Design for Recycled Content
Guide

This Guide supports brands and suppliers who are looking to
incorporate recycled content in packaging. The Guide provides
practical recommendations to inform strategy and decision
making by outlining existing challenges, illuminating areas of
opportunity, and dispelling myths about the use of recycled
content.
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INTRODUCTION

Creating more sustainable packaging requires a multifaceted strategy to address an array of environmental considerations across the packaging
life cycle. Akey element of any sustainable packaging strategy is to ensure materials are effectively recovered at the end of their useful life to
provide new inputs for industrial or biological cycles.

Recyclingis the most prevalentrecovery pathway for packaging, and in order to ensure that packaging is effectively recycled, the packaging
community must engage on two critical fronts: designing packaging in such a way that it flows optimally through the recycling system, and
supporting end markets for the recycled content created by that system.

In designing for recyclability, a package should be designed to flow smoothly through the entire recycling system. This means:

} Itisaccepted in the recycling collection receptacles available to end users.
Wiaste haulers will collect and transportit.
A material recovery facility (MRF) will sortit properly, ifitis collected in acommingled mix of materials.

Reprocessorswill turn itinto valuable feedstocks used in the manufacture of new materials.
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End markets will purchase and use those new materials.

Designing recyclable packagingis critical to creating a supply of recycled materials.

However, for the recycling system to be robust and healthy, the practice of designing for recyclability must be accompanied by a practice of
providing market demand for recycled content. Packaging producers play a key role in providing market demand by using recycled contentin
new packaging, “pulling” the recycling system in such a way that matches the “push” of designing for recyclability. Packagingisn’t the only end
market for recycled content — recycled content can be used in the manufacture of new durable goods, nondurable goods, and materials for the
builtenvironment. While these open loop applications are critical, the demand created when new packaging is made with recycled content
from old packagingis major component of the overall landscape of demand for recycled content and it directly applies the concept of
circularity to packaging. This “take what you make” attitude helps transform the dialog from recycling as an end in itself, to seeing recycling as a
source of feedstock for new resources to be reused and given new lives.

Once packagingis collected, sorted, and reprocessed, circularity is only complete upon the use of that recycled material in the manufacture of a
new product or packaging. To thatend, this Guide seeks to encourage companies to use more recycled contentin their packaging.


http://astrx.org/resources/navigating-the-recycling-system/

DESIGN

Scope of this Guide

The Sustainable Packaging Coalition developed this Guide to provide information on the key considerations around recycled content and how
to design packaging thatincorporates recycled contentin order to drive demand for recycled materials. The Guide shares insights from
experienced users of recycled content across the packaging supply chain to illuminate the opportunities and best practices for using recycled
contentin packaging. Although non-packaging end markets also play an importantrolein the circular economy, they are not the focus of this
Guide.

To develop the Guide, the Sustainable Packaging Coalition conducted interviews during 2018 with companies across the packaging supply
chain, including material manufacturers, packaging converters, brand owners, and retailers. The interviews explored barriers and
opportunities to increasing the use of recycled content in packaging. Information collected through these interviews was supported by
cumulative knowledge, research, and experiences of the Sustainable Packaging Coalition staff.

The geographic context of the Guide is primarily the U.S. and Canada, although many elements of the guidance are applicable in other regions.

Thisis aliving guide and will be updated regularly. While individual sections can be downloaded, the Guide will be available primarily in aweb
based format.



Terminology

The broad term “recycled content” can include both post-industrial recycled content and post-consumer recycled content. This
Guide focuses primarily on the use of post-consumer recycled content. However, many of the takeaways are also relevant for
post-industrial recycled content.

Thereisaplethoraof terms and acronyms used to describe recycled content, including PCR (post-consumer resin or post-
consumer recycled content), PIR (post-industrial recycled content), PCW (post-consumer waste), rPET (recycled PET), rHDPE
(recycled HDPE), and others.

1SO 14021 defines pre- and post-consumer recycled materials as follows:

Pre-consumer material: Material diverted from the waste stream during a manufacturing process. Excluded is reutilization of
materials such as rework, regrind or scrap generated in a process and capable of being reclaimed within the same process that
generated it. This can also be referred to as post-industrial recycled contentor PIR.

Post-consumer material: Material generated by households or by commercial, industrial and institutional facilities in their role
as end-users of the product, which can no longer be used for itsintended purpose. Thisincludes returns of material from the
distribution chain. This can also be referred to as post-consumer recycled content.

This Guide uses the phrase “recycled content” to refer to both post-consumer and post-industrial recycled content. However, it
should be emphasized that both the challenges and opportunities surrounding recycled content tend to be more pronounced
with post-consumer recycled content, and the Guide is aimed primarily at providing advice on the use of post-consumer
recycled content. In instances specific to either post-consumer or post-industrial recycled content, efforts have been made to
specify the type of recycled content discussed.

Courtesy of Envision Plastics




Why use recycled content?

There are number of reasons why using recycled content is beneficial to packaging manufacturers, brand owners, the economy and the

environment, including:

>

Making strides toward a circular economy. Using recycled contentin packaging allows brand owners and manufacturers to close
theloop, embodyingthe circular economy principle of a system thatis regenerative and restorative.

Lowering greenhouse gas emissions. Glass, aluminum, steel, and plastic production processes typically incur lower greenhouse gas
emissions when recycled feedstocks are used instead of virgin feedstocks, owing to the fact that the recycling systems that produce
thoserecycled feedstocks are less carbon-intensive than conventional raw material extraction processes and/or the manufacturing
processes are less carbon-intensive when recycled feedstocks are used. For paper, the chief greenhouse gas emission benefitowes
to the diversion of paper from landfills and avoidance of the methane emissions from the biodegradation of paper in landfills.

Protecting and enhancing the recyclability of packaging. The recycling system involves a marketplace and, like any market, demand
from end usersis necessary to ensure viability. If recycled material is not purchased and used in an end market, then the system
cannotcontinue to exist. Specifying recycled content can help ensure that end markets exist and help ensure that the system of
recyclingis robustenough to support marketing claims of recyclability for packaging.

Meeting expectations from brand owners and retailers. Large retailers are calling for the use of recycled content and
implementation of recycled content goals by brand owners, who are asking the same of their suppliers.

Mitigating reputational risk. Using recycled contentis a meaningful way to demonstrate voluntary responsibility around
responsible supply chain practices, sending signals of leadership and reducing the risk of reputational damage from environmental
campaigns.

Building brand equity and consumer trust. Environmentally aware consumers support companies who implement responsible
business practices, and the use of recycled content in packaging creates an opportunity to appeal to them. In addition to brands that
specifically target this market segment, mainstream brands also stand to benefit since this market segment is growing - especially
among millennials and other younger consumers.

Taking action against packaging pollution. Litter on land and in waterways is a worldwide environmental issue affecting human
health, the wellbeing of land and marine animals, and economic livelihoods including tourism and fishing. When materials are
valued at their end-of-life through strong end markets for recycled content, they may be more likely to be collected and recovered
and less likely to end up as terrestrial or marine pollution.

Getting ahead of potential regulation. Companies can preempt and prepare for potential future regulations stipulating mandatory
use of recycled content.

There are trade-offs with every decision, and the use of recycled content may not always guarantee improved environmental benefits or

tangible business advantages. Itisimportant to evaluate the life cycle costs and advantages of every decision to determine the most effective

course of action. Nonetheless, recycled contentis an important tool for any company to make their packaging portfolio more sustainable and

itsimportanceis expected to increase over time.

Key Recommendations for Brand Owners

1. Set recycled content goals. Brand owners that set goals to include recycled contentin their packaging are more likely to succeed in

achieving high levels of recycled content usage. Conversely, companies are much less likely to use recycled content when they do not have
corporate goals surroundingit. The best goals are publicly disclosed, which ensures transparent accountability; are ambitious,
demonstrating a pronounced improvementover current practices; and include a system by which progressis periodically reported. If a
brand is not prepared to set an ambitious, publicly-stated goal, brands should form achievable internal goals to match levels successfully
adopted by peer companies and attach incentives around attaining those goals. Strong goals are also integrated into corporate business
strategy so that decisions on usingrecycled content are made at the highest level of leadership, conveying to the rest of the business that
environmental practices are just asimportant as financially-driven practices.


https://www.greenerpackage.com//green_resources/brand_owner_consumer_sustainable_packaging_perceptions_diverge

“The best way to get buy-in is through objective-setting, so that it doesn’t have to be [about]
individuals or separate teams. Once we set objectives, we deliver on those results.”

- Brand Owner

2. Align leadership, procurement, sales and marketing teams around recycled content. Brand owners are most likely to be successful using
recycled contentwhen leadership is supportive and marketing, procurement and all other teams are aligned around this objective. The
procurement team needs to be educated on technical and performance considerations of recycled content and how that relates to
performance requirements related to their products, so that they are equipped with the right tools and messages when working with
suppliers. Sales and marketing need to be fluent in the message the brand wants to convey to customers and consumers and realize thatin
some cases, packaging made with recycled content may have a unique story, aesthetic, and value proposition that their teams must support.
In addition to setting ambitious goals and getting strong leadership from the top, a best-in-class strategy involves embedding recycled
content goalsdirectly into professional development plans and individual performance objectives.

“If you build [the use of recycled content] into your culture, then you don’t have to persuade
people at the project team level [to support it]... But if we do have exceptions or have items that
don’t meet our [recycled content] guidelines, then it goes all the way up to our VP to make sure
we're doing the right thing from a sustainability lens.”

- Brand Owner

3. Adjust specifications to accommodate higher levels of recycled content. Though it's not uncommon for recycled content to meet
stringent specifications, brands with rigorous specifications for qualities like color, performance, and aesthetic qualities may need to make
adjustmentsin order to use higher levels of recycled content. This is especially true for paper and plastic packaging. When assessing
recycled content specifications, brand owners and converters should think about meeting the requirements of the application rather than
matching the specifications of their current supply of virgin material, keeping in mind that some virgin material may have characteristics
that have been designed to provide benefits for certain applications but areirrelevant for the application at hand. Virgin specifications may
be usefulin providing an orientation of the material requirements, but should notbe used as a baseline from which to assess recycled
content specifications. It should also be noted that some aesthetic considerations made for on-shelf presence are irrelevant for sales
through fast-growing online channels.

4. Work with suppliers that support your use of recycled content. Brand owners that work closely with their suppliers, cultivating long-term
relationships based on trust and testing for continuous improvement, have more success in incorporating higher levels of recycled content
successfully into their packaging. Suppliers may be hesitant to try recycled materials in their equipment at the risk that it will not perform
well or will require them to investin additional equipment, take additional steps, or change processes which may impact their costs and
time. Brand owners must work closely with their suppliers to analyze if they can or are willing to support their journey in using recycled
content. If suppliers are hesitant, then assure them you will work closely with them to test materials and partner on the learning curve. If a
supplier pushes back too much, consider working with a supplier that will act as a partner on ashared journey towards using more recycled
content.

5. Develop dedicated strategies to manage recycled content costs. Depending on the material and market conditions, using recycled content
may come with additional costs. While it must be appreciated that procurement teams are under immense pressure to reduce costs, a strict



lens of cost reductions will not push the market to develop or support cost stabilization. Leadership companies identify unique ways to
manage costs in order to support their continued use of recycled content. This can include considering added costs as an investmentin
upgraded packaging, or even reducing costs elsewhere in product or packaging portfolios and using those savings to offset price premiums
associated with recycled content. Itis also important to establish long-term contracts with credible, committed suppliers that allow them to
better control costs over time, rather than relying on short-term contracts based on current market prices.

6. Be an ambassador for recycled content. Consumer confusion around what recycled contentis, confusion of this concept with other
sustainable packaging characteristics like recyclability, as well as a general lack of resonance with consumers are often cited as deterrents.
Brand owners and retailers can be ambassadors for the use of recycled content by educating consumers about its benefits and in turn,
helping to create more consumer preference for recycled content. Optimal consumer communication requires a consistent, slow-building
industry message, which will occur over time as more companies venture into this territory. Brand marketing has an opportunity to
showcase the commitment to more sustainable packaging and should work to gradually tell this sustainability story across many different

channels.

Key recommendations for suppliers

1. Work with brand owners to test recycled content materials and don’t be afraid to challenge customer specifications. Some brand owners
arerevisiting their strict specifications to learn where they can be relaxed to incorporate more recycled content. Suppliers should notbe
afraid to reach out to their customers about specifications and challenge them on the necessity of stringent specifications.

2. Take advantage of demand for recycled content as acompetitive strategy and invest in needed equipment to support it. As more brand
owners set goals around using recycled content, and as government agencies consider instituting mandatory recycled content minimumes,
being able to provide customers with advice, technical support, and quality supply will give a competitive edge to your business. Investing
in therightequipment that allows use of recycled contentis an investmentin the future success of your organization.

3. Bemethodical and transparent in your sourcing and tracking of recycled content inputs. Customers wantto be able to report the exact
percentage of recycled content thatends up in their products and this transparency depends on their suppliers. Itis up to manufacturers
and converters to track this material from its source and communicate it to customers.

4. Invest in long-term relationships with customers. The use of recycled contentin packagingis ajourney on all ends of the supply chain.
Working closely with your customers to provide detailed information and technical support will enable you to establish long-term, stable

relationships built on trust.

Making recycled content claims to consumers: What
you need to know

If acompany communicates to a consumer thatits package is made using recycled content, that constitutes an environmental
marketing claim. In the United States, the Federal Trade Commission (FTC) governs the appropriate use of environmental
marketing claims and has issued its Guides for the Use of Environmental Marketing Claims (more commonly referred to as “the Green
Guides”) to help marketers avoid consumer deception. Recycled content claims should be made in accordance with the Green
Guides.

In order to claim a package is made with recycled content, one must substantiate that claim with supporting data. For items that
are partially made of recycled content, the brand should clearly and prominently qualify the claim to avoid deception about the



https://www.ftc.gov/sites/default/files/attachments/press-releases/ftc-issues-revised-green-guides/greenguides.pdf

amountor percentage, by weight, of recycled contentin the finished package. For full details see Guides for the Use of
Environmental Marketing Claims, Code of Federal Regulations, Title 16 Part 260, Section 13. § 260.13.

In Canada, very similar legal guidance applies. See Environmental Claims: A Guide for Industry and Advertisers, developed by
Competition Bureau of Canada and Canadian Standards Association pursuant to the Competition Act, the Consumer Packaging
and Labelling Act. § 10.8.

“Marketing teams are always keen to put environmental claims on-pack. With
proper substantiation, navigating the FTC’s guidance for recycled content claims is
much easier than it is for many other types of environmental claims. Our marketing
team appreciates ‘easy’ claims.”

- Brand Owner

THE PATH TO USING RECYCLED CONTENT

Notall journeys to incorporate recycled contentinto packaging are the same. If your company is new to using recycled content, or evolving to
use morerecycled content, here are some key considerations as you move through the journey:

The path to using recycled content

Benchmark &
understand
your current
use of
recycled
content

Set goals to
use recycled
content (can
be internal or
external)

Engage your
supply chain
partners to
see what is
possible

Work to make
recycled
content part of
your culture

‘

Communicate
& build-on
Creatively successes
troubleshoot
any problem

areas



https://www.ftc.gov/sites/default/files/attachments/press-releases/ftc-issues-revised-green-guides/greenguides.pdf
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ALL PLASTICS

Environmental benefits of recycled plastic

Using recycled plastic is a multifaceted opportunity to decrease the
environmental impacts of plastic packaging. The recycling system that
creates recycled plasticis almost always less energy and greenhouse gas-
intensive than the conventional fossil resource extraction, refinement, and
manufacturing processes that create virgin plastic. Using recycled plastic
inherently decreases consumption of fossil resources over the packaging
life cycle, since the fossil feedstocks used to create virgin plastic are not
attributed to recycled plastic. Lastly, the system of plastic recycling is
gaining increased emphasis as a strategy to prevent the mismanagement of
plastic packaging waste that results in plastic pollution in terrestrial and
marine environments. The use of recycled plastic creates market pull for
these materials and is critical to ensuring that system remains robust and
effective.

General guidance for using recycled plastics

Each type of recycled plastic carries its own set of characteristics and considerations, which are covered in detail in other sections. However,

there are some common themes that are broadly applicable:

The common assumptions surrounding recycled plastics should be challenged. There are many common misperceptions related to recycled
plastics, including safety and cleanliness, consumer acceptance and understanding, dramatic losses of performance and aesthetic qualities, and
lack of return on investment on the price premium associated with many recycled plastics. While many assumptions may be grounded in a
kernel of truth, the level of mistrust surrounding recycled plastics is undue and in many cases, outdated. When presented with these types of
descriptions of recycled content, asking for data or examples can be useful to understand whether or not the concerns are valid.



Experimentation and incremental increases are important strategies for using recycled content. Instead of approaching suppliers with a
request for a specific percentage of recycled content, brands should aim to incorporate as much as possible while balancing trade-offs around
performance, aesthetics, and cost. After taking a first step to introduce a small percentage of recycled content, experimentation should be used
to determine the optimal level. This stair-stepping approach is also preferential to suppliers as they navigate the learning curve, allowing them to
getthe processes under control and make needed adjustments.

“You don’t want to go from 0% to 100%. You want to dip your toe in the water and gradually go

in.

