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Despite plastic’s many benefits, the ever-increasing mass of 
unmanaged plastic waste is causing significant damage to the global 
ecosystem. A few key regulations, as well as recycling technologies, 
are helping to curb the threat.

Waste Plastic: 
Challenges and 
Opportunities for the 
Chemical Industry

Plastics are everywhere. In fact, it is nearly impossible 
to go about your day without coming into contact with 
plastic. From household appliances to electronics to 

�W�K�H���V�\�Q�W�K�H�W�L�F���¿�E�H�U�V���L�Q���\�R�X�U���F�O�R�W�K�H�V�����S�O�D�V�W�L�F�V���P�D�N�H���P�R�G�H�U�Q��
life possible. In fact, life as we currently live it is not pos-
sible without these amazing polymers. 
 Produced in huge quantities, plastics have transformed 
�R�X�U���Z�R�U�O�G���L�Q���F�R�X�Q�W�O�H�V�V���Z�D�\�V�����3�O�D�V�W�L�F���S�D�F�N�D�J�L�Q�J���K�D�V���U�H�G�X�F�H�G��
transportation costs by improving fuel economies as manu-
factured goods are moved around the globe. Plastics have 
�U�H�Y�R�O�X�W�L�R�Q�L�]�H�G���I�R�R�G���S�D�F�N�D�J�L�Q�J�����D�O�O�R�Z�L�Q�J���I�R�R�G���W�R���V�W�D�\���I�U�H�V�K��
longer and dramatically reducing food loss. Better build-
ing insulation has increased energy savings. In the world of 
medicine, disposable plastic instruments and hermetically 
�V�H�D�O�H�G���S�O�D�V�W�L�F���S�D�F�N�D�J�L�Q�J���K�D�Y�H���J�U�H�D�W�O�\���L�P�S�U�R�Y�H�G���V�D�Q�L�W�D-
tion. From a consumer standpoint, plastics have increased 
convenience and reduced product costs. Goods made from 
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 However, more immediately impactful has been China’s 
2018 National Sword Policy, which bans the import of 
most plastic waste material. This action has had a ripple 
effect around the world that has not been resolved. Before 
this policy was enacted, shipping containers that left China 
�I�X�O�O���R�I���P�D�Q�X�I�D�F�W�X�U�H�G���F�R�Q�V�X�P�H�U���J�R�R�G�V���Z�H�U�H���U�H�W�X�U�Q�H�G���¿�O�O�H�G��
with recyclables, including plastic. In China, the materials 
were sorted, separated, and recycled into new products. The 
National Sword Policy abruptly put an end to this cycle. 
 Also critical are the 2019 Amendments to the Basel 
Convention on the Control of Transboundary Movements 
of Hazardous Wastes and Their Disposal (often simply 
called the Basel Convention). The 2019 Amendments, for 
�W�K�H���¿�U�V�W���W�L�P�H�����O�L�V�W���S�O�D�V�W�L�F���Z�D�V�W�H���D�V���F�R�Q�G�L�W�L�R�Q�D�O�O�\���K�D�]�D�U�G�R�X�V��
(1). Effective January 2021, these amendments will trigger 
restrictions and prohibitions on plastic waste shipments for 
the 53 country parties to the Convention, including the 37 
members of the Organisation for Economic Co-operation 
and Development (OECD) (1). (Generally, OECD members 
have high-income economies and are regarded as developed 
countries.) Parties can no longer import plastic waste listed 
as hazardous waste from nonparties, or ship listed hazardous 
waste to and from nonparties without bilateral or regional 
agreements equivalent to the Basel Amendments. These 
�U�H�V�W�U�L�F�W�L�R�Q�V���Z�L�O�O���U�H�T�X�L�U�H���U�H�F�R�Q�¿�J�X�U�D�W�L�R�Q���R�I���D�O�O���K�L�J�K���Y�R�O�X�P�H��
plastic waste generators’ trade routes (1). 
 Although the U.S. is an OECD member, it has never 
�U�D�W�L�¿�H�G���W�K�H���%�D�V�H�O���&�R�Q�Y�H�Q�W�L�R�Q���D�Q�G���L�V���Q�R�W���D���%�D�V�H�O���3�D�U�W�\�����,�Q��
the case of the 2019 Basel Amendments, the U.S. objected 
to the OECD’s normal process of automatically adopting 
the most recent Basel Amendments (1). As a result, the U.S. 
stands alone, creating confusion regarding the legality of 
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 • Type 2: high-density polyethylene (HDPE), e.g., 1-gal 
�P�L�O�N���M�X�J�V
 • Type 3: polyvinyl chloride (PVC), e.g., pipes used in 
plumbing, vinyl tubing, and wire insulation
 • Type 4: low-density polyethylene (LDPE), often found 
�L�Q���S�O�D�V�W�L�F���V�K�H�H�W�V���R�U���S�D�F�N�D�J�L�Q�J����e.g., bread bags)
 • Type 5: polypropylene (PP), often found in bottle caps, 
�S�D�F�N�D�J�L�Q�J�����D�Q�G���S�O�D�V�W�L�F���I�X�U�Q�L�W�X�U�H
 • Type 6: polystyrene (PS), e.g.,���G�U�L�Q�N�L�Q�J���V�W�U�D�Z�V�����E�H�Y�H�U-
age lids, and Styrofoam
 • Type 7: other nonrecyclable plastics and all thermoset 
plastics (e.g., acrylics, nylons, polycarbonates, acrylonitrile 
butadiene styrene [ABS], and polylactic acid).
�� �6�L�J�Q�L�¿�F�D�Q�W�O�\�����W�K�H�V�H���F�O�D�V�V�L�¿�F�D�W�L�R�Q�V���D�U�H���R�Q�O�\���D���V�P�D�O�O���S�D�U�W��
of the story. There are literally thousands of different for-
mulations of plastic, each with a unique, often proprietary, 
blend of additives. 
 In most plastic products, the basic polymer is incorpo-
rated into a formulary with different additives, which are 
used to improve the performance, functionality, and aging 
properties of the base polymer. Additives can be divided into 
four main categories (3):
 • functional additives (e.g., stabilizers, antistatic agents, 
�À�D�P�H���U�H�W�D�U�G�D�Q�W�V�����S�O�D�V�W�L�F�L�]�H�U�V�����O�X�E�U�L�F�D�Q�W�V�����V�O�L�S���D�J�H�Q�W�V�����F�X�U�L�Q�J��
agents, foaming agents, catalyst deactivators, nucleators, 
biocides, etc.)
 • colorants (e.g., pigments, soluble azocolorants, etc.)
�� �‡���¿�O�O�H�U�V����e.g., �P�L�F�D�����W�D�O�F�����N�D�R�O�L�Q�����F�O�D�\�����F�D�O�F�L�X�P���F�D�U�E�R�Q�D�W�H����
barium sulfate)
 • reinforcements (e.g., �J�O�D�V�V���¿�E�H�U�V�����F�D�U�E�R�Q���¿�E�H�U�V����
�� �7�K�H���P�R�V�W���F�R�P�P�R�Q���D�G�G�L�W�L�Y�H�V���L�Q���S�R�O�\�P�H�U�L�F���S�D�F�N�D�J�L�Q�J��
�P�D�W�H�U�L�D�O�V���D�U�H���S�O�D�V�W�L�F�L�]�H�U�V�����À�D�P�H���U�H�W�D�U�G�D�Q�W�V�����D�Q�W�L�R�[�L�G�D�Q�W�V�����D�F�L�G��

