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 Introductory Remarks: Water Bottles Design.

 Polyethylene terephthalate (PET) manufacturing.

 Packaging Standards.

 Bottles Transportation Standards.

 Fate of PET and Environmental Impact.

 Depolymerization Technology.

 Plastic Solid Waste Management Hierarchy.

 PET Recycling Technologies.

 Circular Economy Opportunities in GCC.

 Concluding Remarks & Future Vision.

 Q&A - Panel Discussions.
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• The design of the water bottle is not something that happened over time by coincidence. The design might take different shapes for

plastic bottles but all of which will answer (positively) to a number of engineering/materials questions:

Is the shape compatible for consumers?

Can the bottle sustain a label?!

Is the shape able to withhold stresses?!

Can the material be recycled?!

• Bottles are manufactured by utilizing different mechanical processes that rely on physical moulding of resin.

• It is a question (always) of cost effectiveness against the process/product payable price.

• However, main shapes on the market are: Oblong, Round, Round w/ Waist.

The design is not by coincidence!!

Image sources: IQS (2023), One Green Planet (2023), Tricorbruan (2023).
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The anatomy of a plastic bottle

Description of the various (main) parts of the plastic bottle. Source: SnalePlastics (2023).
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Main Materials Used in Manufacturing Water Bottles. Source:

Gall et al. (2020).



The anatomy of a plastic bottle

• Pour out Lip: The part of a container where the bottle cross section decreases to form the finish.

• Finish: The forming of the opening to accommodate a specific design for the closure.

• Shoulder: The part of a container between the main body and the neck usually sloped.

• PET might not be the most common polymer used for bottle

extrusion but it is the most common for our area.

• PET provides a number of advantages; namely being not

permeable to carbon dioxide.

• PET, including other bottle material types, are easily recycled

after their initial usage.

• Plastic bottles are lighter than glass bottles, which saves energy

and money when shipping products.

• Plastic bottles require less energy to produce than glass bottles

because plastics are soft and have relatively low melting

temperatures.



Polymerisation Technology and Petrochemicals

Main feedstock material used to derive basic petrochemicals used in

polymerization industry. Source: Al-Salem (2019)

• When describing production of polymeric articles (i.e., plastic materials), the term

olefin comes across very often. Olefins are unsaturated hydrocarbons containing

at least one C=C double bond. Olefins are typically referred to as alkenes.

• Major alkenes that contribute to our daily lives in terms of various plastic materials

and chemical products are ethylene (C2H4), propylene (C3H6), and butadiene

(C4H6).

• One of the main olefin based products is PE, which is a form of ethylene

that is polymerized.

• PE is the main plastic material that we use on a daily basis. There are various PE

grades produced to cover the plastics market demand, and PE is typically classed

according to its density.

• PE has an average chain length between 500 and 1000 repeated

monomer units. PE is polymerized by contact to catalyst (e.g.,

Ziegler-Natta) in an exothermic reaction. Conversion of PE

occurs in temperature ranges between 100°C and 200°C.

• On the other hand, PP is commonly produced using Ziegler-Natta

catalyst in a bulk process. Propene as liquid in 30 atm (350 K)

could be polymerised into three main types.



Polymerisation Technology and Petrochemicals

• When ethylene is oxidized, ethylene oxide (EO) results. This is the main chemical used for the production of EG after hydration.

• When ethylene is reacted to produce a chemical with ester linkage in the chemical backbone chain, it is commonly known as polyester.

Polyester can be used in plastic film production, fibers, and bottles (polyethylene terephthalate, PET) resulting from terephtalic acid (TA)

combination with EG.

Additives Used in Plastics Industry. Source: Al-Salem (2019)

Researchers at the Brunel University in London found 150

chemicals in drinks from plastic bottles, and 18 of them were

found in dangerous levels, exceeding regulations. They also

discovered that bottles made from recycled Polyethylene

Terephthalate (PET) contained much higher concentrations of the

chemicals than other plastics. PET is the third most common type

of plastic in food packaging and one of the most popular amongst

water bottles. Recently, the EU called for PET bottles to have at

least 30 percent of recycled content by 2030, but this needs to be

reconsidered after this study.

https://www.brunel.ac.uk/
https://www.onegreenplanet.org/environment/how-glitter-impacts-marine-animals/
https://www.onegreenplanet.org/news/edible-plastic-free-food-packaging-kombucha/
https://cleanenergynews.ihsmarkit.com/research-analysis/industry-seeks-mandatory-30-by-2030-eu-recycled-plastics-packa.html#:~:text=This%20target%20should%20be%2030,excessive%20packaging%20and%20packaging%20waste.


Transportation Standards/Guidelines – European (East Europe as best example)

• Before use, the plastic containers be should cleaned thoroughly and if necessary, washed and disinfected (procedure available).

• Dynamic and static load – when using the containers, do not exceed the specified stacking height, static and dynamic load capacity for each

container type.