- Plastics converter

“It takes time. Often it's a ramp up... it'’s not a switch that just turns on... [Our customer] didn’t
come to us and say we want to convert this one bottle to PCR in three months. We were able to
look at their whole product line, as well as some products in development, to identify some low
hanging fruit with them first, while we got creative [on other challenges].”

- Plastics converter

Don’t rely on your existing supply chain partners to say what is possible in all instances. Some converters may be reluctant to use recycled
content, citing reasons ranging from odor in the processing to an aversion to equipment adjustments. In contrast, other converters have made
substantial capital investments to accommodate recycled content and are trusted sources of expertise. Conversely, some brand owners may
have false assumptions about recycled content, so suppliers should leverage their expertise to both broaden and clarify the set of options
available for brands. The best way to broaden perspectives is to work together creatively, using curiosity to learn what possibilities innovation

mightunlock, and maintaining an openness to new forms of supply chain collaboration.

“In general, the converters don’t [proactively] bring [us] these types of technologies and options.
We have much more luck with raw material suppliers coming to us and then us pushing it
through the supply chain. The suppliers of recycled content come to us to tell us and educate us
about their product and then we push it through to our converters, because converters have
silos full of virgin. They don’t want to bring in new materials if they don’t have to; they want to
simplify their supply chain. So it’s not something that they will readily offer up as options
unless we're pushing for them. We try to pull through the supply chain instead of having it
pushed from our converters.”

- Brand Owner

Supply and demand of recycled plastics

In general, only the higher quality recycled plastics have substantial end markets in packaging — mostly high grade recycled PET and HDPE —
and thereis not enough supply available on the market to meet current demand for these materials. Conversely, thereis surplusin supply of
lower grade recycled plastics currently on the market (lower quality PET or HDPE and other plastics). More demand is needed for all recycled
plastics to help drive more collection and better quality.

Key initiatives for building demand for recycled plastics:



} The Association of Plastic Recyclers’ (APR) Recycling Demand Champions program gathers industry commitments to
increase use of recycled plastics, including use of recycled plastics in “Work In Process” (WIP) items such as crates,
pallets, totes, drums and trash cans. These WIP items represent opportunities for use of lower grade recycled
contentthatis more challenging to incorporate into consumer-facing packaging. APR provides a vendor list of WIP
products using recycled content. In the program’s first year, itincreased demand for recycled plastics by nearly 7
million pounds.

} More Recycling’s Buy Recycled Products Directory is an interactive, online directory that highlights consumer
products currently using post-consumer resin as part of an industry-wide effort to help stimulate demand for
recycled content. Thedirectory includes criteriafor beingincluded as well as a performance meter.

Success Story

Unique feedstocks for recycled content plastics: ocean bound
plastics

Every year, 8 million metric tons of plastic ends up in our oceans, and that figure could increase by tenfold over the next 10 years if actions are
nottaken. The majority of this, referred to as “ocean bound” plastics, comes from mismanaged waste from within 30 miles of a waterway or
coast. Plastic found in the ocean and plastic bound for the ocean (on beaches or near waterways) has become an environmental poster child for
the need to improve recycling systems and end markets for plastics. Some suppliers and brand owners have committed to sourcing ocean-
bound plastic for reuse in their products and packaging as recycled content.

Envision Plastics has committed to recycling 10 million pounds of ocean bound plastic over two years. To date, Envision Plastics has recycled
five million pounds of HDPE, working with coastal organizations to collect packaging waste before it enters our waterways and shippingitto
Envision Plastics’ plants where itis processed using its patented Deodorized Resin™ technology to clean and remove odors. Envision Plastics
has had numerous partners use its OceanBound Plastic in consumer products and packaging. Earlier this year, ViTA debuted a hair care line
using the first bottle made from 100 percent OceanBound Plastic.

Thisunique source of feedstock for recycled content gives suppliers and brand owners an opportunity to showcase their role in mitigating the
risk of mismanaged plastic waste, and also demonstrates how recycled content can have astory that appeals to consumers. It helps consumers
understand recycled content and empowers them to feel they are helping solve the marine debris problem with conscious purchasing choices.
Tamsin Ettefagh, Vice President of Sales and Purchasing at Envision Plastics, said at the 2018 Plastics Recycling Conference that one of their
customer’s productsin an OceanBound Plastic bottle was so successful that “it sold outin seven minutes.”

Cost of recycled plastics

High quality recycled plastics often come with a price premium compared to their virgin counterparts. Prices fluctuate greatly and some

recycled plastics — particularly those with suboptimal technical and aesthetic characteristics — can be supplied at a cost advantage. Itis also
importantto consider that the use of recycled plastics may introduce added processing costs, especially when there are stringent specifications


http://science.sciencemag.org/content/347/6223/768
https://www.businesswire.com/news/home/20180608005583/en/Envision-Plastics-Celebrates-World-Oceans-Day-Keeping
http://www.plasticsrecycling.org/recycling-demand-champions/demand-champion-companies
http://www.plasticsrecycling.org/recycling-demand-champions/vendors
https://plasticsrecycling.org/news-and-media/852-october-10-2018-apr-demand-champs-press-release
https://recyclemoreplastic.org/view/buyrecycled

for performance and aesthetics that must be met. Companies that excel in using recycled content consider any added costs as an investment
to upgrade their packaging, finding justification within the robust business case for using recycled content.

Alack of long term contracts in material procurement can lead to price volatility and inconsistencies for recycled plastics, which creates market
uncertainty and discourages investment. Strategic partnerships that increase the length of contracts between MRFs, recycled plastic
recyclers, converters, and brand owners can be used to negotiate stable, lower prices on recycled content. This strategy has been successfully
used in other commodity markets where long-term contracts specify payment of a fixed margin above the cost of production and all parties
involved benefitfrom predictable pricing. Long term contracts can also help create demand stability for recycled plastics thatin turn helps
encourage investment.

“In terms of demand, how are you going to support the resin? [It's important] for us to
understand the quantity and the longevity [before] being able to enter into a relationship with a
customer... if it’'s someone that just wants one truckload of a particular type of resinin a
particular type of color, and it doesn’t exist today, and so therefore they’re just going to move
on, then it’s probably not worth our time or their time. We have the most successes where we
work together with companies that have ongoing demand and the commitment to enter into a
relationship with us, and collaborate and solve problems together.”

- Plastics Recycler

“[Developing a certain package with recycled content] can take six months, 12 months to
develop. But once you get it, then you can maybe start getting the price advantages. But you
have to really make the commitment; you’re going to have to go all-in and it’s going to be a
multiyear effort; it’s not something where you’ll throw it on the shelves in three months and
then get out of it immediately if it didn’t work for you.”

- Plastics Converter

“There’s an opportunity to do some long-term contracts potentially that some companies have
success with, and that can help the procurement situation for both the recycled content
provider as well as the company. So | think that that’s an opportunity that we'll be looking at in
the future.”

- Brand Owner

Success Story

Embedding recycled plastics into the business: Seventh
Generation

Seventh Generation has successfully navigated many of the challenges associated with recycled plastics, including their practice of allocating
productand process cost savings to help pay for recycled contentin their packaging.

“Instead of taking dollars in [process and/or product] cost savings and just driving them right to
the bottom line, which is what most traditional companies would do, we try to roll cost savings
into packaging improvements or product improvements and maintain margins where they are.
That helps us pay for sustainability.”

- Derrick Lawrence, Director of Packaging Development



Seventh Generation has a corporate-level commitment to use recycled content, and all departments are on board with the strategy. They have
strong relationships with their suppliers and educate their sales teams around technical specifications so they can work with suppliers to get

advancements.

Seventh Generation communicates to its customers about recycled content. Their products have alogo embossed on the front of most bottles
thatsays “100% RECYCLED BOTTLE.” The back label of the bottle explains what that means.

Incorporating recycled contentinto packaging has been alongjourney for Seventh Generation. The company began by using HDPE and has
progressed to almost 100% recycled content in most of their HDPE and PET bottles today. In addition, the company brought polypropylene
closures made of 100% recycled content to the market and recently launched some of the first flip top closures made of 100% recycled
polypropylene. Seventh Generation is also exploring the use of recycled polyethylene in LDPE films.

Processing of recycled plastics

Addingrecycled plastic to existing manufacturing processes isn’t always straightforward. Recycled resins don’t always act like virgin resins. The
melt flow rate, an importantindicator of the behavior of plastic in converting processes, can differ between virgin and recycled batches of the
same polymer type, which introduces unwanted complexity. Even high quality recycled plastics can display inconsistent flow behavior, which is
generally attributed to contamination within the recycled feedstocks. Investment in new or upgraded processing technologies and adjustments
to equipmentis a necessary and worthwhile investment to meet growing demand for recycled content.

“As conversion technologies improve, like with blending or quality processes, we will be able to
use more and more recycled content and still meet the demands of the end users.”

- Plastics Converter

“Manufacturing challenges with recycled content aren’t insurmountable, so we have to
overcome challenges. But there can be challenges with running higher recycled content on a
manufacturing line. We have to prioritize the time that is spent to qualify materials. Since we
run high volume, high speed lines, if the recycled content lends itself to a defect on that line,
then we may have shut downs on the line — and that’s a problem. So what we do is a lot of
quality assurance and work up front to qualify and adjust our systems to accommodate that
variability. That takes time and resources, so if making recycled content a reality is a priority
for the business, there needs to be direction [from leadership] to the manufacturing team.”

- Brand Owner



Performance of recycled plastics

Virgin plastic and recycled plastic rarely perform the exact same way. Contamination from other plastics in the recycled feedstock is the chief
influencer, but colorants and additives in plastic packaging can also act as contaminants in recycled plastics. This can resultin differencesin a
recycled plastic’s performance, including characteristics that affect sealing or structural integrity. However, there are solutions available to help
manage many of the performance differences between recycled and virgin plastics.

“We will never be able to compete with perfect, and it’s not fair or a realistic expectation.”

- Plastics Recycler

There are tools to assess the performance of recycled plastics. There are well-established technologies that evaluate the quality of recycled
plastics using physical, chemical or other tests. One of the most effective methods to check the quality of a recycled plastic involves running a
small batch of extrusion blown-film. In a film format, the material can be checked for stability, bubbles, gels, color, odor, strength and other
quality measurements. Any poor-quality material can be discarded or blended with a better performing material, depending on the end use
application.

Techniques exist to improve performance of recycled plastics, including resin compounding, blending of various grades of aresin and
introduction of performance additives. Performance additives include but are not limited to: antioxidants, UV absorbers, anti-block agents,
colorants, fillers, and impact modifiers. These additives can increase performance and reduce defects like gels, brittleness, and odors. Some of
these technologies are well-known in polymer engineering yet have not been widely adopted when using recycled plastics.

Featured innovation: Water-based heat sealants

Water-based heat sealants may alleviate issues related to heat sealing recycled plastics, acommon problem due to the different melting points of
recycled resins. These products are beginning to enter the market and can be explored as away to increase the use of recycled plastics while
minimizing performance challenges.

Aesthetics of recycled plastics

Color consistency and color matching are common challenges in using recycled plastic, since brands tend to implement very stringent color
requirements for packaging. Unlike virgin plastics, which initially do not contain pigments, recycled plastics are derived from mixtures of
materials that may contain awide range of pigmentation. Brands interested in using recycled plastics must manage their expectations and
commit to finding ways to work with the color variations presentin recycled resins.

White or lightly colored recycled plastics may take on an off-white color. Clear recycled plastics may take on a somewhat yellowed appearance
dueto thereheating process, or acloudy appearance due to contamination in the recycled feedstock. Natural, white or lightly colored recycled
plastics can be adjusted by adding colorants to match brand colors, however, their new color may appear less vibrant than virgin material
colored with the same colorant. Mixed-color streams of recovered plastics can typically only be recycled into dark, opaque colors.

“Typically, recycled materials are darker, grayer, or have some tint to them and that tint is not
always consistent from batch to batch.”

- Plastics Recycler

While these challenges are more pronounced with higher levels of recycled content, there are numerous examples of plastic packaging
containing upwards of 30% recycled content with no or negligible aesthetic deficiencies. That percentage can be considered a general
threshold above which aesthetic challenges should be expected to be more noticeable. While transparency may be critical for some
applications, itis also important to note that the use of opaque plastic packaging allows for higher percentages of recycled content with fewer
color challenges.



Progressive brands accept color variations that consumers can see, setting expectations with marketing departments and communicating
variations through consumer messaging. This is easiest to implementin a new productline, anew brand, or arebranding, in which alignment of
expectations and strategy may be performed at the start. If the entire organization is aligned around recycled content, then discussions on color

and modifying specifications become easier.

“Color is a conversation that has to happen between your sustainability group, your marketing
group and your executive level. It all boils down to where [your culture] places value.”

- Plastic Recycler

Other design strategies to navigate these variations include using recycled contentin applications and products where color is not of such high
importance, such as trash bags, inner layers of multi-layer rigid containers, or other areas the consumer does not see, like applications in which
the material is hidden behind alabel. Concerns about color matching across products and units are more relevant for packaging on retail
shelves than for onlineretail, and so online products may be an easy area to initiate higher levels of recycled content. Additives, such as

specially formulated brighteners or clarifiers, can counteract the cloudy appearance typical of recycled resin.

“Color doesn’t need to be as big of an issue as | think that industry perceives it to be. The color
challenges can be overcome.”

- Brand Owner

Food contact for recycled plastics

Despite common misperceptions and skepticism, many recycled plastics meet the required quality for food, beverage and pharmaceutical
applications. Most plastic recyclers providing recycled plastic for food-grade packaging applications have successfully petitioned for a “letter of
no objection” (LNO) from the FDA, which provides assurance that the recycled plastic is safe for food-grade applications. Itisimportant to note
thatthe FDA does not test the recycled resin, and itis therefore up to individual recyclers to ensure their feedstocks and processes will

consistently produce food-graderesins. There are mechanisms comparable to the FDA LNO in other countries.

Some producers of recycled plastic for food-grade applications restrict their feedstocks to post-commercial or post-industrial plastics that
were previously designated as food-grade. Any added colorant must be individually compliant with FDA requirements, so clear plastic is
commonly used for recycled food-grade resins sinceitis easiest to add a colorant that is known to be compliant to a clear recycled plastic.

Another approach to including recycled plastic in food packaging is to limit the use of recycled plastic to the inner layer(s) of a multi-layered
construction, with an innermost virgin layer acting as an effective functional barrier. However, it may be necessary to demonstrate that the
barrier will protect foods or drugs from unwanted migration.

Unfortunately, skepticism and misperceptions around the safety of recycled plastics for food and drug applications are common. Changing
minds internally about the safety of food contact recycled content may be a hurdle, butitisimportant to gather supportfrom within the
organization for recycled plastic. Sharing information with others about the FDA's process for issuing LNOs and the process used by suppliers
to ensure food contact safety may be helpful.

Emerging innovation: chemical recycling

Many of the considerations for performance, processing, and aesthetics of recycled content plastics are the unavoidable result
of mechanical recycling. While there are many opportunities to improve the existing mechanical recycling systems and recover
more recycled plastics of higher quality, other technologies will also play arole in the future recycling system. Chemical recycling
shows significant promise in solving many of the quality issues the system faces today surrounding recycled plastics sinceit is
able to remove contaminants like additives and pigments and in some applications it can deconstruct a polymer to its original
monomer, achieving virgin-like quality.




There are varying definitions of chemical recycling, but the majority of research classifies it as either 1) purification, 2)
decomposition, or 3) conversion. Different polymers require different technologies, and that may mean that chemical recycling
becomes more of areality for some plastics or within certain contexts but not for others. There are currently several brand
owners and convertersinvesting in different chemical recycling technologies as a long-term strategy to increase the quality of
recycled plastic. Some of these examples are provided in the following sections.

POLYETHYLENE

TEREPHTHALATE (PET)

Key takeaways

vV Vv Vv VvV V9

Theuse of recycled PET is common in the marketplace, and there are examples of PET packaging using 100% recycled content.
However, current availability of supply may limit the number of PET packages that can use high percentages of recycled PET.

PET is generally regarded as an easy starting point for brands interested in using recycled plastics.

PET is widely accepted in recycling systems and has higher collection rates than many plastics, providing a regular flow of feedstock
forrecycled PET.

Thereis heavy competition for the highest quality, food-grade recycled PET, resulting in higher prices. Lower quality PET is more
available and more likely to be available at a cost advantage.

There are no significant performance challenges when using recycled PET, owingin partto the fact that unlike other plastics, the
intrinsic viscosity of recycled PET can be upgraded to near-virgin levels.

There tend to be aesthetic challenges related to the clarity of recycled PET and challenges related to achieving consistent color.
Quality and consistency of recycled PET varies regionally, depending on the recycling infrastructure and the characteristics of the
incoming PET stream available to therecycler.




Environmental benefits of Recycled PET:

Usingrecycled PET can provide significant reductions in greenhouse gas emissions during
manufacturing. Replacing virgin PET with “solid-stated” recycled PET pellet may reduce greenhouse

gas emissions by about half.

Supply and demand of recycled PET

What you need to know about PET recycling

PET is widely accepted in municipal recycling programs. Supply availability still has room for improvement, however, since only
about 30% of PET bottles and jars and 24% PET containers and packaging overall are recycled today.

Some PET bottles are subject to container deposit legislation (“bottle bills”) in 10 U.S. states. This system helps to promote higher
collection rates in these states, enabling a cleaner and more consistent supply of PET for recyclers thatin turn supplies

consistent, high quality recycled PET.

Recycling for PET thermoforms s less widespread than PET bottles.

