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Moving fashion from fossil-based
Ingredients to renewable resources

According to the World
Economic Forum, the fashion
industry and its supply chain
are responsible for 10% of
worldwide GHG (greenhouse
gas) emissions annually. This
signifies both a tremendous
responsibility and an opportunity
for manufacturers and brands to
innovate and collaborate to find
transformative solutions.

Spandex fiber is ubiguitous in the
clothes we wear and the personal
items we rely on. Spandex is an
essential key ingredient in textiles,
apparel and items like diapers.
The benefits of this fiber —
comfort, lasting fit and freedom
of movement — make it desirable
in Many applications, with about
75% of production going into
clothing. The market for spandex
is expanding quickly worldwide,
with demand in Asia Pacific and
Latin America growing

the fastest.

Currently, the production of
spandex relies on fossil-based
resources — including oil, coal and
natural gas — which are finite and
require extraction and
refinement.

These processes release CO2 and
other GHG emissions into the
atmosphere and contribute to
climate change. Switching
spandex’s ingredients from
petroleum-based to bio-derived
can help brands and retailers
around the world meet a portion
of their emissions reduction
goals. The need for sustainable
solutions at scale has never been
greater.

Additionally, pairing bio-derived
spandex with other sustainable
offerings such as lyocell, organic
cotton, or recycled polyester can
help address a concrete need for
sustainable options in

the marketplace.




The Consumer Perspective

In 2022, The LYCRA Company
conducted an online study of
consumer’s knowledge and
preferences on sustainability
in apparel. The research was
conducted across five countries
(U.S., China, Brazil, Germany and
Italy). Among the 3,000
participants, 80% were female,
20% male. Respondents were
between the ages of 18-35 with
above average education and
household income for their
respective countries.

Results showed that a fair
number of consumers are
concerned about carbon
emissions. When asked to
choose from a variety of options
what they thought were the
mMost important things that
apparel brands and retailers
should focus on, just over half
indicated “Reducing the amount

of carbon emissions in the
manufacturing process.” This was
second only to “Reducing the
amount of harmful chemicals
used in the manufacturing
process,” and just ahead of
“Making clothes that are more
durable and last longer.”
Respondents indicated they
actively seek products from
companies that demonstrate
their concern for the
environment, and agreed they try
to limit the amount of clothing
they buy because they were very
conscious of the impact on

the environment.

When asked which options
would be most compelling in
terms of convincing consumers
to buy sustainable clothing, three
of the top four choices were
centered on garments made
with renewable/ bio-derived
fibers.

Bio-derived/Renewable Fibers Garner Significant
Consumer Interest

Clothing made from bio-based fibers Clothing made from
that enhance garment durability renewable, plant-based fibers

Q: Which of the following would convince you the most to buy sustainable clothing, assuming that the quality and price would meet your expectations? Please choose three.
Source: Grounded World Sustainability Study, June 2022

Clothing that Clothing made with renewable
is recyclable fibers that eliminate the use
of petrochemicals




Accelerating Decarbonization

A key lever for companies to meet
their sustainability goals and
reduce their emissions is to
decarbonize not just their own
operations, but also their supply
chains. This means that every single
link in the supply chain (e.g.
suppliers, energy providers and
customers) must also reduce their
emissions. The ultimate goal is to
get to net zero:

e Net zero means that a company reduces
all greenhouse gas emissions across its
whole supply chain to the point at which
GHG emissions entering the atmosphere
are balanced by the GHG emissions
removed from the atmosphere. The UN's
Intergovernmental Panel on Climate
Change’s (IPCC) expectation is that all
companies globally need to reach this
state on or before the year 2050. (For more
about reaching net zero, see the
Science-based Target Initiative).

* By 2030, Global GHG emissions must
be reduced by 45% from 2010 levels,

according to the commitment of the Paris
Agreement. It is necessary to limit global
warming to to well below 2°C —ideally
15°C —above pre-industrial levels to avoid
its worst effects.

“Supply-chain decarbonization will be a
“game changer” for the impact of
corporate climate action. Addressing
Scope 3 emissions is fundamental for
companies to realize credible climate
change commitments. It enables
companies in customer-facing sectors to
use their influence in supply chains to
speed and support rapid decarbonization

throughout the economy.”

