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The world plastic production has been multiplied by 23 since 1964 to
reach 348 million tonnes (mt) in 2017.! This production level is
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Low-cost recycling strategies for plastic waste

Plastics are cheap materials, but they are costly to recycle. Hence
if oil prices are very low, virgin plastics can reach a lower price
than recycled ones.*°

The first explanation is that sorting plastics is labour-intensive. The
recycling process is also complex due to the wide range of plastic
polymers, the use of blends, the presence of both chemical additives
in the material and of residual impurities. Material properties tend to
degrade during the recycling process.!* Hence, for those plastics that
we can recycle, recycling can only be repeated a limited number of
times.’2 Finally, the process results in low-value materials for which
there is not enough demand.

For example, for a clear polyethylene terephthalate (PET) bottle, one
of the most recyclable plastic, the share of recycled PET in a new
bottle never exceeds 50%.13 Hence, virgin plastics must be added to
recycled materials during fabrication, creating a demand for virgin
plastics. In most cases, the bottle will be recycled in an open-loop.
For instance, a clear PET bottle can be recycled in a non-recyclable
pullover.4

In comparison, burning for energy recovery purposes is a more
profitable option, due to the strong energy yield of plastics. Also,
incineration seems to be the only option available when recycling
possibilities have reached their limits, which leads to releasing
carbon dioxide in the atmosphere. In 2016, 39% of plastics were
incinerated for energy recovery in the EU.1

Plastic production and incineration pose a challenge as more than
90% of the produced plastics are derived from fossil fuels. Plastic
production accounts for 6% of the world’s oil consumption, which is
equivalent to the consumption of the global air transport industry. At
this growth pace, plastics could represent 20% of total oil
consumption by 2050 and 15% of our 2050 carbon budget.*¢

EU countries have legal recycling targets so as to maintain materials
in the economic loop. By exporting plastics to China, EU waste
traders could find competitive prices and an important demand for
plastic waste. Taken collectively, EU countries are the main exporter
of plastic waste, followed by the United States (US).” Over time,
Europe has become very dependent on the Chinese market which
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absorbed 87% of European plastic waste exports in 2012.18 In fact,
China needed affordable plastics for its increasing production of
plastic products.’9 At the same time, transportation costs were low
because of the possibility to fill empty ships coming back to China
with waste.2° In turn, exporting countries could comply with their
recycling obligations at low cost, taking advantage of low
transportation and labour costs, and laxer environmental standards.

To what extent was the waste effectively recycled and in what
conditions? The documentary film Plastic China shed light on the
poor and unsafe working conditions of Chinese recyclers. Jambeck et
al. (2015) estimate that most plastic waste entering the ocean come
from China and other South-East Asian countries,?t due to waste
mismanagement. In turn, China complained about poor plastics
quality or contaminated products in breach of standards and
international commitments.22

A deglobalisation of plastic waste trade driven
by China

Since 1992, China has imported 106 mt of plastic waste, representing
45% of all cumulative imports.23 Since 2013, the Chinese government
has taken measures to cut down on poor quality imports and local
unregulated facilities.24 In 2017, China announced the “National
Sword” measure to protect its environment and citizens’ health. This
measure requires very high level of plastic waste purity for imports.
Therefore, it is equivalent to a ban on the importation of most plastic
waste. Brooks et al. (2018) estimate that this policy will displace 111
mt of plastic waste.

According to Greenpeace, “banned exports redirect to the next
unregulated importer in a quick, but inefficient, fashion”.25 Mainly,
waste exports have been redirected towards other South-East Asian
countries.2® In turn, these countries are overwhelmed with huge
amounts of plastic waste and start implementing their own restrictions.

To deal with these concerns, Norway proposed mixed, unrecyclable
and contaminated plastics to be considered in the control system of
the Basel Convention, aiming at preventing transboundary
movements of hazardous wastes to developing countries.

As a result, plastic waste starts to accumulate in the main exporting
countries. In some European and US cities, plastic waste starts
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deviating to incineration and landfills.2” Landfill generates methane,
a gas with a warming potential that is 72 times higher than carbon
dioxide.? Hundreds of US municipalities now fail to earn revenues
from their recycling program and stop recycling.29

In reaction to the Chinese ban, a few European investment projects
in recycling infrastructures and research facilities have been
announced,3° but their precise impact on recycling capacities is still
unclear. In the US, the press reports that Chinese recycling
companies start to invest in local recycling plants.s:

China is now expected to further develop its domestic system of
collecting, sorting and recycling, to deal with its already considerable
waste feedstock. Brooks et al. (2018) estimate that plastic waste
imports have only added 10 to 13% to the domestic plastic waste
generated between 2010 and 2016.

