissions caused by diesel is 19.2%, and the growth rate of indirect
carbon emissions caused by electricity is 50.1%. As can be seen from

Figure 5, in the private sector, the proportion of carbon emissions
caused by gasoline, diesel and electric energy differs greatly, and the
carbon emissions caused by gasoline far exceeds those of the other two
energy sources. Among them, gasoline accounted for 99.1% of carbon
emissions, diesel and electric energy accounted for 0.07% and 0.8%,
respectively. The total carbon emissions from electric energy sources
are small but the growth rate is high. Overall, gasoline energy is the
most important factor causing road carbon emissions, but the ability
of electric energy to cause indirect carbon emissions in the future
cannot be ignored.

According to the conclusion, although China’s road
transportation field is still dominated by gasoline, diesel and

TABLE 2 CO2 carbon emissions table for various effects.

Year ΔCYS ΔCYI ΔCYG ΔCYF ΔCY ΔCSE ΔCSI ΔCSK ΔCK

2010 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2011 0.12 ‒29.72 17.90 12.42 31.02 0.00 12.72 0.29 30.04

2012 0.37 ‒51.87 19.24 23.72 29.65 0.00 30.08 ‒0.33 65.70

2013 0.04 ‒58.78 6.76 20.30 14.52 0.00 41.16 ‒1.33 104.01

2014 −0.05 ‒59.85 18.14 2.80 66.53 0.00 46.78 ‒2.18 125.69

2015 −0.01 ‒50.38 9.82 ‒9.97 71.39 0.00 109.77 ‒4.98 136.64

2016 0.05 ‒69.85 ‒1.85 ‒10.29 87.17 0.00 121.14 ‒13.40 162.44

2017 0.18 ‒69.40 ‒20.01 ‒32.39 120.52 0.00 146.95 ‒22.20 193.75

2018 0.16 ‒78.61 ‒31.35 ‒40.79 153.25 0.00 220.71 ‒33.52 225.54

2019 0.21 ‒168.15 73.79 ‒11.43 168.45 0.00 236.57 ‒44.28 265.23

2020 0.05 ‒210.79 102.52 ‒20.50 96.41 0.00 123.54 ‒52.60 275.53

2021 0.00 ‒201.43 102.08 ‒34.35 131.15 0.00 249.06 ‒67.59 313.13

FIGURE 4
Historical proportion of carbon emission energy structure on public sector roads.
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other non-clean energy in recent years, clean energy mainly
based on electric energy is also being vigorously developed,
and the transportation field is being combined with clean
energy technology, which can boldly predict that the future
energy structure boundary will move from the fossil energy
with high carbon emission to the clean energy with low
carbon emission, i.e., the effect of energy structure will be
more powerful inhibition of the impact of carbon emission;
and along with the continuous development and improvement
of new energy technology, the utilization rate of clean energy will
continue to increase, and the field of utilization will continue to
expand. And along with the continuous development and
improvement of new energy technologies, the utilization rate
of clean energy will continue to increase, and the field of
utilization will continue to expand, according to the historical
development trend of production capacity, in the future, the unit
energy consumption will correspond to more economic output,
so the energy intensity effect will be more stable and continue to
inhibit the carbon emissions in the field of transportation, and
the energy consumption of a private car unit will be reduced
when it reaches a certain capacity threshold, so the energy
intensity effect will be more stable and continue to inhibit
carbon emissions in the field of transportation. Energy
consumption per unit of private car will also change from
promotion to suppression after reaching a certain capacity
threshold; according to the current direction of transportation
in China, more and more people are using private cars to travel,
and the number of private cars is still growing, so the scale effect
of private cars in this industry in Beijing will continue to show a
significant promotion in the short term; China is still in the
golden age of rapid development, and the economic sector is far
from saturation, and the huge economy of China is still
continuing to effectively develop. China’s huge economy is
still expanding effectively, and economic output will continue
to increase, which means that the economic output effect will
contribute to carbon emissions for a long time.

