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The road and marine transportation sectors have attracted a great deal of attention as one of the main sources of carbon emissions. In this study, a LEAP (long-range energy alternatives planning system) model is used to predict the energy demand and carbon emissions of the road and marine transportation sectors in Guangdong Province from 2016 to 2030. Based on the model results, if Guangdong Province does not adopt new control measures, in 2030, the energy demand and CO2 (carbon dioxide) emissions from the road and marine transportation sectors will have increased by 117 and 116%, respectively, compared to the levels in 2015. Conversely, under a low-carbon scenario, carbon emissions will peak by 2027 in Guangdong Province. Motor vehicle control measures generate the strongest reduction in energy consumption and CO2 emissions for the road and marine transportation sectors in Guangdong Province. Furthermore, the reduction of emissions resulting from these measures would increase over time. Public transportation development and the promotion of clean energy measures also play significant roles in reducing carbon emissions long-term. The contribution of road passenger transport to emission reduction is the largest, followed by marine freight transport and road freight transport. While the energy demand and carbon emissions peak at a similar time in the model, the peak time for CO2 occurs slightly earlier.
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INTRODUCTION
Mitigating global climate change has involved cooperation at the national and international levels (Georgatzi et al., 2020; Raza and Lin, 2020). Participating countries in the United Nations Framework Convention on Climate Change have signed the Kyoto Protocol, which aims to stabilize greenhouse gases in the atmosphere at an appropriate level. China, as the largest global emitter, signed the Kyoto Protocol in 1998. China also signed the 2015 Paris Agreement and committed to peaking their carbon emissions by 2030 (Mendonca et al., 2020). To peak carbon emissions as rapidly as possible, many scholars are researching carbon emission peak scenarios, resulting in the topic being the latest research hotspot (Ding et al., 2019; Fang et al., 2019). In China, the transportation sector is the third largest contributor to carbon dioxide emissions after the power generation and manufacturing sectors (Yan, 2018). Therefore, exploring carbon peak scenarios in the transportation sector is highly relevant to China’s climate change mitigation goals (Li and Yu, 2019; Chen H. et al., 2020a). With rapid urbanization and motorization, the transportation demand will continue to grow, which means that energy consumption and greenhouse gas emission levels will continue to grow also (Lee et al., 2018). To meet the goal of low-carbon development, the transportation sector must make urgent efforts to reduce and control carbon emissions from the municipal to federal levels.
Research on carbon emissions in the field of transportation is still in its infancy in terms of statistical data, calculation methods and practical technologies. The research mainly comprises driving factor analysis, emission reduction potential research, cooperative effect analysis, cost-benefit analysis and peak value research (Liu et al., 2017a; Liu et al., 2019; Bai et al., 2020). To control the growth of transport demand and reduce the energy consumption and carbon emissions of the transportation sector in China, a series of measures including a reduction in the number of private vehicles, fuel quality improvement, biofuel promotion, public transportation promotion, and the optimization of freight structure are being implemented (Yan and Crookes, 2009; Liu et al., 2019). The findings of Liu et al. (2017a); Liu et al. (2019) indicate that these measures are economical and effective for the reduction of CO2 emissions. Measuring the potential of these measures to reduce emissions and to peak carbon emissions early, including calculating the time and peak value of the carbon peak, is critical because doing so can help decision makers to choose the most appropriate emission reduction goals.
Although the Chinese government and Chinese industries are increasingly paying attention to carbon emission reduction and carbon peaking, there are relatively few studies on carbon dioxide emissions in China’s road and marine transportation sectors due to the difficulty of data acquisition and the unreliability of available data. Chen X. et al. (2020b) predict the carbon peaks in four pillar sectors (i.e., industrial, building, transport and agricultural sectors) and find that carbon emissions in China will peak in 2036, 6 years later than the target year. Lu et al. (2020) predict future carbon emissions for the heavy chemical industry from 2017 to 2035 and find the ideal carbon emission peak year to be 2021. Li et al. (2020) report construction industry carbon emissions peaking in 2020 under the technological breakthrough scenario and find that the gross domestic product (GDP) has the highest cumulative contribution rate to China’s construction industry carbon emissions. The GDP of Guangdong Province is the highest in China (Lu et al., 2019). Moreover, with the growth of traffic demand, carbon emissions from the road and marine transportation sectors in Guangdong Province will continue to grow and must be reduced.
