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WASTE
PLASTICS
RECYCLING

STATE OF THE INDUSTRY
Plastics are complex. On one hand, they help keep our
food and medicines safe. They help lower the weight
of our vehicles which reduces greenhouse gas
emissions from fuel consumption. Plastics are
beneficial to the health, safety, and wellness of
everyone on the planet. However, as one
environmental activist wrote, "Our planet is choking
on plastics." The question is: What do we do with
waste plastic?

+300
MILLION

CONTAINER SHIPING PROFITS

ELECRICVEHICLE PLATFORMS

tons of plastic waste are
produced annually across
the world.
By 2040 there will be 1.4 billion
tons of plastic waste present
in the environment.

9%
annual growth rate of
plastic wastage
The United States is the world's top
SOURCES:
PLG ANALYSIS
OF CALIFORNIA AIR RESOURCES BOARD DATA; RBN ENERGY & BAKER O'BRIEN, NOV 2021
generator
of plastic
waste.
US Environmental Protection Agency
THE Source:
'DROP-IN'
RENEWABLE FUEL

Here is where the circular economy comes in.
The
circular
economy
involves
taking
a
manufactured product through its consumer or
industrial use and recycling it so that it can be used
again in the same or other recyclable product. In
this industry report, we will focus on plastics; in
particular, the circularity from petrochemical
feedstocks to chemical building blocks to virgin
plastics to post-consumer plastics through chemical
recycling and back to petrochemical feedstocks.
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HOW MUCH PLASTIC IS BEING RECYCLED?
PLASTICS WASTE MANAGEMENT: 1960 - 2018

SOURCE: US ENVIRONMENTAL PROTECTION AGENCY

AS OF 2018, ONLY ABOUT 8.7% OF ALL PLASTICS GENERATED ARE
RECYCLED.
Most plastic waste ends up in landfills, however, alternatives such as combustion
with energy consumption, composting, and recycling are increasing.
Landfills are considered the oldest form of waste disposal. The US Environmental
Protection Agency (EPA) plastic waste disposal statistics reveal that landfills
contained 27 million tons of plastic in 2018. That accounts for 18.5% of all municipal
solid waste landfilled in the US.
Condor Ferries, a passenger and freight shipping company, estimates that we are
adding 12.7 million tons of plastic pollution into the ocean every year. This equates
to 8 million pieces every day.
As consumers become more aware of the growing waste problem, consumer
packaging companies and plastics producers are starting to take notice with many
making pledges to reduce their environmental impact.
Today mechanical recycling is the leading technology, mostly focused on taking #1
plastics (i.e., single-use beverage bottles) and cleaning, processing and converting
back into plastics with recycled material content or polyester fibers. However,
mechanical recycling is not suited for all types of plastics.
SOURCES: US ENVIRONMENTAL PROTECTION AGENCY, CONDOR FERRIES & PLG CONSULTING
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UNDERSTANDING MECHANICAL & ADVANCED RECYCLING TECHNIQUES
Consumer packaging companies and plastics producers are turning to advanced recycling
techniques, which differ from mechanical recycling in that the technologies chemically change
the waste plastic into feedstocks or chemical building blocks. One of the leading chemical
recycling technologies is pyrolysis. Pyrolisis is a hot topic, but will it work? Let's review the
technologies and the challenges with chemical recycling and offer ways to overcome these
challenges.
In 1988 the US Society for Plastics Industry (SPI) introduced a voluntary numbering system for
plastics. The purpose was to provide a consistent way to facilitate recycling post-consumer
plastics on a national level. The Resin Identification Codes (or RICs), indicate the general
ease of recycling plastics with 1 being the easiest and 7 being the most difficult.

RIC #

DESCRIPTION

USED IN:

Polyethylene
Terephthalate (PETE/PET)

Water bottles and packaging

High Density Polyethylene
(HDPE)

Beverage bottles and singleuse cups

Polyvinylchloride (PVC)

Construction materials

Low Density Polyethylene
(LDPE)

Plastic bags and packaging
films

Polypropylene (PP)

Packaging, consumer
products & automotive parts

Polystyrene (PS)

Disposable cutlery &
expanded polystyrene drinking
cups

Other - all other plastics
Urethanes, carbonates,
nylons & acrylics

Bottles, headlight lenses,
safety shield glasses
not typically recycled

SOURCE: PLG CONSULTING
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UNDERSTANDING MECHANICAL & ADVANCED RECYCLING TECHNIQUES (CONT'D)
PET or PETE is normally mechanically recycled to polyester fibers. Plastics #2 - #7 can be
recycled by mechanical means, however, mechanical recycling options are limited. In recent
years, recyclers have focused their attention on recycling by chemical or physical processes
such as pyrolysis, gasification, and depolymerization.
Chemical recycling by pyrolysis is emerging as the leading technology.
What is pyrolysis? The technology transforms plastic waste which is tough to recycle into
a recycled feedstock (i.e. pyrolysis oil) that can be used to make sustainable chemicals
and new plastics.
What is the process? Basically, waste plastics are heated in an inert, oxygen-free
environment to break down the polymer bonds to create what is called "pyrolysis oil" - a
hydrocarbon liquid resembling diesel fuel. The resulting pyrolysis oil can be used in gasoline
blending or as a petrochemical feedstock, replacing naphtha, where it can then be
converted into raw material for new plastics.