• Temperature amplitudes – all plastic containers can be used at temperatures from ‐10°C to +40°C. If necessary, the containers can be produced

to withstand continuous use at temperatures from ‐40°C to +100°C.

• Do not overfill the plastic containers.

• Plastic transport containers can be stored for more than 12 months without significant changes in their properties if the conditions are good.

Storage under unsuitable conditions leads to reduced storage time.

• Plastic transport containers should be stored indoors or in shelters, protected from direct sunlight, rain and temperatures below ‐10°C or above

40°C.

Declaration of conformity:

Declaration of conformity according to: 1/Regulation 10/2011/EC;

2/Regulation (EC) 1935/2004 on

materials and articles intended to come into contact with food;

3/Bulgarian Regulation for Packaging

and Packaging Waste (2008) with regard to the contents of Pb, Cd, Hg

and Cr (6+) in line with

Directive 2004/12/EC; is issued only for specific shipment based on

invoices issued to the client.



Design Specification – European PET Bottles

The key principles of the Design for Recycling

Guidelines are appropriate for all PET bottles

include:

Avoid the use of materials and/or components that are

known to impede the PET recycling process or reduce

the quality of the recycled PET.

Reduce the amount of non-PET components to allow

for ease of separation and efficiency of recycling.

Design components, such as closures and labels, so

that they can easily, safely, cost-effectively and rapidly

be separated and eliminated from the recycled PET.

The goal of improving the recyclability of PET

bottles cannot compromise product safety.



GENERAL STANDARD FOR BOTTLED/ PACKAGED DRINKING

WATERS (Other than Natural Mineral Waters)

Codex Standard 227-2001

• SCOPE: This Standard applies to waters for drinking purposes.

• DESCRIPTION: Waters defined by origin.

• COMPOSITION AND QUALITY FACTORS: 

Permitted physicochemical modifications and antimicrobial treatments for the waters defined by origin.

Carbonation “In the case of ground waters defined by origin, “naturally carbonated” or “naturally sparkling” if, after packaging, 

carbon dioxide spontaneously and visibly is given off under normal conditions of temperature and pressure and the carbon dioxide

originates from the source at emergence and is present at the same level as was present originally at emergence, with a possible re-

incorporation of gas from the same source, taking into consideration a technical tolerance of ± 20%“

Chemical composition



Food Safety and Standards (Packaging) Regulations, 2018

• Products made of recycled plastics including carry bags shall not be used for

packaging, storing, carrying or dispensing articles of food.

• Requirement for specific migration limits of substances from plastic materials intended

to be in contact with articles of food (Br, Cr, Co, Cu, Fe, Li etc ..).

These are not Indian but international standards

These standards are interconnected with aspects of waste!!



ماهية النفايات ومالها على مستوى العالم ؟: التعريفات العامة

ي،الادموالعاملالتدخلمنتنجمالتيوالفيزيائيةالحالاتمنبأيالموادهي(جمع)النفاية

.الرغبةعدم(حالة)الىتؤول

.المنتوجاتمنالاستخدامبعدبهامرغوبالغيرالموادعلىالمصطلحيستخدمقد

هندسيةالالسبلباستخداممنهاالامنالتخلصويجب،(الطبيعةاو)البيئةفينفاياتتوجدلا

.السليمة

(التعريففيالصحةعلىدليلليس)شيوعاوالأكثرطريقة،منبأكثروتصنفالنفاياتتمنهج

.المصدرمنالتصنيفهو

4thR

6Rs (reuse, recycle, redesign,

remanufacture, reduce, recover)

http://www.google.com.kw/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwijgJvsr7vOAhWEWxQKHbVXAHsQjRwIBw&url=http://www2.hull.ac.uk/administration/environmental/recyclingandwaste/3_rs.aspx&psig=AFQjCNHAoMnI7J72PnbfsXzmKW5sxL1UEw&ust=1471074001480703
http://www.google.com.kw/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiO0dmQsLvOAhWDVBQKHb6NCxwQjRwIBw&url=http://www.keepcalm-o-matic.co.uk/p/be-green-and-apply-the-three-rs/&psig=AFQjCNHAoMnI7J72PnbfsXzmKW5sxL1UEw&ust=1471074001480703
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https://www.google.com.kw/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiS8K6y6ejeAhUFzhoKHXfICVUQjRx6BAgBEAU&url=https://www.telegraph.co.uk/news/newstopics/howaboutthat/11251463/Environmental-good-deeds-give-people-a-warm-glow.html&psig=AOvVaw3VExU0mygx0gKBrCdJKMup&ust=1543004376480438




النفايات بمنظور عالمي

Plastic Waste at the Thilafushi Waste Disposal Site, Maldives A Recycler Transports Waste Using a Modified Motorcycle, Bangkok, Thailand