World Economic Forum Net-Zero Challenge:
The supply chain opportunity

e Without critical steps to shift economies
towards carbon neutrality, GHG emissions
will continue to increase. Companies in
consumer-facing sectors — like apparel
and personal care — as well as
governments must do their part to
decarbonize. GHG emissions produced by
suppliers and by consumers using their
products (Scope 3 emissions) are much
higher than the direct emissionsin a
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Bio-Derived Materials

Bio-derived materials represent
a significant opportunity to
reduce the impacts of our
dependence on fossil resources
and to reduce GHG emissions
that contribute to global
warming. Bio-derived materials
refer to products that mainly
consist of a substance (or
substances) derived from living
matter (biomass) and either

occur naturally or are synthesized.

When sourced responsibly, the
production of bio-derived
mMaterials can also support
farmers and ecosystems.

Currently, most synthetic fibers
are derived from fossil resources,
which are finite and have
negative environmental impacts
inherent to resource extraction
like high GHG emissions. For
biomaterials, most impacts are
concentrated at the beginning
phase of the life cycle, so
responsible sourcing is critical to
penefitting from their renewable
nature. Currently, the most
common feedstocks — the raw
materials used to supply a
machine or industrial process—
for biomaterials are agricultural
commodities.

Feedstocks for bio-derived
materials are generally
divided into: First Generation,
Second Generation & Third
Generation.

Technologies to convert first
generation feedstocks into
biomaterials (and biofuels) are
based on common processes
like fermentation and
distillation that have been used
for centuries. They are also
scalable now, presenting the
best available solution for
replacement of materials
derived from fossil resources
today. However, longer-term,
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Bio-Derived Materials (continued)

developing and scaling solutions
using second and third
generation feedstocks, have the
potential to reduce GHG
emissions even further.

It's important to note that a
feedstock's impact on the
environment and people
matters more than its
generation classification. For
example, considerations include
efficiency of the technologies
that convert the feedstock into a
biomaterial, the performance of
the bio-derived material vs.
fossil-based equivalents, and
scalability.

Consideration of the agricultural
systems is important too — large
scale farms and/or smallholders
— how do they affect and
connect with local economies?
Choosing feedstock and
sourcing practices that respect
ecosystems and people, and

do not create food insecurity
are key to the transformative
potential of bio-derived
mMaterials.

First Genera on (derlved from g stlng
crop.such a§ corn, wheat, sugarcane,,\

potato, sugar beetkrlce) V) -

Second Generatlon (deri
“cellulosic biomass,suchia L\
short<rotation crops such-as pop‘ar s\ ] _
willow‘or miscanthus — Iep ntgrass 4
— wheat straw, bagﬁss cor S, palm
fruit bunches, switchgr ss)\r\

Third Generation (made from algae)




Corn as Renewable Feedstock for
Bio-derived Materials

When it comes to corn, most
people think of the sweet corn
that is harvested and enjoyed
in late summer. However, sweet
corn makes up less than 1% of
the total corn produced in the
U.S*The majority of US. cornis
grown as feedstock for industrial
purposes, also known as ‘dent’ or
field’ corn. Therefore, the
guestion arises, is there a conflict
between corn as food or corn as
mMaterials? At first glance, it may
appear to be so, but upon
further reflection corn can be
both food and materials.

*USDA National Agricultural Statistics Service, 2017 USDA Census of Agriculture

Getting the most
out of every kernel
of field corn

o)
Thanks to the magic of fractionation, field 62% starch _.
corn kernels can be separated into multiple
components so every part can be put to
use and nothing good goes to waste.

Agricultural, scientific, and
technological progress has led
to applications for every part of
an ear of corn, making it a
power-packed renewable
resource. The first step is to soak
the corn kernel in water so the
consumable parts of the corn
can be extracted to produce a
wide variety of products.

3.8% corn oil
15% moisture
— 19.2% protein
& fiber




Corn as Renewable Feedstock for
Bio-derived Materials (continued)

The corn protein is used for pet
food and poultry and livestock
feed; the oil is used to produce
cooking oils and salad dressings,
and the starch is used to make
products like high fructose corn
syrup, cardboard, plywood,
adhesives, and ethanol. And
now, it can be used to make
fiber for clothing without
competing with food needs.