Accurately modeling carbon emissions is critical to determining their peak time and peak value. There are a variety of bottom-up prediction models, such as AIM/end-use models (Selvakkumaran and Limmeechokchai, 2015), MARKAL (market allocation) models (Pattanapongchai and Limmeechokchai 2011; Li et al., 2015) and LEAP (long-range energy alternatives planning system) models (Rahmadi et al., 2013). The first two models focus on the choice of energy technology. The LEAP model is an energy consumption and environment model based on policy development scenarios. It is highly effective for analyzing policy subsets separately and evaluating the effect of specific policies. This model is consistent with the objective of low-carbon emission transport policy selection. Emodi et al. (2017) apply a scenario-based analysis to explore Nigeria’s future energy demand, supply and associated GHG emissions from 2010 to 2040 using the LEAP model. Nieves et al. (2019) use the LEAP model to analyze the energy demand and greenhouse gas emissions in Colombia. In China, Wang et al. (2017) use the LEAP model to predict the energy consumption from 2016 to 2040 in Hunan Province and analyze the factors that affect energy consumption. Hu et al. (2019) analyze future projections of energy generation and consumption from 2015 to 2030 based on the LEAP model in Shenzhen. The LEAP model is a very popular prediction method for energy consumption and associated GHG emissions. This study will use the LEAP model to predict the carbon emissions of the road and marine transportation sectors in Guangdong Province from 2015 to 2030.
To reduce carbon emission in Guangdong Province, which is the province with the highest GDP in China, low-carbon scenario to predict the energy demand and CO2 emissions of the road and marine transportation sectors from 2016 to 2030 are considered, with a focus on the time and value of the carbon emission peak. This study uses a LEAP model to predict carbon emissions, quantifies the energy demand and emission reduction potential of different scenarios from 2016 to 2030, and forecasts when the road and marine transportation sectors in Guangdong Province will peak their carbon emissions in a low-carbon scenario. Through scientific policy guidance, the contribution of these factors to the carbon dioxide emissions from the road and marine transportation sectors in Guangdong can be reduced. This study quantifies the emission reduction potential of various policies and provides appropriate emission reduction targets for decision makers. The results have a broad application potential and can be used in other regions. The rest of this paper is organized as follows. Section two constructs the carbon emission prediction model. Section three sets up the baseline scenario and low-carbon scenario. Section four forecasts the energy demand and carbon emissions of Guangdong Province and analyzes the emission reduction potential of the different scenarios. Section five presents the conclusions and policy implications.
METHODS AND DATA
To achieve the goals of this study, this paper uses the LEAP model to calculate the carbon emissions of the road and marine transportation sectors and predict the peak of these emissions. CO2 emissions are calculated primarily as a function of the energy consumption of each type of vehicle and the corresponding CO2 emissions, while the energy consumption is related to the activity level of the vehicles. Therefore, to calculate CO2 emissions, it is necessary to first predict energy consumption and activity level. The specific methodology and data are as follows.
The Framework of the Study
This study employs the LEAP model to predict the energy demand and CO2 emissions of the road and marine transportation sectors in Guangdong Province. Using scenario analysis, carbon emission peak, reduction potential and emissions from different modes of transportation and energy sources are analyzed. Finally, policy recommendations are formed based on the analysis.
The LEAP model is an energy-environment model developed by the Stockholm Environmental Institute to calculate pollution emissions caused by energy demand. Users can set a series of scenarios and predict how changing various factors impacts CO2 emissions by adjusting the transportation structure and rate of technological progress. The LEAP model adopts the bottom-up method, setting different scenarios according to the change of energy consumption at the transportation terminal and linking this to carbon emission factors to analyze energy consumption and carbon emissions.
Based on the concept of territorial management, the transportation researched in this paper is defined and divided based on the characteristics of Chinese transportation modes and the feasibility of data acquisition. Transportation referred to in the study includes passenger transport and freight transport. Passenger transport refers to highway passenger transport (mini, small, medium, and large passenger cars), urban road public transport (taxi, bus, and subway transport), motorcycle passenger transport and marine passenger transport. Freight transport includes road freight transport (mini, small, medium, and large trucks) and marine freight transport. The energy consumption and CO2 emission model are constructed according to the operation process and calculation system.