No alternative to a circular economy approach
and lower plastic use

Exporting pollution to one dominant commercial partner to fulfil
recycling obligations is not a sustainable strategy. The solutions lie in
developing local recycling capacities. Recycling contributes to
preventing emissions of greenhouse gases (as compared to other
methods). For example, 4.9% of France’s total 2014 emissions have
been avoided thanks to the recycling activities.32 For the specific case
of plastics, recycling only delay incineration or landfill. From that
perspective, all plastics already and newly placed on the market shall
be considered as future carbon emissions, while avoiding leakage in
the natural environment.

A sharp decrease in our plastic use is needed, without increasing
pressure on other natural resources as substitutes. Numerous
countries have introduced a ban on plastic bags.33 In Europe, single-
use plastic cutlery, cotton buds, straws and stirrers will be banned by
2021.34 Further efforts are needed in this direction.

For applications where it is hard to avoid plastics, efforts should be
directed towards the development of plastics’ circularity. Innovation
is also part of the solution, with, for instance, the discovery of an
infinitely recyclable plastic polymer — PDK (polydiketoenamine)3s or
of biodegradable plastics made from agricultural waste.3¢
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As for recycling in general, a fully functioning system implies high
quality waste materials and enough demand for recycled materials.
Hence, this also requires efforts by upstream stakeholders to design
products suitable to recycling or compost and to favour the use of
recycled materials in their production. Finally, recycling remains
energy-intensive and should not be more encouraged than waste
prevention.

1. Plastics Europe, “Plastics — the Facts 2018. An Analysis of European Plastics Production,
Demand and Waste Data”, available at: www.plasticseurope.org; Ellen Macarthur Foundation,
“The New Plastics Economy: Rethinking the Future of Plastics & Catalysing Action”, 2017.

2. Ellen Macarthur Foundation, “The New Plastics Economy”, op. cit.

3. International Energy Agency, “The Future of Petrochemicals: Towards more Sustainable
Plastics and Fertilisers”, 2018.

4. 36% of global primary plastics production in 2015. Table S5 in Supplementary Materials for:
R. Geyer, J. R. Jambeck and K .L. Law, “Production, Use, and Fate of All Plastics ever Made”,
Science Advances, Vol. 3, No. 7, 2017.

5. European Commission, “A European Strategy for Plastics in a Circular Economy”, 2018,

available at: http://ec.europa.eu.

6. Eurostat Database, “Packaging Waste by Waste Management Operations and Waste Flow”,
available at: http://appsso.eurostat.ec.europa.eu.

7. Ibid.

8. European Parliament, “Plastic Waste and Recycling in the EU: Facts and Figures”, News, 19
December 2018, available at: www.europarl.europa.eu.

9. Chinese Ministry of Environmental Protection, Announcement No. 39 2017 on Solid Waste
Imports Control Catalogs.

10. Fédérec, L'Industrie du recyclage a Uhorizon 2030. Le Livre Blanc des professionnels du
secteur, 2015, available at: https://federec.com; L. Milios et al., “Plastic Recycling in the
Nordics: A Value Chain Market Analysis”, Waste Management, Vol. 76, 2018, p. 180-189.

11. N. Gontard, “Déchets plastiques: la dangereuse illusion du tout-recyclage”,
The Conversation, 28 January 2018, available at: https://theconversation.com.

12. B. L. Fletcher and M. E. Mackay, “A Model of Plastics Recycling: Does Recycling Reduce the
Amount of Waste?”, Resources, Conservation and Recycling, Vol. 17, 1996, p. 141-151.

13. At the time of the article (2011), best performances were to include 50% of recycled PET in a
marketable bottle. See: F. Welle, “Twenty Years of PET Bottle to Bottle Recycling: An Overview”,
Resources, Conservation and Recycling, Vol. 55, No. 11, 2011, p. 865-875, available at:

https://doi.org.

14. N. Gontard, “Déchets plastiques”, op. cit.

15. European Parliament, “Plastics in a Circular Economy. Opportunities and Challenges”,
Briefing, May 2017.

16. United Nations Environment Programme, Single-Use Plastics: A Roadmap for
Sustainability, 2018, available at: https://wedocs.unep.org.

