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Study on the control targets and
measures for total diesel
consumption from mobile
sources in Beijing, China

Yi Ai', Yangyang Cui?, Yunshan Ge?, Xuefang Wu?, Tongran Wu?,
Xinyu Liu?, Yan Shen?, Mingyu Liu®, Yunfei Wan?*, Huawei Yi?
and Yifeng Xue?*

School of Mechanical Engineering, Beijing Institute of Technology, Beijing, China, ?National
Engineering Research Center of Urban Environmental Pollution Control, Beijing Municipal Research
Institute of Eco-Environmental Protection, Beijing, China, *Beijing Vehicle Emission Management
Center, Beijing, China, “College of Resource Environment and Tourism, Capital Normal University,
Beijing, China

Based on the current air pollution control and CO, emission reduction policies,
this study analyzed the energy structure, number of motor vehicles and
nonroad mobile machinery, energy consumption and pollutant emissions in
Beijing. Furthermore, the diesel consumption characteristics and challenges for
emission reduction in key fields were investigated, such as medium- and heavy-
duty diesel trucks, long-distance passenger and tourist diesel vehicles, and
nonroad machinery, which are areas with difficult-to-reduce diesel
consumption. Control targets and measures for total diesel consumption
were also proposed. The results indicated that the higher diesel
consumption per unit area in Beijing is related to the larger passenger car
and freight truck populations. In recent decades, the number of diesel vehicles
has increased, the vehicle type structure has been optimized, the proportion of
vehicles with high emission standards has increased, and the absolute pollutant
emissions have decreased. Among these, nitrogen oxides (NO,), fine particulate
matter (PM,s) and volatile organic compound (VOC) emissions of different
models decreased by 39.5%, 75.3% and 42.8%, respectively, while carbon
dioxide (CO,) emissions from diesel combustion decreased by 32%.
Moreover, medium and large passenger vehicles, medium- and heavy-duty
trucks and construction machinery are the main contributors to diesel
consumption. These vehicle types are also difficult to control and reduce,
and their replacement by new-energy vehicles is relatively limited. The main
control measures for diesel consumption are as follows. First, a green
transportation mode can be adopted for goods that can be converted from
roads to railways. Second, fuel consumption reduction for nonroad mobile
machinery can be realized by tightening fuel consumption limits, setting
appropriate maximum retirement life, establishing low- or ultralow-emission
zones, and establishing demonstration plots for electric vehicle (EV) substitution
for mobile machinery. To improve the air quality and take the lead in carbon
neutrality in the future, Beijing must further accelerate the energy structure
adjustment and the development of new-energy vehicles in the transportation
sector. Carbon neutralization is an important opportunity for diesel
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consumption reduction, and the synergistic control of atmospheric pollution
and carbon emissions from diesel combustion must be strengthened.

KEYWORDS

mobile source, diesel consumption, total pollutants control, control measures,
atmospheric pollution, carbon dioxide

1 Introduction

After years of efforts, the total emissions of motor
vehicles
continue to decline (Fu et al., 2012; Yao et al., 2014;
Zhang et al.,, 2014; Lv et al,, 2016). However, due to the
high motor vehicle population, overall emissions remain

and nonroad mobile machinery in Beijing

very high, and the proportion of motor vehicles and
nonroad mobile machinery emissions in local pollution
sources continues to rise (Song et al, 2006; Lee et al,
2008; Ni et al, 2017; Wu et al, 2022). In 2018, source
apportionment of fine particulate matter (PM,5) showed
that the contribution of mobile-source emissions in the
local PM, s pollution reached 45%, the largest source of
local PM, s in Beijing. Therefore, the task of emission
management and reduction remains arduous (Zhang et al,,
2017; Fan et al., 2018; Gao et al., 2020; Zhang et al., 2020).

Diesel vehicles in Beijing account for only 5% of all vehicles,
but single-vehicle emissions are relatively high. The nitrogen
oxides (NO,) emissions of diesel vehicles account for
approximately 80% of the total NOy emissions from motor
vehicles (Xue et al., 2022); therefore, diesel vehicles are a
significant source of NOy emissions. Beijing’s 2019 Action
Pollution Prevention and Control
the

consumption by vehicles in Beijing and accelerating the

Plan for proposes

promoting control and reduction of total diesel
construction of an indicator system of statistics, monitoring,
and total reduction for diesel consumption by vehicles in public
transport, tourism, freight transport, sanitation, and postal
services.