The majority of recycled PET in packaging goes towards clear applications, most of which require food-grade material. Demand for recycled
PET is primarily influenced by the soft drink and bottled water markets, which commonly use small-to-moderate percentages of recycled PET

and exhibit growing demand for recycled PET.


https://resource-recycling.com/plastics/2018/08/22/quantifying-environmental-benefits-of-recycled-plastic/
https://www.epa.gov/sites/production/files/2018-07/documents/smm_2015_tables_and_figures_07252018_fnl_508_0.pdf
http://www.bottlebill.org/legislation/usa.htm

L nlal SA el

AN W
[T

ZREIMIN N

Purified Water

P

AR W
TR ST

SRR TS

Some non-bottle rigid PET packaging applications provide significant markets for recycled PET, but exist in lower volumes than bottles.

' I®Wbaby k

& mperfood paad WEB Lesder, tast

a NUTRITIONAL POWT RMOUSE

the extra rutrition of five SUPERFOOD freenc

5UPER SPINACH!

MABY $FRACH J8T SOT PETTER

O, Wt Loty b

By
rod & groen pwid chand, Lat 80l arugula & spinach

[y , & otheyd
o baly R Bt B i

g
washed? \JeTiy

L O BT e

There is heavy competition for supply of high quality, clear, food-grade PET. Conversely, there is ample recycled PET on the market with
suboptimal characteristics, such as recycled PET thatis colored or imperfectly translucent, or recycled PET thatis not suitable for food-grade
applications. There may be under-leveraged opportunities for use of lower grades of recycled PET in packaging.

As amarketfor recycled PET, packaging competes primarily with carpet, textiles, construction materials and strapping markets. More recycled
PET isdirected to carpet and textiles than packaging, in part because the manufacturing process for polyester fiber is more technologically and
financially conducive to using recycled PET with specifications that would present challenges in packaging applications. Carpet and textiles are
the principal end market for cheaper, colored (typically green) PET.

Success Story

Recycled PET in film labels



UPM Raflatac has developed a breakthrough PET pressure sensitive label face and liner composed of 90% post-consumer recycled content
(PCR), an industry first. These rPET label materials, produced from bottle flake, are suitable for use in label decoration for brand and end-user
packaging. UPM Raflatac developed this technology because it saw the opportunity to answer packaging sustainability needs expressed by
brand owners. This represents a new packaging market for recycled PET.

Cost of recycled PET

Thecostof recycled PET is highly variable, based on both fluctuating virgin prices as well as varying costs associated with processing recycled
PET thatreflect regional differences in recycling infrastructure and contamination levels. Brands should expect to encounter some challenges
around procuringrecycled PET at their desired quality and price, given the intense market competition for clear, quality recycled PET.

“The market for rPET varies, so you have to be willing to ride the waves. There’s gonna be times
when the price is good, and there’s gonna be times where the price isn't.”
- PET Converter

Processing of recycled PET

Degradation occurs during mechanical recycling of PET when itis shredded and exposed to high temperatures. The presence of common
contaminantsin the PET recycling stream, such as PE, PVC, and adhesives can exacerbate degradation effects and cause a loss of average
molecular weight or intrinsic viscosity. Thisin turn can resultin recycled PET with suboptimal mechanical properties. However there are many
existing strategies to manage this, such as the intensive cleaning and drying of PET flakes before extrusion and diligent sorting of impurities.

Performance of recycled PET

Recycled PET functions well in terms of performance, with few tradeoffs relative to virgin PET. There may be additional testing required for
some containers with heavier load bearing requirements, since the strength of recycled PET may be less than that of virgin PET due to different
processing considerations. However, in general there are no notable performance drawbacks to using recycled PET.

“[A common misunderstanding is] the performance aspect... a misconception for brand owners
saying incorporation of recycled content - even from a consumer standpoint - means creating
a lower grade product, which doesn’t have to be the case.”

- PET Converter


http://www.upmraflatac.com/na/en/news/details/upm-raflatac-announces-apr-recognized-wash-off-film-labels-with-recycled-liners-for-americas-and-asia-pacific
http://article.sciencepublishinggroup.com/pdf/10.11648.j.nano.s.2015030401.13.pdf

There are no significant performance challenges when using recycled PET, owing in part to the fact that unlike other plastics, the intrinsic
viscosity of recycled PET can be upgraded to near-virgin levels. This is because PET is a polycondensation polymer whose molecular chain
length can berepaired in a solid-stater to create better strength in the material.

Aesthetics of recycled PET

Discoloration is the principle aesthetics concern when using recycled PET, since clarity is seen as an important quality for most PET packaging.
Use of recycled PET in higher percentages can resultin yellowing or a “haze” that creates challenges for packaging applications in which clarity is
prioritized. In general, however, recycled PET can be used at levels up to 25% without any noticeable difference.

“Haze is going to be your first and foremost problem with the clear material. From a
performance standpoint, | think you can tolerate a lot more than what you can from an
aesthetic standpoint.”

- PET Converter

Some companies have been able to use 100% recycled PET with visual aesthetics that are virtually indistinguishable from those of virgin PET.
Thetranslucence of recycled PET is highly dependent on the quality of the specific feedstock used. By working with suppliers to use the highest
quality recycled PET available on the market, brands can avoid many of the concerns around aesthetics. Itiscommonly believed that the best
material comes from states with bottle bills.

Alternatively, companies can achieve higher levels of recycled PET usage by relaxing their aesthetic specifications and making different design
decisionsin order to successfully incorporate recycled content, allowing them to use abroader PET supply.

“It can go both ways: you can look at it from a clarity perspective and accept lower amounts of
recycled content because you know that’s the product look that you’re going for, or you can
adjust your product look, your specifications, you can accept a little bit more haze, a little bit
more yellowing, if you want that higher level of recycled content...Yes, some defects are going
to be present, but are they present enough and strong enough to really make a noticeable
change to the product in the consumer’s eyes?”

- PET Converter

Brand and marketing professionals play a key role in creating specifications that allow for the desired level of recycled PET usage. Itis critical
to develop a brand proposition that aligns with any visual aesthetic considerations existing within the available supply of recycled PET. Many
brand owners have successfully done this.

“[Using recycled PET] leads to a variation in the color of the bottle, probably not noticeable to
the average person, but traditionally that has been against brand design guidelines. Every
bottle has to be the exact same color. | could see some changes here where a green bottle says,
‘Sorry, our color may change from time to time based on the recycled content.”

- Brand Owner

Success Story



Managing the aesthetic qualities of recycled PET

Unilever brand Love Beauty and Planet uses 100% recycled PET in its bottles, even if it means they look less than perfect. Although using 100%
recycled PET increased the aesthetic challenges, the brand insisted on it. Love Beauty and Planet worked with its suppliers to ensure there was
no compromise on functional performance, and the brand chose to embrace the variationsin color and transparency.

“We realized that just because the bottle isn't as perfectly transparent as virgin PET, it doesn’t mean it isn’t as beautiful or unique.”
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Success Story
Leveraging package design to manage recycled PET aesthetics

Procter & Gamble navigates the aesthetic issues of recycled PET in their Cascade Rinse Aid product line by creatively designing the product color
to work well with recycled PET color variations. Recycled PET can display discoloration and inconsistencies from batch to batch, and the slight
yellow tintof arecycled PET container can alter the appearance of the product’s color. For example, a yellowish PET container can make a
purpleliquid product appear more brown — a major challenge for brand and marketing professionals. However, the specific blue-green color
chosen for Cascade Rinse Aid is not perceivably different when seen in a container with a slightly yellow hue. Through experimentation, P&G

found theright color that successfully circumvents the primary aesthetic challenge of recycled PET, enabling higher use of recycled content.


http://www.recyclingtoday.com/article/love-beauty-planet-recycled-pet-use/
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Key initiatives in chemical recycling for PET

Chemical recyclingis a promising development for very high quality recycled PET thatis virtually indistinguishable from its
virgin counterpart. While technology for chemically recycling PET has been around for many years, this has recently gained
significant traction in the industry with notable investments that aim to bring this technology to an industrial scale that provides
a cost effective, quality product.

Loop™ Industries already has developed a technology allowing for all types of waste PET plastic to be upcycled into high purity,
food-grade PET plastic. Loop entered into a multi-year supply agreementwith PepsiCo in 2018 that will enable Pepsi to purchase
production capacity from Loop’s joint venture facility in the United States and incorporate Loop™ PET plastic, which is 100%
recycled material, into its product packaging by early 2020. PepsiCo has identified Loop™ PET as acommercially viable
technology to expand the amount of recycled contentin its product packaging and help meet its sustainability ambitions and

consumer needs.

Similarly, DEMETO is developing a microwave-based process intensification process that can depolymerize PET on an industrial
scale, invented by Swiss company gr3n with funding from the European Union’s Horizon 2020 research and innovation
programme. DEMETO is planning to validate their technology in the next few years and to have an industrial-scale reactor
working by 2021. Coca Cola has joined Demeto’s Advisory Board and hopes to start introducing this recycled material into their
supply chain within five years.Chemical recycling processes are also being explored for polyester textiles, which hold promise
for developing new recycling methods for PET packaging.



https://www.loopindustries.com/en/tech
https://globenewswire.com/news-release/2018/10/10/1619165/0/en/PepsiCo-and-Loop-Industries-Sign-Multi-Year-Supply-Agreement-for-Loop-Branded-100-Sustainable-Plastic.html
https://www.demeto.eu/
http://gr3n-recycling.com/
https://www.coca-colacompany.com/stories/chemical-recycling-could-this-breakthrough-technology-curb-plastic-waste
http://greenblue.org/work/chemical-recycling/

HIGH-DENSITY
POLYETHYLENE (HDPE)

Key takeaways

} Recycled HDPE is widely used, with many proven examples on the market, including containers with very high levels of recycled

HDPE and negligible performance or aesthetic deficiencies.

} Challenges surrounding recycled HDPE center around performance and aesthetic issues, notably reduced stress crack resistance,
visible imperfections, and difficulty achieving a bright white appearance. However, there are many design choices that can mitigate



these challenges.

Environmental benefits

By switching from virgin to recycled HDPE pellets, preliminary findings
from one study show potential greenhouse gas emission reductions in the
range of 65 to 70%.

Supply and demand of recycled HDPE

Most recycled HDPE is made from used milk, water, juice, cosmetics, hair care, household cleaner, and detergent containers. This recycling
stream is divided into two main categories of recycled HDPE: “natural,” which is partially transparent and made predominantly from milk jugs,
and “mixed color,” made predominantly from opaque, colored HDPE bottles. The greatest demand is for natural recycled HDPE, even for
applications that will be made opaque and colored, since natural recycled HDPE is more conducive to adding color. The overall demand for
recycled HDPE is believed to be increasing, but currently supply constraints are not regarded as a significantimpediment to business.

What you need to know about HDPE recycling

Thereis asteady and stable supply of recycled HDPE, due in part because HDPE containers are widely accepted in recycling
programs and converters have developed processes and quality controls that enable them to supply consistent streams of
recycled HDPE. Thereisroom for improvement however, since only about 30% of natural colored HDPE bottles and 16.4% of
HDPE containers overall are recycled today and made available as a feedstock stream for recycled HDPE.

Cost of recycled HDPE

Natural recycled HDPE is more expensive and tends to be priced higher than its virgin counterpart, while mixed color recycled HDPE may come
atasimilar or less expensive price compared to virgin HDPE. As with all recycled content, price fluctuations should be expected and any price
premiums should be considered investments in more sustainable packaging.

“I'm always seeing an increase in demand by new people coming in thinking that that’s what
they are going to do. A lot of them get sticker shock when they find out that recycled resin costs
them more than virgin resin, so it's up and down, and | would say that overall the movement
keeps growing in recycled.”

- HDPE Recycler


https://resource-recycling.com/plastics/2018/08/22/quantifying-environmental-benefits-of-recycled-plastic/
https://www.epa.gov/sites/production/files/2018-07/documents/smm_2015_tables_and_figures_07252018_fnl_508_0.pdf

Processing of recycled HDPE

Onecentral challenge converters face when using recycled HDPE is the presence of EVOH, which is used as an oxygen barrier in many HDPE
containers. EVOH burns at alower temperature than HDPE, and some reprocessors report that burnt EVOH may stick to the extruder or the
die heads of blow molding equipment, particularly carbon steel. As it builds up over time, it may show up as black specks in the recycled HDPE
or asdielineson recycled HDPE bottles. Furthermore, when the residue sticks to die plates, it can alter the shape of pellets. Nylon, though less
prevalentthan EVOH in the HDPE recycling stream, may cause similar issues. However, others report that additional data is needed to

substantiate these concerns.

Challenges surroundinginjection molding of recycled HDPE can arise due to lack of total uniformity in recycled HDPE batches, including
inconsistent granule sizes, the presence of colorant or other additives, and contamination from other plastics. Some converters are fearful that
recycled HDPE might damage their molds, while others have figured out how to make the process work.

“At the beginning it was a challenge to find partners even willing to run recycled content. That’s
less of a problem now in bottles, but it’s still an issue with injection molding components.
Those manufacturers are extremely sensitive to the materials they run through those molds.
They are very expensive molds in general so they don’t want to take any risk.”

- Brand Owner

Recycled HDPE suppliers stress that brands should be open to experimenting and working with their converters to find theright technical
processfor incorporating recycled HDPE. Itis also important to emphasize that the quality of recycled HDPE varies by plastic recycler, so
brands should work closely with all their suppliers (both plastic recyclers and converters) to manage potential processing issues.

Performance of recycled HDPE

The principle performance challenge of recycled HDPE is stress cracking, particularly for larger bottle sizes (over 50 ounces). This requires
producers to be careful about the design of the bottom radius of larger bottles. When molding bottles, converters may incorporate different
flash pocket designs, where extra plastic isincluded on amolding along the partingline, to help increase the stress crack resistance in those

areas.

Aesthetics of recycled HDPE

The main aesthetic challenge of recycled HDPE is color consistency, as it may be difficult to consistently achieve a specific brand color. This
challengeis particularly present when using mixed color recycled HDPE, which can carry pronounced variations between batches. The use of
natural recycled HDPE helps alleviate this challenge since itis more conducive to colorant, but even natural recycled HDPE should be expected
to exhibitslight variabilities from batch to batch. Brands willing to use darker colored recycled HDPE, for which there is typically low demand,
can expect lower prices for recycled HDPE while helping to drive the market for this segment of the HDPE recycling stream.

In addition to color, very high levels of recycled content may lead to visual imperfections like black specks. As with most considerations related
to recycled content, itisimportant to find a supplier who will work with you to navigate the immense variability in the characteristics of recycled

HDPE and help you find a resin that meets your needs.

“We've got a supplier now that is able to give us a very bright base resin color that is closer to a
virgin, and so our color is a little bit better, we're running whites and yellows and oranges, some
of those really light colors, actually looking very good.”

- HDPE Converter



Brands thatembrace the unique aesthetic qualities of recycled HDPE can showcase their support of sustainable packaging. If there are clear
company goals around using recycled content, then there may be an opportunity to proudly display the visual imperfections as a sign of the
brand’s commitment to sustainability. In the realm of paper packaging, for instance, there is widespread acceptance of, and even preference for,
the uneven “recycled brown” appearance. Forward-thinking brands can consider visual imperfections in recycled HDPE containers as a
similar symbol of sustainable packaging.

“One customer wanted a 100% recycled content HDPE bottle and we told them there would be
black specks, and they said, ‘that’s okay’ because it was part of their brand. When consumers

m

see that, they’ll know that it really does have recycled content.
- HDPE Converter

Brand owners may also choose to use a higher level of recycled HDPE in the middle layer of abottle, if the converter has the capability to create
tri-layer blow molded containers. When this is possible, moderate levels of recycled HDPE can be used - confined to the middle layer - allowing
the exterior layer to be virgin resin.

Success Story

Recycled HDPE for white bottles

In 2016, Seventh Generation rolled out a new 100-ounce laundry detergent bottle made from 80% recycled HDPE, 17% bio-based HDPE and
3% colorant. Derrick Lawrence, Director of Packaging Development for Seventh Generation, explains that the 80% level of recycled HDPE was
derived from extensive testing. They learned that stress crack resistance became too low when recycled HDPE exceeded 80%. Through a
process of trial-and-error they determined the maximum optimal level of recycled HDPE. To navigate challenges related to visual aesthetics,
they used a high quality natural recycled HDPE to which they added white colorant. Although the resulting color is not perfectly bright white,
they noted that this productis typically not shelved next to competing bright white laundry detergent bottles at retailers and therefore has
minimal risk of appearing comparatively “dingy” to the consumer.

0|Eic acld p.n'aflf‘ﬂ'ﬂ"m a,!'m-\rt.wmru.s Anm
Protease enryme biend p""m'bﬂsmmfmm

Sodium hydraxide mineral-Desed pH S

Amylase enryme blend plant-based sollfem?

