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While there are many issues and drivers behind the
development of biopolymers, the most important driver is
the mitigation of a number of environmental problems
(particularly end of life issues (e.g., plastic straws)) as well
as climate change, which is seen as increasingly important
to brand owners’ consumers. There are many cost
competitive options currently for increasing renewable
content as concluded by the analyses in this study. These
include drop-in replacements for current petrochemically
derived polymers (e.g., propylene), as well as novel
approaches (e.g., PLA). Additionally, commercial capacity
exists and significant development is underway on
additional capacities across the various polymer types—
which is important as different polymers are useful in
different applications. At once, the implications for food
contact applications are large and small at the same time.
The implications are large in that for almost any application,
there are existing or emerging options for a renewable
alternative to the incumbent petrochemical polymers. The
implications are quite small, because the capacities of the
biopolymers are significantly small compared to the
conventional markets. Drop-in replacements such as
ethylene, propylene, and PX, which use the existing
petrochemical equipment and the existing value chain,
stand the greatest chances of radical step-wise change.

Bioplastics are increasingly being sought as alternatives
to conventional fossil fuel based plastics and are
increasingly being used in food contact materials. Bio-
based polymers are made from bio-based resources
though in practice bio-based resource content may vary.
Biomass used for the production of bioplastics may either
be extracted directly from plants (starch, cellulose),
produced by microorganisms in fermentative processes,
or catalytic conversion of biomass or biomass fractions.
Bio-based polymers are not necessarily biodegradable.

Biorenewable Insights: Bio-polymers for Food Applications

Polymers of interest are divided into three basic
categories:

= Natural polymers are polymers found naturally
occurring. Natural polymers investigated for food
packaging include cellulose, starch, and PHAs. While
PHAs can be found naturally, significant work has
gone into producing them via fermentation

= Novel bio-polymers are polyesters synthesized
from bio-based monomers. Novel bio-polymers
investigated for food packaging include polylactic
acid (PLA), polyethylenefuranoate (PEF), and
polybutylene succinate (PBS).

= Drop-in replacements are fungible substitutes for
petrochemical polymers, produced from biofeedstocks.
Drop-in replacements for food packaging currently
investigated includes polyethylene, polypropylene,
and polyethylene terephthalate (PET).

Cost of production models for USGC, Brazil, Western
Europe and China are shown for:

= Starch Polymer Film

= PHA via fermentation of sugar

= |Integrated Lactic Acid and PLA

= PEF

= PBS, integrated with succinic acid production
= Ethylene from Ethanol

= Ethylene via bio-naphtha cracking

= MEG from Ethanol

=  Propylene via biopropane PDH

= Bio-PET via Origin Materials PX and Bio-MEG

NexantECA has catalogued existing and planned
biopolymer capacity for food applications.

For more information. please contact
Technology@NexantECA.com or www.NexantECA.com
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Biorenewable Insights: Bio-polymers for Food Applications

The BI program (sister program to the world renowned TECH program, formerly known as PERP) is globally recognized as
the industry standard source of process evaluations of existing, new and emerging of interest to the renewable energy and
chemical industries.

Bl's comprehensive studies include detailed technology analyses, process economics, as well as capacity analysis and
impacts on conventional industry. Reports typically cover:

Trends in technology

Strategic/business overviews and/or developer profiles

Process Technology:

Chemistry

Process flow diagrams and descriptions of established/conventional, new and emerging processes

Process economics — comparative costs of production estimates for different technologies across various
geographic regions

Capacity tables of plants and analysis of announced capacities
Regulatory and environmental issues where relevant

A subscription to Bl comprises:

PDF reports including detailed technology analyses, process economics, as well as commercial overviews and
industry trends

Cost of production tables in spreadsheet format (as requested)
Consultation time with the project team

An annual subscription to Bl includes 10 reports published in a given program year. Reports can also be purchased on
an individual basis, including reports from previous program years.

For more information, please contact

Technology@NexantECA.com or www.NexantECA.com
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NexantECA Subscriptions & Reports provide clients with comprehensive analytics, forecasts and insights for the chemicals, polymers,
energy and cleantech industries. Using a combination of business and technical expertise, with deep and broad understanding of markets,
technologies and economics, NexantECA provides solutions that our clients have relied upon for over 50 years.

comprises the Technoeconomics — Energy & Chemicals (TECH) program, the Biorenewable Insights program (Bl),
and the new Cost Curve Analysis. These programs provide comparative economics of different process routes and technologies in various
geographic regions.

NexantECA serves its clients from over 10 offices located throughout the Americas, Europe, the Middle East, Africa, and Asia.
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