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Abstract. Global climate change, resulting from the release of greenhouse gases, poses a severe
threat to human existence. The detrimental consequences of this phenomenon encompass rising
sea levels, modified climate zones, and intensified extreme weather events. To counteract
greenhouse gas emissions, the development of permanent magnet motor drive technology has
gained prominence, especially in the automotive industry. This comprehensive review examines
the advantages, limitations, and potential applications of permanent magnet motor drives in
mitigating the adverse effects of greenhouse gases. Furthermore, the review addresses the
challenges associated with this technology and outlines future research and development
directions in this field. The findings of this review provide valuable insights into the capacity of
permanent magnet motor drives to combat climate change and pave the way for future
advancements in this critical domain. By adopting and advancing this technology, we can strive
towards a more sustainable future and alleviate the threats posed by global climate change.
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1. Introduction

Global climate change and its associated crises have prompted countries worldwide to take action to
prevent further negative impacts. The continuous accumulation of greenhouse gases, such as carbon
dioxide (CO2) and water vapor, intensifies the greenhouse effect and leads to rapid global warming. The
transportation sector, responsible for significant global carbon emissions, plays a crucial role in this
process. This article focuses on the role of permanent magnet motor drive technology in reducing
greenhouse gas emissions and mitigating the destructive effects of global warming.

As is well known, global climate change poses many hazards to humans on Earth. It can lead to rising
sea levels and shrinking land area, which would cause climate zones to move northward. Global climate
change would also result in climate anomalies such as high temperatures, heatwaves, tropical storms,
and tornadoes. In worse cases, climate change in some areas may ultimately inflict upon human health,
leading to an increase in the incidence rate of cardiovascular and respiratory diseases and the spread of
epidemic diseases. The primary cause of global warming is the continuous accumulation of greenhouse
gases, with significant emissions of carbon dioxide (CO2) and water vapor being closely related to the
intensification of the greenhouse effect.

The modern industrial revolution has played a positive role in human life, but the excessive emissions
of greenhouse gases have fostered negative impacts. Over the past century, the carbon dioxide (CO2)
content in the global atmosphere has increased by 25%, with the transportation sector accounting for
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about a quarter of the global carbon emissions. A large amount of carbon dioxide (CO2) is derived from
factory exhaust and car exhaust. If the emissions of greenhouse gases are not limited, it will exacerbate
the greenhouse effect and cause rapid global warming [1].

2. Advantages and Challenges of Permanent Magnet Motor Drive Technology

Facing global climate change and the accompanying crises is a problem that many countries attach great
importance to. Nowadays, they have formulated many relevant international agreements to prevent these
negative impacts. Simultaneously, scientists are also actively researching new technologies to mitigate
the destructive effects of greenhouse gases. One such technology is permanent magnet motor drive
technology [2].

A few centuries ago, the automotive industry launched plug-in hybrid vehicles and pure electric
vehicles to alleviate the destructive effects of greenhouse gas emissions from traditional fuels. However,
due to the advantages of power, efficiency, reliability, and price, traditional fuel vehicles surpassed
electric vehicles, hindering the progress of various technologies and innovations in the field. This
phenomenon made the use of fuel-powered vehicles more significant than electric vehicles [3]. However,
in recent decades, significant technological advancements in electric motors, particularly permanent
magnet motors, have led to the frequent use of electric vehicles. This has slowed down the sustained
and severe greenhouse effect caused by fuel vehicles, and the industry has attributed this drastic change
in part to the invention of permanent magnet motor drives (PM motor drives).

3. Advantages of Permanent Magnet Motor Drives in Greenhouse Gas Reduction

A permanent magnet motor is a type of motor that utilizes the interaction between permanent magnet
materials and current to generate torque. The basic principle is that when the current passes through the
coil, a magnetic field is formed around the coil [4]. If there is a magnetic field around the coil, rotational
force will occur when the two magnetic fields interact, resulting in torque. A permanent magnet motor
utilizes this principle, so it does not require an external excitation current. Instead, it directly utilizes the
magnetic field of a permanent magnet [5].

Currently, many pure electric vehicle models on the market use permanent magnet motors, and there
are numerous characteristics in permanent magnet motors that make them distinctive when compared
with traditional motors. Permanent magnet motors are known for their high efficiency, low noise, low
pollution, lightweight, and high reliability. These advantages make them an ideal choice for reducing
greenhouse gas emissions and mitigating the destructive effects of global warming [6].

Permanent Magnet Motor Drives: Principles and Advantages Permanent magnet motors utilize the
interaction between permanent magnet materials and current to generate torque. Compared to traditional
motors, permanent magnet motors offer several advantages, including high efficiency, low noise, low
pollution, lightweight, and high reliability. These characteristics make permanent magnet motor drives
an ideal candidate for reducing greenhouse gas emissions in various applications, particularly in the
automotive industry [7].

