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Abstract

:

China has started to focus on the reduction in pollutants from diesel vehicles with high emission intensities in recent years. Therefore, it is essential and valuable to conduct a deep and detailed exploration of the reduction potential from diesel vehicles and compare the abatement effect from different control measures in upcoming decades. This study attempted to estimate the present emissions of four conventional pollutants from diesel vehicles by applying the Computer Program to Calculate Emissions from Road Transport (COPERT) model, and to predict the future emission trends under different scenarios during 2019–2030, taking the Beijing–Tianjin–Hebei (BTH) region as the case study area. In addition, we analyzed the emission reduction potential of diesel vehicles and compared the reduction effects from different control measures. The results showed that the CO and NOX emissions from diesel vehicles in this region could increase by 104.8% and 83.9%, respectively, given no any additional control measures adopted over the next decade. The largest emission reduction effect could be achieved under the comprehensive scenario, which means that vehicular diesel emissions in 2030 could decrease by 74.8–94.0% compared to values in 2018. The effect of emission reduction under the emission standards’ upgrade scenario could cause a gradual increase and achieve a 19.8–82.6% reduction for the four pollutants in 2030. Furthermore, the new energy vehicle promotion scenario could achieve a considerable reduction effect. It could also offer better emission reduction effects under the highway to railway scenario for Tianjin and Hebei provinces. The old vehicle elimination scenario could have a considerable reduction effect, but only in the short term. Furthermore, emission reductions could be mainly influenced by heavy diesel trucks. These results can provide scientific support to formulate effective reduction measures to diesel vehicles for policy makers.
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1. Introduction


China has been the world’s largest country in terms of motor vehicle production and sales for ten consecutive years. China’s motor vehicle sales accounted for 32.65% of the global total in 2018. Therefore, air pollution is becoming increasingly attributable to the growing vehicle population due to refinements in industrial emission management. Among the vehicle fleet, the proportion of diesel vehicles accounted for 9.1% in 2018, while they also contributed 11.6%, 21.8%, 71.2%, and 99% of CO, HC, NOX, and PM, respectively, of the total vehicular emissions [1]. Diesel vehicles emit large amounts of pollutants and contribute extensively to air quality, despite their numbers being much lower than those of gasoline vehicles. This is because most diesels vehicles are commonly used with a high frequency, have a long service life, and have high mileage due to their commercial usage, which results in greater single-diesel vehicle emissions. Furthermore, control measures for diesel vehicles started late in China, and diesel engine control technology is somewhat backward, which can reduce pollutant emissions.



To explore the emission characteristics of diesel vehicles, many researchers have conducted laboratory simulations and real road measurements to analyze the factors affecting pollutant emissions. For example, some domestic and foreign scholars have quantified pollutant emissions from diesel vehicles in various regions, using emission measurement methods in the real world, including tunnel testing [2,3,4], portable emission measurement systems (PEMS) [5,6,7,8], and remote sensing technologies [9,10,11]. There are also some studies that have focused on the estimation of pollutant emissions from diesel vehicles. McDonald [12] revised the US mobile-source emissions inventory in 2013 and calculated the NOX and CO emissions from diesel vehicles. Singh [13] estimated India’s road transport emissions in 2020 and found that 61%, 23%, and 42% of CO2, CO, and NOX, respectively, came from diesel vehicles. Jo and Kim [14] studied motor vehicle emissions in Seoul, South Korea, and concluded that diesel vehicles had the highest total emissions compared with gasoline vehicles and LPG vehicles. Chinese researchers also performed related studies on motor vehicles, and analyzed pollutant emissions from diesel vehicles, including in the Yangtze River Delta region [15], the Changsha–Zhuzhou–Xiangtan Region [16], the Guanzhong Region [17], the Henan province [18], Beijing [19], Tianjin [20], and Xi’an [21]. Only some of the literature focuses on an in-depth exploration of diesel vehicle emissions. Li [22] calculated the emissions of CO, CO2, NOX, and PM from heavy-duty diesel buses in the Hainan province in 2017 using the COPERT model. Zhou [23] defined three scenarios to analyze BC emissions from diesel vehicles in China. Xue [24] analyzed the energy consumption and pollutant emissions related to diesel-fired combustion in Beijing. However, little consideration has been given to project possible emission reduction potentials and to compare the reduction effects of different control measures.