The study focuses on the analysis and evaluation of energy consumption and direct CO2 emissions of the road and marine transportation sectors in Guangdong Province. The calculation process of the model is divided into two parts: energy consumption and CO2 emissions. The current energy consumption and carbon emissions are calculated using 2015 as the base year. The framework of the study is shown in Figure 1.
[image: Figure 1]FIGURE 1 | The framework of the study.
Calculation of Carbon Emissions
The calculation of CO2 emissions is based on the energy consumption for each energy source and the corresponding CO2 emission factors. The CO2 emissions of transportation, including road transport, water carriage and urban passenger transportation, are calculated according to the following formula:
[image: image]
where Eij represents the CO2 emissions of energy source j in year i, in units of tons; TFij represents the energy consumption of energy source j in year i, in units of tons; and EFij represents the CO2 emission per unit mass fuel of energy source j in year i, in units of tons CO2/tons fuel.
Calculation of Energy Consumption
For road transportation, the energy consumption of motor vehicles is mainly a function of the number of motor vehicles, average annual mileage of motor vehicles, and fuel efficiency. Therefore, the energy consumption of road transportation can be calculated by the following formula:
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where Fij represents the energy consumption of vehicles of category j in year i, in units of tons of standard coal; Pij represents the number of vehicles of category j in year i; VKTij represents the average annual mileage of vehicles of category j in year i, in units of km; and Uij represents the fuel economy of vehicles of category j in year i, in units of tons of standard coal/km.
In terms of urban passenger transport, which must consider passenger volume, the energy consumption is typically calculated by multiplying the total passenger transport turnover by the energy consumption per unit of passenger transport turnover. However, in Guangdong Province, urban public transport travel is measured as annual passenger volume. Therefore, the energy consumption of urban passenger transport in this study is calculated by the following formula:
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where FPij represents the energy consumption of urban passenger transport type j in year i, in units of tons of standard coal; TDPij represents the passenger capacity of urban passenger transport type j in year i, in units of 104 people; Lij represents the single trip distance of urban passenger transport type j in year i, in units of km; βjk represents the traffic structure proportion of energy source k of urban passenger transport type j, in units of %; and EPassijk represents the energy consumption per unit turnover of energy source k of urban passenger transport type j in year i, in units of standard coal/(person·km).
For marine transportation, the energy consumption is calculated by the following formula:
[image: image]
where FWij represents the energy consumption of marine transport mode j in year i, in units of tons of standard coal; j is 1 or 2, representing freight or passenger transport, respectively; TDWij represents the turnover of passenger transport or freight transport in year i (assuming the average weight of each passenger is 65 kg), in units of t·km; βijk represents the structural proportion of fuel type k of marine transport mode j in year i, in units of %; and EWijk refers to energy consumption per unit turnover of fuel type k of marine transport mode j in year i, in units of tons standard coal/(t·km).
Prediction of Activity Level
Activity level includes the number of motor vehicles and annual mileage of road transport, the traffic volume and turnover volume of each type of urban passenger transport terminal and marine transport, i.e., Pij, VKTij, TDPij, and TDWij. Under the baseline scenario, there is no change in policy. Activity levels for each type of transportation in Guangdong Province are predicted for 2020, 2025, and 2030.
In terms of road transport, the elastic coefficient method is used to predict activity level, including ownership and annual vehicle kilometers of travel. The prediction formula is as follows:
[image: image]
where ε represents the elastic coefficient; α represents the rate of change of activity level for various models; and β represents the rate of change of GDP per capita.
Considering the current policy plan for reducing pollution by controlling the total amount of vehicles, it is assumed that the elasticity coefficient of road transport in Guangdong Province will change in the future, especially for small passenger cars. The elasticity coefficient will be set to 1.77, 1.47, and 0.92 in 2020, 2025, and 2030, respectively, to obtain the activity level for various types of vehicles according to the prediction of per capita GDP.