Today, bio-derived materials —
including fibers, plastics,
adhesives, and packaging —
account for less than 2% of the
total field corn crop. Compare
this to 26.6% for ethanol and
38.8% for livestock feed*

*National Corn Growers Association (Corn Usage by
Segment https;/Mww.ncga.com/world-of-corn)

“At present, the world is mainly
short of protein and not of
carbohydrates such as

sugar and starch. This means that
there is no real competition with
food uses, since the valuable parts
of the food crops still flow into food
and feed uses.”

Nova Institute
Sugar as Feedstock for the Chemical Industry

Every kernel works hard
for people & planet

Field Corn offers a multitude of end uses for both food
and material applications

One bushel of field corn
makes all of this:

corn oil

Cooking oil,
margarine,
salad dressing,
SOupsS, Soap,
leather tannin

gluten feed

Livestock &
poultry feed,
pet feed

gluten meal

Amino acids
. & other feed

Plus one of these:

Starch

Adhesives, batteries,
crayons, degradable plastics,
plywood, paper

Sweetener

Soft drinks, canned fruit,
Jjams, cereal, licorice,
marshmallows, ketchup

= A
& »s088

QIRA® Ethanol
Apparel, shoe soles, Motor fuel additives,
compostable packaging, industrial alcohol,
durable plastics, cosmetics beverages
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Regenerative Agriculture:

The Starting Point

Regenerative agriculture is a
holistic and inclusive approach
to land management, meant
to restore soil and ecosystem
health, address inequity, and
improve our planetary
resources for future
generations. This approach
encompasses a variety of
sustainable agriculture
techniques working in tandem
to conserve and rehabilitate
ecosystems and resources, and
to build farming systems that
remain vital, productive and
resilient over the long term.

Healthy soil practices —
including no till, crop rotation,
planting of cover crops, and
nutrient management — are
designed to reduce GHG
emissions, increase soil organic
matter, increase farmer
resilience, and improve

water quality.

Partnerships and collaborations

among agribusinesses, farmers,
policymakers, nonprofits,
community groups, and other
stakeholders are key to sharing
expertise, supporting best
practices, and scaling
regenerative agricultural
practices. Shared goals often
include advancing the
sustainability of food, feed, fiber
and fuel production to meet the
needs of a growing population,
while conserving and renewing
natural resources. Examples of
such collaborations include the
Midwest Row Crop Collaborative,
Practical Farmers of lowa, and
Field to Market: The Alliance for
Sustainable Agriculture.

Cargill, the parent company of
Qore®, encourages farmers to
partner with them through

their regenerative agriculture
program Cargill RegenConnect™,
which is helping build the future
of farming.




Bio-derived LYCRA?® fiber

made with QIRA®

Creating a scalable,
sustainable solution for
spandex.

The world wants more
sustainable solutions for
everything from fuel, to food, to
consumer goods, to clothing.
Manufacturers want to keep up
with consumer demand, but
often struggle to source
comparable, sustainable
substitutes to products currently
on the market, without building
new production facilities and
developing new processes.
Companies along the supply
chain are trying to meet their
environmental goals and enable
their own suppliers and
customers to meet theirs. With
the imperative to reduce GHG
emissions 45% by 2030 and to
reach net zero by 2050, there is a
tremendous need for textiles,
clothing and apparel
mManufacturers and their supply
chains to develop and scale
sustainable solutions.

Last year, two innovative
companies, leading fiber and
feedstock providers, joined forces
to scale up the production of a
bio-derived fiber that could

potentially transform the
spandex industry. The LYCRA
Company, known for its
innovative fiber solutions, has
teamed up with Qore® — a joint
venture of Cargill and HELM —
to enable the world's first
large-scale commercial
production of bio-derived
spandex. LYCRA® fiber, which is
used in everything from
underwear to jeans, to
swimwear and diapers, will use
renewable bio-derived QIRA®
from Qore® as the main
ingredient.

“With QIRA®, we will be pulling
vast quantities of CO:z out of the
atmosphere by growing annually
renewable corn crops and
capturing it in the product.”

Jon Veldhouse, CEO of Qore® LLC

Currently, a key ingredient in
LYCRA® fiber is BDO
(1.4-butanediol), which is
produced from fossil-based
resources. QIRA® is the next
generation BDO — made from
annually renewable field corn
instead of finite fossil-based
resources. QIRA® is made with
field corn, not the sweet corn
that's consumed by humans.