The above studies all showed that diesel vehicles are Important sources of air pollutants, and that we need to further study the emissions of diesel vehicles. However, most previous studies have focused on a compilation of the overall emission inventory of motor vehicles. There are few studies that focus only on diesel vehicle emissions and forecasts, which cannot meet the needs of national pollution prevention and control policy formulation. Therefore, it is important to evaluate and forecast the emissions of diesel vehicles in China.



To fill this gap, this study aimed to estimate present pollutant emissions from diesel vehicles in the BTH region, China. To forecast future diesel emissions and to explore the reduction potential of all kinds of diesel vehicles, we defined several policy scenarios to quantitatively estimate the emission trends over 2018–2030. In addition, we evaluated and compared reduction effects of different control measures for diesel vehicles in the BTH region. These results could be useful when proposing the feasible control measures to diesel vehicles. The rest of this paper is as follows: Section 2 explains the study area and methodology, Section 3 presents the research results and offers a discussion, and Section 4 presents the conclusions and a summary.




2. Study Area


This paper chose the BTH region as the case area, which is in North China, and includes Beijing, Tianjin, and 11 prefecture-level cities in the Hebei province. It is known as China’s “capital economic circle”. The total population of this region was 112.7 million people, and the GDP amounted to CNY 8513.989 billion, accounting for 9.3% of the country’s total in 2018 [25]. Due to the high population density, rapid economic development, and intensive industrial industries, the BTH region has experienced frequent heavy air pollution in recent years. According to the air quality status reports from 74 cities in April 2018, seven of the top ten cities in China with the worst air quality are located at this region [26]. Thus, the BTH region is also one of the areas of focus for the joint prevention and control of air pollution in China. The location of the BTH region is shown in Figure 1.



The number of motor vehicles in the BTH region keeps increasing year after year. The vehicle population in the Hebei province ranked fifth in the whole country in 2018. Beijing and Tianjin both have more than 3 million vehicles, and rank among the top cities in China. It was reported that the CO, HC, NOX, and PM emissions from motor vehicles in the BTH region accounted for 11.7%, 10.0%, 11.5%, and 11.8%, respectively, of the total vehicular emissions in China in 2018 [1]. Due to the continuous implementation of pollution control measures for gasoline vehicles over the past few decades, the emission reduction potential of gasoline cars has been limited, which has highlighted emission reductions for diesel vehicles. The governments of Beijing, Tianjin, and Hebei have begun to realize this situation, and have put forward a number of effective measures to prevent and control diesel vehicular emissions, specifically through the issued blue sky defense action plans in 2018. Therefore, the effective pollution control of diesel vehicles is of great significance in order to further improve air quality in the BTH region.




3. Methodology


The research content of this study includes three parts. The first part is the calculation of present vehicular diesel emissions, in terms of conventional pollutants (NOX, PM, CO, and VOCs) in the BTH region. To project future emissions from diesel vehicles and the relevant reduction potentials of different control options, six policy scenarios were designed. Additionally, we needed to predict emissions under the different scenarios for future years (from 2020 to 2030). Based on these values, emission reduction potentials were obtained and the effects of different control measures were comparatively analyzed. The following are detailed explanations of the methods of these three parts.