4 Conclusion and policy
recommendations

Carbon emissions from private roads account for about 77.97% of
the carbon emissions from Beijing’s transportation roads during the
period 2010–2021, and carbon emissions from private transportation
have become amajor influence. Therefore, it is necessary to encourage
the use of public transportation for travel, and the government
provides a convenient public transportation network to ensure that
public transportation routes cover all areas of the city and provide
passengers with convenient route information. Increase the number
and frequency of public transportation modes such as buses,
subways and light railways to reduce waiting time; publicize the
advantages of public transportation through advertisements, social
media, brochures, etc., such as reducing traffic pressure, saving costs,
reducing environmental pollution, etc., as well as how to plan travel
routes and the proper use of public transportation; build convenient
public transportation transfer stations at important transportation
hubs such as train stations and airports to make it convenient for the
public to take different modes of transportation. Provide convenient
pedestrian access and bicycle parking facilities to encourage non-
motorized transport travel and public transport interchange;
provide incentives or preferential policies to encourage the public
to use public transport. For example, offering points accumulated by
taking public transportation to exchange for gifts, admission tickets,
etc., and cooperating with local merchants to offer exclusive
discounts on public transportation.

Encourage the electrification of the transportation sector, provide
funding and support for research and innovation in the electrification of
the transportation sector by means of policy guidance, financial support
and market development, encourage the research and development of
technologies for the electrification of the transportation sector, reduce the
cost of research and development by means of granting R&D subsidies,
enhance the relevance of the process of electrification of the transportation
sector to the economic society and the environment and society, cultivate
local manufacturers of electric transportation vehicles and the supply

FIGURE 5
Proportion of road carbon emission energy structure in the private sphere over the years.
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chain and improve the competitiveness of the domestic industry. Increase
consumer choice. Deeply promote new energy electric vehicles and
establish a new energy-based automotive structure. Actively promote
the proportion of new energy vehicles in China’s automobile sector, and
strive to achieve a half of the proportion of new energy vehicles within
10 years and 70% within 30 years. Reducing the proportion of traditional
fuel vehicles in China has an important leading role in the further
decarbonization of China’s transportation sector, and has important
data accumulation experience in the further development of new
energy in the field of transportation and the promotion of electrified
replacement of urban public service vehicles. It can accelerate the process
of new energy development through the advantage of China’s large
population and improve China’s international status and voice in the
field of new energy.

Actively promote new technologies to reduce carbon emissions from
transportation. Adopting new types of energy to replace polluting energy
sources is an effective way to promote decarbonization in the
transportation sector. Liquefied petroleum gas (LPG) and liquefied
natural gas (LNG) have been widely used in the urban transportation
systems of some cities in China, but the scope of application of cleaner
energy sources is currently limited, with experimental use in more areas.
The government should also introduce appropriate incentive policies to
enhance the competitive advantage of clean alternative energy in the
market and prompt the accumulation of effective data and experience in
its production and use as soon as possible. Improve the cleanliness of
charging electric vehicles. With electric indirect carbon
emissions accounting for about 28% of road emissions in the
private sector, we need to work to increase the share of clean
energy charging. By improving the scheduling relationship
between the transportation and energy grids, on the one
hand, new charging optimization and allocation strategies are
used to manage the charging and discharging of electric energy
vehicles, optimize the charging process and improve charging
efficiency. On the other hand, increase the share of new energy
power systems in the transportation sector and prioritize the use
of clean energy power. Increase the consumption of clean energy
by electric vehicles and reduce the share of coal power in electric
vehicle charging.

The contribution of the number of private cars, private energy
consumption and vehicle structure factors to the impact of carbon
emissions in Beijing has reached a high level, and during the period
2010–2021, Beijing, as the capital city ofChina, usually has a higher level of
economic development and per capita income thanmany other cities. The
rapid development of the economy and the increase in purchasing power
of residents have prompted the purchase and use of private cars, leading to
a rapid increase in the number of private cars,. In addition Beijing is
experiencing rapid urbanisation, with urban expansion and population
growth contributing to the demand for private automobiles. At the same
time, with the advancement of urbanisation and the expansion of living
and working circles, the number of private cars, as an importantmeans of
improving travel efficiency and personal quality of life, has subsequently
increased rapidly. Based on the above analysis, we should increase support
policies for new energy vehicles, including purchase subsidies and licence
concessions, to promote the purchase of new energy vehicles to promote
the use of new low-carbon or carbon-emission-free private transport, for
example, by providing subsidies for the purchase of new energy vehicles,
installing additional EV charging piles facilities, and launching measures
such as dedicated driving lanes for new energy vehicles.
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