QIRA®: The Renewable Ingredient

The Qore® facility at Cargill’s
biotechnology campus and
corn refining operation in
Eddyville, lowa will source
field corn within a 100 mile
radius, which reduces GHG
transportation emissions and
provides local farmers with a
reliable market for their crops.
There is also an emphasis on
regenerative agriculture
practices to raise the field corn
used to produce QIRA®. Other
benefits to this location in the
heart of the U.S. corn belt
include:

e Rain-fed lowa corn fields that do
not rely on irrigation

e Justify stable land usage that is
managed through generations of
family farms

e Access to experienced farmers and
agricultural producers

e Rural economic development,
creating and sustaining high
paying jobs

e [Established infrastructure, which
means less unplanned downtime

e The QIRA® production facility will
be run mainly on wind power

The scale at which QIRA® will be
produced is groundbreaking for
the industry. When fully
operational in 2025, the site will
have a capacity of about 65000
metric tons (65 kilotons) per year.

QIRA®: The Renewable
Ingredient

Enabled by biotechnology, corn sugars will be converted into
1,4-butanediol (BDO) of the same quality as fossil-based BDO.

COz from the air In a novel production
is sequestered by process, corn sugars
the corn to form are fermented by
starch. microorganismes.
. - -
. 04 A 3
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Corn starch is

extracted and

converted into
corn sugars.

QIRA®
(1 4-buranediol)
is extracted.
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How does QIRA® ultimately get
made into bio-derived LYCRAZ® fiber?

QIRA?® is converted into a key
ingredient used in LYCRA® fiber
called PTMEG. PTMEG comprises
70% of the total LYCRA® fiber
content. According to a 2022
Screening Life Cycle Assessment
(LCA) the potential reduction in
carbon footprint of the renewable
LYCRA® fiber is up to 44% versus
fossil-based alternatives®

Just as important as its
sustainability benefits, the new
bio-derived LYCRA® fiber made
with QIRA® meets the same
high-quality performance
parameters of traditional LYCRA®
fiber. This is a key benefit for
brands and retailers as processes
will not need to be redesigned,
and fabrics will continue to have
the same excellent performance
INn stretch, shape retention and
durability as LYCRA® fiber.

KEY BENEFITS OF THE NEW
BIO-DERIVED LYCRA®
FIBER MADE WITH QIRA®

Renewable at scale: The renewable
LYCRAZ® fiber will be available in large
scale quantities.

Reduced emissions: Provides up to
44% reduced CO:z emissions versus
elastane produced using traditional
fossil-based raw materials.

Same performance: Stretch, recovery
and other performance parameters
will deliver equivalent performance
to current product. Requires no
reengineering of fabrics, processes or
garment patterns.

*Estimate from Cradle-to-Gate Screening LCA for a
representative LYCRA® fiber manufacturing facility,
June 2022, prepared by Ramboll US Consulting, Inc.

How Renewable LYCRA® Fiber With QIRA® Is Made

Renewable Field Corn Transformed Into Renewable LYCRA® Fiber Made With QIRA®
Combined With Traditional Raw Materials Made Into Fabrics That Move With You

Made with 70% Renewable Content
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Conclusion

Companies - working
together and individually
- across industries must
do their part to
decarbonize their
operations and accelerate
the transition to a carbon
neutral economy. Looking
for the levers that can
provide the most impact
and then scaling them is
key to true transformation.
Steven Stewart, Chief Brand
& Innovation Officer of The
LYCRA Company, explains
their reasoning behind a
focus on bio-derived fibers.
“Since the largest impact
category for our fiber is raw
materials, we knew we had
to focus on our ingredients
to help reduce our footprint
and meet our sustainability

LYCRA.

goals. By adopting QIRA®,
we're making a significant
commitment that will also
enable our customers to
reduce their own product
footprints.”

The benefits to the
bio-derived LYCRA® fiber
made with QIRA® are many:
reduction in GHG emissions;
renewable, local field corn
feedstocks; a decrease in
dependence on fossil-based
resources; increased farmer
resilience and livelihoods: a
more secure supply chain;
and helping to transform to
a more sustainable textile
and apparel industry.

To learn more, visit
lycra.com/qira.