To estimate present emissions from diesel vehicles in the BTH region and to predict future emissions, this study adopted the emission factor method recommended by a technical guide [27]. First, we classified the types of vehicles according to their characteristics and uses, and then obtained the activity level of diesel vehicles in the base year through statistical yearbooks, annual traffic development reports, and other relevant data. At the same time, we collected relevant model parameters and used the COPERT traffic emission model to calculate the emission factors for each pollutant. Through the prediction of the activity levels of diesel vehicles, to estimate the pollutant emissions of diesel vehicles in six scenarios from 2018 to 2030, we finally obtained the emission reduction potential of pollutants for future years. The following introduces the emission calculation method, the parameter acquisition method, and the designed scenarios in detail.



3.1. Estimation of Vehicular Emission


We used the emission factor method recommended by the Technical Guide for Development of Emission Inventory of Air Pollutants from Road Motor Vehicles [27] to estimate the diesel vehicular emissions for this study. The calculation formula is as follows:


   Q  m , n   =   ∑  i    ∑  j  (  P  m , i , j   ×   VKT   m , i   ×   EF   i , j , n   ×   10   − 6   )  



(1)




where m represents the different provinces and cities; n represents a specific pollutant (NOX, PM, CO, VOC); i is the diesel vehicle type; j is the diesel vehicle emission standards; Qm,n is the emission of pollutants N from diesel vehicles in area m (t); Pm,i,j represents the number of i-type diesel vehicles under j emission standard in area m; VKTm,i represents the average annual kilometers travelled (km) for the i-type diesel vehicles in area m; and EFi,j,n represents the emission factor (g/km) of the pollutant n emitted by the i-type diesel vehicle under the j emission standard.



3.1.1. Vehicle Category


The classification of vehicle types is an important basis for the development of an emission inventory. Motor vehicles are divided into gasoline vehicles, diesel vehicles, gaseous fuel vehicles, and electric vehicles etc., [28]. This study focused on diesel vehicles, which are non-track-loaded vehicles driven by diesel engines with four or more wheels. The classification of diesel vehicle types was determined according to “Road traffic management—Types of motor vehicles” [29], the Statistical Yearbook [25], and the characteristics and uses of vehicles, in reference to the conversion method of Qiu [30]. Finally, diesel vehicles were divided into four types, as shown in Table S1: light diesel vehicles (LDVs), heavy diesel vehicles (HDVs), light diesel trucks (LDTs), heavy diesel trucks (HDTs), and different emission grades (China I, China II, China III, China IV, China V, and China VI).




3.1.2. Vehicle Population and VKT


In this study, the vehicle population for each diesel type (LDV, HDV, LDT, and HDT) in the BTH region in 2018 was obtained from the China Statistical Yearbook [25] and our previous studies [31]. In addition, we needed to divide the number of vehicles into different types, according to the emission standards that the vehicles were able to meet. It is assumed that all vehicles needed to meet the newest emission standards were issued upon purchase. Thus, the type of emission standard for each diesel vehicle was reflected by, and derived from, the initial vehicle age distribution, which was obtained by referring to some studies [32,33].



The vehicle kilometer travelled (VKT) represents the real average annual distance travelled by each specific vehicle in the study area. The method used to obtain these data mainly included recommendations by the recognized guidelines [34], literature research [35], a questionnaire survey [36], and data analysis [37,38]. This study referred to the Traffic Development Annual Report and other literature research results [39] to determine the VKT data for each type of diesel vehicle in the BTH region.




3.1.3. Emission Factors


As is known, emission factors represent one of the most significant parameters to calculate pollutant emissions. Due to the fact that vehicular emissions are affected by many factors, the COPERT model was employed to determine the emission factors for CO, VOCs, NOX, and PM for different types of diesel vehicles in the BTH region.



The COPERT model was developed by the European Environmental Commission and used widely used in various road emission models in Europe. The model adopted a large amount of reliable experimental data and is compatible with different national standards and parameter variables. Following European experiences in the control of motor vehicle emissions, China learned that the national motor vehicle emission standards basically followed the EU emission standards at various stages, and that the classification of various types of vehicles has many similarities. Therefore, the COPERT model is also applicable for China [40,41,42]. However, due to differences between the Chinese classification standards for motor vehicles and European classification standards used by COPERT, this study linked the types of Chinese diesel vehicles with corresponding types from COPERT.



