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[bookmark: _Toc221460049]Abstract
This document identifies three products, and discusses the potential materials used to manufacture them in addition to the manufacturing processes required for mass production. 
Additionally, the mechanical and thermal properties will be identified to analyse why the selected materials are optimal, and the impact of using a different material.
The lifespan and costings of production and selling the selected products are also theorised, with an insight into the required maintenance and potential environmental impacts after life.
A presentation has been provided to summarise the below report, and is documented as appendix 1. 
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Product
	
Material
	Estimated Annual Production (Cost)
	
Why This Object
	
Picture

	

[bookmark: _Toc221460051]2 Lt Water Bottle
	



ABS
	

$364 Billion USD
(£273,145,600,000 GBP) 

(Ridder, 2025)
	Water bottles are an example of a simple product that has been overengineered for various lifestyles. It is common to see bottle ranging from 300ml to 3lt, in composite, plastic, metal, glass and more. It will be interesting to compare the material and design based on the target audience. 
	[image: Kitchen Life 2.2Lt Water Bottle Multicoloured – The Culinarium]
[bookmark: _Toc221452191]Figure 1 - 2lt Water Bottle
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Metal
	

$52.01 Billion USD (£390,260,000,000 GBP)

(Gujar & Ugale, 2025)
	The first can was invented by Nicolas Appert in 1809 after Napoleon offered 12,000 franks to someone that could solve the problem of preserving food for his army(IndustrialPhysics, 2022). Over 200 years later, the simple design has barely changed. It will be interesting to discuss the production of this simple product, focusing on cost and ease of manufacturing.
	


[image: Group of food tin cans stock photo. Image of package - 179179340]
[bookmark: _Toc221452192]Figure 2 - Tin Cans
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Glass
	$73.1 Billion USD
(£536,773,300,000 GBP) 

(Glass Online, 2025)
	Glass manufacturing has been an artform for 3,600 years, by combining a composite concoction of sand and soda ash. The process is particularly simple for a composite, and the glass manipulation is completed with a number of simple manufacturing process which can be discussed below.
	
[image: Glass Bottles – General Bottle Supply]-
[bookmark: _Toc221452193]Figure 3 – Glass Bottles


[bookmark: _Toc221452194]Figure 4 - Table of Products

[bookmark: _Toc221460054]Manufacturing Methods Comparison
Although water bottles can be crafted via a multitude of materials, they are primarily manufactured using polymers due to the versatility, low costs and high production potential. 
	Material
	Production Costs
	Tensile Strength
	Heat Resistance

	Polyethylene Terephthalate (PET)
	Low
	Moderate
	Low

	Polypropylene (PP)
	High
	High
	High

	Acrylonitrile Butadiene Styrene (ABS)
	Low
	High
	Moderate



ABS is an excellent choice for producing high yield / moderate quality water bottles for mass production. PP would be the ideal choice for a more premium product but the cost is too high. PET has the additional advantage of a transparent bottle but the heat resistance is too low for long term use, making it more suitable for single use applications.
[bookmark: _Toc221460055]Injection Moulding
Injection moulding required a significant up-front cost, as the mould can be very expensive. However, once the process is set up it can be a highly efficient process in relation to speed and consistency. 
[image: ]
[bookmark: _Toc221452195]Figure 5 - Injection Moulding Process Flow
It is common to see cycle times of 45-60 seconds, and depending on the design of the tool, a 2lt water bottle could be a 2 or 4 cavity cast. This would produce as many as:
3500 Seconds / 45 Seconds = 80 Cycles per Hour
80 Cycles x 4 Cavities = 320 bottles per hour
The initial cost can be expensive, especially for a high quality mould. A simple, single cavity tool suitable for the above product could potentially start as low as £3,816 (Walmir Ferreira, 2023). 
Injection presses can be operated with hydraulic or electric technology, prices can range from £10,000 – £60,000.
The following must also be considered for costings:
· Injection Mould Operator
· Water Heaters
· Water / Electricity
· Raw Materials
· Cleaning / Servicing / Maintinence
[bookmark: _Toc221460056]Die Press Process
Cans are typically manufactured from metal, as the simplistic cylindrical form can be easy manufactured from sheet metal and pressing processes.
	Metal (typical alloy)
	Tensile (MPa)
	Yield (MPa)
	Density (g/cm³)
	Hardness (HB)