Therefore, in this study, based on Beijing registration data,
the emission factor method is used to calculate the emissions of
air pollutants from mobile sources, and carbon dioxide (CO,)
emissions are measured according to the CO, emission
accounting guidelines. Additionally, the existing policies
related to the pollution control of diesel vehicles in Beijing are
evaluated. Pollution emission control measures are proposed,
considering air quality improvement, emission reduction needs,
diesel consumption characteristics, and existing problems in

emission reduction.

2 Materials and methods

In this study, through data collection, investigation and
expert consultations, the current diesel consumption and
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carbon emission reduction policies in Beijing are reviewed;
fuel reduction measures for medium- and heavy-duty diesel
trucks, long-distance passenger transport and tourist vehicles,
and nonroad mobile machinery are studied; control targets for
total diesel consumption are proposed; and the impact on air
quality is analyzed.

2.1 Data sources

The data include the number of various motor vehicles, the
types and number of nonroad mobile machinery units, and
energy data. The number of motor vehicles is obtained from
the Beijing Traffic Management Bureau, the types and number
of nonroad mobile machinery units are based on the Beijing
nonroad mobile machinery information code registration
data, and the energy data are obtained from the Statistical
Yearbook released by the Beijing Municipal Bureau of
Statistics. (as can be seen in Table 1).

2.2 Calculation method of atmospheric
pollutant emissions from diesel
combustion

2.2.1 Calculation method for diesel motor
vehicle emissions

The air pollutant emissions of diesel vehicles in Beijing are
calculated based on registration data, road length, and the
emission factor method (Gu et al., 2019; Hao et al., 2022).

E, =) P;x EF, x VKT; x 10°, (1)

where E; is the annual emission

corresponding to vehicle emission source i, in tonnes;

of pollutants

EF; is the emission factor, which is the amount of
pollutants emitted by type i diesel vehicles per kilometer,
in g/km; P; is the number of registered diesel vehicles in
Beijing; and VKT; is the average annual mileage of type i
diesel vehicles, in km/vehicle.

2.2.2 Calculation method for diesel nonroad
mobile machinery emissions

For construction machinery and agricultural machinery,
emissions are calculated by using the emission factor based on
the mechanical power with the following formula:
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TABLE 1 Data sources of activity levels for mobile-source emissions.

Category

Number of various diesel vehicles and emission standards
Number of various diesel machinery units and emission standards

Energy data

TABLE 2 CO, emission coefficients for different energy types.

Energy CO, coefficient Unit

Coal 2.66 tonnes of CO,/tonnes of standard coal
Fuel 1.73

Gas 1.26

Electricity 0.6168 kg/kWh

E=Y Y Y (Pjin X Gjkn X LF o X I jjon X EF ) x 10°°,
j k n

2

where E is the emission of various pollutants from nonroad mobile
machinery, in tonnes; j is the type of nonroad mobile machinery; k
is the emission standard; n is the power range; P is the number of
nonroad mobile machinery units registered in Beijing, with vehicle
as the unit; G is the average rated net power, in kilowatts/vehicle;
LF is the load factor; hr is the total hours of use per year, in hours;
EF is the pollutant emission factor, in g/kWh, and the mobile
source survey method and emission coefficient in the Second
National Pollution Source Census in China are applied.

2.3 CO, emission accounting method

CO, emissions include emissions from terminal coal
fuel
consumption, and regional electricity consumption.

consumption, terminal consumption, terminal gas

E; = F; x EF;, (3)

where i refers to the various energy types, such as coal, fossil fuel
and gas. Ei represents CO, emissions from type i. EF; represents
the emission factor of type i, as shown in Table 2, and the EFs of
coal, fossil fuel and gas were 2.66, 1.73, and 1.56 tonnes of CO,
per ton of standard coal, respectively (NDRC Energy Research
Institute, 2011). The local power grid emission factor is
0.6168 CO, emissions (kgCO,/kWh).