Mannanase enzyme blend plant-based mmmnmmmﬂamf

Calcium chloride ’"“"Wt'b‘”’f :

Citric acid planl-der? smﬂpxao}uﬂﬂ

Benzisothiazolinone synthetic peesenvatis

Methylisathiazalinone synihetic pIESEVANE oy aong

Gluten fres. Q

Phosphate free, @'— % i':-——"fL

Learn mare af seventhgeneration.com e T - ==
USDA Certified Bishased Product 97% Z —— e rted. FOX

)
as G on o

T e e e e e = — = ==

e e ays U3t
o ave made this formula without fragrances and tested it for skin initation and sKin "’-’"S'Eﬁ:'i:'im.j:mﬂhﬁ
information about haw Seventh Generation makes and tests this product for sensilive skin

e I T =z )
T Hm“";ﬂ-““ Jabel instructions. PRETREAT: Pour onto stained fabic, rub gently and sosk. mm—“‘é%ﬂeﬁ- ——d
":r::....“ For Mmu;um h&ds;lnlmeqrz.z fl 0z / 65 mL for heavily soiled or larger loads. WASH: Use d’lw::‘f:;“m seplic safe- e =
b :alan‘m Used as giracpe g e, 80d detergen, then clothes. Contains 66 loads as measured to Mey e B
8 : tor.
P 0t of reach of children, |1 PIoduct gets into eyes, flush thoroughly with water. If swallowed, drink plenty of watet

Mate in 5 - ABOUT DUR PACKAGING
"-"'"faclumh;:' 5,30 mported ingreqients, -
l_&ﬁ_&e@&ﬁ*ﬂ:‘:‘_ﬁmgg? . B T Tiscs szt
illfne%!“: m‘mlhumwnwm 80% "ﬂ*":‘_ﬁﬂ "
lg:henﬁn“m:ﬂﬂm * Siventh 20% m“ 100% - |
SMarks of Sayan .'E.L’f’n’.‘ni {excluding colorant) s prer ] ULV T 32913 22780
BOTTLE Xl




POLYPROPYLENE (PP)

Key takeaways

} The PPrecycling system is still developing, but there is significant demand for recycled PP and there are strong efforts to provide
that supply. The availability and quality of recycled PP will likely trend in afavorable direction.

} Today’s challenges revolve primarily around supply availability, color deficiencies, and brittleness. However, additives can correct
some of the mechanical property issues.

Environmental benefits

Preliminary results of one study found that by replacing virgin PP with recycled PP, greenhouse gas
emissions during manufacturing can be reduced in the range of 65 to 70%.

Supply and demand of recycled PP

What you need to know about PP recycling
Thesupply of recycled PPishampered by the relatively low recycling rate of PP, which currently stands around 8%.
Historically, many MRFs have sorted PP into a mixed plastics bale, which has limited commodity markets in the United States

and, prior to the Chinese importrestrictionsintroduced in 2017, was largely exported. Other MRFs have created a dedicated PP
stream, and more MRFs may be doing so in today’s marketplace in response to a declining prevalence of mixed plastic bales.




PP caps and closures are an important constituent of the PP stream available for recycling. Their small size renders them difficult
to capture when they are alone in recycling systems, but when caps and closures are attached to containers they can be removed
and sorted by plastic recyclers. The proliferation of “caps on” messaging has been an important initiative for PP recycling.

“It's only been recently, with the ‘caps on’ initiative, that polypropylene has been
more widely collected and sorted and processed. Supply is improving.

- Brand Owner

Although recovery rates are low, millions of pounds of recycled PP are available, and that supply is generally believed to be stable or growing.
However, ithas been outpaced by demand, particularly for food-grade recycled PP and clear recycled PP.

“We have seen tremendous growth in polypropylene. People want it.
- PP Recycler

“We're just not seeing it as available as we'd like to”
- Brand Owner

The bulk of the recycled PP supply comes from residential recycling of dairy product tubs like yogurt, sour cream and margarine, as well as caps
and closures that have been separated from other bottle resin streams. Additional supply is sourced from non-residential streams, including
institutional cafeterias and hangers from retail clothing locations. The biggest potential for growth is in collection and reclamation of the
residential stream, and there are some observations that supply availability isimproving and will continue to do so.

“When we started seeing some packaging conversion to polypropylene, the phone started
ringing more and more asking for polypropylene. That opened us up to be able to make a
significant innovation and investment. We were able to work with our MRFs and ask them what
it would take to source-separate that”

- PPrecycler

Food-graderecycled PP is available but in very limited volume. There are a few, large suppliers who have a letter of no objection (LNO) from
the FDA for recycled PP. Other smaller suppliers are able to provide food-grade recycled PP sourced from niche streams of material such as
hangers from retail operations, which are very consistent sources of material that provide high quality recycled PP, but are limited in volume.
Theremaining opportunity to provide food-grade recycled PP most likely lies in bigger and better recovery of PP through residential recycling
programs.

Cost of recycled PP

Prices for recycled PP have historically been volatile, despite growing demand. This reflects fluctuating virgin PP prices, against which recycled
PP prices are often linked, as well as the new capital expenditures required by MRFs, plastic recyclers, and convertersin order to supply



growing volumes of recycled PP. High quality recycled PP is not always available at an attractive price butin some cases is available at prices
similar to virgin PP. As with all recycled materials, the use of long-term contracts help support price stabilization.

Processing of recycled PP

Inconsistencies in the physical properties of post-consumer PP may impactits behavior in converting operations, which can affecta converter’s
ability to work at the same scale and speed as they can with virgin resin. For example, using injection molding with recycled PP is difficult due to
its lower viscosity, which causes it to fill molds slowly. The use of additives and the practice of blending recycled PP with virgin resin may alleviate
some of these inconsistencies.

Performance of recycled PP

Because recycled PP has a higher meltindex, itis more appropriate for injection molding than thermoformed applications. The chief deficiency
in the performance characteristics of post-consumer PP is greater brittleness, causing challenges in certain applications with higher
vulnerability to cracking, such as closures and containers with sharp corners and notches. There are ample applications that can tolerate
moderately increased brittleness, including containers with more rounded corners and non-hinged caps. Even in components with tighter
tolerances, like hinged caps, shoulders, edges, and corners, the performance deficiencies of recycled PP should not automatically be
considered prohibitive, as itis notuncommon for conventional performance specifications to be unnecessarily stringent.

“[Recycled PP] can be more brittle, but... we just understand that we're sacrificing a little bit of
performance... a lot of these caps are over-designed anyway. So we're not really seeing
increases in consumer complaints but we know that from a technical standpoint it performs a
little less. But it performs good enough.”

- Brand Owner

Some companies have shown success using recycled PP even in these more challenging applications.

Success Story

Recycled PP in closures

Some converters have been reluctant to run recycled PP through injection molding due to historical issues with the quality of recycled PP. This,
accompanied with concerns of hingeresiliency, have limited the use of recycled PP in dispensing closures. By designing with the performance of
recycled PP in mind from the start, TricorBraun was able to produce a closure made of 100% post-consumer recycled PP with hinge
performance close to virgin PP for Seventh Generation’s liquid dish soaps.

Oneof the challenges in developing this 100% recycled content cap was identifying a consistent stream of recycled PP that would perform as
well as virgin PP. The stream used for this cap is primarily recycled PP clothes hangers.


https://www.packagingdigest.com/sustainable-packaging/seventh-generation-tops-off-dish-soaps-eco-appeal-with-100-pcr-cap-2018-08-24

TricorBraun and Seventh Generation worked very closely together to conduct trials of various hinge designs in pilot tools prior to
commissioning a production tool. The confidence the molder gained in doing this has led them to incorporate 100% recycled PP in additional
dispensing closures.

Success Story
Recycled PP in new alternative packaging formats

Berry Plastics and Burt's Bees™ raised the bar significantly on the use of recycled PP in squeezable tubes, bringing to market the first
commercialized squeezable tube with 60% post-consumer recycled PP. The maximum amount of recycled content for this line of tubes,
excludingtheclosure, varies from 57%to 62%, depending on the tube diameter and length. Berry uses up to 53%recycled contentin the body
of thetube and up to 75%recycled contentin the tube shoulder.
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Aesthetics of recycled PP

The principle aesthetic challenge of recycled PP is its ability to be colored. Most recycled PP availableis gray or adarker color, which inhibits the
ability to create lighter or brighter colorsin new products. Natural and colorable post-consumer PP is available, butin smaller volumes and
generally at a higher cost. However, technologies thatimprove colorability are quickly evolving and new strides are being made. Since demand
for recycled PP is new and growing - as well as the associated growth within the PP recycling stream - advancements should be expected ata
relatively high pace.

“Color is really interesting; it can kill the conversation before it even starts. We will get phone
calls about applications and it could be spot on every other technical aspect of the resin, and
meet all the relevant qualifications, but if it's not white, they hang up the phone or report back
to their team, ‘Oh, it doesn’t exist yet.’ But for the brands who have made that commitment to
work with us to come up with creative solutions, one false assumption is that we cannot meet
your color goals. We can, in many instances. Never say never!”

- PP Recycler

“You're not going to get a white polypropylene recycled content. You're just not. If we could
source separate white or natural polypropylene for you, you wouldn’t want to pay for it. So
there are still a lot of gaps out there as far as demand goes.”

- PPrecycler


http://www.plasticsrecycling.org/images/pdf/Champions_for_Change/2017_Showcase/Berry_APR_Showcase2017Online.pdf

“Everywhere we're using recycled content in an injection molded application, it’s a black
application. Brand customers sometimes want to use recycled content in non-black, or lighter
colored injection molded applications and [we have] to have a tough conversation with them.”

- PP Converter

Some companies have rebranded the color of their caps and closures to darker colors, which enables higher use of recycled PP. Since natural
recycled PP tends to be gray, any darker color makes color matching much easier. Those who use recycled PP in their caps should publicize their

efforts to let consumers know when recycled materials are being used.

Beyond theissue of the color itself, there is an issue of inconsistency in color. As with most post-consumer recycled resins, appearance tends to
vary fromload to load — it may be lighter or darker. To successfully implement recycled PP usage, there must be acceptance of these inherent
aesthetic deficiencies and a cultural willingness to work within the confines of darker colors and slight variabilities in those colors.

“I think [marketing is] willing to try different colors, or maybe add pearlescence or something. |
think the team is willing to look at redesign of color.”

- Brand Owner

Game-changing innovation: purification of recycled PP

As aresponse to growing demand for post-consumer recycled PP and the aesthetic and performance deficiencies of the
available resin, Procter & Gamble teamed up with PureCycle to launch a new technology innovation in 2017. PureCycle's
process “purifies” recycled PP using a unique set of mechanical and thermal processes to remove odor, contaminants and most

color, generating arecycled PP with properties much more similar to virgin resin.

PUIRSCYCLE
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“We started acknowledging that we really can’t work very well with the recycled
polypropylene material that’s available. There didn’t seem to be any good industry
solutions to making a better quality of polypropylene just through mechanical
recycling and sorting. Chemical recycling, where you take it back to the monomers
is certainly a possibility, but then you have to re-polymerize it. So in a life cycle
analysis you get into some losses there because you're basically going through the
process to make polypropylene again. That’s why one of our scientists developed
the PureCycle process... it’s just a way to remove all of those impurities - the color

and other additives. The technology itself has been proven.”

- Brent Heist, P&G

P&G noted thatitwould have been great to develop this technology for internal use only, for use in their own packaging, but
thereis aneed to achieve market scalability for these technologies in order to improve financial viability. It was determined that
the best way to achieve access to the broadest market of recycled PP was to license the technology out to a third party. The
PureCycle process has been licensed to PureCycle Technologies who are scaling up the process for commercial production. This
means that others in the PP market can take advantage of this new innovation — not just P&G. The feasibility of commercially
scaling this technology has yet to be proven, butit could be asignificantinnovation.

POLYSTYRENE (PS)

Key takeaways



Theuse of recycled PSin packaging s limited.

There are examples of small-volumerigid PS productlines containing 100% post-consumer recycled PS, butin general itis
uncommon for rigid, expanded and extruded foam PS packaging to contain more than 25% post-consumer recycled PS.

Post-industrial recycled PSis commonly used in levels up to 20% and is often self-generated by the converter.

The largest barriers preventing wider use of post-consumer recycled PSinclude lack of supply (since PSis not widely recycled) and
lack of food-grade recycled PS.

There are some technical performance limitations when post-consumer recycled PSis used in expanded PS (EPS). Itis more difficult
to include post-consumer recycled PSin EPS applications compared to rigid and extruded foam PS applications.

Post-consumer recycled PS presents some aesthetic drawbacks — most notably yellowing — but these drawbacks are not
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pronounced when post-consumer recycled PSis used atlevels around 25% or below.

Environmental Benefits

Companies using recycled PS have estimated their recycled content usage
resultsin a 15 to 20% greenhouse gas emissions reduction compared with
using entirely virgin content. Although PSis not widely recyclable, using
recycled PS content allows PS to participate to some extent in the circular
economy.

Supply and demand of recycled PS



https://resource-recycling.com/plastics/2017/08/02/packaging-maker-expands-markets-recycled-ps-trays/

What you need to know about PSrecycling

Only avery small percentage of PS packagingis recycled and made available for use as recycled PS. The EPA estimates that 5.4%
of post-consumer PS packagingis collected for recycling annually, which equates to about 30,000 tons. Other PSrecycling
streams exist, but the construction and demolition recycling stream is the only other stream of significant volume. PSin that
recycling stream often contains fire retardants, rendering it unsuitable for use as recycled PSin new packaging.

Rigid PS containers and trays are accepted in the majority of U.S. consumers’ recycling programs; in contrast, EPS packagingis
only accepted in a small minority of consumer-facing recycling programs. EPS presents challenges in the recycling stream
because of the limited end markets for recycled EPS, its propensity to fragment and contaminate other material streams, and its
extremely low density, which restricts the weight of material that can be transported within a unit shipping volume. Most
successful EPS recycling programs involve densification, in which a specialized piece of equipment grinds and melts EPS to
reduce the density by a factor of around 50. The material properties of the densified PS are suitable for the manufacture of new
durable and nondurable goods, but not new packaging.

Post-industrial recycled PSis widely generated by converters and often used within those converters’ operations. There are markets for post-
industrial recycled PS, including the construction products industry, which provides demand for post-industrial recycled EPS. The supply of
post-consumer recycled PSis limited, and while demand is believed to exceed supply, currently there is not overwhelming demand for post-
consumer recycled PSin packaging.

“[Some] consumers love it... ‘cause, you know, it’s like, ‘Hey, there’s 20% post-consumer EPS.
Some of them think that’s really cool, other people don’t want it.”
- PS Converter

“Very, very few [inquiries from brand customers about recycled PS].”

- PS Converter

Asignificant portion of post-consumer recycled PSis directed to non-packaging applications, such as insulating materials in building
construction, molded picture frames, and receiptroll cores.


https://www.epa.gov/sites/production/files/2016-11/documents/2014_smm_tablesfigures_508.pdf

The EPS Industry Alliance estimates thatin 2012, over half of the combined amount of post-consumer and post-industrial EPS collected for

recycling was used in packaging applications. The EPS Industry Alliance estimated that post-consumer EPS constituted about 40% of the
combined amount of post-consumer and post-industrial EPS recycled, and itis reasonable to assume that the amount directed to packaging
applications was overwhelmingly post-industrial, not post-consumer.

There are extremely limited quantities of food-grade recycled PS, which originates in source-controlled recycling streams such as used
polystyrene apparel hangers and post-commercial foodservice trays. While assurance of food contact safety can be provided by strict source
control, itcan notbe provided by demonstrating the recycling process removes contaminants in the way it does for other polymers. The
conventional testing protocols for determining food-grade characteristics are not well suited for polystyrene because the tests use solvents to
separate known chemicals of concern, and these solvents will dissolve PS. Accordingly, there is no pathway for the use of PS packaging collected
in commingled residential programs to be used in new food-grade packaging.

“If you were to take that exact same [testing] process and those exact same solvents and
chemicals and try to do that with polystyrene, the test just doesn’t work — those same
chemicals dissolve polystyrene ... so that’s why we don’t see curbside collected, commingled
polystyrene coming back on the market with an FDA LNO.”

- PS Manufacturer

Success Story

Recycled PS hot cups

TheEcolLid® 25 isarecycled content hot cup lid made from 25% post-consumer recycled PS by Ecoproducts. In addition, Ecoproduct’s
BlueStripe™ cutlery is made from 100% post-consumer recycled PS.


https://www.ecoproducts.com/post-consumer_recycled_polystyrene.html
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Cost of recycled PS

As afeedstock, post-industrial and post-consumer recycled PS often comes at a price advantage. However, the costs to manufacture new
products using recycled PS are higher than manufacturing using virgin materials, such that the net cost of using recycled PS tends to be close to

thatof virgin PS.

Processing of recycled PS

Besides the very rare instances in which 100% recycled PSis used, recycled PS must be blended with virgin resin, which adds one or more extra
steps to the process. Recycled PS can be blended in during virgin PSresin production, or itcan be blended with market-ready virgin PS by either
the manufacturer or converter. Of these different pathways, blending resins at the most upstream portion of the supply chain, during virgin PS
resin production, adds the most cost but produces the most consistent material.



“Putting recycled content through your reactors is a very expensive way to mix recycled
content. There’s no reason for 20% PCR polystyrene to go through our reactors - it doesn’t need
to react again - it's already been made into polystyrene - it's just costing energy and space for
it to go through the reactor again, but the reason we do that with our technology, is it could get
a homogenous single pellet solution for our customers.”

- PS manufacturer

If recycled PSis blended further downstream by either the manufacturer or the converter, they will need to have the appropriate metering and
mixing equipment, which may be capital intensive to buy and install.

“If we did this, we would want to do it on a really large scale... we have 19 different machines
in our plant... so you'd have to buy 19 of these devices that meter and put that material back

in... that’s just not something we've ever gone down the road with, it’s just been economically
infeasible for us at this time.”