In terms of urban passenger transport and marine transport, an econometric model is used to establish the regression relationship between the traffic volume or turnover volume of each type of urban passenger transport terminal and marine transport, and per capita GDP, to predict the future urban passenger transport and marine transport traffic volume or turnover volume. The formula for the regression relationship is as follows:
[image: image]
where TDi represents the volume of urban passenger transport in year i, in units of 10,000 people, or the turnover volume of marine transport in year i, in units of 108 tons·km; GDPPi represents the per capita GDP in year i, in units of 104 yuan; and α and β represent model parameters.
Data Collection
Based on data from 2005 to 2015, this study forecasts the energy consumption and carbon emissions from the road and marine transportation sectors in Guangdong Province from 2016 to 2030. The data in this study are derived from four different sources. Emission factors were derived from the Provincial Greenhouse Gas Inventory Compilation Guide(in Chinese). The per capita GDP and vehicle numbers of all different types, including minibus, small passenger car, medium passenger car, large passenger car, minivan, light truck, medium truck and heavy truck, were derived from the Guangdong Statistical Yearbook(in Chinese). Vehicle kilometers of travel were sourced from previous research (Liu et al., 2017b). Public transport passenger volume and marine transport turnover were sourced from the Department of Transportation of Guangdong Province.
SCENARIO SETTING
The selection of scenario policies for transportation sector carbon emissions in Guangdong Province is the basis for evaluating future transportation sector carbon emissions and the effect of different policies. Reduction scenarios were designed according to the current situation and existing problems of transportation development, combined with the carbon emission reduction policies for the road and marine transportation sectors in Guangdong Province and China’s requirements for energy conservation and emission reduction. To reflect the transportation sector energy demand and carbon emissions under the influence of existing policies and to perform a comparative analysis on the effect of different policies, two scenarios are set up in the study. One is the baseline scenario, and the other is the low-carbon scenario.
Baseline Scenario
The baseline (business as usual) scenario refers to measures taken in the base year, without any changes in policy. The activity-level data use the proportion of the service volume of each end-use layer for each year, but the service volume of each department maintains natural growth.
Low-Carbon Scenario
Based on literature research, this paper examines factors influencing transportation sector carbon emissions, considering the current situation of Guangdong Province and data availability, in order to summarize the factors affecting the development of low-carbon transportation. These factors include the social economy, infrastructure, traffic scale, transportation capacity, and science and technology. The design of the low-carbon scenario primarily focuses on factors influencing transportation-related carbon emissions in Guangdong Province, combined with a series of existing transport energy conservation and emission reduction policies, plans, and other references suitable for estimating future emission reduction in Guangdong Province. Considering the operability of measures and the quantification of indicators, a total of five low-carbon measures are set up. The description and setting reference of the five low-carbon measures are shown in Table 1.
TABLE 1 | Low-carbon scenario design of transportation sector carbon emission policy in Guangdong Province.
[image: Table 1]Based on the above low-carbon scenario settings, the quantitative indicators of different policy measures in 2020, 2025, and 2030 for Guangdong road and marine transportation sector are shown in Table 2.
TABLE 2 | Specific quantitative indicators of future transportation in Guangdong Province under low-carbon scenarios.
[image: Table 2]RESULTS AND DISCUSSION
Based on data from 2015, we forecast energy demand and carbon emission reductions from 2016 to 2030 and further analyze the energy demand of various modes of transportation and their impact on CO2 emissions. Considering different implementation levels of the policy, we also analyze the peak time of CO2 emission and energy demand in five measures where 80, 90, 100, 110, and 120% of emission reduction target is reached.
Evolution of Energy Demand and Carbon Emissions
Taking 2015 as the base year, the energy demand and CO2 emissions in Guangdong Province from 2016 to 2030 are forecasted using the LEAP model, which is shown in Figure 2. Under the baseline scenario, energy demand in Guangdong Province in 2020, 2025, and 2030 would reach 88 million tons of standard coal, 114 million tons of standard coal equivalent and 135 million tons of standard coal equivalent, respectively. The CO2 emissions would reach 180 million tons, 233 million tons and 274 million tons, respectively. If Guangdong Province does not take new control measures and adopt new policies, transportation energy demand and CO2 emissions will grow rapidly. Compared to 2015 values, transportation energy demand and CO2 emissions in Guangdong Province would more than double by 2030.