In addition to corresponding vehicle classifications, this study localized key parameters of the model, such as meteorological data in the BTH region, diesel data, and vehicular driving parameters. These data were obtained through relevant statistical data, documents, and national regulations for the BTH region, including statistics from the China Meteorological Administration and China Energy Statistical Yearbook.





3.2. Definition of Scenarios


To project the emission reduction potential and compare the reduction effects of different control measures, some policy scenarios were defined according to the Action Plan for Tackling the Pollution Control of Diesel Trucks [43], which was jointly issued by 11 departments in January 2019, and also by considering the economic feasibility and emission reduction targets. Detailed definitions and the relevant government documents referred to for each scenario are summarized in Table 1.




3.3. Prediction of Future Diesel Vehicular Emissions


When pollutant emissions in the BTH region were projected for future years (2019–2030), the activity level and EFs data for different years were predicted using the different scenarios in this study.



We projected the activity level of diesel vehicles in the BTH region using the elastic coefficient method. It is recognized that the activity level of diesel vehicles is related to the economic development level, according to previous studies [44,45]. GDP was selected as an economic indicator, and we estimated the elasticity coefficient be 0.74 based on the historical data of the vehicular population and GDP. Thus, the future diesel vehicle population can be projected based on the determined growth rate of GDP for future years, referring to the Local Economic Development Plan for the BTH region. The next step was to estimate the different types of diesel vehicle populations that could meet different emission standards in future years, based on the initial vehicle age distribution and survival probability. The diesel VKT data for future years were predicted using a similar method. Detailed information can be seen in Figures S1 and S2.



By calculating future emission factors for diesel vehicles, it was assumed that the EF for each emitted pollutant from the specific types of diesel vehicles meeting the specific emission standards could be fixed. As diesel vehicles with different standards were changing due to dynamic vehicle age distributions, the average EFs of different types of diesel vehicles were variable for future years. Once the activity level and emission factors were predicted, pollutant emissions under the BAU scenario could be calculated. The next step was to adjust the corresponding data of activity levels and EFs, according to the specific requirements of different policy scenarios, and pollutant emissions under the different scenarios could be projected for future years.





4. Results and Discussion


4.1. Prediction of Pollutant Emissions from Diesel Vehicles


4.1.1. Diesel Vehicle Emissions under the BAU Scenario


The emissions from diesel vehicles in the Beijing–Tianjin–Hebei region for 2018 were calculated. The NOX emitted by diesel vehicles could account for 92.6% of the total emissions from mobile sources, as reported by the Ministry of Ecology and Environment [1]. Figure 2 illustrates the forecasted results of diesel vehicular pollutant emissions in the Beijing–Tianjin–Hebei region under the baseline scenario (BAU). CO and NOx emissions in this region may continue to grow, with growth rates of up to 104.8% and 83.9%, respectively, under the BAU scenario, as the population of diesel vehicles is predicted to increase over the next few decades, due to the fact that existing control measures fail to effectively reduce emissions. The VOC emissions in this region could first decrease and then increase, and the value in 2030 could be 8.4% higher than the value in 2018. PM emissions could decrease during the first five years and, thereafter, remain relatively stable, which could result in a 51.6% emission reduction by 2030 compared to 2018. This is because current diesel vehicle control measures, including the abandoning of old diesel vehicles and improvements to new vehicle emission standards, could lead to a decrease in VOC and PM emissions in the short term. Considering the three sub-regions, the PM emission in Beijing, Tianjin, and Hebei could decline by 56.3%, 64.2%, and 48.9%, respectively. VOC emissions in Beijing could remain stable from 2025 to 2030, and be reduced by 40.0% in the end, while showing an upward trend in Tianjin and Hebei provinces.




