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Understanding the ecological footprint of crucial industrial components cannot be underestimated when environmental sustainability is at the forefront of global concerns. In industry and domestically, the 3-phase induction motor, known as an asynchronous motor, powers numerous applications in infrastructure, transportation, and manufacturing. However, despite their efficiency and ease, these motors have a considerable environmental cost that should be actioned.

The cradle-to-grave methodology is used in this research to conduct an extensive environmental impact assessment of 3-phase induction motors. This method tracks the ecological effects of these motors from when raw materials are sourced and manufactured until they are disposed of or recycled. By adopting this comprehensive viewpoint, we hope to bring to light the unnoticed environmental effects related to the manufacture and use of these technologies.

Two different goals drive this evaluation. First and foremost, 3-phase induction motors will likely continue to play an essential role in society and industry for some time. Therefore, for sustainable growth, it is crucial to understand and reduce their environmental impact. Finding opportunities for improvement in the life cycle of these motors can advance the larger objectives of environmental conservation and resource efficiency as global efforts to minimise greenhouse gas emissions and resource depletion.

We will examine the crucial phases of the 3-phase induction motor's life cycle and evaluate the effects on the environment at each stage in the sections that follow. We will assess this technology's ecological and carbon footprints, from the extraction of raw materials through the energy-intensive production processes from the functioning of the motor to its eventual disposal or recycling. Through this analysis, we offer insightful observations and suggestions to help industry stakeholders, decision-makers, and researchers move towards more environmentally friendly motor solutions.
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Asynchronous motors, commonly called three-phase motors, are essential in both industrial and social settings. These electric motors depend on numerous industrial applications, including manufacturing, transportation, and critical infrastructure. 

The Industrial Impact:
In manufacturing, various machinery and equipment are powered by three-phase motors. They are necessary for the operation of conveyor systems, machine tools, and assembly lines, which help to speed up manufacturing operations (Gieras & Wing, 2002). Air compressors and water pumps are driven by 3-phase motors in industrial operations, delivering dependable and consistent performance, which is essential for various applications (Bose, 2006).

Material Handling and Logistics motors power the conveyor belts and material handling equipment, enabling more efficient operations in factories and warehouses and enhancing logistics (Gupta, 2004). Mining and extraction: 3-phase motors are crucial to the operation of mining equipment used to extract, process, and transport minerals (Mills et al., 2009).

Social applications:
Heating, Ventilation, and Air Conditioning (HVAC): 3-phase motors power HVAC systems in commercial and residential buildings, ensuring efficient temperature management. Elevators and escalator motors allow for vertical movement within buildings, making them crucial for use and mobility in contemporary buildings (Chiasson et al., 2008). Industrial refrigeration systems typically use 3-phase motors to maintain ideal temperatures throughout the manufacture and storage of food (Kaushik & Sharma, 2009). Electric trains and trams frequently use three-phase motors to provide cleaner, more environmentally friendly transportation options while improving air quality in urban areas (Kwan et al., 2010). Within urban development, according to Chaudhry et al. (2009), these drivers are essential for the proper operation of critical infrastructure, such as water treatment facilities, which improves cleanliness and living conditions in urban settings. 3-phase motors are essential to power industrial processes and raise societal living standards. Their adaptability and effectiveness have made them necessary across numerous industries, fostering sustainability and economic progress.
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Identifying and understanding the sustainability and possible areas for improvement of 3-phase motors depends on identifying their environmental effects and implications. 

Environmental-Related Issues:
The 3-phase motors' operational energy consumption is one of the leading environmental factors. Significant electrical energy is frequently needed for these motors to operate effectively (Bose, 2006). Using raw materials like metals and plastics while manufacturing 3-phase motors has environmental effects on resource extraction and processing (Tiemann, 2014).
Using 3-phase motors may result in emissions, particularly when fossil fuels are consumed as the primary energy source for producing electricity (International Energy Agency, 2019). The manufacturing and upkeep of these motors may result in waste, including discarded motors at the end of their useful lives (Gupta, 2004).