scavengers, light and heat stabilizers, lubricants, pigments, 
antistatic agents, slip compounds, and thermal stabiliz-
ers. Each of these plays a distinct role in delivering and/or 
enhancing the functional properties of a plastic product.
 For instance, catalyst deactivators neutralize any remain-
ing catalyst residues, nucleators increase resin clarity and 
reduce processing time, and pigments impart color. Anti-
static agents permit the discharge of static electricity from 
�¿�O�P�����D�Q�G���À�D�P�H���U�H�W�D�U�G�D�Q�W�V���D�O�O�R�Z���W�K�H���X�V�H���R�I���S�R�O�\�S�U�R�S�\�O�H�Q�H��
in electronics, construction, and transportation applications. 
�$�Q�W�L�E�O�R�F�N���D�Q�G���V�O�L�S���D�J�H�Q�W�V���D�U�H���F�R�P�P�R�Q�O�\���X�V�H�G���L�Q���¿�O�P�V�����W�R��
�S�U�H�Y�H�Q�W���W�K�H�P���I�U�R�P���V�W�L�F�N�L�Q�J���W�R�J�H�W�K�H�U���R�U���W�R���P�H�W�D�O���V�X�U�I�D�F�H�V��
 Additives complicate recycling. In order to recycle a 
�S�R�V�W���X�V�H���S�O�D�V�W�L�F���E�D�F�N���L�Q�W�R���Y�L�U�J�L�Q���U�H�V�L�Q�����W�K�H���D�G�G�L�W�L�Y�H�V���P�X�V�W��
�E�H���L�G�H�Q�W�L�¿�H�G�����V�H�S�D�U�D�W�H�G�����D�Q�G���S�U�R�S�H�U�O�\���G�L�V�S�R�V�H�G���R�I�����7�K�L�V���L�V���D��
�G�D�X�Q�W�L�Q�J���W�D�V�N�����J�L�Y�H�Q���W�K�H���Z�L�G�H���D�U�U�D�\���R�I���S�O�D�V�W�L�F���I�R�U�P�X�O�D�W�L�R�Q�V����
This challenge, however, does provide potential opportuni-
ties for the CPI.

