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(1) Planned Obsolescence and Resources Crunch ☹

Planet and life once upon a time!

3,600 chemicals used in food packaging have
been detected in human bodies. 100 of them are
of “high concern” to human health.
(2) Human Health Effects☹

Ills of Linear Economy in vogue
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Circular Economy?
uses a systemic approach to maintain a circular 
flow of resources, by recovering, retaining or 
adding to their value, while contributing to 
sustainable development (ISO59004:2024). 

Resources (fossil fuels, minerals, and 
biomass) extraction and processing 
contribute to

Circular economy has the potential to substantially 
reduce GHG emissions and particulates



Alexander Severinsky (2022) The desertification of crop lands, 116 pages, LAP LAMBERT Academic Publishing. ISBN-13 : 978-6204744193



Net-Zero emissions pledges (target year) by the
countries

Journal of Energy Chemistry 59 (2021) 688–705, https://doi.org/10.1016/j.jechem.2020.12.005



UNEP Global Resources Outlook 2024 - Bend the trend: Pathways to a Liveable Planet as Resource Use Spikes. https://wedocs.unep.org/20.500.11822/44901)
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SG Green Plan 2030: Singapore’s commitment towards 
the UN Sustainable Development Goals (SDGs).

https://www.greenplan.gov.sg/infographics/



https://www.greenplan.gov.sg/infographics/
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Singapore Green Plan 2030 (https://www.greenplan.gov.sg)

Singapore Green Plan 2030 | 

Zero Waste Masterplan are 

aimed to a) reduce the amount 

of waste sent to the landfill each 

day by 30% by 2030,  and b) 

develop a circular economy. This 

will complement Singapore’s 

climate actions. 
In 2022, Singapore generated 20,000 tons of
waste per day – 57% Recycled and 41%
Turned into Energy



https://www.nea.gov.sg/our-services/waste-management/waste-statistics-and-overall-recycling

Singapore Waste Statistics 
(2023)
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Waste-to-energy plants 
aren’t perfect but likely 
have less climate impact 
than landfills.

https://www.straitstimes.com/opinion/that-landfill-you-are-ignoring-oozes-
methane



Water-energy-
waste nexus
allows food waste
and used water
sludge to be co-
digested to
generate up to
three times more
biogas than
conventional
sludge treatment
processes. The
biogas generated
will boost
electricity
production. The
Tuas Nexus
facility is expected



A RENEW e-waste collection bin located within an electronics store in Singapore (Source: Koh Mui 
Fong/TODAY https://www.todayonline.com/singapore/more-800-kg-e-waste-collected-electronic-retailers-under-expanded-
starhub-programme)

https://www.mse.gov.sg/resource-room/category/2020-07-30-
resource-sustainability-act/

Resource Sustainability Act (RSA) was enacted in October 2019 to give legislative effect to the
regulatory measures targeting the three priority solid waste streams of e-waste, food waste and packaging waste,
including plastics.

https://www.todayonline.com/singapore/more-800-kg-e-waste-collected-electronic-retailers-under-expanded-starhub-programme
https://www.todayonline.com/singapore/more-800-kg-e-waste-collected-electronic-retailers-under-expanded-starhub-programme
https://www.mse.gov.sg/resource-room/category/2020-07-30-resource-sustainability-act/
https://www.mse.gov.sg/resource-room/category/2020-07-30-resource-sustainability-act/


Under the Extended Producer Responsibility (EPR) framework, producers of regulated electrical and
electronic products are made responsible for the collection and proper treatment of their e-waste. These
producers are companies that manufacture or import regulated products for supply on the local market. All
e-waste collected will have to be channelled to licensed e-waste recyclers for proper treatment. Singapore
National Environmental Agency, NEA awarded the licence to operate a Producer Responsibility Scheme
(PRS) to ALBA Group plc & Co. KG. ALBA is responsible for the e-waste collection targets set by NEA.
Producers of consumer products will be required to join the PRS and finance the collection and recycling of
the e-waste.

Tamil Selvan and Seeram Ramakrishna, Sustainability for Beginners, World Scientific Publishers 







Singapore aims to roll out a beverage container return scheme (Deposit Refund
Scheme) to encourage people to recycle drink containers such as plastic bottles and
aluminum cans.

