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Abstract - The global automotive industry plays a crucial role in economic advancement, yet grapples with challenges like energy depletion and environmental pollution. Despite the increasing popularity of electric vehicles (EVs), traditional internal combustion engines continue to dominate. This paper delves into technologies aimed at energy conservation and emission reduction for conventional engines, encompassing direct injection for petrol engines and the adoption of clean energy sources such as ethanol, hydrogen, and ammonia. Additionally, it provides insights into achieving zero emissions through pure electric vehicles powered by lithium-ion batteries, emphasizing considerations related to battery life, charging infrastructure, and cost. Furthermore, the paper explores hybrid energy efficiency technologies, encompassing conventional hybrid electric vehicles (HEVs) and plug-in hybrid electric vehicles (PHEVs). PHEVs, with their ability to overcome range limitations and environmental impacts by synergizing internal combustion engines and electric motors, are highlighted for their compensatory advantages. The paper also covers global market trends, challenges, and benefits associated with these technologies.
1. INTRODUCTION 

The automobile industry is an important  industry for economic upgrading and social development all over the world. Automobiles bring traffic and transport convenience to human beings, but at the same time, they also cause major problems such as energy depletion and environmental pollution. As of 2022, the number of cars in the world is 1.446 billion, and in the same year, the data of International Energy Agency (IEA) shows that the global sales of electric vehicles exceeded 10 million for the first time in Global EV Outlook 2023. Despite the rapid development of new energy vehicles, traditional fuel still occupies the majority of the automotive market. It can be seen that the traditional engine is still the main source of power for all kinds of power machinery. Data from the IEAindicate that the transport sector in developed countries accounts for about 1/3 of national energy consumption[1]. Under the global goal of energy saving and emission reduction, the development of energy-saving technology for automotive engines has become a top priority.

2. ENERGY-SAVING AND EMISSION REDUCTION TECHNOLOGIES FOR CONVENTIONAL ENGINES
At present, cars powered by traditional internal combustion engines still dominate the market. For traditional internal combustion engines, energy conservation and emission reduction mainly focus on two aspects: enhancing the thermal efficiency of the engine; changing the energy carrier.
2.1 Gasoline Engine Direct Injection
Gasoline Direct Injection (GDI) is a technology derived from diesel engines. Through the nozzle, fuel is delivered straight into the cylinder where it combines with air to create a flammable mixture. Direct injection comes in two varieties: 1) Direct injection of liquid fuel; 2) Direct injection of premixed fuel. Depending on the period of fuel injection, two modes of combustion are formed: homogeneous combustion and stratified combustion(Fig.1)[2]. 
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Figure 1. Homogeneous (left) and stratified (right) mode operation [3]
 Some advantages of GDI are mentioned below[4]:

· Enhancements in fuel efficiency result from reduced pumping loss in unthrottled stratified mode, elevated compression ratios facilitated by charge cooling during induction, diminished octane requirements through injection-induced charge cooling during induction, and heightened volumetric efficiency achieved through injection-assisted charge cooling during induction.
· Absence of manifold film
· increased accuracy in controlling the air-fuel ratio
· a decrease in the cold start issue
2. 2 Clean Energy
Clean energy sources offer several advantages when used as the energy for engines, contributing to environmental sustainability and reducing the environmental impact associated with traditional fossil fuels.
Rufino et al. chose anhydrous ethanol as a clean fuel compared with gasoline. The results showed that the energy release loss in the ethanol engine cylinder was lower and the energy efficiency value was higher[4]. Furthermore, Sari et al. chose wet ethanol as fuel and explored the optimal operating conditions of the engine. They used fuel model E80W20 with a compression ratio of 14.5:1 and a combustion efficiency of 41%[5]
Similarly, hydrogen, an abundant green energy source on the planet, can provide an adequate supply of energy for car engines. And ammonia is an effective hydrogen energy carrier with high bulk energy density and can be liquefied at low pressure[6]. Dilute combustion technology is an effective way to reduce fuel consumption. Under the same conditions, brake fuel consumption is higher with lean combustion than with dilution requiring exhaust gas recirculation (EGR). Simultaneously, when the dilution rates of lean combustion and EGR are 22% and 35.9%, respectively, the BSFC falls by 4.7% and 7.2%, respectively, because the dilution limit of diluted combustion is higher than that of EGR. Since lean combustion has a larger specific heat ratio than EGR, it has a higher theoretical thermal efficiency.[7].
2. 3 Dilute combustion technology
Dilute combustion technology refers to a combustion technology where the air-fuel ratio is greater than 17 but still ensures the engine's power performance, which is achieved through homogeneous dilute combustion and stratified dilute combustion. Compared with conventional gasoline engines, thin-burning gasoline engines are able to balance low-emission performance and fuel economy. Dilute combustion is economical because the gasoline molecules in the dilute mixture have more contact with the oxygen molecules in the air. As a result, combustion is fuller and more complete, and with appropriate emission control measures, harmful emissions from petrol engines can be significantly reduced, and pumping losses are reduced as more air is drawn into the cylinder. At the same time, because of the thin mixture, the overall temperature and pressure in the cylinder is lower, therefore, it is not easy to burst combustion, which will effectively improve the thermal efficiency. Combined with the latest electronic control technology, thin combustion will further improve the thermal efficiency of automotive petrol engines and reduce emissions.
M. Hillion et al. proposed a control strategy to reduce the instantaneous instability of highly diluted diesel fuel in combustion is. This open-loop approach does not require additional in-cylinder sensors. The experimental results show that the method is important in improving combustion stability, emission pollution and noise pollution[8].
3. ZERO EMISSION TECHNOLOGY
 The drive system of a pure electric vehicle consists of a drive motor, a transmission system, a power sensor and a voltage regulator, and the main characteristics of a pure electric vehicle depend on the type of the on-board battery device. Electric vehicles use electric motors for propulsion in place of conventional IC engines.
Lithium-ion batteries are compact, lightweight, have a durability of approximately 10 years or 600,000 charge/discharge cycles, and actually store up to 150 Wh/kg of electrical energy at the cell level[9]. Some lithium-ion batteries are surrounded by a cooling gel, resulting in energy densities 25% to 50% higher than conventional batteries. At present, lead-acid batteries have been widely used in road vehicles. At present, lithium-ion batteries as a representative of the new battery is gradually replacing the traditional lead-acid batteries. Hundreds or thousands of batteries are bundled in the form of dozens of modules that are installed in a battery pack to power the vehicle[10].