[image: Figure 2]FIGURE 2 | The trend of energy demand and CO2 emissions for transportation in Guangdong Province from 2015 to 2030.
At the general debate of the 75th session of the United Nations General Assembly in September 2020, China promised to achieve the peak of carbon emissions by 2030, and strive to achieve carbon neutrality before 2060. The peak of carbon emission was adjusted from “around 2030″ to “before 2030″, which shows that China has greater confidence and determination to deal with climate change. As one of the critical regions of China’s reform and development, the Guangdong government had put forward in-time strategies to slow down the increase of carbon emission, especially in eliminating the backward production capacity and promoting industrial transformation and upgrading. Under the influence of COVID-19, the instability of the climate change situation has been strengthened, and the pressure of continuous improvement of carbon emission and environmental quality in Guangdong Province is increasing. Industrial transformation in the recent year accounts for achievement in energy and emission reduction. From the result of the baseline scenario, carbon emission control in transportation should also be highlighted.
Under the low-carbon scenario, the energy demand of Guangdong Province in 2020, 2025, and 2030 would reach 74 million tons of standard coal equivalent, 83 million tons of standard coal equivalent and 84 million tons of standard coal equivalent respectively, which is 38% lower than the baseline scenario for 2030. The CO2 emissions would reach 147 million tons, 162 million tons and 159 million tons respectively, which is 42% lower than the baseline scenario for 2030. Under the low-carbon scenario, the energy demand of road and marine transportation sectors in Guangdong Province show overall growth, but the growth rate is lower than that of the baseline scenario and is gradually decelerating. The energy demand in 2030 is slightly lower than that in 2029. However, CO2 emissions increase at first before decreasing. Consequently, the carbon emission peak could be reached in 2027. Although the energy demand and CO2 emission keep the same trend, the CO2 emission would reach the peak earlier than the energy demand. The reason is that the optimization of energy structure would reduce the CO2 emission per unit of energy, which is conducive to accelerating the peak of carbon emission. The results of Chen X. et al. (2020b) show that overall carbon emissions in China would peak in 2036: 2031 for the industrial sector, 2035 for the building sector, 2043 for the transportation sector, and 2026 for the agricultural sector. The carbon emission peak time for the road and marine transportation sectors in this study is 15 years earlier than the result of Chen X. et al. (2020b) and shows that China’s goal of peaking carbon emissions could be achieved by 2030. Conversely, a study by Su and Lee (2020) finds that there is potential for peaking carbon emissions by 2028 in China, which is 1 year later than the peak time for the transportation sector in this study. To summarize, the low-carbon scenario is ideal for reducing energy demand and controlling CO2 emissions in Guangdong Province. Under the low-carbon scenario, the road and marine transportation sectors in Guangdong Province could achieve the control requirements for carbon peaks before 2030.
Assessment of Emission Reduction Potential
If Guangdong’s transportation develops according to the low-carbon scenario, the reduction of transportation sector energy demand and CO2 emission in 2020, 2025, and 2030 are shown in Figure 3. According to the model results, under the low-carbon scenario, the transportation sector energy demand in 2020, 2025, and 2030 would be reduced by 15 million tons of standard coal, 31 million tons of standard coal and 51 million tons of standard coal, respectively, compared with the baseline scenario. The CO2 emissions in 2020, 2025, and 2030 would be reduced by 34 million tons, 71 million tons, and 114 million tons, respectively, compared with the baseline scenario. In 2015–2030, compared with the baseline scenario, energy demand and CO2 emissions decrease at an increasing rate.
[image: Figure 3]FIGURE 3 | The reduction of energy demand and CO2 emission in Guangdong Province under low-carbon scenario compared with the baseline scenario.
To further analyze the implementation effect of different policy measures under the low-carbon scenario, specific results are shown in Figures 4, 5. Under the low-carbon scenario, the five different measures each have different impacts on the energy demand and CO2 emissions of future transportation in Guangdong Province. In general, the order of impact on energy demand reduction from high to low is motor vehicle control > fuel economy adjustment > public transport development > clean energy promotion > cargo structure optimization. For CO2 emission reduction, the order of impact is: motor vehicle control > clean energy promotion > fuel economy adjustment > public transport development > cargo structure optimization.