4.1.2. Diesel Vehicle Emissions under Policy Scenario


Figure 3 shows the projected emissions from diesel vehicles in the BTH region under different policy scenarios. It can be concluded that CO, VOC, NOX, and PM emissions could be reduced by 74.55, 89.3%, 84.5%, and 94.0%, respectively, by 2030 compared to the values in 2018 under the CS scenario. The pollutant emissions from diesel vehicles in 2030 under other policy scenarios could decrease relative to 2018, except under the OVE scenario. The CO, VOC, and NOX emissions from diesel vehicles under the OVE scenario could increase by 104.7%, 11.0%, and 83.9%, respectively, by 2030, which is due to the weak long-term pollution control effect in this scenario. However, the declining effect of pollutant emissions under the ESU scenario could be the most significant, with CO, VOC, NOX, and PM emissions in 2030 being 42.5%, 58.2%, 19.8%, and 82.6% of the value in 2018. The CO and NOX emissions can remain relatively stable from 2018 to 2030 under the NEP scenario. It is worth noting that PM emissions could be significantly reduced in all scenarios by 2030. Compared to the present situation, PM emissions could achieve a 94.0% reduction by 2030.





4.2. Emission Reduction Potential of Diesel Vehicles in the BTH Region


4.2.1. Emission Reduction Potential under Different Reduction Scenarios


The emission reduction potential in this study was defined as the difference between pollutant emissions under policy scenarios and the BAU scenario, which could reflect the reduction effect from the specific control measures for diesel vehicles. Figure 4 shows the projected pollutant emission reduction potentials for diesel vehicles in Beijing, from 2019 to 2030, under different policy scenarios. Figures S3 and S4 show the projected pollutant emission reduction potentials for diesel vehicles in Tianjin and Hebei. Obviously, the CS scenario has the highest emission reduction potential. It was projected that the pollutant emissions from diesel vehicles could be mostly reduced by 75.2–84.6%, 88.4–94.5%, and 88.5–92.8%, respectively, for Beijing, Tianjin, and Hebei by 2030. In comparison, the CS scenario had better emission reduction effects for diesel vehicles in Tianjin and Hebei provinces than in Beijing. This may be due to the higher pollution levels and lower control standards presently used in both areas.



By comparing the reduction effect under different policy scenarios, it was found that the ESU scenario could have the best emission reduction effect in the long term, and the greatest emission reduction potential could be achieved for CO. The CO emission reduction potentials of diesel vehicles in Beijing, Tianjin, and Hebei provinces were 66.1%, 43.1%, and 72.6%, respectively. The OVE scenario in Beijing over the short term could have the best emission reduction effects for diesel vehicles, especially for VOC and PM, which reached 63.2% and 51.4%, respectively, in 2020. In a later period, this emission reduction potential could gradually weaken due to a reduction in old vehicles. The pollutant emission reduction potential in this region could remain stable under the HTR scenario, causing a considerable reduction effect, especially for Tianjin and Hebei. Under the NEP scenario, the emission reduction potentials for diesel vehicles in the BTH region could increase year after year. In comparison, this had a greater potential of reducing emissions from diesel vehicles in Beijing. The CO, VOC, NOX, and PM from diesel vehicles could be reduced by 47.9%, 49.7%, 54.4%, and 50.2%, respectively, by 2030.




4.2.2. Emission Reduction Potential of Different Types of Vehicles


A detailed analysis of the emission reduction potential of different types of diesel vehicles could be valuable in order to formulate more efficient policy options for diesel vehicles. This study calculated the emission reduction potential of four diesel vehicle types under a comprehensive scenario in the BTH region, and conducted comparative analyses to determine the emission reduction potential. The results in Beijing are presented in Figure 5. Figures S5 and S6 show pollutant emission reductions in diesel vehicles under the CS scenario in Tianjin and Hebei.