	Steel 
	800–2000
	500–1400
	7.8
	120–350

	Aluminum 
	200–600
	100–500
	2.7
	15–150

	Titanium 
	900–1100
	800–950
	4.5
	200–350


[bookmark: _Toc221452196]Figure 6 - Table of Material Strength Properties (UneedPm Precision Machinery, n.d.)
The tensile strength of titanium and steel is higher than aluminium, however the application of food cans do not require an extensive tensile strength, as cans are not likely to be subjected to large amount of force until breaking point. 
The density of aluminium is lower than steel and titanium, which means the canisters are lighter per cm3. Additionally, the low hardness of aluminium makes the material soft and malleable. This is ideal for simple processing techniques, such as cold pressing flat sheets of material into a desired shape without the need of heating the metal first.
[image: ]
[bookmark: _Toc221452197]Figure 7 - Sheet Metal Process
 

Press tools can range between £10,000 - £50,000 depending on the complexity of the design and process. Press manufacturing is a continuous process with the potential to manufacture large yield. Coca-Cola are documented to manufacture as many as 3 billion cans a day, or 125 million cans an hour worldwide(Smith, 2026).
[bookmark: _Toc221460057]Glass Blowing
Glass blowing is used to create simplistic products such as glass bottles, which are produced in very high production rates.
[image: Glass Blowing Process]
[bookmark: _Toc221452198]Figure 8 - Glass Blow Process

The raw material ‘gob’ is put into the mould, then air is pushed into the bottom of the mould, and the gob is forced to take the shape of the mould. The mould is then disassembled around the first stage of the bottle, and a secondary mould is used to create the final body of the bottle by introducing a secondary blow of air to refine the final products shape.
It is also possible to manufacture the bottles by hand, using traditional glass blowing processes. This method can allow a lot more versatility to the design and complexity of the final product (depending on the operator’s skills) but is a lot more labour intensive and will produce significantly lower yield. 
As many as 200 bottles per minute could be anticipated (Misa Pack, 2024), and the set up cost can be significantly lower than injection moulding from as little as £5,000.

  














[bookmark: _Toc221460058]Mechanical Properties and Thermal Properties Comparison

	Material
	Tensile Strength
	Ductility
	Formability
	Heat Resistance
	Melt Point

	Glass
	20MPa
	Brittle (low)
	Low
	Very High
	1400°-1600°

	Aluminium
	90MPa
	High
	Very High
	Medium
	660°

	ABS
	40MPa
	Low
	Very High
	Low
	105°


[bookmark: _Toc221452199]Figure 9 - Materials and their Mechanical Properties
[bookmark: _Toc221460059]Glass Mechanical Properties
Glass has a low tensile strength and will break at around 20MPA. The material is brittle so glass will not disform, it will shatter. Glass is also resistant to heat, and is excellent for simplistic applications such as bottle forming. The natural transparency of glass makes it a cosmetically desirable material offering niche applications such as windows.
[bookmark: _Toc221460060]Aluminium Mechanical Properties
Aluminium has a higher tensile strength than the other materials on figure 9, but compared to diamond and titanium the tensile strength is very low. The material is ductile however, which can make aluminium incredibly malleable. This makes aluminium highly desirable for cold forming processes such as presses and cold rolling, which do not require heating the metal up before processing. The material is also very common which makes it relatively cheap, and incredibly light. 
Aluminium is often alloyed with other materials such as steel, to improve its tensile strength while retaining a lighter density. The heat density is relatively moderate but unacceptable for high heat applications such as engines or aeroplane components, but when alloyed to increase the heat resistance and melting point, it does make an excellent addition to aerospace components due to its light weight. 
[bookmark: _Toc221460061]Polymer (ABS) Mechanical Properties
ABS is highly formable due to the injection moulding and other similar processes. It can be used to create highly versatile and complex parts quickly, is light, and very cheap. The low melting point and heat resistance of plastic however makes the material a very poor use for high heat applications, although there are ways to improve these properties such as making composite polymers by adding glass fibres.
[bookmark: _Toc221460062]Lifespan and Cost Analysis
[bookmark: _Toc221460063]2Lt Water Bottle – ABS Polymer
	Life 
	Cost to Make
	Cost to Sell
	Change over Time
	End of Life
	Environmental Impacts
	Maintenance

	3 Years
	50p
	£5.00
	UV Fatigue, Tensile Strength Reduction up to 20%
	40% Recycling Rate
	Decomposes over 100 Years, leaves microplastics in the environment
	Regular Washing


[bookmark: _Toc221452200]Figure 10 - 2Lt Water Bottle (ABS) Lifespan and Cost Analysis

[bookmark: _Toc221460064]Can – Aluminium
	Life 
	Cost to Make
	Cost to Sell
	Change over Time
	End of Life
	Environmental Impacts
	Maintenance

	Single Use 
	5p
	20p
	Denting
	75% Recyclable
	Oxidised Naturally (Releases no toxins) - Poor waste management could result in cans left in the see / landfills.
	None – Single Use Product