[image: Figure 4]FIGURE 4 | Proportion of energy demand reduction for different measures under a low-carbon scenario for the road and marine transportation sectors in Guangdong Province.
[image: Figure 5]FIGURE 5 | Proportion of CO2 reduction for different measures under a low-carbon scenario for the road and marine transportation sectors in Guangdong Province.
Motor vehicle control measures have the largest effect, and the emission reduction effect from motor vehicle control measures would increase over time. Second, clean energy promotion could have a significant CO2 emission reduction effect (approximately 20%), which is conducive to reducing the CO2 emissions of the road and marine transportation sectors in Guangdong Province. The impact of public transportation development would improve energy usage and carbon emissions in 2016–2022 and could provide a carbon emission reduction of 18–23% for this time period. In the following years, with the implementation of clean energy replacement and fuel economy adjustment measures, the efficiency of transport would improve and the intensity of CO2 emissions would be reduced. The impact of public transport development would therefore weaken. In 2030, the five measures including motor vehicle control, clean energy promotion, public transport development, fuel economy adjustment and cargo structure optimization, would reduce CO2 emissions under the low-carbon scenario by 46, 20, 16, 16, and 3%, respectively.
Impact of Different Energy Sources on CO2 Emissions
This study further analyzes the energy demand of various energy sources and their impact on CO2 emissions under the low-carbon scenario, shown in Figures 6, 7. Under the low-carbon scenario, future energy sources for the road and marine transportation sectors in Guangdong Province would be cleaner, and the proportion of clean energy would increase gradually. By 2030, energy demand for the road and marine transportation sector in Guangdong Province would account for 13% of the total energy demand, while emissions would only account for 7%. However, the proportion of the transportation sector being met by fossil fuel would still be as high as 80%. It can be seen that there is still room to increase the use of clean energy in Guangdong’s transportation sector in the future.
[image: Figure 6]FIGURE 6 | Prediction of energy demand structures of transportation under the low-carbon scenario in Guangdong Province.
[image: Figure 7]FIGURE 7 | Prediction of CO2 emission of energy sources of transportation under the low-carbon scenario in Guangdong Province.
Impact of Different Modes of Transportation on CO2 Emissions
Considering energy consumption by transportation type, as shown in Figure 8, road passenger transport, road freight transport, and marine freight transport would be the most important sources of energy consumption in the Guangdong Province transportation sector in the future, no matter which scenario is evaluated. The road transport sector is responsible for the vast majority of short- and medium-distance transportation and is the sector that accounts for the largest proportion of transportation carbon emissions. These would therefore be the most critical target areas for energy conservation and emission reduction. Under the baseline scenario, as transportation demand increases, the energy consumption of all types of transportation would increase, except for motorcycles, which would be phased out. The growth of road passenger transport, road freight transport and marine freight transport is the largest, with energy consumption in 2030 increasing by 1.5, 1.3, and 0.6 times compared with 2015, respectively. Under the low-carbon scenario, with increased use of clean energy sources, the energy consumption of the transportation sector in Guangdong Province would be significantly reduced compared with the baseline scenario. In 2030, the contribution of road passenger transport, urban public transport, motorcycles, road freight transport and marine freight transport to total transportation sector energy consumption would be approximately 85, 1, 2, 5, and 7%, respectively.
[image: Figure 8]FIGURE 8 | Energy consumption reduction of different modes of transportation in Guangdong Province. Note marine freight transport (abbreviated as MFT); road freight transport (abbreviated as RFT); marine passenger transport (abbreviated as MPT); motorcycle (abbreviated as MC); urban public transport (abbreviated as UPT); road passenger transport (abbreviated as RPT).
The trend for carbon emissions by transportation type is similar to that for energy consumption in Guangdong Province, as shown in Figure 9. Road passenger transport, road freight transport and marine freight transport would be the most important sources of CO2 emissions in the future, whether in the baseline scenario or in the low-carbon scenario. Under the low-carbon scenario, with a low-carbon transportation structure and increased use of clean energy, CO2 emissions from the transportation sector would be significantly reduced compared with the baseline scenario. The contribution of road passenger transport to emission reduction is the largest, followed by marine freight transport and road freight transport. The emission reduction contributions in 2030 would be approximately 84, 9, and 5%, respectively, compared with the baseline scenario.
