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Abstract: With the worsening environmental issues and the scarcity of energy resources, new energy vehicles have become a 
crucial solution to address traffic pollution and the energy crisis. This paper reviews the classification and technological status 
of new energy vehicles, discussing the technical characteristics and application prospects of electric vehicles, hydrogen fuel cell 
vehicles, and plug-in hybrid vehicles. It also analyzes the challenges they face in terms of cost, range, infrastructure, and safety. 
By delving into key technologies such as battery technology, hydrogen fuel cell technology, and electric motor and drive 
technology, this paper envisions the development trends of new energy vehicles, highlighting that future technological 
innovations, policy support, and infrastructure development will drive the widespread adoption of new energy vehicles, achieving 
the goals of green transportation and sustainable development. 
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1. Classification of New Energy 
Vehicles 

New energy vehicles primarily include Electric Vehicles 
(EVs), Fuel Cell Electric Vehicles (FCEVs), and Plug-in 
Hybrid Electric Vehicles (PHEVs) [1]. Each type of new 
energy vehicle has its own unique technical characteristics 
and application prospects. 

1.1. Electric Vehicles (EVs) 

 
Figure 1. electric vehicles 

 

 
Figure 2. new energy vehicles 

 
Electric vehicles use batteries as their power source and are 

driven by electric motors[2]. Their main advantages include 

zero emissions[3], low noise, and high energy efficiency. In 
recent years, advancements in battery technology have 
significantly improved the range and charging speed of 
electric vehicles[4]. However, the high cost of electric 
vehicles and the lack of charging infrastructure remain major 
obstacles to their widespread adoption. 

Technical Characteristics 
1.Battery Technology: Electric vehicles primarily rely on 

lithium-ion batteries and solid-state batteries. Lithium-ion 
batteries have become the market mainstream due to their 
high energy density and long lifespan, while solid-state 
batteries are considered the future direction for their high 
safety and energy density. 

2.Drive System: The drive system of electric vehicles 
typically includes an electric motor, inverter, and reducer. 
Permanent magnet synchronous motors are widely used for 
their high efficiency and power density, but they are heavily 
dependent on rare earth materials. 

3.Charging Technology: Charging technology includes 
slow charging, fast charging, and wireless charging [5]. Slow 
charging is suitable for overnight home charging, fast 
charging is used for public charging stations and high-speed 
charging stations, and wireless charging offers a more 
convenient charging method. 

Application Prospects 
Electric vehicles have broad application prospects in urban 

transportation, short-distance transportation, and public 
transit. As battery costs decrease and charging infrastructure 
improves, the market share of electric vehicles will further 
increase. Additionally, electric vehicles show great potential 
in shared mobility and autonomous driving. 

1.2. Hydrogen Fuel Cell Electric Vehicles 
(FCEVs) 

Hydrogen fuel cell vehicles generate electricity through the 
electrochemical reaction between hydrogen and oxygen to 
drive the electric motor. The main advantages include quick 
refueling, long range, and zero emissions [6]. However, the 
production, storage, and transportation of hydrogen still 
require further technological advancements. The high costs 
and the incomplete hydrogen refueling station network also 
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limit their large-scale application. 
 

 
Figure 3. Hydrogen Fuel Cell Electric Vehicles 

 
Technical Features 
1.Fuel Cell System: The core components of a fuel cell 

system include the membrane electrode assembly (MEA), 
bipolar plates, and catalysts. The MEA determines the fuel 
cell's performance and lifespan, with catalysts typically using 
precious metal platinum, leading to high costs. 

2.Hydrogen Storage: Hydrogen storage technologies 
include high-pressure hydrogen storage, liquid hydrogen 
storage, and solid-state hydrogen storage. High-pressure 
hydrogen storage is the current mainstream technology but 
requires high-strength storage tanks. Liquid and solid-state 
hydrogen storage technologies need improvements in energy 
density and safety. 

3.Hydrogen Refueling Stations: Building hydrogen 
refueling stations is costly and technically demanding, 
requiring large-scale investment and policy support. 
Currently, the number and distribution of hydrogen refueling 
stations cannot meet market demand. 

Application Prospects 
Hydrogen fuel cell vehicles have significant advantages in 

long-distance transportation, large commercial vehicles, and 
special-purpose vehicles (e.g., cold chain transport, port 
operation vehicles). As hydrogen technology advances and 
hydrogen infrastructure improves, the market potential of 
hydrogen fuel cell vehicles will gradually be realized. 