2.4 Model simulation

The ADMS-Urban model is used to quantify the impact of air

pollutant emissions from vehicles on the surrounding
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Source

Beijing Traffic Management Bureau
Registration data

Beijing Statistical Yearbook

atmospheric environment; it is a steady-state atmospheric

dispersion modeling system developed by Cambridge
(CERQ).

atmospheric boundary layer parameters, the ADMS-Urban

Environmental Research Consultants Based on
model can better handle the complex topography and wind
conditions of megacities (Righi et al, 2009; Audrius and
Aukse, 2015). First, the traffic flow coefficients are assigned to
roads of different levels, and a 1 km x 1km grid is used for
Beijing. Second, the data mentioned above are used to calculate
the emissions of air pollutants in each grid, and the dispersion
concentration of air pollutants in Beijing throughout the year is
then simulated to obtain the dispersion concentration map of
various pollutants. At present, ADMS-Urban is widely used and
can accurately simulate the diffusion of traffic pollutants. The
uncertainty of its simulation results is related mainly to
meteorological conditions. Generally, when wind speed or
direction changes sharply, the simulation value of ADMS-
Urban is lower than the actual monitoring value, while when
weather conditions are relatively stable, the simulation results are
more accurate.

The total amount of various pollutants, meteorological data,
typical road vehicle flow data, and model parameters are
imported into the model. In the simulation of pollutant
dispersion in the Beijing area, the total pollutant data for
Beijing are used, and the data are gridded for the dispersion
simulation. The data source is based on the amount of pollutant
emissions from vehicles in Beijing. The meteorological data
required for the model simulations are from the China
Meteorological Data Service Centre (http://data.cma.cn), and
the model defaults are used for other data, such as road
slopes and loads.

3 Results and discussion

3.1 Air pollutant emissions from diesel
vehicles in Beijing

Figure 1 shows the changes in diesel vehicles and diesel
consumption in Beijing from 2013 to 2020. The overall diesel
consumption from 2013 to 2020 decreased, with interannual
fluctuations. In 2020, the diesel consumption of diesel vehicles in
Beijing was 0.90 million tonnes, which is significantly lower than
that in 2019 and is related mainly to the decline in passenger and
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FIGURE 1

Changes in the number of diesel vehicles and diesel
consumption from 2013 to 2020.

freight traffic due to the coronavirus 2019 (COVID-19)
pandemic. In the long term, diesel consumption also declined
by 41% from 1.51 million tonnes in 2013 as a result of the
adjustment of the diesel vehicle structure, i.e., new diesel vehicles
replacing old ones, since the fuel consumption of new diesel
vehicles is significantly lower. Fuel consumption limits for heavy-
duty commercial vehicles were implemented in 2014 (GB 30510-
2014) and 2018 (GB 30510-2018), clearly and effectively reducing
the fuel consumption of new vehicles. In the second year after
implementation, i.e., 2015 and 2019, diesel consumption in
Beijing was greatly reduced.

As shown in Figure 2, the changes and proportions of air
pollutant emissions from diesel vehicles in Beijing show that
from 2013 to 2020, the adjustment and optimization of vehicle
structure caused declines of 39.5%, 75.3%, and 42.8% in the
NOy, PM, 5, and volatile organic compound (VOC) emissions,
respectively, of different vehicle types, with PM, 5 decreasing
most significantly. Large diesel passenger cars and trucks
contributed significantly to NOy and PM, 5. There were also
significant differences in the contributions of vehicles with
different emission standards. The ownership of medium-
sized diesel trucks meeting China III emission levels
accounts for 37%, contributing 46% of NO, and 45% of
PM, 5 emissions; the ownership of heavy-duty diesel trucks
meeting China III emission standards accounts for 11%,
contributing 15% of NO, emissions and 13% of PM,s
emissions. The emissions of pollutants from vehicles at or
below China III emission standards were also relatively high,
and their percentage of pollutant emissions exceeded the
proportion of vehicles. It is necessary to further promote the
adoption of measures to ensure that the emission standards are
met and to accelerate the elimination and updating of these
vehicles.
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3.2 CO, emissions