For Beijing, the reduction from heavy diesel vehicles (HDVs) could contribute more compared with the other types of diesel vehicles in the short term. It could also lead to a considerable reduction in heavy diesel vehicle (HDT). From 2024, the light diesel truck (LDT) would begin to more conspicuously contribute to this reduction. This is similar for Tianjin and Hebei, with an overwhelmingly great proportion of emission reductions coming from HDT, accounting for 48.7–86.6% and 66.2–93.4%, respectively. LDT could contribute to some abatement in later years.





4.3. Comparison with Other Studies and Uncertainty Analysis


4.3.1. Comparison with Other Studies


This study summarized all similar studies in the published literature and performed a comparative analysis. Figure S7 presents a comparison with other studies. At the urban level, the results of the calculated emissions in this study for diesel vehicles in Beijing and Tianjin were close to those in Tangshan, as calculated by Wang [46]. However, the emissions of diesel vehicles in the BTH region (excluding NOX) estimated in this study were slightly lower than those in other studies [18,47,48,49,50]. There were several main reasons for this difference. Other studies were conducted in earlier years, and the calculated results of diesel emissions were higher due to the large number of high-emission vehicles and the higher emission factors; moreover, most of the studies were focused on motor vehicles, which may overestimate emissions from diesel vehicles. This comparison with other studies suggested that the results are reasonable and reliable.




4.3.2. Uncertainty Analysis


There were inevitably some uncertainties during the calculation of pollution emissions from diesel vehicles, probably due to inaccurate data regarding the motor vehicle population and deviations in the model output [51]. Monte Carlo simulation is an important statistical method that is widely used in uncertainty analysis for the estimation of pollutant emissions. It can simulate the uncertainty range of dependent variables based on the mathematical distribution and the coefficients of variation (CV, the standard deviation divided by the mean) of the independent variable and the relationship between them This method first needs to determine the mathematical distribution and the variables’ coefficient of variation (CV). Since vehicle populations in the BTH region came from a statistical yearbook, uncertainty is relatively low. Assuming the data were normally distributed, the CV was 5%. Previous studies found that uncertainty regarding annual average kilometers were slightly higher than the vehicle population, and the CV was usually around 10–30% [20,52,53]. The annual average kilometers in this study was obtained from official statistical reports, assuming that the data were normally distributed and the CV was 30%. According to previous studies [31,53], the four pollutant emission factors were lognormal distribution for all types of diesel vehicles. The CV of the CO, VOC, and NOX emission factors was 17%, while the CV of the PM emission factors was 34%. In addition, the number of tests was set as 100,000 to ensure the accuracy of the estimation results. The experimental results are shown in Figure S8.



The results showed that the uncertainty ranges for CO, VOC, NOX, and PM emissions from diesel vehicles in the BTH region (confidence interval was 95%) were −21–23%, −23–26%, −24–27%, and −34–43%, respectively. In this study, vehicle population data were obtained from the traffic administration and may be considered as having very low uncertainty. The main sources of uncertainty are from diesel vehicle kilometers traveled and emission factors, as well as model uncertainty. By comparison with other studies [54,55,56,57], the lower uncertainty of diesel vehicle emissions in this study indicates the reliability of the methodology. In order to further reduce the uncertainty in the calculation of pollutant emissions from diesel vehicles, more field surveys need to be carried out, with attention paid to the population and distance traveled by diesel vehicles. To further reduce the uncertainty of diesel vehicle emission inventories, measuring the actual emission factors under real-world driving conditions or using real-time traffic flow data be important.






5. Conclusions


This study aimed to project the pollutant emissions from diesel vehicles in the BTH region, from 2019 to 2030, in order to explore the reduction potential for all kinds of diesel vehicles and compare the reduction effect under different policy scenarios. CO and NOx emissions from diesel vehicles in this region could increase by 104.8% and 83.9%, respectively, if no additional control measures are adopted over the next few decades. However, the diesel vehicular emissions could decrease by 74.8–94.0% by 2030 compared to those of 2018 if all the possible measures are implemented. The reduction effect of control measures to diesel vehicles could also be considerable. Particularly, the emission reduction potential of HDT could be greater than 70%. When comparing the effects caused by different control measures, the effects of emission reductions under the ESU scenario could gradually increase and the PM emissions could be reduced by 82.6%. In addition, the NEP scenario could also achieve a considerable reduction effect. Diesel vehicles could have great emission reduction effect under the HTR scenario for Tianjin and Hebei provinces, while the OVE scenario could only have a considerable reduction effect in the short term. The emission reduction could be mainly influenced by HDV and HDT in Beijing, while HDT could contribute an overwhelmingly large proportion of emission reductions in Tianjin and Beijing.