- PS Converter

Oncethe necessary metering and mixing equipmentis in place, a converter can use both post-consumer and post-industrial recycled content,
including their own internally generated regrind.

In EPS applications, there is skepticism that post-consumer PSis pure and consistent enough to create a suitable feedstock.

“I'don’t know that [using post-consumer PS in new EPS manufacturing is] possible. It would
have to be ground up, it would have to be melted, it would have to be pelletized — you'd have to
run it through a heat element on a pelletizer — you'd have to repelletize the bead back down to
the size of a grain of sand, then you'd have to put it into some sort of a pressure vessel where
you could re-impregnate the bead with pentane gas. | just don’t think that process is anywhere
happening. You're just going to introduce a foreign material into your original bead, and try and
hope that it molds well into the shape.”

- PS Converter

Key initiative in chemical recycling for PS

Chemical recycling offers some potential for the future of recycling polystyrene. Some recyclers, notably Agilyx, have a process
for transforming polystyrene to the styrene monomer through a chemical recycling process. While this technology is still
nascent and requires scaling before it offers potential as a widespread solution, itis noteworthy because the process removes
contaminants and impurities that are not removed by conventional mechanical recycling. The resulting styrene monomer is
indistinguishable from its virgin counterpart. These recycling processes tend to use both post-consumer and post-industrial
polystyrene as feedstocks, and require careful tracking of material flows.




“The technology is fantastic. If it winds up being economical, it would be a great

way to recycle polystyrene. One challenge will be that it’s going to be difficult to
track. It would have to be a batch process for one to be able to track and make a
claim about recycled content. With continuous process manufacturing, it'd be near
impossible to account for.”

- PS Converter

Performance of recycled PS

The physical properties of recycled PS are different than those of virgin PS, which can prevent usage of recycled PSin high amounts. In extruded
foam and rigid applications, the principal consideration is molecular weight, which is reduced when PSis recycled.

“We can control the molecular weight of 100% of virgin, but when you put 20% post-consumer
in, 20% of it we're not controlling. That's why we limit it to 20% — because at least we can
control the other 80% If you have any performance loss in foam, you might need to make your
foam a little more dense to offset those losses.”

- PS Manufacturer



In EPS applications, the principal consideration is the ability of recycled PS to bond and create adurable structure that won’t experience failure.
All trade-offs in performance can generally be managed by limiting percentages of recycled PS, — especially post-consumer recycled PS, — to
25%or less.

“You have to have fusion between the beads... the original pentane is what’s making the bead
expand and it melts it and it adheres to the bead next to it and it creates that fusion, whereas
the other stuff, it’s not going to create good fusion between the individual beads. You would
have bad fusion... you would lose some of your properties.”

- PS Converter

Aesthetics of recycled PS

As with all recycled plastics, recycled PS may display some aesthetic deficiencies, particularly when post-consumer recycled PSis used. The
extent of those deficiencies depends on the percentage of recycled PS used as well as the specific source of the material. The principal
consideration is color, asrecycled PS can exhibit more pronounced shades of brown and yellow. However, aesthetic trade-offs differ with

different applications of recycled PS, and they are generally regarded as more pronounced in rigid and EPS applications than in extruded foam
applications.

“That bead can look a little bit dirty, a little bit yellowed. After it goes through that process, it’s
not as pristine and white as the normal EPS.”
- PS Converter

“Foam is a little more tolerant to color ... if you have our [recycled] pellet sitting next to virgin
polystyrene pellet, you can see the off-color, but when you foam it, you don’t really notice it, so
that is a strength. Our pellets are a little dingy, but when you foam it you get a clean-looking
product.”

- PS Manufacturer

Awillingness to tolerate — or even embrace — aesthetic deficiencies is nearly always needed when pursuing the use of post-consumer recycled
plastics, and polystyreneis no different. Packaging applications like protective EPS shapes, or other applications in which PSis not directly or
indirectly in contact with food, are likely the best opportunities to use post-consumer recycled polystyrene with minimal risks of adverse effects
from the aesthetic deficiencies.

“It depends who you’re working with and who you're dealing with. Some of our customers
probably wouldn’t think it’s a big deal, but there are other customers... if you see dirty beads,
like anything that looks like dirt, anything that looks like mold, they will reject that so fast it
would make your head spin.”

- PS Converter

“Some...people love it, they think it looks great, they’re proud to say that it’s... post-consumer
EPS that’s being used.”

- PS Converter



“You have to have the right customer that’s open to this, to say | don’t really care about the
aesthetics of it, | just want it to do its function.”

- PS Converter

POLYETHYLENE (PE) FILM

Key takeaways

} Recycled PE film as afeedstock carries its own unique considerations because the way it is collected and recycled differs somewhat

significantly from the other materials in this Guide.

} Incorporating recycled contentinto PE films can be challenging from processing, performance and aesthetic perspectives — butthe

areaisripefor innovation and growth.

} Because materials generally have to perform at a higher level in film applications than in rigid applications, and because the material
properties of the recycled PE film stream are heterogeneous, the opportunities and challenges in this space are notyetin clear

focus.

Environmental benefits

Using 30% recycled content in PE films has been estimated to reduce
energy consumption by a quarter and reduce greenhouse gas emissions by
over a third during manufacturing.



https://tigerprints.clemson.edu/cgi/viewcontent.cgi?article=1006&context=cudp_environment

Supply and demand of recycled PE in film applications

Mostrecycling streams provide opportunities for a particular packaging format to be recycled into a new version of the same format — for
example, recycled PET for bottles is primarily sourced from used PET bottles, and recycled aluminum for cans is primarily sourced from used
aluminum cans. Comparatively, this system rarely exists for PE films. Recycled PE film can be used in rigid applications, and recycled rigid
plastics can also be a feedstock for PE film applications.

What you need to know about PE film recycling: Collection

There are two main ways that recycled PE film feedstock is sourced.

Oneway that PE film gets recycled is through the Store Drop-Off recycling stream. Consumers may recycle PE film packaging
(i.e. HDPE, MDPE, LDPE and LLDPE), including many bags, wraps and films, by taking them to retailers that participate in the
Store Drop-Off program. Frequently these drop-off locations for PE film are bins located near the front of grocery stores. The
Store Drop-off system began because PE films cannot be recycled through traditional residential curbside recycling programs.
However, films are not collected through the Store Drop-Off at very high volumes. According to a study by Closed Loop
Partners, citing research by RSE USA, 7% of retail bags and 3% of PE film packaging that are available for recycling arereturned
to stores for recycling. Currently, the majority of material that is collected via Store Drop-Off is recycled into rigid plastic
applications like lumber and railroad ties.
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Given therise of corporate sustainability goals to lower carbon footprints, film packaging is poised to continue its fast growth
within packaging. Store Drop-Off is the only way for consumers to recycle flexible packaging today, so many brands’ goals are
tied to the success of the Store Drop-Off stream to ensure this material is recycled.



http://www.closedlooppartners.com/wp-content/uploads/2017/09/FilmRecyclingInvestmentReport_Final.pdf

The second way that PE film feedstock is sourced is through arobust “post-commercial” recycling stream, which is still
officially classified as “post-consumer”, however, because the end user is a business. The post-commercial recycling stream
handles a much greater volume of material than the Store Drop-Off stream.

In this system, various retailers, distribution centers and businesses that use a PE film (e.g., LDPE stretch wrap around pallets or
PE bags holding products) collect and bale up the material in their “back-of-house”, selling that material to the same recyclers
that process Store Drop-off film. For retailers who also participate in Store Drop-off, they often bale the front-of-house material
together with their back-of-house material before sending it to reprocessors, so that the reprocessor receives a blend of
materials from both the general public and the business. This post-commercial recycling stream provides an important quantity
of material for PE film recyclers and is often cleaner and more consistentin density (because it's predominantly LDPE) than the
Store Drop-Off material.

What you need to know about PE film recycling: Reprocessing

The way that reprocessors recycle PE film differs somewhat from rigid plastics, and the technologies that different PE film
recyclers use to process this material are different from each other. As aresult, there are various potential end uses for the
material. One way that recyclers differ in processing this material is through the dry process versus the wet process. In thedry
process, the most widely used by PE film recyclers, the equipment used can remove some contaminants from the material, but
certain packaging characteristics like inks, labels or food contamination are not removed as effectively. In contrast, the wet
process is able to remove more contaminants butincreases the cost of the reprocessing. There is currently adebate in the PE
film reprocessing industry about how the various end markets for recycled PE film should influence how we recycle them. Some
PE film recyclers say that they would consider investing in a wash process if demand for that higher quality material existed.

As companies like Avangard Innovative and UPT Group are making investments in the future of film-to-film recycling, there will
likely be broader possibilities for the future of this material so long as demand for it either remains steady or grows.

As with other resins, the potential future of chemical recycling casts an interesting light on the future of PE film reprocessing and
notions of what might happen with this feedstock in the coming years. Chemical recycling deconstructs a polymer to its original
monomer, which removes impurities. As aresult, the performance, processing, and aesthetics of recycled PE film might be
improved as this technology evolves and scales.

Incorporating recycled content into PE film is somewhat unique among recyclable materials because the recycled content you include in film
doesn’t necessarily need to come from films — it could come from recycled rigid plastics for some applications. While the most prevalent form
of recycled PE in film applications originates from previous post-commercial film applications, rigid HDPE containers like milk jugs can also be
used as a feedstock for new PE film — although thatis less common.

Success Story

Nike Bag to Better Program

Nike has created a closed loop film-film recycling system, taking the films from their Distribution and Return Centers (DCs) and recycling this
material back into their orange retail carry out bags.

In order to make this a reality, Nike had to know the percentage of contamination and types of contaminantsin their DC film in order to correct
for this at their DCs and enable them to reuse itin other applications. Nike achieved this by installing baling systems in their centers and working
with their film bag supplier, Roplast, to inspect all bales through a detailed process thatincludes sorting, itemization and a detailed log of
contamination weight and typein order to better understand their content, make changes at the DC, and adjust their own plastic film
channeling atthe centers to ensure the film quality meets reprocessing requirements. This system has enabled a constant feedback loop
between Roplast and Nike's DCs. Currently Nike shopping bags are made with a certain percentage of these Nike-reclaimed film materials,
including Nike innerpack bags, stretch film, other shopping bags, as well as a percentage of other certified post-consumer resin sources and
Roplast’s own reclaimed and recycled post-consumer material.


https://www.wastedive.com/news/avangard-announces-10m-facility-for-ldpe-recycling/437479/
https://www.recyclingtoday.com/article/upt-group-plastic-recycling-macon-georgia-china/
https://sustainability.nike.com/bag-to-better

Accordingto Roplast, “Nike is a strong example of an informed brand that understands the complexities of the issue. Nike's Bag to Better
program stands as a proof of concept for closed loop use of recycled contentin plastic film, butitis clear thata brand must be dedicated to
make this work and must partner with an equally dedicated and flexible supplier.”

Recycled PE film is used in applications such as trash bags, thicker commercial film, sheeting and bags. The highest demand for recycled PE
material for usein film applications is for natural and white colored PE material, but thereis a very limited supply of this available on the market.
Thereis, however, a surplus of grey material. There has been much less demand for recycled grey PE film material for reuse in packaging. There
istherefore an opportunity to incorporate higher levels of recycled content by using grey material in colored bags and films rather than
producingclear or white bags and films.

Given the uncertainty created in recycling based on China’s 2018 import ban, increasing demand for recycled materials is more important than
ever, especially if brand owners want to still be able to call certain materials recyclable. For PE films, this is especially true. According to More
Recycling, before trade restrictions went into place, 52% of films were shipped to China. For this reason, creating a stronger “pull” or demand
for PE filmis critical at present, and will be into the foreseeable future.

Key initiatives to improve end markets of recycled film

CEFLEX s acollaborative initiative of a European consortium of companies focused on improving design, collection, sortation,
processing and end markets for all films (not just PE film). CEFLEX is working to develop design guidelines for flexible packaging,
facilitating technologies and identifying end markets.

New End Market Opportunities (NEMO) by the Plastics Industry Association is developing an end market tracking roadmap,
conducting aliterature review and testing the use of PE blends in novel applications.

Materials Recovery for the Future (MRFF) aims to characterize the flexible packaging stream and associated end markets based
on bale specifications and technology. MRFF created an end markets productions facility map and plans to conduct a pilot for
curbside collection of flexible films.



http://www.plasticsmarkets.org/jsfcode/srvyfiles/2016filmreport_final_v2_1.pdf
https://ceflex.eu/
http://www.plasticsindustry.org/supply-chain/sustainability/recycling-demonstration-projects
https://www.materialsrecoveryforthefuture.com/

Cost of recycled PE film

Thereis aneed for more recyclers to be willing to work with recycled PE film in order to obtain economies of scale. While processing
technologies for recycled film may add some costs, this would decrease with commercial adoption.

Processing of recycled PE film

Films are somewhat more difficult to make than rigids because they are so thin — resin has to perform at a higher level in this application. As a
result, technical challenges are much more pronounced when adding recycled content to PE films.

Because thereis adiverse set of inputs in the post-consumer PE film stream, reprocessors typically need to develop new specifications for each
batch of recycled content PE. HDPE, LDPE and LLDPE are all in the PE film stream, but each type (i.e. density) has a different meltindex than the
others and requires different processing considerations. To account for these batch differences, heat-level adjustments can be made during the
conversion process. If these adjustments are not made, then different melting temperatures between the different films in the batch can result
in blemishes such as bubbles or gels. In processing, extrusion can have filtration issues since recycled content alters the properties of film

viscosity. Blockages can occur from different additives presentin the film.

Itisimportant for manufacturers to test recycled content film materials to work outissues that may arise in reprocessing. Converters should do
duediligence with trials and scale ups, understanding that machine modifications could be required to ensure success.

The processing of recycled PE filmis an arearipe for innovation. Potential opportunity areas include:

} Virgin resin or additive innovations to improve performance characteristics as part of a blend;

Recycling technologies to improve the quality of the pellet;

} Sorting technologies to make the densities of the materials within the stream more predictable or segmented; or
} Conversion technologies to better manage the differences in densities or batches.

Success Story

Recycled PE film

Roplast has transformed their manufacturing process to integrate recycled content and reduce the amount of virgin film material used in
producing new film products. Under strong leadership driven by this purpose, the company started changing its operational procedures to
accommodate the transition to afocus on recycled contentin PE film instead of virgin. This included revising specifications for machines and
batch tests, requiring Roplast to take on additional costs. Roplast works closely with their salespeople and customers, recognizing that thisis a
cultural shift and that all the players need to be informed of and understand the different specifications for recycled content. The company
currently uses 30% post-consumer contentin their PE films on average, with a goal of 50% recycled content use by 2020.

Performance of recycled PE film in PE film applications

There are some technical, performance and aesthetic challenges that currently getin the way of getting robust levels of recycled PE film back
into PE film today. For example, using recycled plastics in PE film applications can resultin holes (called voids) that can lead to tearing. Bubbles
or gels, as discussed previously, can also be a performance challenge. Brands interested in using recycled content in PE films should be aware
of the limitations of doing so and start the process by preparing a list of their performance goals for the end product. Because of these
performance challenges, less demanding or thicker film applications like trash bags may be an ideal place for recycled PE film today.

“Our problem has been getting a good enough quality recycled content that we would use at a
higher level in films. Any gels or voids in that film cause a pretty severe performance failure,
whereas we can accept some gels in a bottle because the thickness is thousands thick and
there’s material behind that helps support the structure. In a film that’s not the same case. We
just haven’t yet found the right supply of film to be able to take care of that stuff.”

- Brand Owner


http://www.plasticsmarkets.org/jsfcode/srvyfiles/w151_q2_sp70_0_PRU0218_dataSort_012418.pdf

Success Story

Recycled plastic in PE film

Amcor developed and produced an all PE stand-up pouch with 20% post-consumer recycled PE for Method’s dishwasher detergent called
Power Dish. Recycled HDPE from bottle feedstock was used, which was key to Amcor’s success because this provided a uniform feedstock. The
use of recycled PE, along with the fact that the pouch is recyclable via Store Drop-Off, means the new pouch has a carbon footprint thatis up to
two-thirds less than the package it replaced.
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SuccesT_Set(\)/réraging post-consumer agricultural film as PE feedstock

Through the acquisition of Command Packaging and Encore Recycling by Delta Plastics in January 2018, two companies came together with a
shared vision of recycling agricultural plastic previously going to landfills. Delta Plastics produces plastic irrigation tubing for farming fields,
recycles itand makes trash can liners containing upwards of 97% post-consumer material under the brand Revolution Bag. Similarly, Command
Packaging makes plastic carryout bags and determined it was important to ensure post-consumer recycled material was putinto those bags by
creating Encore Recycling thatrecycles agricultural plastics on the West Coast. Command’s reusable smarterbags contain minimum 20% of the
agricultural post-consumer recycled PE.


https://revolutionbag.com/revolution-bag-video/
https://www.encore-recycling.com/
https://www.youtube.com/watch?v=kE-EhUwp6JY
http://www.commandpackaging.com/why-smarterbags

Aesthetics of recycled plastic in PE film applications

A higher percentage of recycled content generally leads to bumps in the film. Because of the presence of bumps, printers may say that they
cannotachieve the same quality for printing on film packaging or labels that are high in recycled content as they can for virgin films and labels.
It's unclear whether thereis an opportunity for innovation to overcome this challenge, or whether the requisite print quality should perhaps be
reexamined by brands.