According to the corresponding assessment criteria of the
Work Plan for the Evaluation of the Responsibility of Energy
Saving and Carbon Reduction Targets in Beijing during the 13th
Five-Year Plan Period, the annual CO, emissions during
2013-2020 in Beijing are calculated as shown in Figure 3.
CO, emissions peaked at 151 million tonnes in 2019, followed
by a plateau period. Thanks to the large-scale coal-to-clean
energy policy, CO, emissions declined from 2015 to 2017,
followed by a slight rebound from 2018 to 2019. The
proportion of CO, emissions from coal continuously declined,
the proportion of emissions from electricity significantly
increased, and the proportion of emissions from fossil fuel
remained stable.

CO, emissions from diesel combustion decreased from
3.85 million tonnes in 2013 to 2.24 million tonnes in 2020, a
reduction of 41%. The contribution of diesel combustion to total
CO, emissions decreased from 3% in 2013 to 2% in 2020 (as can
be seen in Figure 4). At present, some road transport enterprises
are included in the list of key carbon emission units. For the
future prevention and control of air pollution from road
transport vehicles, more road transport enterprises, especially
those with numerous medium- and heavy-duty trucks and
medium and large passenger vehicles, should be highlighted
based on the current carbon emission management mechanism.

3.3 The control target of total diesel
consumption from mobile sources in
Beijing and its impact on air quality

Based on the actual situation in Beijing, the total amount of
diesel should be set, and the diesel consumption in key
should  be
transportation  (passenger

controlled, road
and freight the
construction industry, and the building materials industry,

industries including

transport),

which are best combined with key carbon emission units
(Jiang et al., 2008; Kim et al., 2010). The annual diesel
consumption reduction targets of each industry should be
reasonably allocated, and diesel consumption statistics
should be collected and monitored. Based on publicity and
policy implementation, key diesel vehicle users should be
guided to increase their awareness of energy conservation
and emissions reduction, to actively update and eliminate
low-standard diesel vehicles and machinery with high energy
consumption and emissions levels, and to gradually upgrade to
new standards or new-energy vehicles and machinery (Axsen
and Kurani, 2010; Bessa and Matos, 2012; Yang et al., 2018).

The control target of total diesel consumption is closely
related to the targets of air quality improvement and carbon
neutrality in Beijing. In 2020, the concentration of PM, s in

Beijing decreased to 38 pig/m’ for the first time, which is related to
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FIGURE 2

Changes and proportions of pollutant emissions from diesel vehicles.

C] Electricity

16000

2013 2014 2015 2016 2017 2018 2019 2020

I == = == I e |
2013 2014 2015 2016 2017 2018 2019 2020

[ | Natural gas

100

[ JPetroleum [ | Coal

12000 -

8000 4

4000

CO, emissions(10* tonnes)

0 T —

80 -

60 -

404

20 -

Proportion of emissions (%)

2013 2014 2016 2017 2018 2019

FIGURE 3
Changes in CO, emissions and proportions

the decrease in the activity level of pollution sources caused by
COVID-19 (Cao et al, 2021). This decrease is also an
environmental benefit of air pollution control measures. To
achieve air quality standards and meet the World Health
Organization (WHO)’s recommended health limits for PM, 5
in the future, there is still a need to strengthen air pollution
control, especially concerning the continuous reduction of
emissions from mobile pollution sources. Therefore, based on
future air quality improvement targets in Beijing (low, medium,
and high PM, 5 concentration scenarios will be 25, 20, and 15 pg/
m’, respectively, in 2035), reductions of at least 40%, 45%, and
50% in the low, medium, and high gasoline and diesel
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consumption scenarios, respectively, in Beijing should be met
by 2035 (Figure 5A).

To meet the target of carbon neutrality by 2050 and the
carbon reduction target of halving greenhouse gas emissions by
2035, reductions of at least 45%, 50%, and 60% in the low,
medium, and high diesel consumption scenarios or gasoline and
diesel consumption scenarios, respectively, in Beijing should be
met by 2035 (Figure 5B).