[bookmark: _Toc221452201]Figure 11 - Can (Aluminium) Lifespan and Cost Analysis

[bookmark: _Toc221460065]Bottle - Glass
	Life 
	Cost to Make
	Cost to Sell
	Change over Time
	End of Life
	Environmental Impacts
	Maintenance

	20 Years
	£1.00
	£3.00
	No Natural Degradation, Potential Cracking / Breaking
	75% Recyclable
	No Chemical toxins etc – Poor waste management could result in broken glass left in the see / landfills.
	Cleaning


[bookmark: _Toc221452202]Figure 12 - Bottle (Glass) Lifespan and Cost Analysis
[bookmark: _Toc221460066]Comparison of Materials
Due to the low ductility of aluminium, it is an excellent choice in single use products such as cans but would require an alloy to improve its potential for long term use. Glass and polymers can be very easily products with the investment in the initial set up costs, and the products can have years of life regarding they are regularly cleaned and generally looked after.
All three materials have high recyclability; however recent studies are showing the impact of microplastics on the environment and within use. The vast manufacturing of plastic over the previous 100 years has also resulted in a lot of polymer products ending up in the seas and landfills, with microplastics contaminating the environment and will not degrade for thousands of years.
All of the materials have high potential for manufacturing, but the cost of aluminium is so low due to the very simple pressing process and extremely high yield potential, drastically reducing the cost of manufacturing to a fraction of compared to the glass manufacturing process.
















[bookmark: _Toc221460067]Material Selection and Alternative Choices
[bookmark: _Toc221460068]2Lt Water Bottle – ABS Polymer – Injection Moulding
The purpose of a 2lt water bottle is to be used daily for months or preferably years, but the initial product should still be low for the consumer. ABS polymers are low in cost, have no chemical byproducts that are harmful to the consumer, and the thermal resistance is around 80% which is fine for ambient use but not ideal for how drinks.
Injection moulding is an excellent choice for mass production, if the high initial set up costs and experience of running the complex process as met. Once the tool is set up, the fact yield can support in reducing the production costs, which can then reduce the cost of the final products for the consumer, which ties in with the scope of the product. 
It is possible to manufacture bottles for a more premium target audience made from steel; however, injection moulding would no longer be the desired manufacturing process. Steel offers various additional benefits, such as a much higher tensile strength, higher thermal resistance and a more premium look. The cost of the raw materials and manufacturing process will inevitably increase the cost of production thus the cost of the product.
With Steal, a pressing process would be desirable, although for complex and interesting designs an investment mould casting process could also offer potentials for a premium product line, this however would likely increase the cost of the product further.
[bookmark: _Toc221460069]Can – Aluminium – Die Pressing
Die casting is an excellent choice for continuous production of simplistic products, such as cylinders. The aluminium sheet metal can be easily manipulated at ambient temperature, and the continuous process can result in very high production yield. 
Aluminium is an excellent choice of material due to its low cost, decent tensile strength, easy formation and low weight for reducing shipment costs. An alternative to aluminium cans could be blow moulded polymers, which could offer similar cost and weight, with a similar process set up cost. However, aluminium is a better choice from an environmental perspective due to eliminating the microplastic pollution caused by polymers. Additionally, polymers can be more permeable than canisters which could result in oxygen getting inside the sealed container faster than it could aluminium, which is a key mechanical characteristic for the application of long-term food storage to keep food fresher for longer.


[bookmark: _Toc221460070]Bottles – Glass – Blow Process
The blow process in glass moulding is similar to the blow moulding process for polymers, in which the ‘gob’ of material is inserted into the die tool, the air is blown and the gob is expelled to take the shape of the die. Glass is an ideal material for fluid storage such as disposable drink bottles, due to it’s potential for multi use and recycling. However, glass was an ideal material for 50-70 years ago, before advancement in mass production when glass bottles were often returned to the vendor after use so they could be cleaned and reused. Today however, bottles are often not returned to the original vendors such as dairy farmers, and plastic bottles are more commonly used.
The most ideal manufacturing process using polymer materials is blow moulding, as described for the alternative manufacturing process for the canisters. In regards to modernising the production process, a modern production technique is 3D printing, in which polymer strips are added to 3D printers and a design is uploaded via a modelling software. 3D printing is revolutionising modern manufacturing due to the applications of personalising mass production. With these production set ups, it is possible for people to make personalised requests, and to modify the programs to meet the needs of the customer for immediate production. 
Customers could order bottles for example, with their name printed on the side. Or companies could print bottles with their company, logo, ingredients list etc printed into the bottle, without the need of adding an additional process for labelling etc.
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