فيايدسيتزيومي،بشكلللفردالنفاياتانتاجمعدلبأنالرسميةالمصادربحسبالمتوقعمن

الدخلذاتالدولفي%40بمعدلو2050سنةالى%19بنسبةالصناعية-المتقدمةالدول

.والمحدودالمتوسط

عالواقفيوالنفايات،انتاجنسبةفيالعالمدولاكثرأسيا،شرق-الهادئالمحيطمنطقةتعتبر

على%6و%23بمعدلللنفاياتانتاجالدولأقلأفريقيا،شمالوالأوسطالشرقمنطقةتعتبر

.(مطلقةمئويةنسبة)التوالي

أسيادولأنحين،%44بنسبةالنفاياتجمعفيالدولأقلالأفريقيةالصحراءمنطقةتعتبركما

.%90بنسبةالأعلىالشماليةوأمريكاأوروباوالوسطى

Waste Generation by region ‘16. Source ‘Data & Plates’ Kaza et al.

2018. World Bank Report



Where is Kuwait - Qatar !!

Kuwait has one of the highest living standards the world over.

GDP = 120 B US$ (2017).

Population = 4.13 M Residents

Waste generation is typically tied to economy and GDP.

Currently, Kuwait categories solid waste into four types.

Organics are generated at a rapid rate constituting 46% (MSW), and

PSW is about 18%.

https://www.google.com.kw/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiYisH01ZjhAhUBxxoKHYy2Ag4QjRx6BAgBEAU&url=https%3A%2F%2Fwww.worldatlas.com%2Farticles%2Fwhat-languages-are-spoken-in-kuwait.html&psig=AOvVaw0Hh29E7wRPDTM0-bzhLkLt&ust=1553444501354342
https://www.google.com.kw/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwifsL-M1pjhAhUOnRoKHTP-BXcQjRx6BAgBEAU&url=https%3A%2F%2Fwww.worldatlas.com%2Fwebimage%2Fcountrys%2Fasia%2Fkuwait%2Fkwmaps.htm&psig=AOvVaw1T1PMHss6t1NPkXK5RVhmd&ust=1553444558776111
https://www.google.com.kw/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjCqI651pjhAhUM1BoKHVJsBrMQjRx6BAgBEAU&url=https%3A%2F%2Fwww.vectorstock.com%2Froyalty-free-vector%2Fkuwait-map-vector-1608122&psig=AOvVaw1T1PMHss6t1NPkXK5RVhmd&ust=1553444558776111


World Bank Dataset (2020), Al-Salem (2021)

By default, crates and bottles typically constitute about 50% of

the PSW from municipal sources.

This means in Kuwait it might reach about 100 ktpa, in Qatar

90 ktpa and in UAE 1 MILLION tpa (approx.)



This is the price !!!

Courtesy: E. Aleissa, 2018, 1st Kuwait Waste Management Research Forum.



Landfilling in Kuwait: Past, Present & Future !!
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Landfilling in Kuwait: Past, Present & Future !!



Treatment methods related to the production cycle of polymers [1].

• There are no proper assessment studies in Kuwait.

• PSW is accumulating in landfills and is typically exported.

• PSW is estimated to be generated at an alarming rate of 150 ktpa (2001).

• Focus on secondary & tertiary methods.

• What we lack in GCC!!

[1] Al-Salem et al., 2009. Waste Manage. [2] Al-Meshan & Mahros, 2001. Arabian J Sci & Eng. [3] Butler et al. 2011. 

Classic waste management hierarchy 
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Processing technologies

Various online sources.



Processing technologies

Radical PE (Thermal) mechanism PSW Cracking rxn

PE Pyrolytic rxn



Processing technologies

The proposed solvolysis process of PET (a) , PLA (b) , and PC. Jiang et al. (2022)



الاقتصاد الدائري
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Image source: Icelog - Global product information management and syndication

يهدف إلى

(الريعيمعالمتلازم)الخطيالاقتصادمن(تدريجيا)الانتفاء

نفاية(صفر)معدلتحقيقإلىيطمح

أصيلاقتصاديومردودبيئيةاستدامةيحققبذلك

الناميةالبلدانفيالطاقةلسلةتنوعيحقق

لبيئيةاوالانبعاثالتكاليفعلىسيقضيالمصنعين،إلىبالنسبة

القيمةرخيصلقيماستغلالحيثمنالضارة
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خطوات وأ هداف تقاس: الاقتصاد الدائري

.بأخرىأوبطريقةالثمانيناتنهايةمنذبالتطبيقبدأالأوروبيالاتحاد

.آنيبشكلالطاقةومصادرالتقنيةالعمالة،فييكونوالتطويرالاستثمار

Robiana et al. 2020.

فايةللنتراكمعنهينجممستدامغيراقتصاد:الخطيالاقتصاد

.الاقتصاديةوالعوائدالاستدامةيحقق:الدائريالاقتصاد

d’Ambrières 2019



The Circularity of PET

Singh et al. (2021)



The Circularity of PET



خطوات وأ هداف تقاس: الاقتصاد الدائري

Butler et al. 2011. 



The case at hand
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