For major diesel vehicle types, there should be no diesel
consumption by small passenger vehicles by 2035, by which time
all buses should also be electric vehicles (EVs). The development
of new-energy tourist buses and medium and large buses can be
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accelerated by the establishment of a zero-emission zone in the city
center to increase the proportion of these vehicles. Light trucks are
being phased out naturally, and the economic stimulus for
accelerating the phaseout and renewal of older vehicles and
policies facilitating access to new-energy vehicles could increase
the proportions of the latter. Due to the implementation of the
new energy development strategy for medium- and heavy-duty
trucks, technological progress and lower production costs, and the
anticipation of a ban on the sale of traditional-fuel vehicles, the
adoption of new-energy medium- and heavy-duty trucks could be
accelerated. Based on the bottom-up measures for key diesel vehicles,
it is estimated that diesel consumption in the low, medium, and high
scenarios in 2035 could be reduced, respectively, by 54%, 62%, and
69% (Figure 6) compared to 2020, which would essentially meet
Beijing’s carbon emission reduction targets.

The ADMS-Urban model is used to simulate the effects of
pollution emissions from diesel combustion on primary PM, s,
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VOC, and NO, concentrations in 2020 and the decreases in
major atmospheric pollutant concentrations due to reduced
diesel consumption under different control scenarios in 2035.

The impact of diesel vehicles on the surrounding air quality
in Beijing in 2020 is obtained through simulation, as shown in
Figure 7. Five traffic stations are selected as sensitive receptors,
and the annual average concentrations of NOy, PM, 5, and VOCs
are 17.6, 0.4 and 0.8 ug/m>, respectively.

Under the low diesel reduction scenario, the annual average
concentrations of the three major atmospheric pollutants due to
diesel vehicles are reduced by approximately 53%, and the annual
average concentrations of NO,, PM, 5, and VOCs at the five
traffic stations with sensitive receptors are 10.51 pg/m?, 0.14 pg/
m’ and 0.48 pg/m’, respectively. Under the medium diesel
reduction scenario, the annual average concentrations of the
three major atmospheric pollutants due to diesel vehicles are
reduced by approximately 65%, and the annual average
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FIGURE 7
Impacts of diesel vehicles in Beijing in 2020 (A) and high- (B), medium- (C), and low-control scenarios (D) in 2035 on air quality.

concentrations of NO,, PM,5, and VOCs at the five traffic Under the high diesel reduction scenario, the annual average
stations with sensitive receptors are 6.69 pg/m’, 0.1 ug/m’, and concentrations of the three major atmospheric pollutants due to
0.32 ug/m?, respectively. diesel vehicles are reduced by approximately 74%, and the annual
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average concentrations of NO,, PM, s, and VOCs at the five
traffic stations with sensitive receptors are 2.26 pug/m?, 0.07 ug/
m?, and 0.24 pg/m’, respectively.

3.4 Recommendations for coordinated
control of diesel vehicle pollution in
Beijing

To reduce the pollution emissions from diesel vehicles, over the
past decade, Beijing has actively adopted legislation (Beijing
Regulations on the Prevention and Control of Emissions from
Motor Vehicles and Nonroad Mobile Machinery), upgraded diesel
vehicle and oil product standards, implemented a subsidy policy for
the elimination of old diesel vehicles, and strengthened emission
supervision and law enforcement (online supervision, remote sensing
monitoring, etc.). These measures and policies have effectively
promoted the adjustment and optimization of the diesel vehicle
structure in Beijing, and the proportion of vehicles with high
emission scores has continuously increased. Some key models of
new energy have been well developed, especially in the light truck and
bus industries. However, several problems remain: (1) It is necessary
to further optimize the traffic structure and increase the proportion of
railway transport. (2) The efficiency of transport should be further
improved. The current transport intensity is still high. (3) The low
level of new-energy development of medium-heavy goods vehicles
and buses is insufficient to support the realization of higher air quality
improvement and carbon neutrality goals.