Lithium-ion technology boasts notable advantages in terms of excellent thermal stability and high capacity. Nevertheless, there is room for improvement in certain component systems, including but not limited to cooling mechanisms, battery management systems, and high-voltage connection lines.
What is more. Batteries are a major cost component of electric vehicles. Prolonged cycling applications and calendar aging can lead to irreversible capacity loss in batteries[11]. If the battery is unable to store enough energy, it directly limits the driver's range requirements[12]. Inadequate charging infrastructure is a challenge for the development of electric vehicles. In some areas, as well as the insufficient number and distribution of charging stations(Fig.2), it limits the charging options for users, especially outside of cities.
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Figure 2. Battery Swapping Station [13]
4. HYBRID ENERGY SAVING AND EMISSION REDUCTION TECHNOLOGIES
Hybrid Electric Vehicles (HEVs) are vehicles that combine an internal combustion engine and an electric motor, optimising the synergy between the two to improve fuel efficiency and reduce emissions.
4.1 Traditional Hybrid Electric Vehicles
Conventional hybrid Electric vehicles (HEVs) use a parallel hybrid powertrain in which an internal combustion engine and an electric motor work together to drive the wheels(Fig.3). The internal combustion engine and the electric motor work in tandem with each other through a transmission to achieve optimal power output.
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Figure 3. Arrangement of a HEV with power flow paths[13]
Table 1: advantages and disadvantages of HEVs
 
	 
	advantages
	disadvantages

	HEVs
	No external charging 
	Limited purely electric driving distance.

	
	High energy Efficient
	fuel consumption is unavoidable.


4.2 Plug-in Hybrid Electric Vehicles (PHEVs)
Plug-in hybrid electric vehicles (PHEVs) represent a category of full hybrids that integrate a smaller internal combustion engine, a larger battery, and a more robust electric motor. In contrast to conventional hybrid electric vehicles (HEVs), the batteries in PHEVs possess the capacity for recharging from various external power sources, presenting a notable advantage over HEVs, where battery replenishment is predominantly reliant on the engine-driven generator or regenerative braking.
Sales of PHEVs increase to 3.24 million in 2020 from 2.26 million in the previous year, a 43 per cent increase year-on-year, and account for 4.2 per cent of all new vehicle sales[15]. Plug-in hybrid electric vehicles are expected to hold 27% of the global EV market by 2030[16]. 
Plug-in hybrid electric vehicles are more advantageous than HEVs in terms of driving performance, energy efficiency, environmental impact and cost. At the same time, PHEVs have multiple energy management modes that determine both the power source and the distribution of traction to the wheels.
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Figure 4. Global plug-in EV sales[15]
management modes of PHEVs：
· Engine-only mode: This mode permits minimal operation of the electric traction system.

· Electric vehicle (EV) mode: In this mode, the operation of the fuel-converting engine is restricted.

· Charge-sustaining mode: This mode ensures the battery state-of-charge remains within a defined operational range.

· Charge-depleting mode: This mode regulates the battery state-of-charge to decrease during the vehicle's operation.
Subsequently, many scholars have proposed different energy management out solutions. Among them, the hybrid rule-based energy management system formulated based on driving information and vehicle trip energy is superior to the traditional management strategy[18]. There are also scholars who plan resources for PHEVs charging stations based on energy strategies and social responses[19].
As PHEVs continue to grow, large-scale batteries will need to be connected to the grid, which will pose a huge challenge to the operation and management of society's electricity.
Peng Minghong et al[17]. propose Effective PHEV charging and discharging control strategies are to avoid overloading, smooth the load profile, improve grid stability and reliability, and provide ancillary services through V2G connections. Finally, the integration of PHEVs with other renewable energy schedules is also important.
6. CONCLUSIONS

 The automotive industry is critical to global development, but it also faces challenges in terms of energy consumption and environmental impact. This paper reviews and summarises developments concerning the performance and emissions of automotive engines. While clean energy fuel technologies such as direct injection in petrol engines and ethanol, hydrogen and ammonia in conventional engines can mitigate energy depletion and environmental pollution, the development of electric motors and batteries is the ultimate strategy. In addition, pure electric vehicles could achieve zero emissions, but challenges remained regarding the role of lithium-ion batteries, as well as battery life and charging infrastructure. The discussion extends to hybrid technology. From the comprehensive viewpoint of social benefits, economic development, resource allocation and market future, plug-in hybrid technology is an excessive stage from traditional internal combustion engine to pure electric vehicle, but plug-in hybrid technology combines the advantages of both and the shortcomings can be easily compensated. This should be the research hotspot in the next decade. The paper concludes with an in-depth look at market trends, challenges and the potential for these technologies to shape the future of the automotive industry.
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