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1.0 INTRODUCION
The aim of this report is to assess the environment impact of an electric motor using a cradle to grave analysis, which is also referred to as life cycle analysis. This instrument is used to determine the environment impact of products, processes and activities during their lives. This analysis consists of 5 stages: production, distribution, use, distribution/retailer and end of life. 
Fossil fuels are the main source of energy in the world. However, electric motors, which convert electrical energy into mechanical energy according to (T. Sawa and T. Kume, 2004) are a considerable alternative to internal combustion engines considering the environmental impacts related to fossil fuels. The greenhouse effect caused by the emission of carbon dioxide, global warming and the dangers that fossil fuel extraction caused to nature are some of the risks linked to its usage. Moreover, due to the fossil reserves becoming harder to allocate and considering that this resource won’t last forever, developing alternative sources of energy is the key for human evolution. Some of the biggest producers of CO2 in the world are power sector, buildings, transport, agriculture, industry and bioenergy.  
It is essential to understand the background of electric motors. The first considered electric motor that developed an output power was created by Prussian Moritz Jacobi. 4 years later, Jacobi did not only improve himself but also achieved the design of an electric motor with enough power to drive a boat with 14 people. Even though the first pattern for an electric motor was granted by Thomas Davenport, it was not until 1885-1889, when the three-phase electric power system, which is the basis for the electric motors we know today, was developed. Numerous inventors (Tesla, Ferraris, Bradley, Dolivo-Dobrowolsky, Haselwander and WenstrĂśm) were involved in the development of this motor. Nowadays, electric motors are designed to last 15 – 20 years under normal operation conditions.
There are two main types of electric motors: DC and AC motors. The DC motors are powered from direct current like batteries while AC motors are powered from alternating current. Even though both motors contribute to a healthier planet, AC motors are widely used over DC ones. Whilst DC motors are commonly used where the motors speed needs to be externally controlled, AC motors are normally used when power performance is needed for extended periods of times. 

2.0 THE TYPE OF MOTOR CHOSEN AND ITS FUNCTION IN SOCIETY/INDUSTRY
[bookmark: _Hlk34609571]The chosen motor to perform an environmental impact assessment on is an AC synchronous motor with permanent magnet, a machine that we can be found in most of the industrial applications where constant speed is necessary, for example, electrical power plants, electric clocks, positioning machines. This type of motors come with a coil of wire and two magnets that surround a shaft which starts rotating together with the coils when both magnets interact, process that allows the motor to operate (Balashanmugham, A. and Maheswaran, M., 2019). Most of electric motors are made of the same materials: steel, cast iron, electric sheets, aluminium, copper, insulation, resin, paint, thermoplasts, brass, brazing grease and rare earth materials. 
2.1 ADVANTAGES OF AC SYNCHRONOUS MOTOR AND REASONS WHY IT IS USED:
· Cost effective due to the elimination of power correction because of the reactive power generated when the motor is overexcited.
· Fuel economy.
· Reduction of pollution if compared to internal combustion engines, i.e. noise pollution. 
· The engine works at constant velocity which is crucial for industries where constant velocity is required, for example, a paper industry.
· Since air gap rotating magnetic field and rotor in synchronous electrical engines are at the same speed as well as the excitation is applied directly on the rotor field winding, the losses on this type of motors are minimal, making it a more efficient motor compared to an induction one. 

3.0 IDENTIFICATION OF THE ENVIRONMENTAL ASPECTS/IMPACTS
Life cycle assessment or cradle to grave of an electric motor analyses all the procedures that could harm the environment during its life (Hernandez, 2017), hence that a specific designing process should be planned. Not only the steps of the process should be considered but also the inputs of every step (materials and energy resources) and the outputs (emissions and waste to the environment). This process could be illustrated on the following diagram: 
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Environmental pollution in the electrical field begins on the mineral extraction phase. An example of how harmful the mineral extraction could be is shown on the obtention of neodymium-iron-baron, a rare earth metal which requires strong chemicals for its extraction, resulting in nature damage due to the poorly maintenance of the waste reservoirs. In addition to mining, the transportation of raw materials as well as the manufacturing to obtain the final product, are included in the production phase.
The pollution does not stop with the production, it goes on during the motor’s use, mainly in the form of noise, heat, vibration, loss of lubricants in service, etc. 
At the end of the motor’s life, many of the problems and the biggest impact on the environment comes in form of emissions and other substances as a result of breaking up the different components of the motor to introduce the materials back into the economic circuit. 

4.0 QUANTITATIVE ASSESSMENT OF ENVIRONMENTAL IMPACTS
What’s more, the costs of recycling the different components of an electric motor and most of every product in the modern world is a big question, considering the high costs it implies and the harm it causes to the environment. 
	WHAT ARE THE HAZARDS?
	WHO MIGHT BE HARMED AND HOW?
	WHAT ARE YOU ALREADY DOING
	DO YOU NEED ANYTHING ELSE TO MANAGE THE RISK? 