3.4.1 Promoting optimization of the energy
structure of freight vehicles

In addition to ensuring major livelihood, emergency, and
special scenarios, policies should be developed starting from the
licensing process to ensure that new and updated light trucks are
essentially new-energy vehicles. A series of incentive plans for
new-energy trucks in Beijing should be formulated to expand the
incentive range from light trucks under 4.5 tonnes to medium-
and heavy-duty trucks. A series of priority passage policies for
new-energy logistics distribution vehicles should be formulated
and implemented, and all vehicles with truck passes should be
purely EVs or hydrogen fuel cell vehicles, thus promoting EVs
through policies that begin with licensing and use processes.

3.4.2 Push-pull combination to promote the
elimination of old vehicles and upgrading to
electric vehicles

The current policies and measures should be continued,
including the subsidy for the elimination of gasoline vehicles
meeting the China III emission standard, the ban on gasoline
vehicles meeting China I and II emission standards within the
Fifth Ring Road during weekdays, and the city-wide ban on diesel
trucks meeting the China III emission standard. Additionally,
phaseout subsidies and restrictions on vehicles with higher
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emission standards and more vehicle models should be
studied. In 2022, light gasoline vehicles meeting the China III
emission standard should be banned within the Fifth Ring Road
during weekdays; in 2023, phaseout subsidies for gasoline
vehicles meeting the China IV emission standard and large
and medium-sized passenger vehicles meeting the China III
emission standard should be implemented; in 2024, diesel
trucks meeting the China IV emission standard should be
banned in Beijing; and in 2025, light gasoline vehicles meeting
the China IV emission standard and large and medium-sized
passenger vehicles meeting the China III emission standard
should be banned within the Fifth Ring Road.

3.4.3 Promoting the transportation of bulk
goods by rail and establishing a green freight
transport mode of electrified railway plus new-
energy vehicles

Adjustment of the freight transportation structure must be
continuously promoted. The special implementation plans for
medium- and long-term transportation structural adjustment
should be studied and formulated, infrastructure facilities should
be improved, and the use of rail transportation for bulk goods,
such as sand and gravel aggregates, commercial vehicles, steel,
and productive coal, should be promoted. The construction of
green sand and gravel bases should be promoted to further
increase the proportion of sand and gravel transportation by
rail and new-energy vehicles.

4 Conclusion

This study analyzes the energy structure, number of motor
vehicles and nonroad mobile machinery units, and their energy
consumption and emissions in Beijing. It combines the current
air pollutant and CO, emissions in Beijing and proposes
synergistic control measures and recommendations for the
existing policies and problems related to diesel vehicle
pollution control in Beijing. The main conclusions are as follows:

From 2013 to 2020, the adjustment and optimization of vehicle
structure caused decreases of 39.5%, 75.3%, and 42.8% in the NO,,
PM, 5, and VOC emissions of different vehicle types, respectively,
with PM, 5 reduction being the most significant. Diesel trucks
contribute significantly to NO, and PM,; emissions. CO,
emissions from diesel combustion decreased from 3.85 million
tonnes in 2013 to 2.24 million tonnes in 2020, a reduction of 41%.
The contribution of diesel combustion to total CO, emissions
decreased from 3% in 2013 to 2% in 2020.

To improve air quality and take the lead in carbon neutrality
in the future, Beijing must further accelerate energy structure
adjustment and the development of new-energy vehicles in the
transportation sector. Existing policies are insufficient to
promote the updating of in-use vehicles into new-energy
vehicles, and the purchase cost, technology, and supporting
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facilities have not reached the ideal standard. In the future, full-

scale electrification depends on social consensus and
transformation, the establishment and guarantee of relevant
systems, the safe supply of electricity, and breakthroughs in
EV control and fast charging technologies. The need for large-
scale production and reduced purchase cost must also be
addressed.

Carbon neutralization is an important opportunity for diesel
reduction to strengthen the synergistic control of atmospheric
pollution and carbon emissions from diesel combustion. Energy
consumption reduction is a systematic project, but it is not
appropriate to control the consumption of diesel and gasoline
separately, and coordination should be enhanced. Diesel
consumption and emissions can be reduced through dual
control of the number of industries and the total amount of
emissions. Combined with the management of carbon
transportation and carbon emission units, the prevention and
reduction of energy and emissions in key vehicle-using industries

should be promoted.
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