17. A. L. Brooks, S. Wang and J. R. Jambeck, “The Chinese Import Ban and Its Impact on Global
Plastic Waste Trade”, Science Advances, Vol. 4, No. 6, 20 June 2018, available at:

https://advances.sciencemag.org.


https://www.plasticseurope.org/application/files/6315/4510/9658/Plastics_the_facts_2018_AF_web.pdf
http://ec.europa.eu/environment/circular-economy/pdf/plastics-strategy-brochure.pdf
http://appsso.eurostat.ec.europa.eu/nui/show.do?lang=en&dataset=env_waspac
http://www.europarl.europa.eu/news/en/headlines/society/20181212STO21610/plastic-waste-and-recycling-in-the-eu-facts-and-figures
https://federec.com/FEDEREC/documents/Lindustrierecyclagelhorizon203021.pdf
https://theconversation.com/dechets-plastiques-la-dangereuse-illusion-du-tout-recyclage-90359
https://doi.org/10.1016/j.resconrec.2011.04.009
https://wedocs.unep.org/bitstream/handle/20.500.11822/25496/singleUsePlastic_sustainability.pdf?isAllowed=y&sequence=1
https://advances.sciencemag.org/content/4/6/eaat0131

Edito Energie (De)globalisation of International Plastic Waste Trade Eugénie Joltreau

18. C. A. Velis, “Global Recycling Markets — Plastic Waste: A Story for One Player — China”,
International Solid Waste Association, Vienna, September 2014.

19. Ibid.

20. R. Chen, J.-X. Dong, C.-Y. Lee, 2016, “Pricing and Competition in a Shipping Market with
Waste Shipments and Empty Container Repositioning”, Transportation Research Part B:
Methodological, Vol. 85, p. 32-55, available at: www.sciencedirect.com.

21. J. R. Jambeck et al., “Plastic Waste Inputs from Land into the Ocean”, Science,
Vol. 347:6223, 12 February 2015, p. 768—771, available at: https://science.sciencemag.org.

22, “China Tries to Keep Foreign Rubbish Out”, The Economist, 3 August 2017.

23. A. L. Brooks, S. Wang, J. R. Jambeck, “The Chinese Import Ban and Its Impact on Global
Plastic Waste Trade”, op. cit.

24. C. A. Velis, “Global Recycling Markets — Plastic Waste”, op. cit.

25. “Data from the Global Plastics Waste Trade 2016-2018 and the Offshore Impact of China’s
Foreign Waste Import Ban: An Analysis of Import-Export Data from the top 21 Exporters and 21
Importers”, Greenpeace, 23 April 2019, available at: www.greenpeace.org.

26. L. Hook and J. Reed, “Why the World’s Recycling System Stopped Working”, Financial
Times Magazine Environment, 25 October 2018, available at: www.ft.com.

27. Ibid.; P. Tamma, “China’s Trash Ban Forces Europe to Confront Its Waste Problem”,
Politico, 27 February 2018, available at: www.politico.eu.

28. Environmental and Energy Study Institute, “Fact Sheet: Landfill Methane”, May 2013,
available at: www.eesi.org.

29. M. Corkery, “As Costs Skyrocket, More U.S. Cities Stop Recycling”, New York Times, 16
March 2019, available at: www.nytimes.com.

30. B. Taylor, “New Places to Go”, Recycling Today, 12 March 2018, available at:
www.recyclingtoday.com.

31. L. Hook and J. Reed, “Why the World’s Recycling System Stopped Working”, op. cit.

32. ADEME, Fédérec, “Evaluation environnementale du recyclage en France selon la
méthodologie de I'analyse de cycle de vie”, May 2017, available at: https://federec.com.

33. United Nations Environment Programme, Single-Use Plastics, op. cit.

34. European Parliament, “Parliament Seals Ban on Throwaway Plastics by 2021”, Press
releases, 27 March 2019.

35. P. R. Christensen et al., “Closed-loop Recycling of Plastics Enabled by Dynamic Covalent
Diketoenamine Bonds”, Nature chemistry, Vol. 11, 2019, p. 442-448.

36. N. Gontard et al., “A Research Challenge Vision Regarding Management of Agricultural
Waste in a Circular Bio-Based Economy”, Critical Reviews in Environmental Science and
Technology, Vol. 48, No. 6, 2018.


https://www.sciencedirect.com/science/article/pii/S0191261515002799?via%3Dihub
https://science.sciencemag.org/content/347/6223/768
http://www.greenpeace.org/eastasia/Global/eastasia/publications/campaigns/toxics/GPEA%20Plastic%20waste%20trade%20-%20research%20briefing-v1.pdf
https://www.ft.com/content/360e2524-d71a-11e8-a854-33d6f82e62f8
https://www.politico.eu/article/europe-recycling-china-trash-ban-forces-europe-to-confront-its-waste-problem/
https://www.eesi.org/files/FactSheet_Landfill-Methane_042613.pdf
https://www.nytimes.com/2019/03/16/business/local-recycling-costs.html
https://www.recyclingtoday.com/article/plastics-recycling-investments/
https://federec.com/FEDEREC/documents/EvaluationenvironnementaleduRecyclageenFranceMai2017123.pdf