Opportunities for the chemical industry 
�� �7�K�H���S�R�O�\�P�H�U���F�K�D�L�Q�V���W�K�D�W���P�D�N�H���X�S���S�O�D�V�W�L�F���F�R�Q�W�D�L�Q��
�V�L�J�Q�L�¿�F�D�Q�W���T�X�D�Q�W�L�W�L�H�V���R�I���H�P�E�R�G�L�H�G���H�Q�H�U�J�\�����7�K�L�V���H�Q�H�U�J�\���L�V���D��
resource that so far has been largely untapped. Recycling 
rates in the U.S. remain low; incineration is the most mature 
method of reducing the amount of plastic waste, but it is 
typically more expensive and environmentally hazardous 
�W�K�D�Q���O�D�Q�G�¿�O�O�L�Q�J����
 Although mixed plastics can be incinerated for energy, 
this process often creates carcinogenic products and environ-
mental pollutants. Thus, only 12% of waste is incinerated in 
�W�K�H���8���6�����,�Q���D�G�G�L�W�L�R�Q�����L�Q�F�L�Q�H�U�D�W�L�R�Q���G�R�H�V���Q�R�W���W�D�N�H���I�X�O�O���D�G�Y�D�Q-
tage of the potential that these polymers hold. 
 Figure 1 shows the temperature and pressure ranges for 
some of the available technologies for processing plastic 
�Z�D�V�W�H�����*�H�Q�H�U�D�O�O�\�����W�K�H���U�H�D�F�W�L�R�Q���P�H�F�K�D�Q�L�V�P���R�I���J�D�V�L�¿�F�D�W�L�R�Q����
pyrolysis, and hydrothermal processing (HTP) is thermolysis 
(i.e., applying heat to depolymerize plastics). In particular, 
pyrolysis of plastics into plastic-derived fuel oil (PDFO) 
is relatively mature technology that recovers some of the 
embodied energy in plastic. However, it, too, misses out 
on the potential to reuse post-consumer plastic waste as a 
�I�H�H�G�V�W�R�F�N���I�R�U���S�U�R�G�X�F�L�Q�J���Q�H�Z���S�O�D�V�W�L�F�V����
�� �8�Q�O�L�N�H���W�K�H�U�P�R�O�\�V�L�V�����Z�K�L�F�K���X�V�H�V���K�H�D�W�����F�K�H�P�R�O�\�V�L�V���X�V�H�V��
chemicals to depolymerize polymers. Notably, chemoly-
�V�L�V���R�Q�O�\���Z�R�U�N�V���I�R�U���F�R�Q�G�H�Q�V�D�W�L�R�Q���S�R�O�\�P�H�U�V���V�X�F�K���D�V���3�(�7��
and polyurethane. Condensation polymers are equilibrium 
materials, where addition of the condensation product (e.g., 
ethylene glycol) and heat reverses the polymerization. In 
other words, the principle behind chemolysis is to initi-
ate a reverse reaction of the condensation reactions. Thus, 
�F�K�H�P�R�O�\�V�L�V���F�D�Q�Q�R�W���G�H�S�R�O�\�P�H�U�L�]�H���D�G�G�L�W�L�Y�H���S�R�O�\�P�H�U�V���O�L�N�H��
poly ethylene (PE) and PP.
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�S Figure 1. Opportunities abound for technological advancement in the field 
of chemical recycling. Here, the temperature and pressure ranges of di�erent 
advanced plastic recycling methods are shown.

Article continues on next page
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 Chemolysis reactions include aminolysis, glycolysis, and 
methanolysis. Notably, selective solvent extraction (SSE) 
�D�Q�G���F�K�H�P�R�O�\�V�L�V���Z�R�U�N���Z�H�O�O���I�R�U���V�R�U�W�H�G���S�O�D�V�W�L�F�V���D�Q�G���F�R�Q�G�H�Q�V�D-
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its status quo and has failed to adopt national legislation to 
comprehensively address waste plastics, even though this is 
an area of critical importance. 
 There are challenges, of course, but also opportunities 
for innovation. The next 50 years of plastics manufacture 
�D�Q�G���X�V�H���P�X�V�W���O�R�R�N���V�L�J�Q�L�¿�F�D�Q�W�O�\���G�L�I�I�H�U�H�Q�W���I�U�R�P���W�K�H���S�D�V�W���������L�I��
we are to avoid a global ecological disaster.
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