LEADING PETROCHEMICAL COMPANIES ARE INVESTING IN
PYROLYSIS TECHNOLOGY:
The petrochemical industry has embraced chemical recycling technology with several
leading players announcing investments in pyrolysis:
In May 2021, LyondellBasell announced starting commercial production of polymers
from pyrolysis oil in Germany.
In September 2021, Shell Ventures BV and BlueAlp Holding BV announced a strategic
partnership to develop, scale and deploy BlueAlp’s plastic waste to chemical
feedstock technology.
In October 2021, ExxonMobil Corporation announced plans to build its first largescale post-use plastic advanced recycling facility in Baytown, Texas. The facility is
expected to be operational by the end of 2022.
Other companies across the world are following suit indicating that the industry, as a
whole, is embracing plastic recycling as part of its circular economy initiatives.
SOURCE: CORPORATE ANNOUNCEMENTS
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MARKET
CHALLENGES

New technologies bring new challenges
to the market
The chemical recycling story sounds promising, but it
comes with its own challenges. The main challenges
include the amount of energy the chemical recycling
process requires, added cost, quality control, and the
overall logistics of the entire value chain (from
sorting, cleaning, and delivering used products to
their conversion into feedstocks for new recycled
materials).
Let's take a closer look at specific
challenges.

MAIN CHEMICAL RECYCLING
CHALLENGES
High energy = high costs
The process to convert waste plastics to
pyrolysis oil requires a lot of energy. Think
about it this way - a plastic bottle is in a lowenergy state. In order to break down the
stable chemical bonds that make the polymer,
it requires a significant amount of energy. This
energy is costly, in fact, significantly more
costly than virgin petrochemical feedstocks.

Quality control is essential.
The technology exists to take plastic waste in
its raw form and convert it via pyrolysis into a
refinery blend stock or aromatics feedstock.
The higher value proposition is to convert to a
petrochemical feedstock, which requires sorting (i.e., separating polyethylene and polypropylene
from the other plastics) and cleaning to remove impurities (i.e., anything from peanut butter to
weed killer). In addition, modern plastic containers are made with a host of additives including
pigments, impact modifiers, and other chemicals which end up as problematic contaminants in
the pyrolysis oil for petrochemical use. These contaminants may require costly pre-treatment
steps to ensure that the pyrolysis oil will not compromise sensitive equipment and catalysts in the
petrochemical process.
Logistics are complex: It is all about the first-mile challenge
Today the greatest challenge facing plastics recycling is not energy, cost, or quality. It is
logistics. Specifically, collecting and aggregating the waste plastics bales suitable for pyrolysis.
Chemical recycling facilities need hundreds of thousands of tons of suitable waste plastics,
properly sorted, cleaned, and baled. To quote Graham Brisben, CEO of PLG Consulting, "It's the
ultimate first-mile logistics problem. This is not just a matter of origin capture and logistics - it's
a matter of consumer and business behavior." While energy inefficiency and quality issues are
being resolved, supply side logistics need to be at the forefront for chemical recycling to be a
viable technology into the future.
SOURCE: PLG CONSULTING
PLGCONSULTING.COM
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WHAT TO
KNOW

A 'FULL CIRCLE' CHALLENGE
How can we impact the waste plastics recycling
process and support a circular economy goal?
We cannot change the laws of thermodynamics nor
the energy it takes for chemical recycling, but there is
a lot that can be done to optimize the process of
collecting, sorting, processing, converting, and
re-creating to collecting again.

PLASTIC RECYLCING IS
COMPLEX. PYROLYSIS
is an alternative to mechanical
recycling which has limited
applications and other less
environmentally friendly options
like burning for fuel value or
sending to a landfill.
- Robert Sawchuk
PLG Senior Consultant &
Chemist

SUPPLY CHAIN AND LOGISTICS STRATEGIES FOR THE CHEMICAL RECYCLING INDUSTRY:
Site Selection: Chemical recycling is inherently energy inefficient, therefore costly. One of
the best ways to control costs is to understand the long-term implications of your capital
investments, specifically site selection. Consider the best location for your chemical
recycling facility - close to the supply or close to the customer?
Supply Chain Optimization: A significant portion of operating costs will be in moving raw
materials from the waste management facility to the chemical recycling plant, then to the
petrochemical complex for further processing. Chemical recyclers can optimize their supply
chain by looking at plant site logistics, transportation modes including rail and truck, as well
as handling options (i.e., compression) of inbound materials.
Partnerships Across the Value Chain: Partnerships across the chemical and waste plastics
recycling value chain are essential for companies to ensure their circular economy goals are
realized. Working with partners across a wide number of industrial sectors and companies
who excel in logistics consulting offers expertise and experience to optimize outcomes costeffectively and with greater speed to market.
SOURCE: PLG CONSULTING
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SUMMARY
Plastics are an essential part of our modern world. The low global recycling rate is a result of
many factors: the 'first-mile challenge' of access to and usage of recycling services and
facilities; the lack of alternatives beyond mechanical recycling; and the complexities of
advanced recycling techniques such as chemical recycling by pyrolysis (i.e., high energy
consumption relating to high costs, quality control, and logistics complexity).

JOBS, WAGES AND TAX REVENUES DUE TO RECYCLING

SOURCE: ENVIRONMENTAL PROTECTION AGENCY

Supply chain and logistics are going to be critical components as the chemical recycling industry
scales across the country and globe. The dissociation between waste collection and sorting
within the petrochemical industry makes site selection for any new investment a critical first
decision. However, the first decision cannot be made without considering how supply chains can
be optimized in two completely different value chains (i.e. solid waste collection and liquid fuel
delivery) and how these supply chains may differ in ten to twenty years. Partnership and alliances
will be key to pull it all together. Let's start the conversation.
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For more than 20 years, PLG Consulting has been at the forefront of supply chain and logistics
trends within the industrial economy. Reach out to discuss your next project and how
PLG Consulting can help.
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