4. Advancements and Challenges in Permanent Magnet Motor Drives for Electric Vehicles
Applications of Permanent Magnet Motor Drives in Electric Vehicles The automotive industry has
witnessed significant advancements in electric motor technology, leading to the widespread use of
electric vehicles (EVs). Permanent magnet motors, with their high efficiency and power density, have
become the preferred choice for EV manufacturers. The use of permanent magnet motor drives in EVs
has resulted in improved range, performance, and reduced battery consumption [8]. However, certain
limitations, such as the reliance on rare earth raw materials and unsuitability for high-power scenarios,
need to be addressed for broader adoption [9].

Challenges and Future Directions Despite the numerous advantages of permanent magnet motor
drives, there are challenges that need to be overcome for their widespread implementation. The
production cost of models equipped with permanent magnet motors is often higher due to the use of rare
carth materials [10]. Additionally, the limitations of permanent magnet motors in high-power scenarios
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require further research and development to optimize their performance. Future directions include
improving the cost of permanent magnet materials, enhancing efficiency, reliability, and quality, and
developing accurate and efficient modeling techniques.

5. Conclusion

In conclusion, permanent magnet motor drive technology has emerged as a promising solution for
reducing greenhouse gas emissions and mitigating the destructive effects of global warming. The
advantages of high efficiency, low noise, low pollution, lightweight, and high reliability make
permanent magnet motor drives an ideal choice for various applications, particularly in the automotive
industry. The high efficiency of permanent magnet motors allows for reduced energy consumption and
improved range in electric vehicles. By converting the direct current of the battery into alternating
current, permanent magnet motors drive the vehicle forward with greater efficiency, resulting in
improved performance and reduced battery consumption. This not only benefits the environment by
reducing greenhouse gas emissions but also provides economic benefits to vehicle owners through cost
savings on energy consumption.

The low noise characteristic of permanent magnet motors is another significant advantage. Compared
to traditional motors, permanent magnet motors produce less noise during operation. This not only
contributes to a quieter driving experience but also reduces noise pollution in urban areas. The reduction
in noise pollution can have positive effects on human health and well-being, as excessive noise has been
linked to various health issues, including stress, sleep disturbances, and cardiovascular problems.
Furthermore, the low pollution aspect of permanent magnet motors is crucial in the context of global
climate change. Traditional motors rely on the combustion of fossil fuels, which release harmful
pollutants into the atmosphere, contributing to air pollution and climate change. In contrast, permanent
magnet motors have zero energy consumption and zero industrial waste, making them environmentally
friendly and sustainable. By adopting permanent magnet motor drives, we can significantly reduce air
pollution and improve air quality, leading to healthier living conditions for both humans and the
ecosystem.

The lightweight characteristic of permanent magnet motors is also advantageous, particularly in the
automotive industry. The smaller size and lighter weight of permanent magnet motors allow for greater
power density, meaning that more power can be generated in a smaller space. This not only improves
the overall performance of electric vehicles but also enables the design of more compact and efficient
vehicle systems. The reduced weight of permanent magnet motors also contributes to energy savings,
as lighter vehicles require less energy to operate, further reducing greenhouse gas emissions.

However, it is important to acknowledge the challenges associated with permanent magnet motor
drive technology. The production and manufacturing of permanent magnet motors require the use of
rare earth raw materials, which are nonrenewable resources and have a relatively high market price. This
results in higher production costs for models equipped with permanent magnet motors compared to
traditional motors. Addressing this challenge will require advancements in material science and the
development of alternative materials that can provide similar performance characteristics without
relying on rare earth elements.

Another limitation of permanent magnet motors is their suitability for high-power scenarios. While
permanent magnet motors are widely used in household cars that do not require high power, performance
cars typically rely on AC asynchronous motors. This is because AC asynchronous motors can handle
larger input currents, resulting in greater power output. The stator magnetic field of permanent magnet
motors is limited, and when the permanent magnet material heats up, it can undergo demagnetization,
leading to a decrease in performance. Therefore, permanent magnet motors may not be suitable for high-
power applications and may experience limitations in extreme driving situations. To overcome these
challenges and further improve the performance of permanent magnet motors, ongoing research and
development efforts are necessary. The focus should be on improving the cost-effectiveness of
permanent magnet materials, optimizing the efficiency, reliability, and quality of permanent magnet
motors, and developing accurate and efficient modeling techniques. Accurate and efficient modeling
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methods are essential for designing, controlling, and optimizing permanent magnet motors. Traditional
modeling methods may not capture all the nonlinearity, uncertainty, and coupling that affect the dynamic
behavior and performance of permanent magnet motors. Therefore, researchers are developing new
modeling techniques to consider these factors and provide more realistic and reliable results.
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