@ TUV-
SUD



https://www.nea.gov.sg/media/news/news/index/new-technical-reference-to-guide-companies-on-sustainable-packaging-practices



Plastic waste management 
strategies

o Waste to Energy 
(incineration)

o Managed landfill

o Bio-enzymatic 
processes

o Composting

o Chemical Recycling

o Mechanical Recycling

o Burning

o Dumpin
g 

Circularity 
Potential
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Seeram Ramakrishna (2022) Guest editorial: Materials for a sustainable future, Drying Technology, 40:14, 2815-2816, DOI: 10.1080/07373937.2022.2123177
Ramakrishna, S., Pervaiz, M., Tjong, J. et al. Low-Carbon Materials: Genesis, Thoughts, Case Study, and Perspectives. Circ.Econ.Sust. (2021). https://doi.org/10.1007/s43615-021-00135-9

https://doi.org/10.1080/07373937.2022.2123177




Circular Economy Example – Jurong Island  

https://www.jtc.gov.sg/about-jtc/news-and-stories/press-releases/51-companies-jointly-support-industry-first-circular-economy-study-by-jtc-to-optimise-resource-use
Nasreen, S.A.A.N., Sundarrajan, S., Nizar, S.A.S. et al. Pyrolysis, Microwave, Chemical and Biodegradation Methodology in Recycling of Plastic Waste: a Circular Economy Concept. Circ.Econ.Sust. (2021). https://doi.org/10.1007/s43615-

021-00109-x





Singapore: Circular Water 

https://www.towardszerowaste.gov.sg/zero-waste-masterplan/chapter2/circular-economy/



@ The Straits 
Times





https://www.straitstimes.com/singapore/housing/heat-reflective-paint-initiative-to-be-rolled-out-to-all-hdb-estates-by-2030

Heat-reflective cool paint reduces the 
ambient temperature by up to 2 deg C!
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National Mirror Committee (NMC) 
on ISO/TC 323 Circular Economy

The NMC was formed in 2020 to participate actively in ISO/TC 323 
standards development (ISO 59004, ISO 59010 and ISO 59020)

NMC Task:

• Consulting national stakeholders (such as manufacturers, users, 
professionals and government officials) to formulate the national 
viewpoint and voting on draft international standards

• Adoption of International Standards into Singapore Standards

• Promoting the national implementation of International Standards



ISO 59000 family of standards
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Extracted from Figure 2 of ISO 59004:2024. Copyrighted by ISO.

Extracted from Figure 1 of ISO 59004:2024. Copyrighted by ISO.
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Terms related to resources
• virgin resource: natural resource or energy that is used as a resource for the first time as input in a 

process or for creating a solution
Extracted from Clause 3.3.2 of ISO 59004:2024. Copyrighted by ISO.

• recovered resource: secondary resource that is obtained from one that has already been processed 
or used

Extracted from Clause 3.3.5 of ISO 59004:2024. Copyrighted by ISO.

• non-recoverable resource: resource that cannot be recovered and used again after it has been 
processed or used

Extracted from Clause 3.3.4 of ISO 59004:2024. Copyrighted by ISO.

• cascading: repeated use of a resource usually starting at a level of high value with decreasing 
quantity and quality at each subsequent stage or cycle, depending on the processes used

Extracted from Clause 3.3.15 of ISO 59004:2024. Copyrighted by ISO.

• closed loop system: system by which products or resources are used and then recovered and turned 
into new products or recovered resources, without losing their inherent properties

Extracted from Clause 3.5.15 of ISO 59004:2024. Copyrighted by ISO.

© 2024 Professor Dr. Adrian Kuah
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Terms related to processes
• reuse: use a product or its component parts after their initial use, for the same purpose for which they 

were originally designed
Extracted from Clause 3.5.17 of ISO 59004:2024. Copyrighted by ISO.

• refurbish: recondition or restore an item, during its expected service life, to a useful condition for the 
same purpose with at least similar quality and performance characteristics

Extracted from Clause 3.5.18 of ISO 59004:2024. Copyrighted by ISO.

• remanufacture: return an item to a like-new condition from both a quality and performance 
perspective using an industrial process

Extracted from Clause 3.5.20 of ISO 59004:2024. Copyrighted by ISO.

• repurpose: adapt a product or its component parts for use in a different function than it was originally 
intended for, without making major modifications to its physical, chemical or mechanical structure

Extracted from Clause 3.5.22 of ISO 59004:2024. Copyrighted by ISO.

• circularity indicator: metric used to measure one or more circularity aspects
Extracted from Clause 3.6.6 of ISO 59004:2024. Copyrighted by ISO.

© 2024 Professor Dr. Adrian Kuah



7. Digitalization
• Organizations can use digital 

technology to share information 
along the value chain, enhance 
product design and processes, 
improve recycling methods, 
understand resource flows and 
develop circular value creation 
models

Enablers for Circular Economy 
Transition

© 2024 Professor Dr. Adrian Kuah



ISO 59000 family of standards
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Extracted from Figure 2 of ISO 59010:2024. Copyrighted by ISO.

Extracted from Figure 1 of ISO 59010:2024. Copyrighted by ISO.