	ACTION BY WHOM?
	ACTION BY WHEN? DONE 
	DONE

	MINING RISKS
	Mining workers and earth population by pollution of the environment.  


Acid mine drainage and leaks as a result of the oxidation of those minerals to be extracted.

Minerals could release heavy metals that could be dangerous for humans and the environment.

Radioactive substances: uranium or thorium.

Provide employees with training of dangerous substances.

Explosion risk due the presence of flammable materials. 
	Mine backfilling and sealing are placed underground to provide enough alkaline and therefore neutralize the acidity. Also, this is done to prevent air reach the minerals. 

Adequate protection equipment.

Correct design and maintenance of the mine. 

Evacuation plan.

Usage of firedamp drainage systems and ensure that flammable waste materials are removed promptly. 
	Use of the latest technologies to analyse the area where the mining would take place. 

Regular hazardous substances controls in lands, air and water surrounding the mine. 

Gas detection sensors that would activate an alarm when levels of toxicity in the environment are higher than they should. 
	Mining director, mining workers and government. 
	To be done in the project planning, before the mining starts: 5/1/20
	Yes

	
TRANSPORTATION RISKS 
	Workers who transport the materials and earth population by the environment contamination or transport accidents.  

Condensation while transporting due to an incorrect ventilation. 
Sea water damage if there is an existent leak. 

Air contamination caused by the emissions of raw materials. 

Rain impact could happen when mixing with the load that is being transported.

Vehicle impact/accident.  
	Secure packing of materials as well as proper closure containers, including leaking HM packages.

Specific personnel training

Correct labelling and placards usage to avoid accidents. 
	Transportation of these materials only at night to avoid higher risks. 

Alert fitted to the transport that would detect air and liquid leak. 

Radio or satellite fitted to the transport to connect it with the emergency services specialised in hazardous substances in case of an accident. 
	Transportation workers (including directors).
	To be done in the project planning, before the transportation starts: 5/1/20

Every time there is a transportation. 
	Yes





Yes

	MANUFACTURING RISKS 
	Workers.

If a material like neodymium magnets, which is strong, chips or breaks, could cause harm by flying off at high speed and therefore hitting a person.

Correct ventilation is necessary to avoid the dangers that dust and fume could cause to humans. 

Slips could also happen while manufacturing, causing human harm.

Skin disease could develop when in contact with materials. 

	Control access to the areas where hazards materials are present.

Correct staff training.

Enough information and labelling that informs about the risks on site. 

Adequate protection equipment. 

Correct planification or assessment of the place where the storage or manufacturing will take place to avoid incorrect ventilation or fire. 
	Staff reminded to use the correct protection equipment as well as to report any health problems that could come from being in contact with the materials. 

Often staff training to emphasize the health and safety regulations at work. 
	Industry workers and government personnel to control the correct functioning of the place. 
	To be done in project planning, before the manufacturing starts: 5/1/20


Every week during manufacturing process
	Yes






Yes

	DISTRIBUTION AND RETAILER RISKS
	Distribution workers, the product company and its users. 

Online distribution of electric motors could involve the use of these by children or other people that should not be using these products. 

Finance loses of a company caused by: damage to the products during distribution; 
breakdown of distribution equipment; delivery error. 

 When transporting heavy electric motors, an error could cause considerable human and/or material damage.
	Enough identity controls when selling a powerful electric motor to avoid its use by unauthorized persons. 

Frequent distribution equipment checks and maintenance. 

Adequate packing to prevent product damage. 

Earlier planification of heavy motors delivery.
	To hire a distribution team if possible. 

A person must be 25 years old to purchase a 50kw electric motor. 

Insurance cover to avoid prevent loses because of product damage.
	Company workers and 
government personnel to control the correct distribution.
	Every time an item is sold. 
	No yet

	USE
	The use of electric motors could mainly harm its users. 

Removal of protective devices (doors, locks, etc) would allow the contact of potential hazards products with humans causing an important risk.

Damage systems as a consequence of accidents could result in electric shocks. 

When using electric vehicles as an example, electric cars could become a hazard. The reason for this is the lack of noise emitted by electric cars, making it difficult for pedestrians and other road users to become aware of the presence of an electric vehicle. 

Use of electrical equipment in wet conditions.
	  Enough information specified to know how the motor works.

When big motors are used in a work place, proper usage and maintenance as well as exclusive usage by trained staff must be considered. 

Use of protective equipment.

Proper allocation of the electric motor creating a low resistance path and therefore avoid voltage build-up and risk of shock.  

Ensure equipment is suitable insulated, however, avoid operating electrical equipment in wet locations.

Continuous examinations to confirm that there are no worn or damaged pieces.

