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A new paper from the core group of IOCD's Chemists for Sustainability (Alain Krief, Henning Hopf, 

Goverdhan Mehta and Stephen Matlin) in collaboration with Klaus Kümmerer and Lisa Keßler at Leuphana 

University in Germany, discusses the role of the chemical sciences in sustainability.1 The article makes three 

key points: 

 

• Waste is a core problem in the lack of sustainability of the current ways that people use and 

dispose of materials. Waste refers not just to the commonly understood category of ‘municipal solid 

waste’ (comprising residential, commercial and institutional waste) which is largely disposed of 

through landfill, incineration or, where controls are lax, through casual discarding in the environment. 

It also includes the fluids that are exuded into water courses and the gases, volatile materials and 

microparticulate aerosols and dusts discarded by emission into the atmosphere. We throw away 

materials as if the Earth had an unlimited capacity to absorb them. But there is no such thing as ‘away’.2 

When we throw anything away, it must go somewhere. Together, the materials that people discard 

pollute the planet’s environment and, in the Anthropocene which we now inhabit, are causing massive 

changes to planetary conditions that are resulting in global warming, climate change, the mass 

extinction of species – damaging the very conditions necessary to sustain human life on Earth.3,4,5  

 

• It is now essential to adopt a ‘post-trash’ framework, aiming to approach as closely as is practical 

to a ‘zero waste’ society. The post-trash approach6 aims to combine three parallel channels of action 

to (1) clean up: dealing with the historic waste that has been discarded into land, sea and air, 

contaminating the planet’s atmospheric and aquatic systems; (2) catch up: using the most effective 

currently available technologies to reduce waste outputs from materials currently in use and in 

production; and (3) smarten up: using rigorous sustainability criteria to progressively improve design, 

planning and management of materials and processes with the overall objective of maximum practical 

material circularity.  

 

• The chemical sciences are central to the achievement of sustainability7 in the post-trash age. This 

means that chemists must work with a wide range of other actors, across other fields of science and 

technology, with industry and with civil society and policy-makers to improve material circularity. 

They must acquire new knowledge and skills, such as in systems thinking and interdisciplinary 

collaboration,8 underpinned by a clear and rigorously applied understanding of sustainability.9,10 

 

The paper illustrates these points with three case studies, explore the sustainability of production, use and 

disposal of aluminium, plastics and textiles. The case studies employ a systems perspective to examine the 

ways that different processes and materials interact with one another, the environment and human systems 

– including aspects related to culture, economics, fashion, policy and regulation. The intra- and inter-system 

relationships are illustrated by use of the Systems Thinking Concept Map Extension (SOCME) visualization 

tool which has been developed in earlier collaborative work by IUPAC and IOCD.11,12,13,14 

 

The article concludes that tackling the challenges of the material sustainability of society requires a 

combination of scientific/technical capacities, to which the chemical sciences can contribute, as well as 

economic viability and political and social support. 
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The IOCD Action Group, Chemists for Sustainability (C4S)15 works to promote sustainable development, 

highlight the indispensable roles that science must play, and defend the scientific approach against 

movements that undermine public trust in science. 

 

Acknowledgements  

Writing of the published article1 on which this Perspective is based was initiated at a workshop of Chemists 

for Sustainability (C4S), organized and hosted in Namur, Belgium by the International Organization for 

Chemical Sciences in Development (IOCD). C4S received funding from the Gesellschaft Deutscher 

Chemiker and the Royal Society of Chemistry. Lisa Keßler, who contributed to the article, gratefully 

acknowledges financial support from the Robert Bosch Foundation (12.5.F082.0021.0). 

 
Stephen Matlin is a visiting Professor in the Institute of Global Health Innovation, Imperial College London, Secretary 

of IOCD and a member of its action group, Chemists for Sustainability. 