1.3. Plug-in Hybrid Electric Vehicles (PHEVs) 
Plug-in hybrid electric vehicles combine a traditional 

internal combustion engine with an electric motor [7], 
allowing for both electric and fuel driving. The main 
advantages are long range and fuel flexibility, but the complex 
powertrain system increases manufacturing and maintenance 
costs [8]. 

 
Figure 4. Plug-in Hybrid Electric Vehicles 

Technical Features 
1.Dual Powertrain System: PHEVs are equipped with 

both an internal combustion engine and an electric motor, 
allowing switching between pure electric mode, hybrid mode, 
and internal combustion mode. The battery pack is typically 

smaller but can be charged via an external power source. 
2.Energy Management System (EMS): The EMS 

optimizes the operation of the engine and electric motor 
through intelligent control to improve overall efficiency and 
reduce emissions. It also manages battery charging and 
discharging to ensure safety and longevity. 

3.Regenerative Braking System: PHEVs commonly 
feature regenerative braking systems, which recover braking 
energy to recharge the battery, thus enhancing energy 
utilization efficiency. 

Applications and Prospects 
Plug-in hybrid electric vehicles (PHEVs) appeal to users 

who require long range and flexible fuel options, making 
them particularly suitable for intercity and long-distance 
travel[9]. PHEVs also play a significant role in reducing 
urban traffic emissions and improving fuel economy. With 
advancements in battery technology and cost reductions, the 
market acceptance of PHEVs is expected to increase further. 

Conclusion 
The diverse classification of new energy vehicles enables 

them to meet various market demands and application 
scenarios. Electric vehicles excel in urban traffic due to their 
environmental performance, hydrogen fuel cell vehicles show 
great potential in long-distance transportation and 
commercial vehicle sectors, while PHEVs combine long 
range with fuel flexibility, suitable for diverse driving 
conditions. Through continuous technological innovation and 
policy support, these types of new energy vehicles will see 
broader application and promotion in the future, contributing 
to sustainable transportation and green mobility [10]. 

2. New Energy Vehicle Technology  

2.1. Battery Technology 
Batteries are the core components of electric vehicles and 

plug-in hybrid electric vehicles [11], determining the vehicle's 
range, performance, and cost. Currently, mainstream battery 
types include lithium-ion batteries, solid-state batteries, and 
sodium-ion batteries. 

 
Figure 5. New energy vehicle batteries A 

 

 
Figure 6. New energy vehicle batteries B 

 



 

38 

Lithium-Ion Batteries 
Lithium-ion batteries have become the mainstream choice 

in the electric vehicle market due to their high energy density 
and long lifespan [12]. Their advantages include: 

1.High Energy Density: Lithium-ion batteries provide a 
high energy density, offering longer driving ranges for 
vehicles. 

2.Long Lifespan: Compared to other battery types, 
lithium-ion batteries have a longer cycle life, capable of 
thousands of charge-discharge cycles. 

However, lithium-ion batteries also have areas that need 
improvement: 

1.Safety: Lithium-ion batteries may experience thermal 
runaway and pose risks of fire or explosion under high 
temperature, high voltage, or damage conditions. Enhancing 
battery safety is a current focus of research [13]. 

2.Cost: Manufacturing costs for lithium-ion batteries are 
high, mainly due to material costs and complex 
manufacturing processes. 

Solid-State Batteries 
Solid-state batteries are seen as a significant development 

direction for future battery technology. Their primary 
advantages include: 

1.High Safety: Solid-state batteries use solid electrolytes, 
reducing the risk of leakage and fire associated with liquid 
electrolytes. 

2.High Energy Density: Solid-state batteries theoretically 
can achieve higher energy densities, providing longer driving 
ranges. 

However, solid-state batteries also face challenges: 
1.Manufacturing Processes: The manufacturing 

processes for solid-state batteries are not yet mature and 
require further technological breakthroughs and process 
optimizations. 

2.Cost: Currently, the manufacturing cost of solid-state 
batteries is high and needs to be reduced through scaled 
production and technological advancements. 

Sodium-Ion Batteries 
Sodium-ion batteries are attracting attention due to their 

abundant raw materials and low cost. Their main advantages 
include: 

1.Low Cost: Sodium-ion batteries have lower material 
costs, with sodium being abundant and widely distributed. 