[image: Figure 9]FIGURE 9 | CO2 emission reduction of different modes of transportation in Guangdong Province. Note marine freight transport (abbreviated as MFT); road freight transport (abbreviated as RFT); marine passenger transport (abbreviated as MPT); motorcycle (abbreviated as MC); urban public transport (abbreviated as UPT); road passenger transport (abbreviated as RPT).
The Impact of Policies Implementation Level on the Peak
To further predict the transportation sector carbon emissions and energy demand in Guangdong Province, a deviation of 10 and 20% from the 2030 target value is set for carbon emissions, which can be divided into five situations with completion degrees of 80, 90, 100, 110, and 120%. It can be seen from Figures 10, 11 that the energy demand and the carbon emissions peak at a similar time for each scenario. The peak time for CO2 emissions is 1 year ahead of that for energy demand for the completion degrees of 90, 100, 110, and 120%, corresponding to the years 2028, 2027, 2026, and 2025, respectively. When the completion degree is 120%, transportation sector carbon emissions could reach their peak 2 years ahead of schedule. Thus, to achieve the reduction goal of low-carbon scenario in Guangdong Province, the peak of transport carbon emission could be delayed. When the completion degree is 80%, transportation sector carbon emissions would peak in 2029.
[image: Figure 10]FIGURE 10 | CO2 emissions under different degrees of implementation of reduction measures in Guangdong Province.
[image: Figure 11]FIGURE 11 | Energy demand under different degrees of implementation of reduction measures in Guangdong Province.
CONCLUSIONS AND POLICY IMPLICATIONS
Conclusion
In this study, we use the LEAP model to predict carbon emissions for the road and marine transportation sectors in Guangdong Province from 2015 to 2030. The following conclusions were obtained in this study. The results show that if Guangdong Province does not adopt new control measures, energy demand and CO2 emissions for the road and marine transportation sectors would increase to 117 and 116%, respectively by 2030 compared to 2015. However, in a low-carbon scenario, the carbon emission peak would be reached by 2027. By 2030, the energy demand for road and marine transportation sectors would account for 13% of the total energy demand, while the emissions would only account for 7%. Motor vehicle control measures have the strongest effect on reduction of energy consumption and CO2 emissions, and the reduction of emissions from motor vehicle control measures would increase over time. By 2030, the five measures analyzed in this study, including motor vehicle control, clean energy promotion, public transportation development, fuel economy adjustment, and freight structure optimization, would comprise 46, 20, 16, 16, and 3%, respectively, of total CO2 emission reductions under the low-carbon scenario. In 2030, the contribution of road passenger transport, urban public transport, motorcycles, road freight transport and marine freight transport to energy demand reduction would be approximately 85, 1, 2, 5, and 7%, respectively. The contribution of road passenger transport, marine freight transport and road freight transport to CO2 emission reduction in 2030 would be approximately 84, 9, and 5%, respectively. If Guangdong Province achieves 120% of its 2030 target for carbon emissions in the transportation sector, carbon emissions could peak 2 years ahead of schedule, i.e., in 2025.
Policy Implications
By comparing the five reduction measures under the low-carbon scenario in 2030 with the baseline scenario, the contributions of the five reduction measures are obtained respectively, and the emission reduction contributions of passenger transport and freight transport are summarized, which are shown in Table 3. Motor vehicle control has the greatest impact on energy savings and carbon reduction, indicating that it is necessary to control the number and travel frequency of cars effectively. Strengthening the implementation of total control of the number of small and medium-sized passenger cars and putting forward a timely the implementation plan to include the number of clean energy vehicles in the total number of cars controlled could effectively reduce the number of local private cars. Expanding the scope of travel restrictions for nonlocal vehicles would also gradually reduce travel amount. Strengthening the management of urban parking and congestion and comprehensively implementing differentiated parking supply and management for different regions, types and periods would likewise reduce travel frequency. Finally, using economic means to control the travel frequency of private cars could effectively reduce CO2 emissions.
TABLE 3 | Conclusion of the essential policy implications on transportation in Guangdong.