“We don’t have much leverage to push back on [recycled content in films impacting print
quality]. We're not the expert on sourcing those materials and printing on them. And so we kind
of take it at face value.”

- Brand Owner

In films with high levels of recycled content, color is a limiting factor. Colored recycled plastic is more affordable and more widely available than
natural or whiterecycled plastics. Co-extrusion allows manufacturersto bury colors, using white skins on the outside. This creates aduller
white, but still a white film color that brands can use to display product marketing.

While some companies perceive the aesthetic qualities of recycled PE film to be less preferable, other companies embrace the aesthetic
imperfectionsin recycled content film and see it as unique. For example, Novolex’s “Gray is the New Green” marketing campaign seeks to
reframe the sustainability value of grey, buff or blue plastic bags because those darker colors signify higher recycled content to consumers.

In order to incorporate more recycled content in PE films, brands must be willing to make some compromises on aesthetics, specifically, by
accepting colors other than bright white. Brands and marketing managers should consider the potential opportunities in using recycled
contentin films. Moving away from packaging that is white and shiny can differentiate a brand on the shelf and be a gateway to discussing
recycled content with consumers. There are also creative possibilities of darker or off-white packaging made from recycled content.


http://novolex.com/sustainability/gray-is-the-new-green

ALL PAPER

Environmental benefits of using recycled
fiber

Packagingis an importantend market for arecycling system that diverts paper from landfills and
avoids methane — a potent greenhouse gas — generated when paper biodegrades in landfills.

Recycling one ton of paper reduces greenhouse gas emissions by one metric ton of carbon
equivalent (MTCE) according to the U.S. EPA.

Itisimportantto note that, from a macro perspective, both virgin and recycled fibers are necessary
to supportan overall system of sustainable paper usage. The paper recycling process inherently
degrades the physical properties of fibers, so new virgin fiber must be continually introduced in
order to create a system of paper usage that may be indefinitely sustained. Responsible fiber

sourcing practices should always beimplemented when using virgin fiber.

General guidance for using recycled fiber in all paper
packaging

There are three major steps in the creation of paper packaging: pulp production, papermaking, and converting. Recycled fiber is created in the
pulp production stage at recycled pulp mills, where recycled inputs are exclusively used to make recycled fiber, contrasting with virgin pulp
mills where virgin inputs are exclusively used to make virgin fiber. Papermaking operations are often integrated with pulp production, and will


https://archive.epa.gov/wastes/conserve/materials/paper/web/html/index-2.html

make products primarily with their own pulp. Many paper mills will also routinely buy some pulp from the open if a customer requests virgin or
recycled fiber that cannotbe supplied by the paper mill’s integrated pulp mill. For example, a paper mill integrated with a recycled pulp mill may
purchase and use virgin fiber from a peer company’s virgin pulp mill, while a paper mill integrated with a virgin pulp mill may purchase and use
recycled fiber from a peer company’s recycled pulp mill. Other paper mills are not integrated with pulp production and they always buy pulp on
the market from both virgin pulp mills and recycled pulp mills. Converters may or may not be vertically integrated with paper and/or pulp mills.
As aresult, some converters supply more virgin paper packaging than recycled, some supply more recycled paper packaging than virgin, and
others are more accustomed to supplying paper packaging with a range of recycled fiber percentages.

The ability to introduce or increase the use of recycled fiber in most packaging applications is largely controlled by a supplier’s access to
recycled paper. Suppliers that are vertically integrated with virgin pulp and paper mills will need to source recycled paper from outside their
own operations, which can add complexities and costs.

Supply and demand of recycled fiber

Overall demand for recycled fiber for use in paper packaging is generally believed to exceed supply. The supply of recycled fiber is constrained
by the number and capacity of recycled pulp mills rather than the supply of recycled inputs to those mills, but a growth or contraction in the
supply of recycled inputs does resultin construction of new mills or idling of existing mills. Because mills are monolithic, capital-intensive
investments, these responses to market conditions tend to be slow and made with caution. As the domestic supply of paper recovered for
recycling has ballooned as a consequence of the Chinese solid waste importrestrictionsintroduced in 2017, investment has been madein
building new domestic capacity for producing recycled fiber, which can require several hundred million dollars worth of investment per mill.

The supply of recycled inputs for pulp millsis controlled by the recovery rate of used paper products, which has been stable and experienced
moderate year-over-year growth. Post-consumer recycled inputs are classified into a variety of streams, including old corrugated containers
(OCCQC), old newsprint (ONP) and residential mixed paper (RMP). Post-commercial OCC is the predominant source of recycled fiber, providing
most of the recycled inputs available to mills. Mills often source a varying mixture of post-consumer and post-industrial fiber based on current
market price and availability, which frequently fluctuate.

When used paper products are collected for recycling, recycled pulp mills provide demand in a number of competing markets, including non-
packaging markets like towel and tissue and various grades of printing paper. These markets are both domestic and abroad, and alarge
percentage of recovered paper products are exported. According to the American Forest & Paper Association, about 62% of used paper
productsrecovered in the U.S. is retained domestically, with 36% directed toward the production of new containerboard (the precursor to
corrugated packaging), 12% used in the production of new boxboard, and the remainder directed to non-packaging markets.

The average proportions of virgin and recycled fiber vary widely across different packaging formats. It'scommon to find paperboard products
that contain 100% recycled fiber (i.e. cereal boxes), while corrugated products more commonly contain levels closer to 50%, and bleached
(white) packaging grades tend to be primarily made from virgin pulp.

Cost of recycled fiber

Like all recycled materials, recycled fiber can exhibit pronounced price fluctuations. Generally paper packaging made with recycled fiber comes
atacostadvantage. These fluctuations vary over time and geography, depending on the demand for paper products, the availability of a supply
of recycled fiber, and the specific application or use of paper.

Thisisararechallenge, butbox and carton converters who may or may not be vertically integrated with the paper mills from which they source,
could incur costs if they were designed to convert virgin paper and must modify their processes in order to use recycled paper. Costs may also
beincurred when asupplier who is vertically integrated with virgin pulp and/or paper mills must source recycled paper from outside their own
operations.

Processing of recycled fiber

Pulp Production

Within the recycled pulp mills, each mill has different capabilities to handle the non-fiber components of recycled feedstocks, such as
adhesives, clay coatings, plastic coatings, dyes, foils and other metallization, inks, overprint varnishes, starch, waxes, and wet strength additives.
Removing and filtering these materials before or during the repulping process can require extra steps, including the need for special screens to
eliminate impurities and sometimes costly disposal of unusable contaminants that get into the system.

Papermaking


https://www.paperrecycles.org/statistics/where-recovered-paper-goes

Because some paper mills are integrated with pulp mills, they are setup, in terms of equipment, technology, and process flow, to make paper
from therecycled or virgin fiber produced by the pulp mill with which they are integrated. Many of the paper mills integrated with virgin pulp
production have notinvested in equipment that would allow them to use recycled fiber. Other paper mills have been able to add dedicated
recycled papermaking lines or expand their capacity in such away that allows them to source from both virgin and recycled pulp mills, however
most paper mills that are vertically integrated with virgin pulp mills prefer to work with virgin fiber. Other paper companies are vertically
integrated with both recycled and virgin pulp mills, and their paper mills are more likely to be able to produce both virgin and recycled paper.
Geographic proximity isimportant, though. A paper company may operate both virgin and recycled pulp mills, but if one type of pulp millisin
closest proximity to the paper mill, or if the papermaking operations are integrated within the pulp mill, there will be limited flexibility in the type
of fiber used.

Converting

Most converters are able to process paper with anywhere between 0% and 100% recycled fiber, but processes must be adjusted to
accommodate different percentages of recycled fiber and increases in recycled fiber usually correspond with slower processing speeds and
increased requirements for quality assurance. This challenge is minimal for the converter, but a significant change in the quantity or quality of
recycled paperboard should be tempered with this understanding.

Performance of recycled fiber

The primary performance consideration of recycled fiber is strength. Each time paper is recycled, the fibers shorten during repulping and the
cell walls and fibrils (bonding sites) collapse during the drying process. This reduces the natural bonding capacity and flexibility of the fibers.
Strength-enhancing treatments such as starches or dry strength resins may be needed to compensate for this effect.

Fibers that are too short and/or weak to be used are typically screened out and discarded, and the amount of ‘recycled fiber yield’ from this
screening process differsin various paper grades. For instance, many grades of printing paper require longer and/or stronger fibersin order to
achieve asmooth, uniform surface with optimal print properties, which results in a greater portion of shorter and/or weaker recycled fibers
being screened out and discarded during papermaking. By contrast, many packaging applicationsdon’t have such high processing
requirements and tend to be more amenable to using recycled fibers. Unbleached packaging grades are generally considered to be a preferable
application for recycled fiber compared to high grade printing papers, since a higher overall percentage of recycled fiber can be utilized.

Concernsrelated to strength of recycled fiber in packaging are pronounced in applications with high levels of recycled fiber and high structural
or load-bearing requirements. When high levels of recycled fiber is used in these heavier duty packaging applications, it may be necessary to use
more fiber to get to the same performance characteristics as would be provided by virgin fiber. This use of additional material has trade-offs that
should be understood and taken into account. High levels of recycled fiber are best suited for packages that do not have significant weight-
bearing requirements.

Increased strength for packages containing recycled fiber may be achieved by addition of starch, resins, and other strength additives, as well
as blendingin an optimized amount of virgin fiber. It is also important to note that the specific strength of any recycled paper is variable and
dependent on the feedstock used. For instance, OCC generally contains longer fibers than RMP and ONP, so recycled pulp mills that use more
OCCasafeedstock will produce a higher grade pulp that will make stronger paper.

As with all packaging design choices, itis critical for brand owners and suppliers to have a clear understanding of performance requirements of
recycled materials and ensure that the choices they made meet the needs of the package. Building collaborative working relationships between
brand owners and suppliers can help ensure usage of optimal levels of recycled fiber while meeting performance requirements.

Success Story

Embedding recycled fiber into the business

LUSH has astrong preference for recycled content and has developed long-term relationships with its paper suppliers. Lush has also ensured
that their procurement representatives are educated on technical considerations around paper mills and performance specifications,
enabling them to be able to collaborate with suppliers to make recycled fiber work for their packages.

“We let companies know recycled content is what we need, because it is our company mission
and we want to partner with like-minded suppliers. They know it’s our line in the sand and in
the end they figure out a way.”

- Karen Moll, Gift, Print and Packaging Buyer at LUSH


https://www.lushusa.com/

Aesthetics of recycled fiber

Recycled fiber may introduce anumber of aesthetic challenges, but none are considered to be severe enough to prevent the use of recycled

fiber in packaging. Higher percentages of recycled fiber may make it more difficult - but notimpossible - to achieve white or brightly colored
packaging, since many blends of recycled fiber produce a grey or brown color, but as with performance, the visual appearance of recycled fiber
depends largely on the feedstocks used by the recycled pulp mill. For instance, when more office paper is used in the feedstock mix at the pulp
mill, the resulting recycled fiber will be lighter in color and less dull in appearance. Recycled pulp mills can employ de-inking processes to
achieve a lighter colored fiber that appears brighter and more vibrant. Paper made with these lighter and brighter recycled fibers may also be
used as an exterior layer, with more aesthetically-challenged, dull recycled paper hidden beneath. Beyond brightness and whiteness
considerations, it's also important to note that recycled fibers exhibit greater variability in appearance, although the use of additives including
dyes, pigments and optical brighteners to compensate for these variations iscommon practice.

Ultimately, brands should also consider whether bright white is absolutely necessary, and consider relaxing specifications when itis not.
Pivoting from white to brown paper packaging enables greater opportunities to increase the usage of recycled fiber.

Food contact and recycled fiber packaging

The FDA's food additive regulations permit pulp from recycled fiber to be used in food-contact articles provided that recycled paper does not
contain any poisonous or deleterious substances that may migrate to food as described in 21 CFR Part 176B.

In order to meet FDA requirements, pulp mills will have to demonstrate that their process is able to effectively remove any unwanted
substances presentin their incoming feedstock stream that might then migrate from the fiber into food. Depending on the processing
capabilities the pulp mill has in place, the mill may place restrictions on the types of paper products allowable in theincoming feedstock stream
they to make food grade pulp in order to avoid any treatments and coatings containing unwanted substances that cannot be removed by the
mill’s process. Brand owners wishing to use recycled fiber in food grade paper packaging should work with their suppliers to ensure that the
recycled pulp mill’s testing and process produces pulp that meet food safety requirements.



Even if the paper itself has not been demonstrated to be FDA-compliant, certain coatings can also be applied to the paper package and serveas a
barrier between non-FDA-compliant paper and food contact point, if itis proved that the coating can prevent migration of poisonous or
deleterious substances and that the coating itself has no ingredients of concern.

The Recycled Paperboard Technical Association Chemical Testing Protocol for Food Contact Paperboard Made from Recycled Fiber is a voluntary
mechanism to identify the presence of unwanted substances in recycled paper, including polychlorinated biphenyls (PCBs), heavy metals,
volatile organic compounds, pesticides, and phthalates among others, providing assurance for the use of recycled paperboard in food contact

products. The list of potential impurities identified for testingis under constant review.

Arecentand still evolvingissue is the presence of Per- and Polyfluoroalkyl Substances (PFAS), which are primarily used in grease-resistant and
moisture-resistant coatings on foodservice paper packaging. PFAS exist in short-chain and long-chain forms, and while long-chain PFAS were
voluntarily phased out once the EPA designated them as persistent, bioaccumulative toxins, short-chain PFAS remain widely used and have
come under increasing scrutiny as similar toxins. Ultimately, itis not yet known if short-chain PFAS are of significant toxicological concern.
Currently, the best way to know if recycled paper contains PFAS is to commission a test from an independent lab to identify the presence or
absence fluorine. Auseful resource to understand considerations around PFAS is the Center for Environmental Health’s publication Avoiding

Hidden Hazards: A Purchaser’s Guide to Safer Foodware.

Success Story

Using recycled content in food-contact paper packaging:

Starbucks has been bold about using recycled fiber in direct food contact packagingin itsiconic coffee cups. Starbucks has a goal isto double
therecycled content, the recyclability, and the reusability of their cups by 2022. They company announced a new collaboration, called Cup to
Cup: Closing the Loop, which aims to create a system in which used Starbucks cups are sent to Sustana, who will repulp them using their
proprietary repulping technology, then send the recycled fiber to WestRock, who will manufacture 100 percentrecycled, FDA-compliant
cupstock, which is finally sent to Seda to manufacture new cups allowing Starbucks cups to re-emerge as clean, safe fiber used to make new

cups.



https://www.rpta.org/resources/protocol.cfm
https://www.ceh.org/wp-content/uploads/CEH-Disposable-Foodware-Report-final-1.31.pdf
https://www.sustanagroup.com/blog/cup-cup-closing-loop-partnership-project-starbucks?utm_source=facebook&utm_medium=organic&utm_campaign=cuptocup&utm_term=img2&utm_content=title2

PAPERBOARD

Key takeaways

100%recycled paperboard packaging iscommon in the marketplace and generally in high demand.

Challenges around using recycled fiber in paperboard revolve primarily around strength in larger boxes and boxes with heavy

weight requirements as well as aesthetic characteristics like whiteness, brightness, and printability.
To navigate these challenges, brand owners and suppliers should work together to optimize packaging specifications.

The ability to introduce or increase the use of recycled fiber is largely controlled by the type of mills available to the converter. Some
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suppliers may not have a supply of recycled paperboard available.

Environmental benefits

For every ton of virgin paperboard thatis converted to recycled board, one ton of recovered fiber is
keptoutof municipal landfills. This, in turn, reduces the amount of methane created in the landfill

and further decreases greenhouse gases in the atmosphere.

Supply and demand of recycled paperboard



https://www.rpa100.com/why/benefits/

What you need to know about the recycling stream for paperboard

Recycled pulp mills supplying paperboard makers typically use a mixture of corrugate (OCC), residential mixed paper (RMP),
post-industrial paperboard scrap, and minor amounts of other paper recycling streams. These collective inputs have historical
recycling rates of greater than 70%.

Since the Chinese solid waste importrestrictions introduced in 2017, there has been a domestic surplus of OCC and RMP.
Recycled paperboard mills provide an important end market for both these streams — particularly RMP — however, most
recycled paperboard mills are believed to be operating at full capacity and near-term investments into new recycled paperboard
mills are notexpected.

Demand for recycled paperboard is believed to exceed supply. Many brand owners are challenged to secure a stable supply of 100% recycled
paperboard, even with a willingness to shoulder a cost premium, and as aresult, paperboard is often procured with a blend of recycled and
virgin fiber. Itis possible to incorporate higher levels of recycled fiber when developing relationships with mills and converters that have the
equipment necessary to incorporaterecycled fiber.

Cost of recycled paperboard

As is the case with all packaging materials, the price of recycled paperboard fluctuates and may come at a cost advantage or disadvantage
depending on market conditions. Itiscommon to procure recycled paperboard at a cost advantage, and when recycled paperboard comes with
acostdisadvantage, it should not be expected to be alarge difference in cost. Cost s typically not considered a significant barrier to the use of
recycled paperboard, although this depends on the application and associated performance needs.