ISO 59010 overview



Key definitions 
• Value creation model (business model)

• Organization’s chosen system of interconnected and interdependent decisions and 
activities that determines how it creates, delivers and captures value (3.16)

• Extended producer responsibility (EPR)
• Environmental policy approach in which a producer’s responsibility for a product is 

extended to the post-consumer stage of a product’s life cycle (ISO 24161)
• Life cycle perspective (life cycle thinking)

• Consideration of the circularity aspects relevant to a solution during its life cycle which 
includes consideration of the relevant environmental, social and economic impacts (3.2.5) 

• Materiality 
• Information related to circular economy that is essential for decision-making and can be 

applied to identify issues that reflect an organization’s environmental and social impacts, as 
well as information that supports interested party and strategic decision-making (ISO 
14100)

• Materiality assessment 
• Method to identify and prioritize the issues most important to an organization and its 

interested parties, and relevant to its circular economy strategy 

49



ISO 59020:2024 – Circular Economy —
Measuring and Assessing Circularity 
Performance 
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ISO 59000 family of standards
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Extracted from Figure 2 of ISO 59020:2024. Copyrighted by ISO.

Extracted from Figure 1 of ISO 59020:2024. Copyrighted by ISO.
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Definitions
• circular economy:  economic system that uses a systemic approach to maintain a circular 

flow of resources, by recovering, retaining or adding to their value, while contributing to 
sustainable development

Extracted from Clause 3.1.1 of ISO 59020:2024. Copyrighted by ISO.

• circularity:  degree of alignment with the principles for a circular economy
Extracted from Clause 3.1.3 of ISO 59020:2024. Copyrighted by ISO.

• circularity aspect: element of an organization’s activities or solutions that interacts with the 
circular economy

Extracted from Clause 3.1.4 of ISO 59020:2024. Copyrighted by ISO.

• system boundary: boundary representing physical, process, temporal and geographical 
limits of what is included and what is not included in an assessment

Extracted from Clause 3.2.1 of ISO 59020:2024. Copyrighted by ISO.

• system in focus: system that is defined by selected system boundaries and is the subject of 
a circularity measurement and circularity assessment

Extracted from Clause 3.2.2 of ISO 59020:2024. Copyrighted by ISO.
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Definitions
• circularity performance:  degree to which a set of circularity aspects align with the objectives 

and principles for a circular economy
Extracted from Clause 3.3.1 of ISO 59020:2024. Copyrighted by ISO.

• circularity measurement:  process to help determine the circularity performance through 
collection, calculation or compilation of data or information

Extracted from Clause 3.3.2 of ISO 59020:2024. Copyrighted by ISO.

• circularity assessment: evaluation and interpretation of results and impacts from a 
circularity measurement

Extracted from Clause 3.3.3 of ISO 59020:2024. Copyrighted by ISO.

• circularity indicator: metric used to measure one or more circularity aspects
Extracted from Clause 3.3.4 of ISO 59020:2024. Copyrighted by ISO.



54

Framework for measuring and assessing circularity

Extracted from Figure 3 of ISO 59020:2024. Copyrighted by ISO.
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Circularity measurement and data acquisition process steps

Extracted from Figure 4 of ISO 59020:2024. Copyrighted by ISO.
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System in focus and its boundaries

Extracted from Figure 6 of ISO 59020:2024. Copyrighted by ISO.
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Circularity measurement taxonomy and interactions

Extracted from Figure 7 of ISO 59020:2024. Copyrighted by ISO.
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Examples of circularity measurement at an organizational level

Example 1:

Extracted from Table 1 of ISO 59020:2024. Copyrighted by ISO.

Example 2:

Extracted from Table 2 of ISO 59020:2024. Copyrighted by ISO.
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Core circularity indicators

Extracted from Table 3 of ISO 59020:2024. Copyrighted by ISO.
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Core circularity indicators

Extracted from Table 3 of ISO 59020:2024. Copyrighted by ISO.
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Data acquisition process

Extracted from Figure 8 of ISO 59020:2024. Copyrighted by ISO.
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Steps for assessing circularity performance

Extracted from Figure 10 of ISO 59020:2024. Copyrighted by ISO.
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100% resource inflow formula

Extracted from Figure A.1 of ISO 59020:2024. Copyrighted by ISO.
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100% resource outflow formula

Extracted from Figure A.2 of ISO 59020:2024. Copyrighted by ISO.



65

Beverage container manufacture system and boundaries

Extracted from Figure H.1 of ISO 59020:2024. Copyrighted by ISO.



Seeram Ramakrishna and Rajan Jose, Principles of Materials Circular Economy, Matter 5, 4097–4099, December 7, 2022, https://doi.org/10.1016/j.matt.2022.11.009

Ten principles of material circular economy
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Circular 
Economy

Economic Growth
Resources Resiliency
Co-opting Hearts | 
Minds

Human Health
Planet Health
Sustaining Life on Earth!

https://www.istockphoto.com/photos/tree-two-branches

Circular Economy Business Models are the Way Forward 
(UNEP Report 2024)



Ramasubramanian et al., Ten major challenges for sustainable lithium-ion batteries, Cell Reports Physical Science (2024), 
https://doi.org/10.1016/j.xcrp.2024.102032

Facilitating circular economy | sustainability



https://apctt.org/sites/default/files/attachment/2024-01/05_Author_article_Symbiosis%20of%20climate%20finance%20and%20technological%20innovations.pdf