Environment-related effects
Their energy usage directly impacts the carbon footprint of 3-phase motors. Higher greenhouse gas emissions result from less energy-efficient motors (International Electrotechnical Commission, 2014). According to Tiemann (2014), exploiting and using raw resources can result in resource depletion and habitat damage, which worsens the ecosystem.
The running of 3-phase motors can emit emissions that can lead to air pollution and the discharge of contaminants into the atmosphere, especially in industrial settings (Bose, 2006). Motors can contribute to landfill if they are not properly recycled or disposed of, which has long-term environmental effects (Gupta, 2004).
Noise pollution can impact nearby ecosystems and populations, although not as significant as other consequences (Gieras & Wing, 2002). It's important to remember that depending on elements like motor size, efficiency, and the energy source used for operation, the specific environmental features and effects of 3-phase motors can change.
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A large-scale SCIM downsizing strategy during rewinding is suggested to solve the extensively prevalent motor oversizing situation in the EU. The user must provide the motor load-cycle profile and supply voltage variations pre-failure assessment during a typical operating cycle period for the proposed strategy to be easily implemented. On the other hand, the rewinder must be able to redesign the winding correctly and prevent severe damage in the stator core and rotor during the rewinding process, particularly when the damaged winding is being stripped out. The user-provided motor operating data is a crucial component of the suggested scheme. The rewinders may readily apply straightforward calculation techniques that already include motor load-dependent factors (such as the motor slip) to accurately adapt the stator winding to the actual motor load and voltage. The use of user-friendly winding design software is possible for that aim without the need for complex theoretical knowledge. Simple, non-intrusive techniques can also be used to estimate the motor load correctly. Standard oversized motors (i.e., former EFF3 class and new IE1-class motors) with a new nominal power lower than the original (downsizing process) can be converted into energy-efficient or high-efficiency motors (i.e., IE2-class motors) because, in part, the actual amount of active material is maintained, which contributes to the core durability. However, this conversion is only possible if the fan is properly replaced, and the rotor and stator core are. The suggested approach benefits the environment and the economy by delaying or forgoing the purchase of new motors and extending the useful life of the current ones. In many circumstances, it may be beneficial for the user to spend 30–50% of the price of a new motor to readjust an old motor with a healthy core and rotor to its actual load.
Suppose the motor is already of the IE2 or IE3 class, and the user is not considering replacing it. In that case, the repair or rewinding can always be done using the suggested method, which directly improves efficiency and power factor at a negligible additional cost. Of course, conventional 6-terminal SCIMs (with rated delta connection for the mains line-to-line voltage) can also be used in many situations (for example, variable-load motors and strongly oversized motors) with the proper star/delta connection mode change (permanent or automatic), avoiding the need for motor rewinding. According to the analyses provided, the EU-25 might save between 103.5 and 115 M€ per year, or 1.38 and 1.53 TWh, in 2010 by implementing this low-cost plan. As a result, it is possible to prevent the emission of 0.6–0.7 Mt of CO2eq. This situation demonstrates the potential for energy savings by promoting high-quality motor rewinding services that can correctly adapt SCIMs to their actual load. It is especially intriguing for poor nations because the suggested technique only requires a small investment and can save energy.
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In the UK, lowering the harmful effects of 3-phase motors on the environment is a significant concern. Some strategies for lessening their influences are below:
Upgrading to high-efficiency motors can drastically reduce energy usage. High-efficiency motors can cut energy consumption by up to 30% compared to standard motors, according to the International Energy Agency (IEA) (IEA, 2019, Energy Efficiency 2019). Implementing variable frequency drives (VFDs) can optimise motor speed following the load, saving energy. According to a study by the Carbon Trust (Carbon Trust, 2020, Motors and Drives), VFDs can save motor energy use by up to 50%. Performing routine maintenance, such as cleaning and lubricating, ensures that motors run as efficiently as possible. In the long run, this reduces energy waste (Energyst, 2021, Electric Motor Maintenance).

By correctly sizing motors for the application, overloading is avoided, and energy waste is decreased. The UK government (GOV.UK, Motor Driven Systems) recommends motor sizing. Where possible, consider obtaining electricity from renewable sources. The UK Government's Renewable Energy reported that this lowers the carbon footprint connected with motor operation. Lifecycle analysis of the motors to find areas that could be improved. The ISO 14044 standard (ISO, ISO 14044) offers instructions for such studies and research.
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A 3-phase motor's life cycle can be extended by performing efficient operations, performing adequate maintenance, and carefully considering numerous parameters. The following items will help a 3-phase motor life span:

Routine Inspections: Establish a regular maintenance schedule and check the motor for overheating, loose connections, and wear and tear indicators—regular inspections aid in identifying problems early.

Cleaning: Keep the motor free of dust and other particles that could obstruct ventilation and cause overheating. Keep the motor and its surroundings clean.

Suitable Lubrication: Ensure the motor's bearings are sufficiently lubricated following the manufacturer's instructions. Proper lubrication decreases friction and prolongs the life of bearings.

Equalised Loads: If necessary, divide loads evenly among several motors. A single motor may fail too soon if it is overloaded.

Voltage Control: Keep voltage levels steady within the motor's operational range. Voltage changes can put a motor under stress and shorten its life. Monitor the current flowing through the motor continuously. Unusual spikes or abnormalities could point to problems that need to be addressed.

Cooling: Ensure the motor has adequate ventilation and cooling—temperature control. The most common reason for motor failure is overheating. If necessary, use fans or cooling systems.
Install temperature sensors to track the motor's working temperature and put safety-related automatic shutdown procedures in place if it rises above acceptable levels.

Suitable Installation: Check that the motor and the driving equipment are correctly aligned. Mechanical stress and vibration brought on by misalignment could increase the failure rate.

Protection Tools: Install overload protection mechanisms to stop the motor from operating under extreme loads that could damage and overheat it. Employ surge protectors to protect the motor from voltage spikes brought on by power surges.

Vibration Monitoring: Use vibration analysis tools to find abnormal vibrations pointing to mechanical problems or misalignment. Ensure the motor runs within the authorised ambient temperature and humidity ranges. Extreme weather can have an impact on motor performance. Keep thorough records of all maintenance and repairs performed on motors. Keeping track of the motor's history and making maintenance plans can both benefit from this knowledge.

Use variable frequency drives (VFDs) to change motor speed according to load needs to save energy and lessen motor wear. Following these suggestions can significantly extend a 3-phase motor's lifespan, lowering replacement costs and downtime while guaranteeing efficient and dependable performance.
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