Processing of recycled paperboard

As with all paper packaging, the ability to introduce or increase the use of recycled fiber is largely controlled by the mill types available to the
converter. While a converter can source from any mill, some mills are not as accustomed to using recycled fiber, and converters may therefore
be restricted in terms of regional, cost-effective availability of recycled fiber. Converters may also be restricted by the design of their equipment,
which is typically optimized for the particular characteristics of their primary supply of incoming paper. If aconverter’s processes are not
optimized for recycled paperboard, they may experience disruptions to the die-cutting, folding, box setup, and gluing processes, since the
characteristics of recycled paperboard are different and more variable than those of virgin paperboard. However, many converters routinely
run multiple types of paperboard in their plants and have learned to adapt to the different qualities of recycled paperboard.

Performance of recycled paperboard

High recycled fiber usage may resultin reduced strength. Typical paperboard packaging applications like cereal or tissue boxes do not need to
accommodate high weight requirements, and most paperboard applications are suitable for the use of recycled paperboard regardless of any
reductionsin strength.
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Larger-sized boxes, however, can present challenges, as these can bow inwards, often necessitating the use of inner dividers to prevent caving.
Corner stacking and panel strength are area that may also experience challenges, and in some cases it may be necessary to increase the material
basis weight, which can introduce trade-offs. When the amount of material must be increased, companies should consider using a life cycle

assessment tool to help inform decisions.

Recycled paperboard may exhibit lower surface strength, which can resultin paper delamination from glues when the glue pulls the fiber and
puts stress on the fiber seams. The use of cold glues may be preferable for recycled folding cartons since they involve more time to bond parts
together compared to hot glues. However, when facing a gluability question, the best course of action is to request answers and
recommendations from your adhesive/glue suppliers.

“Certainly its performance is a little bit lower in certain areas but it is not something that we
considered inferior for the most part — just different.”
- Brand Owner

Additives can help address a variety of strength issues. When strength is deficient, introducing a strength enhancing adjunct, such as a starch
or dry strength resin, can help. The same dry strength additives used to ensure that virgin paperboard meets strength requirements will similarly
increase recycled paperboard strength.

To make sure the strength of recycled paperboard suits the purpose, companies can conduct machine testing. There are well-established
mechanical tests and industry standards to evaluate a full variety of paperboard packaging performance requirements like strength, glueability,
and barrier property testing.



To make sure the strength of recycled paperboard suits the purpose, companies can conduct machine testing. There are well-established
mechanical tests and industry standards to evaluate a full variety of paperboard packaging performance requirements like strength, glueability,
and barrier property testing.

Somerecycled paperboard suppliers find creative ways to achieve compression strength specifications withoutincreasing the overall
packaging weight, such as increasing the amount of fiber in carton corners while reducing the amount of fiber in carton walls. Food-grade
recycled paperboard is widely available and widely used. The principal mechanism for assurance of food quality is the Recycled Paperboard
Technical Association’s Comprehensive Program for Food-Contact Paperboard/Containerboard Produced from Recycled Fiber, which provides a
standard through which mills can give assurance that all substances of concern are removed.
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Further Guidance for Using Recycled Paperboard

The Recycled Paperboard Alliance offers a guidance resource for packaging professionals who are considering using 100% recycled
paperboard. The 100% Recycled Paperboard Conversion Guide answers common questions about removal of metals and other contaminants, the
advantages of recycled paperboard, and how to make recycled paperboard visually appealing.

The Recycled Paperboard Alliance offers its RPA-100% Certified trademarked symbol for brands to communicate to consumers that their
paperboard features 100% recycled fiber. The RPA-100% Certification symbol not only was reviewed by the Federal Trade Commission that
governs environmental marketing claims, but also serves as a certification that coated and uncoated recycled paperboard (CRB/URB) has been
sourced from audited mills, providing an additional layer of sourcing assurance.

Aesthetics of recycled paperboard

Recycled paperboard is typically brown or light grey on the non-printed side. Compared to its virgin counterpart, aesthetic challenges for
recycled paperboard include difficulty achieving whiteness, brightness, and printability.

Paper mills can influence the whiteness of recycled paperboard by adjusting the mix of feedstocks used to produce recycled fiber. In general,
theuse of ONP and OCC as inputs will decrease whiteness while the use of office paper and white materials like milk cartons will increase the
lightness of the pulp and ability to produce whiter packaging while using recycled fiber.

Beyond adjusting the composition of incoming material, there are processes that may be used to improve whiteness, including the use of
multistage cleansing processes that utilize optical brightening agents, as well as the use of white pigmented coatings that have been
specifically formulated for whiteness and brightness. In addition, techniques like litho labeling or litho laminates involve making a composite
boxin which whiter fiber surrounds an inner layer of darker fiber, creating a whiter surface and circumventing the aesthetic deficiencies of the
majority of recycled fiber used in the box.

Success Story
Using recycled content in white paperboard packaging

For Apple'siPhone 7, apaperboard-based solution was developed that leveraged afunctional set of folds and cuts to elegantly secure the
EarPodsand cable. Apple found that the outer iPhone packaging box used significant amounts of virgin fiber-based solid bleached sulfate
(SBS). With the launch of iPhone 7, a layer of SBS was replaced with recycled paperboard, which contributed to an overall increase of recycled
fiber in the package of approximately 30 percent compared to theiPhone 6.


https://www.rpta.org/resources/protocol.cfm
https://www.rpa100.com/why/conversion-guide/
https://www.apple.com/environment/pdf/Packaging_and_Forestry_September_2017.pdf

An inability to achieve a white or bright color should not necessarily be adeterrent for brands in using recycled paperboard. Brand owners
should consider challenging the assumptions around aesthetic specifications and adapting them in order to use recycled fiber.

Recycled paperboard may exhibit challenges related to print quality, owing to dust created when recycled paperboard runs through converting
equipment or when the moisture content of the recycled paperboard is too high. Printability may be improved by applying coatings designed to
increase ink absorption and holdout. Ultimately, the best way to achieve the required or desired print quality is to ensure there are clear lines of
communication between the brand owner, printer, converter, and paper mill, particularly if these functions are not integrated or controlled by

asingle supplier.

CORRUGATE

Key takeaways

} Corrugated containers often contain large amounts of recycled fiber. 100% recycled corrugate is available and widely used.



} Theuse of recycled fiber in corrugate does not create significantimpacts on aesthetics or performance, with some exceptionsin

boxes with very high weight performance requirements.

“Cardboard is the big success story in recycled content.”
- Brand Owner

Environmental benefits

Using recycled fiber in corrugate diverts used paper products from landfills,
which reduces landfill methane generation and avoids greenhouse gas
emissions.

Supply and demand of recycled corrugate

What you need to know about the recycling stream for corrugate

The principal feedstock stream for new corrugated containers is OCC, and the vast majority of corrugated
containers can be and are recycled. Corrugated containers are the most recycled type of packaging, with a
recycling rate routinely over 20%. Much of the OCC stream has traditionally originated as back-of-house
material from manufacturing, retail, or distribution centers. However, the rise of e-commerce and
increasing generation of corrugate waste by residential consumers is changing this landscape, shifting the
generation of corrugate waste from commercial locations to residential locations. It has been reported that
this shift is impacting OCC quality, since these materials are commingled with other materials and
sometimes get wet or dirty in residential recycling streams, decreasing their value and hurting overall
recycling system profitability. The Chinese solid waste import restrictions introduced in 2017 have caused
amassive disruption in the market for OCC, but the market is believed to be stable and not in danger of
collapse.

Theamountof recycled fiber in corrugate can vary from 0-100%. On average, corrugated boxes contain 48% recycled fiber, which primarily
originates from post-industrial and post-commercial OCC recycling streams. Corrugate represents the largest single domestic end market for
recycled fiber, with 36% of recovered paper products going to make corrugated sheets and boxes.


https://www.epa.gov/facts-and-figures-about-materials-waste-and-recycling/containers-and-packaging-product-specific-data#PaperandPaperboardC&P
https://www.paperrecycles.org/statistics/where-recovered-paper-goes

Most e-commerce orders are shipped in corrugated containers which on average contain 48% recovered fiber content.

Percentages of recycled fiber in corrugate can vary over time and region, depending on the cost and availability of recycled fiber. Some
suppliers may be vertically integrated, with box plants sourcing exclusively from the supplier’s recycled paper mills, while other suppliers’ box
plants fluctuate their sourcing from virgin mills and recycled mills, depending on their level of mill integration and market conditions. Because
of this, there is a consistent, set percentage of recycled fiber in some corrugated containers and a highly variable percentage of recycled fiber in
other corrugated containers. In regions with low availability of recycled fiber and high availability of local virgin fiber, recycled corrugate may

be unavailable or uneconomical.

Demand for recycled corrugate is believed to be growing. Compared to other materials, there may be supply assurance challenges with
recycled corrugate, since fiber markets fluctuate and many suppliers cannot guarantee a consistent, fixed percentage of recycled fiber.

Cost of recycled corrugate

Costis nottypically considered a barrier to the use of recycled corrugate, but fiber markets are notoriously volatile, and like all materials,
pricing should be expected to fluctuate.

Processing of recycled corrugate

Thereis no widely accepted maximum level of recycled fiber thatimpacts machinability during conversion and typically only minimal
adjustments would be required to use high levels of recycled fiber.

Performance of recycled corrugate

“The quality is just as good! If you have the right processing technology, you can make a
product that performs equally with virgin fiber and be very competitive in price.”


https://www.fibrebox.org/upload/2009/Sustainability%20Facts%20Sheet.pdf

- Corrugate converter

Recycled corrugate can meet the same performance standards as virgin corrugate, with some exceptions for corrugated containers with
substantial load-bearing requirements. In applications with very high strength requirements, recycled fiber may be optimized to lower
percentages.

In some cases, the amount of recycled fiber used to meet strength requirements may exceed the amount of virgin fiber that would be used to
meet the same strength requirements. Brand owners should be aware that packaging weight may be increased when recycled fiber is used,
particularly when that conflicts with goals or strategic priorities around reducing packaging weight. Although heavier corrugated containers
may increase environmental impacts during transportation, it should not be viewed as a deterrent for using recycled corrugate. As with all
packaging materials and formats, brand owners and suppliers should work together to understand specific thresholds for packaging
specifications and ensure that corrugated containers are not subject to overly-stringent specifications.

Creative solutions can be employed to accommodate reduce strength. For example, finding the right corrugated flute technology can achieve

therequired strength withoutincreasing the amount of material required.

Aesthetics of recycled corrugate

Recycled fibers produce abrown color that has become widely recognized and in some cases desirable for marketing and brand purposes. This
brown color can slightly impact print quality.

Compared to virgin corrugate, untreated recycled corrugate generally exhibits a slightly uneven and inconsistent appearance, containing
variable shades of brown and punctuated specks of darker colors. Itiscommon to dye recycled fiber to give it a more consistent shade of
brown, when such consistency is desirable. Recycled corrugate may be modified to increase whiteness and brightness, but the heterogeneities
tend to be retained. Print quality on recycled corrugate may experience deficiencies compared to virgin corrugate, however, many corrugated
applications, such as shipping containers or mini-flute corrugated sheets, are suitable to remain unbleached and do notrequire high print
quality.

Key takeaways



The glass recycling process does not cause any inherent degradation of material properties and recycled glass is virtually

indistinguishable from virgin glass.
Itis possible to use high levels of recycled glass without any performance or aesthetic issues.

Thereislimited supply of recycled glass available due to low recycling rates of used glass containers and high transportation costs.
However, there are key regional differences in supply that should be considered.

The amountof recycled contentin glass containers varies widely geographically and is influenced by regional recycling rates and

transport costs.
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Itis challenging for brand owners to receive information regarding the exact percentage of recycled contentin their glass
containers because historically thatinformation has not been requested of container manufacturers or tracked.

Environmental benefits

According to the Glass Packaging Institute, each ton of glass recycled offsets the need for 1,300
pounds of sand, 410 pounds of soda ash, 380 pounds of limestone and 160 pounds of feldspar. It

also reduces energy consumption and greenhouse gas emissions during manufacturing. For every

six tons of cullet used, a ton of carbon dioxide isreduced. GPI notes, “Arelative 10%increase in
culletreduces particulates by 8%, nitrogen oxide by 4%, and sulfur oxides by 10%.”

Supply and demand of recycled glass

The Glass Packaging Institute estimates that glass containers manufactured in the U.S. contain an average of 33% recycled glass or “cullet” from
amixture of post-industrial and post-consumer sources, although specific usage varies considerably geographically. Itis technically possible to
make glass containers using at least 95% cullet, though challenges exist including supply availability, cost volatility and the relatively wide

availability and inexpensive nature of competing virgin feedstocks.


http://www.gpi.org/recycling/why-recycle-glass
http://www.gpi.org/recycling/glass-recycling-facts

The Montana Standad

Glass thatis collected for recycling and prepared for use in new containers or other products is called furnace-ready glass cullet or furnace-
ready cullet. Culletis defined as “recycled broken or waste glass used in glassmaking,” and furnace-ready cullet must be “uniformin size, free of
contaminants and often sorted by color.”

Furnace-ready culletis produced by a glass beneficiator, which is a specialized facility that removes additional contaminants and sorts glass by
color and size. Glass containers collected for recycling in commingled residential programs typically undergo beneficiation following
preliminary sortation ata MRF.

Glass container manufacturingis the primary market for cullet, but it competes with anumber of other end markets, most notably fiberglass
insulation. Fiberglass insulation is the second largest market for recycled glass, owingin part to the LEED standard for sustainable buildings
giving credits for the use of recycled glass in fiberglass insulation. Other end markets for recycled glass include roadbeds, abrasive agents, and
alternative daily cover at landfills.

Supply availability of recycled glass varies by region. Because glass is heavy and transportation costs are high, recycled glass is typically used
within a few hundred miles of whereit is collected. The availability of recycled glass depends on proximity of glass beneficiators and the
regional recycling rate of used glass containers. Itis commonly believed that states with container deposit legislation generate the highest
amounts of quality recycled glass, since glass containers are not commingled with other materials when they enter the recycling stream and

therefore are less prone to becoming contaminated.

What you need to know about glass recycling

Only an estimated 33% of glass containers are collected for recycling. After collection, supply is further limited due to the fact
that not all of the glass that is collected is then available as recycled glass for use in containers. Since the onset of single stream
recycling collection in the 1990s, glass has become more contaminated by paper, organic waste and other materials that enter
therecycling system, sometimes rendering it too contaminated to be cost-effectively processed into furnace-ready cullet. In
addition, some glass breaks into pieces too small for glass recyclers to use. These fine broken glass particles are commonly put
toward other uses, like alternative daily cover at landfills or non-container markets.



https://ilsr.org/wp-content/uploads/2017/03/Collins0217rrFINAL.pdf
https://ilsr.org/wp-content/uploads/2017/03/Collins0217rrFINAL.pdf
https://resource-recycling.com/recycling/2018/09/11/survey-quantifies-insulation-industrys-glass-usage/
https://new.usgbc.org/leed
https://www.epa.gov/facts-and-figures-about-materials-waste-and-recycling/containers-and-packaging-product-specific-data#SteelC&P

“The problem is that most of that glass that the consumer does throw back in their
bin does not make it back to people that make glass bottles.”

- Brand Owner

Key initiative for building supply of recycled glass

The Glass Recycling Coalition isa membership organization that collaborates across the entire glass supply chain to “ensure all
glass containers are continuously recycled to the highest and best use, maximizing economic, environmental and social
benefits.” The Coalition believes that recycled glass is a high value material in the circular economy and that recycling glass

conserves natural resources.

Success Story

Improving the supply of recycled glass and reuse in packaging:
Diageo

Diageo’'s Glass is Good® recycling program encourages bars, restaurants and other customers to sign up to have their used glass containers
collected for recycling. The sorted glass is then transported to Glass is Good grinding sites, set up and run by local cooperatives, who grind it
into culletand storeit. The culletis then sent to glass container manufacturers who use it to manufacture new bottles. Diageo buys these bottles,

made out of their own packaging, and uses them to package new products.

L AR "'"
Diageo
Itis often challenging for brand owners to receive information regarding the exact percentage of recycled glass in their containers.
Theoretically, thereis no insurmountable obstacle prohibiting tracking of the exact quantities of recycled glass inputs, since glass container
manufacturers tend to use batch processes, but thereis alack of industry standard practices for doing so. Brand owners should work with their
suppliers to encourage better tracking of this information. For instance, supply contracts could include aformal accounting of cullet in the

procurement phase.

Cost of recycled glass


http://www.glassrecycles.org/
https://www.diageo.com/en/news-and-media/videos/diageo-brazil-glass-is-good-recycling-project/

Virgin glass feedstocks are often cheaper than cullet, depending on the region and commodity market conditions. However, because the use of
culletreduces theamountof required energy during manufacturing, as described in more detail below, using cullet decreases some

manufacturing costs.

Processing of recycled glass

Glass container manufacturersrealize pronounced processing benefits when using cullet. The lower melting temperature of cullet reduces the
required furnace temperatures, which extends the life of glass container manufacturers’ furnaces as well as reduces energy use. Energy usage
drops abouttwo to three percent for every 10% of cullet used in the manufacturing process. Since virgin glass is made from more caustic raw
materials, the furnaces are subject to less corrosion when cullet is introduced to the mix. Glass container manufacturers may use increased

levels of cullet as a strategy for reducing maintenance costs and prolonging the life of an aging furnace.

“Glass also has some natural benefits for incorporating recycled content because of the
positive impacts to furnaces. The challenges are more in [increasing the quantity of]
collection.”