Therefore, it is very important to continuously update emission standards for new diesel vehicles. It should to noted more time may be required for vehicle manufacturers to develop reliable treatment facilities in order to meet new emissions standards. The electrification of diesel vehicles seemed be effective measures. However, the indirect emission from the power producers should be considered. The adoption of highway to railway measures is encouraged due to their favorable reduction effects, and local governments should strengthen the capacity of the construction of railway transportation. Controlling heavy diesel trucks should be prioritized in the BTH region. To explore the change in air quality caused by possible control measures for diesel vehicles, further work should be conducted to simulate the variations of pollutant concentrations (especially PM2.5 and O3) under different policy scenarios.
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Figure 1. The location of the BTH region in China. 
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Figure 2. Diesel vehicle pollutant emissions under the BAU scenario in the BTH region. 
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Figure 3. Prediction of pollutant emissions from diesel vehicles under different policy scenarios in the BTH region. 
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Figure 4. Prediction of pollutant emission reduction potential from diesel vehicles under different policy scenarios in Beijing. 
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Figure 5. Pollutant emission reductions in diesel vehicles under the CS scenario in Beijing. 
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Table 1. The description of reduction scenarios for vehicles.
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	Scenario
	Description
	Specific Definition
	Reference





	Business as usual scenario (BAU)
	To continue to use the existing emission standards without adding other control measures.
	Taking 2018 as the base year and keep the current policy unchanged.
	——



	Old vehicles elimination (OVE)
	To eliminate old diesel vehicles with high emissions.
	To eliminate all diesel vehicles below the China III standard by the end of 2020. Since then, diesel vehicles have been eliminated year after year, according to the regulations for mandatory scrapping of motor vehicles.
	“Plan of Beijing to Further Promote the Elimination and Renewal of Old High-Emission Motor Vehicles (2020–2021)”.

“Regulations of Tianjin on Pollution Prevention and Control of Motor Vehicle and Non-Road Mobile Machinery Emissions”. “Regulations of Hebei Province on Pollution Prevention and Control of Motor Vehicle and Non-Road Mobile Machinery Emissions”.

“Provisions on Mandatory Scrapping Standards of Motor Vehicles”.



	Emission standards upgrade (ESU)
	To update the emission standards for diesel vehicles.
	To adopt China VIb standards in 2020 for Beijing; China VIb standards in 2019 for LDV for Tianjin and Hebei; China VIa standards in 2021, and China VIb standards in 2023 for HDV for Tianjin and Hebei, respectively.
	“Notice on Beijing’s Implementation of the Sixth Phase of Motor Vehicle Emission Standards (Draft for Comment)”.

“Announcement on the implementation of the sixth phase of emission standards for motor vehicles” in Tianjin and Heibei provinces.



	New energy vehicle promotion (NEP)
	To promote the use of new energy vehicles.
	To increase the sales proportion of new energy vehicles in China by 3% every year since 2019.
	“New Energy Automobile Industry Development Plan (2021–2035)”.



	Highway to railway (HTR)
	To increase the amount of freight transported by rail.
	To increase the total amount of rail freight by 10% every year since 2019.
	“Three-year Action Plan for Promoting the Adjustment of Transportation Structure (2018–2020)”.



	Comprehensive scenario (CS)
	To combine the above control measures effectively.
	To integrate the data in the other four emission reduction scenarios.
	——
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