2.Environmental Friendliness: The production process of 
sodium-ion batteries is relatively environmentally friendly, 
with minimal environmental impact. 

However, sodium-ion batteries also have areas for 
improvement: 

1.Energy Density: Sodium-ion batteries have lower 
energy density compared to lithium-ion batteries, resulting in 
shorter driving ranges. 

2.Cycle Life: Currently, the cycle life of sodium-ion 
batteries needs improvement to meet practical application 
demands. 

Hydrogen Fuel Cell Technology 
Hydrogen fuel cells generate electricity through the 

electrochemical reaction of hydrogen and oxygen, offering 
high energy density and zero emissions advantages. Key 
technological features include: 

1.High Energy Density: Hydrogen fuel cells provide high 
energy density, offering longer driving ranges for vehicles 
[14]. 

2.Fast Refueling: Refueling with hydrogen typically takes 
only a few minutes, much faster than recharging electric 

vehicles. 
However, hydrogen fuel cell technology also faces 

challenges: 
1.Lifespan and Performance: Further improvements are 

needed in the lifespan and performance of hydrogen fuel cells, 
especially in durability of membrane electrode assemblies 
(MEAs) and stability of catalysts. 

2.Cost: High costs of hydrogen fuel cells are primarily 
concentrated in catalysts and MEAs, necessitating cost 
reductions through technological innovation and scaled 
production. 

3.Hydrogen Production and Storage: Currently, 
hydrogen production heavily relies on fossil fuels, 
necessitating the development of greener hydrogen 
production technologies. Additionally, breakthroughs in 
hydrogen storage and transportation technologies are needed 
to enhance safety and cost-effectiveness. 

2.2. Electric Motor and Drive Technology 
The electric motor is the core propulsion device of new 

energy vehicles [15], directly impacting vehicle performance 
and efficiency. Currently, mainstream types of electric motors 
include permanent magnet synchronous motors and induction 
motors. 

 

 
Figure 7. New energy vehicle motors A 

 

 
Figure 8. New energy vehicle motors B 

 
Permanent Magnet Synchronous Motor (PMSM) 
Permanent Magnet Synchronous Motors are widely used 

due to their high efficiency, high power density, and low noise. 
Their main advantages include: 

1.High Efficiency: Permanent Magnet Synchronous 
Motors operate with high efficiency across a wide range of 
speeds and loads. 

2.High Power Density: PMSMs have a high power density, 
resulting in smaller size and weight. 

3.Low Noise: The operation of Permanent Magnet 
Synchronous Motors is characterized by low noise levels, 
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enhancing vehicle comfort. 
However, Permanent Magnet Synchronous Motors also 

face some challenges: 
1.Rare Earth Dependency: The magnets used in PMSMs 

often contain rare earth elements, and fluctuations in rare 
earth supply and prices may impact their cost. 

2.Temperature Management: PMSMs can generate 
significant heat under high loads and speeds, requiring 
effective temperature management systems. 

3. Development Trends 
Development trends in new energy vehicles focus on 

advancing battery technology and promoting hydrogen fuel 
cells. Future efforts aim to enhance energy density and 
charging speed while reducing costs through scaled 
production and new materials. Solid-state batteries and novel 
lithium-ion variants are key research areas; sodium-ion 
batteries offer cost-effective alternatives. Fast charging 
advances will improve user experience. 

Hydrogen fuel cell R&D targets low-cost catalysts and 
green production for true zero emissions. Infrastructure and 
smart tech integration expand charging networks, especially 
in urban and highway areas. IoT and big data optimize smart 
charging and hydrogen networks. Autonomous driving and 
V2X tech boost traffic efficiency and cut emissions. 

Smart energy systems optimize grid interaction, boosting 
new energy adoption. These trends drive green transportation 
and sustainability. 

4. Conclusion 
The current state of new energy vehicle technology 

demonstrates rapid development and ongoing advancements 
in various battery technologies, hydrogen fuel cell technology, 
and electric motor technology. While each technology has its 
strengths, weaknesses, and challenges, these issues are 
gradually being addressed through technological innovation 
and policy support. Looking ahead, research into new battery 
technologies, hydrogen utilization, and efficient electric 
motors will further drive the development of new energy 
vehicles. These advancements contribute to achieving green 
transportation and sustainable energy utilization goals. 
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