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[bookmark: _Toc221452958]Introduction
Areas that an engineer should consider while choosing a material include trade-offs , performance of the product and its economic lifespan cost. This report will aim to show how 3 products can be made for the same purpose out of 2 different materials. The 3 types of products will be made of a single material to keep comparisons of material statistics uniform. Products chosen include an aluminium can for their ductility and ease of manufacturing at high volumes. A PET bottle for its cost effectiveness and ability to be blow moulded at large volumes relatively cheap with the added benefit of higher recyclability. Porcelain offers nonporous durability and is manufactured at high heat from natural clay. Alongside discussion these products and their methods of manufacturing and alternative product material of the same category with be given.















[bookmark: _Toc221452959]Research and Discussion
[bookmark: _Toc221452960]Selection and Description
All objects have been chosen to be comparable to other materials that can be used. All objects are primarily made from one material and are used daily across the world. 

[bookmark: _Toc221452961]Material 1 – Aluminium Can 
Aluminium beverage cans are common place for holding still and carbonised beverages in a sealed container for long periods. The number of beverage cans is set to increase from 420 billion in 2020 to 630 billion by 2030 says the International Aluminium (2023).
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[bookmark: _Toc221452994]Figure 1 - Aluminium Cans alupro (2016)



[bookmark: _Toc221452962]Material 2 – PET Water Bottle 
Again, plastic water bottles are commonplace around the world. Data from marketsreportsworld shows that in 2023, global plastic bottle production surpassed 500 billion units, with the beverage sector consuming over 290 billion units. MRW (2025). The market is currently switching to PET as its main material due to several factors including its ease of manufacturing, its lightweight structure and environmental impacts such as reduced carbon to manufacture and recyclability. 
[image: What is rPET Plastic? Benefits and Uses in Recycling | TOMRA | TOMRA]
[bookmark: _Toc221452995]Figure 2 - PET Bottles Tomra (2022)








[bookmark: _Toc221452963]Material 3 – Porcelain Mug
Porcelain mugs are traditionally used for hot beverages that are consumed straight after they are made. In 2023, the global export volume of coffee mugs reached approximately 1.2 billion units. Group, C.R. (2025). Porcelain mugs are reusable and are washed after use. There are several reasons why porcelain mugs are used, including their ability to hold liquid without imposing its own flavour. 
[image: Porcelain Coffee Mugs Set of 6, 13 Ounce Coffee Cups with Handle, Ceramic  Tea Mugs for Latte, Hot Tea, Cappuccino, Mocha, Cocoa, Blue Assorted Colors  ...]
[bookmark: _Toc221452996]Figure 3 - Porcelain Mugs Amazon (2025)






[bookmark: _Toc221452964]Manufacturing Method Comparison
[bookmark: _Toc221452965]Method 1 – Aluminium Can
The typical manufacturing method for creating a can is deep drawing & ironing as seen in figure 4. Reasons for using deep drawing as a method of manufacturing include the ability to produce a large volume of components using high output cupper tools. Although the complexity and manufacturing of the tool can be high, due to the large quantity of components being manufactured the individual unit costs are low, material wastage is very low, making it a very cost-effective process. (Tiwari, Rathore and Bodkhe, 2021)
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[bookmark: _Toc221452997]Figure 4 - Deep drawing Open University (2017)




[bookmark: _Toc221452966]Method 2 – PET Water Bottle
Typical shapes such as a water bottle will use Injection Stretch Blow Moulding, this is very similar to typical blow moulding where molten material is injected in to a die and blown to the die shape, with a couple of added steps as shown in figure 5.  
[image: Automatic PET Stretch Blow Molding Machine Common Failures and Solutions -  Bottling Line, Canning Line and Packaging Machines Manufacturer-Festa  Machine]
[bookmark: _Toc221452998]Figure 5 - Stretch Moulding Method
Due to using ISBM as the method for manufacturing and often being a multi stage process, the added steps work at different stations using the transfer times to cool the material to the desired temperature. This method can be used at mass scale and the efficiency of the ISBM process results in lower production costs compared to traditional blow molding techniques. (Link-Tech Machinery, 2024)