___________________________________________________ 
 

Recommended citation: 

S. A. Matlin. Towards material circularity: case studies of aluminium, plastics and textiles. Perspective.  International Organization 

for Chemical Sciences in Development, Namur, posted online September 2020. http://www.iocd.org/perspectives 

 

 

References 

 
1  S.A. Matlin, G. Mehta, H. Hopf, A. Krief, Lisa Keßler, K. Kümmerer. Material circularity and the role of the 

chemical sciences as a key enabler of a sustainable post-trash age. Sustainable Chemistry and Pharmacy 2020, 17, 

100312, doi: 10.1016/j.scp.2020.100312. 
2  A. Leonard, A. Conrad. The Story of Stuff. Free Press, New York 2010, Chapter 5, 249-250. 
3  The Paris Agreement: United Nations Framework Convention on Climate Change, 2015. 

 https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement  
4  W. Steffen, W. Broadgate, L. Deutsch, O. Gaffney, C. Ludwig. The trajectory of the Anthropocene: The great 

acceleration. The Anthropocene Review 2015, 2, 81-98, doi: 10.1177/2053019614564785. 
5  W. Steffen et al. Planetary boundaries: Guiding human development on a changing planet. Science 2015, 347, 

736−747, doi: 10.1126/science.1259855. 
6  S.A. Matlin, H. Hopf, A. Krief, G. Mehta.  Ending the time of waste: Clean up, catch up, smarten up. Angle Journal, 

published online 1 November 2019. http://anglejournal.com/article/2019-11-ending-the-time-of-waste-clean-up-

catch-up-smarten-up/ 
7  S.A. Matlin, G. Mehta, H. Hopf, A. Krief. The role of chemistry in inventing a sustainable future. Nature Chemistry 

2015, 7, 941-943.http://dx.doi.org/10.1038/nchem.23895 
8  S.A. Matlin, G. Mehta, H. Hopf, A. Krief.  One-world chemistry and systems thinking. Nature Chem. 8, 2016, 393-

396, doi: 10.1038/nchem.2498. 
9  K. Kümmerer. Sustainable chemistry: A future guiding principle. Angew. Chem. Internat. Edn. 2017, 56, 16420 – 

16421 doi: 10.1002/anie.20170994. 
10  K. Kümmerer, J.H. Clark, V.G. Zuin. Rethinking chemistry for a circular economy. Science 2020, 367, 369-370, 

doi: 10.1126/science.aba4979. 
11  P.G. Mahaffy, S.A. Matlin. Learning Objectives and Strategies for Infusing Systems Thinking into (Post)-

Secondary General Chemistry Education. International Union of Pure and Applied Chemistry, Committee on 

Chemistry Education – Project No. 2017-010-1-050, 01 May 2017-18 December 2019. 

https://iupac.org/projects/project-details/?project_nr=2017-010-1-0506 
12  P.G. Mahaffy, A. Krief, H. Hopf, G. Mehta, S.A. Matlin. Reorienting chemistry education through systems 

thinking. Nature Reviews Chemistry 2018, 2, 1-3. http://rdcu.be/J9ep4 
13  P.G. Mahaffy, S.A. Matlin, T.A. Holme, J. MacKellar. Systems thinking for educating about the molecular basis 

of sustainability. Nature Sustainability 2019, 2, 362-370. https://rdcu.be/bBCM 
14  P.G. Mahaffy, S.A. Matlin. Systems Thinking to Educate about the Molecular Basis of Sustainability. IUPAC 100 

Story, International Union of Pure and Applied Chemistry, published online 11 December 2019. 

https://iupac.org/100/stories/systems-thinking-to-educate-about-the-molecular-basis-of-sustainability/ 
15  IOCD: Chemists for Sustainability. http://www.iocd.org/WhatWeDo/Current/sustainability.shtml  

http://www.iocd.org/perspectives
https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement
http://anglejournal.com/article/2019-11-ending-the-time-of-waste-clean-up-catch-up-smarten-up/
http://anglejournal.com/article/2019-11-ending-the-time-of-waste-clean-up-catch-up-smarten-up/
https://iupac.org/projects/project-details/?project_nr=2017-010-1-0506
http://rdcu.be/J9ep4
https://iupac.org/100/stories/systems-thinking-to-educate-about-the-molecular-basis-of-sustainability/
http://www.iocd.org/WhatWeDo/Current/sustainability.shtml

