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Figure from: US EPA. Advancing Sustainable Materials Management: 2018 Fact Sheet. Assessing Trends in Materials Generation and Management in the United States 2
December 2020. https://www.epa.gov/facts-and-figures-about-materials-waste-and-recycling/advancing-sustainable-materials-management
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U.S. net imports

U.S. net imports of textiles and apparel, by fiber type

Cotton Synthetic Linen, wool, and silk
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Notes: U.S. netimports = U.S. imports minus U.S. exports. Raw-fiber-equivalent pounds.
Sources: USDA, Economic Research Service using, U.S. Department of Commerce, U.S. Census Bureau Foreign
Trade data.
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Supporting Circular Economy for Waste Cotton

Pre-consumer waste Post-consumer waste

Photo: https://commons.wikimedia.org/wiki/File:QSMM_Cotton_waste_2616.JPG Photo from Pixnio

John, S., Echeverria, D., Venditti, R., Jameel, H. and Y. Yao* (2020). Supply Chain of Waste Cotton Recycling and Reuse: A Review. AATCC Journal of Research-Textile Science. 7: 19-31, 2020.
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Pre-consumer waste cotton
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Annual fiber waste generated during global cotton garment production from August 2018 to July 2019.

John, S., Echeverria, D., Venditti, R., Jameel, H. and Y. Yao* (2020). Supply Chain of Waste Cotton Recycling and Reuse: A Review. AATCC Journal of Research-Textile Science. 7: 19-31, 2020.
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Post-consumer waste cotton
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John, S., Echeverria, D., Venditti, R., Jameel, H. and Y. Yao* (2020). Supply Chain of Waste Cotton Recycling and Reuse: A Review. AATCC Journal of Research-Textile Science. 7: 19-31, 2020.
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Common end-of-life routes for textile
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John, S., Echeverria, D., Venditti, R., Jameel, H. and Y. Yao* (2020). Supply Chain of Waste Cotton Recycling and Reuse: A Review. AATCC Journal of Research-Textile Science. 7: 19-31, 2020.
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Alternative Pathways?

Composites — house insulation and automobile applications

~

mmmmm) Dissolving pulp — filter and paper applications
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Succinic acid — food, pharmaceutical and industrial applications
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John, S., Echeverria, D., Venditti, R., Jameel, H. and Y. Yao* (2020). Supply Chain of Waste Cotton Recycling and Reuse: A Review. AATCC Journal of Research-Textile Science. 7: 19-31, 2020.
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Table 1.

Chemical Process and Products from Cotton Waste with Possible Applications and their Virgin Alternative Products

Chemical Process

Acid hydrolysis

Anaerobic digestion

Electrospinning method

Enzymatic hydrolysis

Enzymatic hydrolysis

Enzymatic saccharification

Gasification

Ionic liquids

Neutralization and partial dissolu-
tion of medical grade cotton (MGC)

waste material

Products

Cellulose nanocrystals

Biogas

Nanofibers

Glucose (sugars)

Polyethylene
terephthalate (PET)

Bacterial cellulose

Syngas and other
by-products

Cellulose aerogels

Self-reinforced
composite

Applications

Hydrogels.

Biomedical applications.

Gas fuel

Nanomembrane filters.
Protective clothing.
Reinforced composites.

Bioethanol as fuel,
Co—producing energy on-site.
Bioethanol as feedstock.

Plastics.
Synthetic fibers.

Biomedicine.
Cosmetics.
Papermaking.
Food ingredient.
Textile industry.

Heat and/or power.

Biofuel.

Thermal insulation.
Optical applications.
Electrical applications.
Additives.
Encapsulation.

Self-reinforced composite for
supporting material in fracture
plaster

Virgin Products

Cellulose nanocrystals
from other biomass

Natural gas

Nanofibers from fossil
Ethanol made from corn
or other biomass

Fossil-based PET

Bacterial cellulose

Fossil-based energy
generation; fossil fuels

Silica aerogels

Fracture plaster

Key Properties

High crystallinity.
Thermal stability.
Length.

High heating value

Tenacity.
Tensile strength.

Elongation.

Heating value if used as fuel,
yields and purity used as
feedstock.

High mechanical resistance.
Surface strength.
Chemical resistance.

High purity.
High crystallinity.

High degree of polymerization.

High wet tensile strength.
High water-holding capacity.

High heating value
Hydrophobicity.

Transparency.
Brittleness.

Interfacial adhesion.
Stress transfer capability.
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Life Cycle Assessment (LCA)

A concept and methodology to evaluate the environmental effects of a
product or activity holistically, by analyzing the whole life cycle of a particular
product, process, or activity (U.S. EPA, 1993).
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Waste Cotton to Dissolving Pulp Acetates and Cotton Pulp Based Paper
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Preliminary Results
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Preliminary Results
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Xia, Q., Chen, C., Yao, Y., He, H., Gao, J., Zhou, Y., Li, T., Pan, X,, Yao, Y.* and L. Hu* (2021). A Strong, Biodegradable and Recyclable

Lignocellulosic Bioplastic. Nature Sustainability. https://doi.org/10.1038/s41893-021-00702-w.
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Need for Future Research

A strong need to estimate the current actual material flows in the
following areas to determine the flows and locations of the end-of-life

cotton.
(1) waste and rejects from different industrial sectors

(2) retall wastes
(3) collections at donations centers
(4) end-of-life stages of cotton after their use

e LCA and techno-economic analysis for different end-of-life options of

waste cotton.
e A better understanding of quality requirements and market potential for
different applications of waste cotton.
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