[bookmark: _Toc221452967]Method 3 – Porcelain Cup
Porcelain is typically manufactured using slip casting, this is when liquid clay is poured into a plaster mold. The mold is then heated to 1200-1400 degrees Celsius to achieve its vitrified finish. The process can be seen in figure 6. Other methods include Jiggering & jollying, and hand throwing. 
[image: Slip casting method]
[bookmark: _Toc221452999]Figure 6 - Slip Casting







[bookmark: _Toc221452968]Comparison
[bookmark: _Toc221452969]Mechanical and Thermal Properties Comparison
Aluminium is an ideal material for canning as it has extreme ductility, with elongation of 20-30%, ultimate tensile strength of 110-145MPa and yield strength of 35-75Mpa. This gives it the ability to be formed into its can shape and retain its shape well. This material has a thermal conductivity of 120-160 W/m.K making it a good choice for heat transfer, such as cooling beverages. (MetalZ, 2025)
PET is best suited for the bottling process due to its high tensile strength at a yield of 90 MPa and modulus of elasticity of 3500 MPA. It’s ease of processing is supported by a relatively low melting point of 255 degrees Celsius and elongation break of 15%, this allows the formation of long bottles that re sturdy and can withstand the pressure of carbonated liquids. PET has a melting point of 255°C and 0.29W/(m k) of thermal conductivity at 23°C. (Direct Plastics Data Sheet.)
Porcelain is ideal for it’s use as a mug due to its 0% open porosity and high chemical resistance. It has a minimum density of 2.2 g/cm3 and 3 point bending strength of 50 MPa. It also has a thermal shock resistance of 140k to 160k, and specific heat capacity of 0.8KJ/kg. (Brevier Ü1 Neues Bild, n.d.)
[image: Plastic, Metal Stress Strain Curve 690x388]
[bookmark: _Toc221453000]Figure 7 - Stress Strain Graph
[bookmark: _Toc221452970]Lifespan and Cost Analysis
[bookmark: _Toc221452971]Material 1 – Aluminium Can
An aluminium can is a single use item, however the can lasts up to 200 to 500 years to fully decompose. (Biopineoe.com, 2023) Cost per unit ranges based on demand and order quantity but can range between 0.25 – 0.45 cents per can. (Congress.gov, 2025)

[bookmark: _Toc221452972]Material 2 – PET Bottle
The price of PET is heavily influenced by petroleum as it takes up 50%-60% of its composition. The average price per bottle is around 0.05-0.12 cents for a 500ml bottle. (LME 2025) Plastics can take up to 500 years to break down and are only recycled 19% of the time. (WWF, 2021)

[bookmark: _Toc221452973]Material 3 – Ceramic Mug
It is difficult to put a definitive price and lifespan on a ceramic mug as production scale and quality play a big part, prices can range between $0.30-$2.50. The lifespan of a porcelain mug can be between 5-30 years or more. 

[bookmark: _Toc221452974]Material Selection and Alternative Choices
[bookmark: _Toc221452975]Material 1 – Steel 
Steel can be a good alternative as it has a higher puncture resistance, it can be magnetically sorted while being manufactures and has a higher heat tolerance for cans that require sterilisation. 
[bookmark: _Toc221452976]Material 2 – Glass
Glass is non-porous and impermeable to CO2, improving shelf life, can be recycled to the same quality multiple times, can withstand higher temperatures and doesn’t require the dependency of petroleum prices. 
[bookmark: _Toc221452977]Material 3 - Polystyrene
Polystyrene has a high heat retention, is impact resistant and has a low mass. These cups are also extremely light improving logistics of transporting. 
[bookmark: _Toc221452978]Conclusion
The report has evaluated three materials and manufacturing processes of three different items. The analysis demonstrates that there are many choices required by an engineer when selecting a material. Aluminium and PET are favoured for their high production volume and relatively low cost at mass production. While these materials offer advantages in these sectors they suffer from issues of recyclability and harm to the environment. Porcelain mugs have a better lifespan and are kinder to the environment, however they can be far more costly compared to other materials and although they lack impact resistance. Alternative materials such as polystyrene, steel and glass can show promising positive properties when compared in segments like thermal efficiency and inertness but fall short in some key categories such as cost and reusability. In conclusions the report supports evidence as to why current trend in material selections is true and offers alternatives that can be used. 
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