In the case of maintenance make sure the equipment is off and enough indications stopping anyone from turning the machine on are visible.
	  Users advised to contact with a specialist when there is an error on an electric motor. 

Workers reminded to be cautious and avoid the entrance to places where there is an electric motor.
. 

 Avoid lone working.
	Motor users and government personnel to control the correct functioning of the machine.
	Before selling the item: 7/3/21
	No yet

	END OF LIFE RISKS 
	Workers and earth population by polluting the environment.  

The main risks associated with landfilling at the end-of-life cycle can be classified as pollution of water due to the presence of heavy metals and explosive risks from landfill gas.  (Tsydenova, O., 2009)

Dissembling the different parts of a motor could cause spillages of hazardous substances in the workplace and therefore cause accidents.

When shredding the motor parts, there is a risk of hazard substances inhalation or air contamination. 


	Recycling as many parts and materials as possible.

Retention of heavy metals that will be release to the environment at an acceptable rate. 

To reduce the contamination of heavy metals that have to be release to the environment, a method called biosorption is used to remove pollutant from water, which allows contaminant onto its cellular structure. 

Use of protective equipment, what’s more, when hazardous emissions can not be prevented from exposure, respiratory protective equipment is always given to the workers. 

Landfills are equipped with membranes and leachate collection pipes to separate the ground from the surrounding.
	Rigorous controls to ensure the environment is not harm in excess after disposal. 

Try to recycle without disassembly. 

Promote the remanufacturing when possible. 

Consider incineration as a substitute of landfill to obtain energy. 

 


	Workers, population who helps recycling and
government personnel who ensure that health and safety laws are being followed. 
	Unknown.  
	No yet




[bookmark: _Hlk34609847]5.0 A DISCUSSION OF HOW THE ENVIRONMENTAL IMPACTS OF THE PRODUCT CAN BE REDUCED
Pollution of water and soil, depletion and toxicity for humans are the main environmental impacts when considering the mining of raw materials. However, these impacts could be massively reduced if the majority of mines were legal as well as those that were permitted by law, would follow the health and safety regulations. Governments around the world should commit to protect the environment and regulate the illegal mining sector by implementing frequent controls, identifying and protecting areas which are susceptible to illegal mining and also, encouraging responsible mining. 
Regardless the low impact of neodymium and dysprosium mining due to its limited usage in the creation of electric motors, rare-earth elements use still affects the environment as a consequence of the very low concentration of these materials in the environment. Finding a more economical and environmental friendly alternative to magnets is ideal. 
The principal environment impact of electric motors happens during its usage, mainly due to climate change produced by energy consumption and greenhouse effect. To lower the energy consumption when using electric motors it would be ideal that the electricity to empower these apparatus would come from clean energies, i.e. renewable or nuclear energy. However, considering that not every country is developed enough regarding energy sources, it would be a slow process developed the sufficient infrastructures. It is worth highlighting that in the vehicle sector, Hyundai released a car with solar panel roof to gather energy at no cost. Also, when mentioning the vehicle sector, planification of infrastructures which include electric car charging stations are an important factor to take into consideration. 
When mentioning greenhouse gases, it is necessary pointing out the high concentration of sulphur hexafluoride or SF6, gas that is used as a dielectric and arc-suppression in electric apparatus, in the air. Replacing this gas by the sustainable solution (3M™ Novec™ 4710 Dielectric Fluid) that has recently been developed would considerable reduce greenhouse gasses emissions from electrical equipment’s (Kieffel, Y., 2016)
Finally, recycling should be promoted in the upcoming years to raise awareness and to encourage people to recycle as an alternative to landfills. However, when recycling is not possible, incineration should take place as a substitute to landfills, considering that this method recovers much more energy (Mendes, M.R., Aramaki, T. and Hanaki, K., 2004).

6.0 RECOMMENDATION 
Considering various legislative regulations relating to energy efficient sustainable solutions and reducing CO2 emissions, developing and improving various energy consuming apparatuses is important, reason why electric motors are so important nowadays.
It is recommended that actions concentrate first on finding raw materials which would have minimal environment and economic impact to improve the already existing electric engines. However, there are other alternatives which are not so developed. 
Air motors, also known as pneumatic motors, are machines powered by compressed air caused by a pressure between the inlet and outlet of the motor housing. These apparatus, which are lightweight and provide a long operating life, could be an alternative to use in harsh conditions where the use of electric motors present a high risk, even though air motors are far less efficient than electric ones (Pandian, S.R., Takemura, F., Hayakawa, Y. and Kawamura, 1999). However, pneumatic motors can be used at full capacity, without risk of damage or overheating, therefore why they are a safer option as they do not cause fire or explosion harm. Also, a primary argument for the compressed-air motor is environmental sustainability as zero local emissions. 
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