[image: Table 3]In addition, the development of public transport and promotion of clean energy also play an important role and have long-term benefits. A comprehensive public transport system would not only greatly improve the convenience of people’s travel but also help to reduce urban congestion. The promotion of clean energy is a new direction. Guangdong Province is vigorously promoting the transition to clean energy buses to actively adapt to the new normal of internet development. At present, energy usage in Guangdong Province is dominated by carbon-intensive energy sources, which is a difficult dependency to change in a short period of time. Therefore, it is critical to adjust the energy structure and gradually replace oil with clean and renewable energy sources such as solar energy, wind energy, hydropower, nuclear power and biomass energy.
Road passenger transport control measures have the greatest contribution to reduction of energy consumption and CO2 emissions. We recommend accelerating the use of biofuels and hydrogen fuels in the field of road passenger transport. The road passenger transport should gradually be converted to LNG buses and hydrogen fuel buses. We also recommend speeding up the elimination of old passenger transport vehicles with high energy consumption and low efficiency and encouraging the development of large and medium-sized passenger vehicles with low energy consumption and emission. The scale and intensity of passenger transport enterprises should be improved. Advanced passenger transport organization and management should be promoted, and the actual load rate of passenger transport should be improved. Public travel information services should be optimized, and the service capacity of the passenger transport system should be improved.
The adoption of clean energy vehicles should be accelerated. The use of clean energy vehicles in public transport, taxis, business vehicles and other fields should continually be promoted. The use of clean energy vehicles in the field of private vehicles should be encouraged. The planning and construction of infrastructure for clean energy vehicles, such as charging piles, should be promoted. Considering the growing traffic demand in the Guangdong-Hong Kong-Macao Greater Bay Area, increasing the proportion of clean energy vehicles could effectively reduce carbon emissions. The purchase of clean energy vehicles and implement economic incentive policies for clean energy vehicles should be encouraged. In 2018, the Mayor’s Transport Strategy of London stated that London’s transport network must meet legal air quality levels as soon as possible in order to achieve the goal of becoming zero carbon city by 2050. This target protects the health of Londoners and demonstrates a commitment to tackling climate change. In Guangdong Province, vigorously promoting the use of clean energy vehicles could be one important measure to help achieve zero carbon emissions from the transportation sector and could address issues of increasing traffic demand simultaneously.
Guangdong Province locates in the Pearl River region. It is necessary to make full use of its geographical advantages and optimize the freight structure to help save energy and reduce carbon emissions. Furthermore, promoting the integration of information technology and transportation industry management and service, promoting the application of intelligent transportation information systems, actively developing efficient transportation organization modes such as multimodal transport, dropping and pulling transport and joint distribution, and promoting the development of low-carbon freight are key measures that should be considered to achieve a reduction in carbon emissions and energy use in the transportation sector.
Additionally, air pollution and climate change are currently the two major challenges facing in most developing countries in the environmental field. However, most developing countries (such as China, India, etc.) focus more on the problem of air pollution, as it has been proven that worsen air quality not only directly associates with the prevalence of respiratory-related diseases and premature death, but also influents social, industrial and economic development. The earlier commitment of reaching carbon emission peak in 2030 and carbon neutrality in 2060 shows our new goal on climate change mitigation, which focuses every field to take more stringent action. Under the new circumstance and higher requirement, it is not advisable to treat these two problems separately. Researches show that the air quality standard could promote the implementation of low-carbon energy policy and realize the coordinated air quality improvement and emission reduction of CO2 (Chen H. et al., 2020a; Xing et al., 2020). Also, air pollutants and carbon dioxide source similarly, which support the feasibility of synergy treatment. Faced with the increasingly higher demand for human being’s health and a happier living environment, more scientific and precise measures are needed in our 14th Five-Year Plan and medium-to-long term action plan. It requires us and more researchers to pay more attention to this theme.
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compared to the baseline scenario in 2030

In 2020, the proportion of clean energy buses to all buses will exceed
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energy vehicles; Notice of Guangdong Development and Reform
Commission on printing and distributing the development plan of clean
energy vehicle industry in Guangdong Province (2013-2020) (in
Chinese); 13th Five-Year Plan for the development of comprehensive
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