- Brand Owner

Performance of recycled glass

Relative to other packaging materials, recycled glass and virgin glass are virtually indistinguishable in terms of performance. Unlike mechanical
recycling of plastics and paper, glass does not suffer inherent losses in performance characteristics during recycling, meaning the quality of
glass containers made with culletis identical to that of glass bottles made of virgin materials. Technical deficiencies in recycled glass can arise
when the cullet contains contaminants such as ceramics or metal. Contaminants can cause defects in glass containers that lead to failure when
filled under pressure. However, glass container manufacturers tend to have sound quality control practices to detect and correct defects. The

beneficiation step helps remove these contaminants.

Aesthetics of recycled glass

Clarity and color of containers manufactured with cullet are not major concerns, although visible defects arising from contaminated cullet
show up in finished products on rare occasions. To make glass containers a certain color, manufacturers source cullet of that color, or acolor
that can be adjusted to the desired color.

Most glass originating from a MRF is a mix of flint (clear), amber, and green, called a“three-mix”. The mix is then processed into furnace-ready
cullet by a beneficiator. Beneficiation almost always includes color separation using optical sorters that sorts three-mix into flint, amber, and
green cullet. Cullet thatis notseparated by color is termed “mixed recycled glass,” or “mixed cullet,” and is typically used in non-packaging
markets such asroadbed, concrete, filtration, abrasive agents and fiberglass.

Amber and green cullet are the most widely available to glass manufacturers since colored bottles — mostly wine and beer bottles — representa
large portion of glass collected. Amber and green cullet are generally only suitable for use in the manufacture of new amber and green
containers and itisnotuncommon for colored containers to contain 70% or more cullet. Amber and green cullet are not suitable for usein the
manufacture of new clear containers, since color can be removed with decolorizers but not to a substantial extent. However, flint culletis also a
substantial portion of the cullet supply.

Glass container manufacturers using cullet must manage some variability in the color of cullet to match the more predictable coloring of virgin
material. Batch manager in glass container manufacturing plants typically combine virgin feedstocks and cullet to produce bottles to match the

specifications of brands.

Brand owners with commitments to use recycled glass can expect to achieve higher levels of recycled content usage in colored glass
containers as opposed to clear glass containers.

Success Story

Using recycled glass in clear applications


https://www.waste360.com/glass/focusing-economics-glass-recycling
https://www.thebalancesmb.com/facts-about-glass-recycling-2877982

Absolut Vodka has acomprehensive sustainability program thatincludes the use of recycled content. The company produces about 600,000
bottles of vodka a day in Ahus, Sweden, and their bottles contain 40% recycled glass, in mostly clear bottles. This reduces Absolut’s energy

consumption by 10%. The bottles are produced in the nearest glassworks manufacturer to Ahus in order to reduce cost.

Habersham Beverage Wa rehousé

ALUMINUM



http://www.theabsolutcompany.com/sustainability/protect-our-planet/environmental-footprint/

Key takeaways:

} Aluminum cans typically have an average of 70% recycled content from a mixture of post-industrial and post-consumer sources.

} Use of recycled aluminum in new aluminum cans has few significant performance or aesthetic issues. It is challenging, however, to
incorporaterecycled contentinto aluminum foil. Aerosol containers typically do not contain post-consumer recycled content
because their alloy is different than the predominant alloy in the recycling stream, but they may contain post-industrial recycled

content.

} The specific amount of recycled aluminum in a given package is largely unknown, due to how aluminum supply chains are
structured with many players and diverse scrap inputs.

Environmental benefits

The production of virgin aluminum, which involves the mining of bauxite
ore and smelting at high temperatures, can impact ecosystems and incur
relatively large amounts of greenhouse gas emissions. In contrast,
manufacturing recycled aluminum requires 95% less energy and produces
95% fewer greenhouse gas emissions than manufacturing primary
aluminum.

Supply and demand of recycled aluminum

Used beverage containers (UBCs) comprise the largest component of the post-consumer recycled aluminum supply. Most UBCs are
manufactured back into aluminium cans. Additional supply of recycled aluminum comes from post-industrial manufacturing scrap, other
forms of aluminum packaging from post-consumer streams, and non-packaging post-industrial sources like certain grades of automotive scrap

or building and construction scrap.

On average, aluminum cans contain 70% recycled aluminum from a mixture of post-consumer and post-industrial sources. This is an overall
industry average, and aluminum manufacturers fluctuate specific percentages of recycled aluminum usage based on the availability of UBCs.
These specific percentages are rarely tracked and shared with downstream supply chain partners, so there tends to be little to no visibility into

the exactamount of recycled aluminum in any given new aluminum can.


https://www.economist.com/democracy-in-america/2015/04/22/in-the-bin
http://www.aluminum.org/sites/default/files/KPI%20Report%202017_0.pdf

What you need to know about aluminum recycling

Aluminum cans are widely accepted by municipal recycling collection systems because they carry a high commodity value with
robust marketdemand. According to the latest EPA estimates, 54.9% of aluminum drink cans are collected for recycling. The
domestic availability of UBCs has not always been sufficient to meet demand, which has driven mills to import UBCs from
abroad. Cans are commonly imported from Mexico, the Middle East, and in some cases Europe.

Itis often difficultfor brand owners to receive information regarding the exact amount of recycled aluminum in their aluminum cans because
can manufacturers often do not receive this information from their suppliers. Itis challenging to trace the amount of recycled aluminum that
flows through the industry due to its large number of suppliers and large-scale production. The batch process by which aluminum cans are
made involves a mixture of virgin aluminum and recycled aluminum from post-industrial and post-consumer sources. Different feedstocks are
available at different times, and the ability to include recycled aluminum depends on the availability, alloy composition, and quality of recycled
aluminum at the time the batch is made. Sometimes there are notenough UBCs available to fill a batch, and other times there are.

“The canmaker doesn’t make the aluminum; they buy the aluminum from an aluminum maker.
My sense is the reason that we have a hard time getting good numbers from our canmakers is
because they have a hard time getting good numbers from the aluminum makers.”

- Brand Owner

Past efforts to market cans with consistent, high levels of recycled aluminum (at least 90%) encountered barriers, including challenges around
accounting for the percentage of recycled aluminum in specific batches of cans. An additional challenge was brand owners’ resistance to


https://www.theguardian.com/sustainable-business/2014/oct/30/recycled-aluminum-novelis-ford-cocacola-pepsi-miller-budweiser-beer

committing to asingle supplier of cans, even if it meant guaranteed and verified high levels of recycled aluminum.

Brand owners can encourage a system in which more recycled aluminum usage is tracked and verified by increasing their demand for recycled

aluminum and increasing their willingness to work with suppliers to develop chain of custody systems that track and trace recycled aluminum
usage. To this end, brand owners could consider signing long-term contracts with suppliers who are able to provide and verify the percentage of
recycled aluminum used.

Cost of recycled aluminum

Aluminum manufacturers are often challenged to find a steady supply of UBCs in close proximity, which isimportant since the cost to transport
UBCsover longdistances may erode the price advantage (and greenhouse gas emissions savings) of using recycled aluminum instead of virgin
aluminum. It makes sense, both economically and environmentally, for a bale of UBCs to be shipped to the nearest aluminum mill, and therefore
some buyers may have better access to UBCs at some times than others. Because of these cost dynamics, using higher percentages of recycled
aluminum may sometimes increase costs.

Brand owners should be prepared to work closely with suppliers to encourage the use of recycled aluminum, while considering potential trade-
offsin life cycleimpacts that may arise when recycled aluminum needs to be transported over long distances in order to replace virgin
aluminum. Life cycle assessments are a valuable tool that can be used to weigh these impacts.

Processing of recycled aluminum

Recycled aluminum cans do not present any processing challenges. UBCs are remelted at 600 to 700 degrees Celsius, which eliminates most
impurities that they may have come into contact with in the municipal recycling stream.

Within aluminum cans, the can body, lid and pull-tab are each made of unique alloys with have slight variations in their chemical compositions.
Because these alloys are blended together when UBCs are used to make a new can body, recycled aluminum may need to be diluted with virgin
aluminum in order to achieve the appropriate chemical composition of the can body alloy. Adjustments to the alloy always depend on the mix of
alloysin the incoming feedstock stream and the desired end use application.

Important initiative related to recycled aluminum

The Aluminum Stewardship Initiative (ASl) has developed a Chain of Custody certification so that aluminum consumers can be
assured thatthe product they are buyingis responsibly sourced and produced. The standard is applicable to all stages of
aluminium production and transformation, including criteria for both virgin and recycled aluminum as well as guidance on
recycled content and other sustainability claims.

Success Story

Success story of using recycled aluminum

Reynolds Wrap® offers a foil made from 100% recycled aluminum, which is made from a mix of post-industrial and post-consumer aluminum
and isfood-safe. Reynolds Consumer Products notes on their product page that the foil has the potential to be recycled again, but that
consumers need to check locally to see if their local recycling facility accepts aluminum foil — an important step to improving future quality of
recycled aluminum. Their process for making recycled aluminum foil uses 80% less energy than it does to make foil from virgin aluminum.

P e e e o L e
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https://aluminium-stewardship.org/asi-standards/chain-of-custody-standard/
http://www.reynoldskitchens.com/aluminum-foil/recycled/

Performance of recycled aluminum

There are no challenges surrounding the quality or performance of recycled aluminum in new aluminum beverage cans. In thin foils, recycled
aluminum may introduce pinholes, so care must be taken to detect defects.

Aesthetics of recycled aluminum

There are no known aesthetic issues with using recycled content aluminum in packaging.

} Virtually all steel packaging contains 20-30% recycled steel. Steelmakers typically do not manufacture with recycled steel
percentages outside this range due to the nature of the steelmaking process.

} The steel recycling process does not cause any inherent degradation of material properties or introduce any important

performance or aesthetic considerations.

} Itisdifficult to know the specific percentage of recycled steel in a given package because of a lack of tracking during processing.

Environmental benefits

Every ton of steel recycled avoids the use of 2,500 pounds of iron ore, 1,400
pounds of coal, and 120 pounds of limestone.




Supply and demand of recycled steel

Waste steel used in new manufacturing processes, termed “scrap”, originates from recycled steel packaging, construction and demolition waste,
appliance and “white goods” recycling, automotive recycling, and a number of other streams. Steel recycling is extraordinarily “open loop”in
nature, meaning steel scrap from different markets are interchangeably used as feedstocks in manufacturing processes for new steel products.
For example, automotive scrap may be used in the manufacture of a new aerosol container, which may then be used as scrap in the manufacture
of anew stop sign, which may then be used as scrap in the manufacture of a new refrigerator, which may then be used as scrap in the
manufacture of a new soup can. Because of this, and because of the nature of steelmaking processes, the numerous markets for steel products
do not “compete’ for recycled steel in the way that markets do for most other types of packaging materials. Iron foundries provide some demand
for scrap steel outside of the steelmaking industry, as new iron products are often made with recycled steel, but this competition does not
restrict the amount of steel scrap used in the manufacture of new steel products such as packaging. The supply of scrap is robust and stable, as
steel is a highly recycled material.

What you need to know about steel recycling

Steel containers have a high overall recycling rate of around 73%, however the volume of steel containers is relatively small
compared to other sources of recycled steel such as automotive recycling, appliance recycling, and construction and demolition
waste recycling. For context, the U.S. Environmental Protection Agency estimates that 1.6 million tons of steel containers were
recycled in the U.S. in 2014, which is a small fraction of the 60 to 80 million tons of steel scrap that the Steel Recycling Institute
estimates to be recycled each year in North America.

Compared to other substrates, steel is very easy to identify and sort from other materials because itisinherently magnetic. The
vast majority of steel products in waste streams are readily identifiable and removable for recycling.

All steel products contain recycled steel, so demand for recycled steel isinherent to demand for steel. There are two main steelmaking
processes: electric arc furnace (EAF) steelmaking, which always uses around 90% scrap, and the basic oxygen process (BOP), which always uses
around 20-30% scrap. Only BOP steelmaking is capable of manufacturing the grades of steel used in packaging, and while the percentage of
scrap used in BOP steelmaking can be adjusted within the range of roughly 20 to 30 percent, the steel industry is unaccustomed to meeting
demand for higher percentages of recycled content by raising the percentage of scrap towards the practical limit of 30 percent. Itis
theoretically possible that dynamics around demand for recycled content could influence the amount of scrap used in BOP steelmaking, butin
practice, demand for steel productsis uncoupled from demand for recycled content, and steelmakers adjust the percentage of scrap based on
processing requirements, cost, and energy prices.

Thelack of demand dynamics around recycled contentin new steel products is responsible for alack of information on the specific amount of
recycled steel in new steel packaging. Steelmakers vary the percentage of scrap used in manufacturing but do not tend to track thatinformation
and share it with downstream supply chain partners, who usually source steel from a number of different steelmakers and do not tend to track
the specific source of each unit of steel they procure. The relative percentages of post-industrial and post-consumer scrap are also not tracked
and shared with supply chain partners. Despite the lack of traceability and tracking, the assumption that all steel packaging contains 25%
recycled contentis usually sufficient, since there is limited variance in the percentage of scrap used by BOP steelmakers.


https://www.epa.gov/facts-and-figures-about-materials-waste-and-recycling/containers-and-packaging-product-specific-data#SteelC&P
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Cost of recycled steel

Using between 20 and 30% scrap in BOP steelmaking optimizes costs associated with the manufacturing process and is a major reason why the
percentage of scrap is virtually fixed. The foundation of BOP steelmaking involves using oxygen to remove carbon from iron, which releases a
large amount of heat. Managing waste heat is typically an operational cost, but by adjusting the relative percentages of virgin iron and recovered
scrap in a basic oxygen furnace, the amount of waste heat generated during de-carbonation of the virgin iron can match the amount of heat
required to melt the scrap. If the amount of scrap used falls below this “sweet spot,” then the steelmaker must manage waste heat, since there is
notenough scrap to absorb it. On theother hand, if the amount of scrap used exceeds the “sweet spot,” then the steelmaker must add energy in
order to melt the scrap. Both of these scenarios involve added costs. In practice, BOP steelmakers adjust the percentage of scrap based on the
carbon content of the virgin iron — which dictates the “sweet spot” — and they may intentionally use a percentage of scrap that exceeds the
“sweet spot” when energy prices and scrap prices are especially attractive. Theoretically, the percentage of scrap used in BOP steelmaking could
drastically exceed the “sweet spot,” but if this is done on a regular basis, then the large amount of energy required to melt the additional scrap
would drastically increase costs.

Itisalso importantto note that EAF steelmaking serves as a relatively large sink for scrap. This hedges against volatility in scrap prices and
prevents the market value of scrap from long-term lows that would help enable BOP steelmakers to use higher percentages at a cost savings.

Sincethe primary cost consideration around increasing scrap percentages is the amount of energy required to melt the amount of scrap that
exceeds the “sweet spot,” the environmental impact intensity of BOP steelmaking generally follows suit.

“[Increasing recycled content in steel cans] would throw off the life cycle benefit of the can.
Right now ... we're at the cross-section of creating steel and offsetting raw materials and energy
where we can, and if we were to inject more energy into this process, which energy is probably
one of the biggest life cycle footprints, it would make the process much less environmentally
friendly so that would not be the ideal scenario.”

- Steel Recycler



Processing of recycled steel

In contrast to the recycling systems of other materials, steel reprocessing operations are extremely tolerant of contaminants because the
furnace temperature may reach 3,000° Fahrenheit. This high temperature causes all plastic, glass, paper and aluminum objects to vaporize,
with some of their energy captured to impart asmall amount of heat to the furnace.

Scrap used in BOP steelmaking comes from a variety of sources and usually does not match the grade required to make new steel packaging.
BOP steelmakers must adjust the carbon content of the mixture of scrap, which is straightforward since de-carbonization is a central function
of BOP steelmaking. They must also remove elements such as tin and chromium that may be present in coatings on the incoming scrap.
Additionally, there are various metallurgical processes to adjust the amounts of alloying elements. BOP steelmakers who use scrap from waste
steel packaging will incur less processing requirements, since the feedstock more closely matches the desired grade. However, this type of
“closed loop” recycling is not common, since the commodity market for scrap steel is robust and steelmakers tend to use many grades of scrap
that are available in close proximity at suitable prices.

Performance of recycled steel

Recycled contentin steel packaging does not cause performance defects or deficiencies. Scrap can be stockpiled for along period of time
without deteriorating and steel can be recycled endlessly without any deterioration of inherent physical properties.

Performance of recycled steel

Recycled contentin steel packaging does not cause performance defects or deficiencies. Scrap can be stockpiled for along period of time
withoutdeteriorating and steel can be recycled endlessly without any deterioration of inherent physical properties.

Aesthetics of recycled steel

Theuse of recycled content in steel packaging does notintroduce any aesthetic trade-offs, as the aesthetic qualities of steel are not modified
duringtherecycling process. Furthermore, virtually all steel packaging is coated with either chromium or tin (hence why steel cans are more
commonly referred to as “tin cans”), which is more influential in the appearance of steel packaging.

QUESTIONS

Thisresource was launched in early 2019 and is a living document to track the latest information about recycled content. Thisis a living guide
and will be updated regularly.

For questions about the content or to suggest updates, please email spcinfo@greenblue.org and reference the “Design for Recycled Content
Guide’in the subjectline.

Mediainquiries? Please email anne.elsea@greenblue.org.



