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Yarn Development from Industrial Hemp: A Technical White Paper 

Introduction and Overview 

Industrial hemp (Cannabis sativa L.) is experiencing a renaissance as a sustainable textile fiber. Hemp is a bast 
fiber crop grown for its long strands of cellulose that form in the stalk. The plant can reach heights of 2–4 meters 
when densely planted for fiber, yielding long, strong fibers around a woody core. Hemp fibers are characterized by 
high cellulose content (typically 55–75% cellulose) and low density, giving them a high specific strength and 
stiffness (Industrial Hemp Fibers: An Overview) (Hemp: From Field to Fiber—A Review). These properties, along 
with hemp’s natural durability, make it an attractive alternative to cotton and synthetic fibers in textiles. Hemp fiber 
is UV-resistant, mold-resistant, and very strong, which historically led to its use in ropes, sails, and canvases 
(Applications of Hemp Fibers for Textiles). Today, with rising environmental concerns, hemp is gaining attention for 
apparel and technical textiles as a renewable, low-impact fiber source (Ag Purdue Research).  

 

Figure 1: Industrial hemp plants grown densely for fiber. Tall, slender hemp stalks produce long bast fibers used in 
textiles. 
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Hemp’s relevance to the modern textile industry lies not only in its performance but also in its sustainability profile. 
Compared to cotton, hemp can be grown with little to no pesticides and with significantly less water. Cotton is a 
notoriously “thirsty” crop requiring on the order of 10,000 liters of water per kilogram of fiber, whereas hemp can 
produce a kilogram of fiber with roughly 2,700 liters – about a quarter of cotton’s water demand (Hemp vs. Cotton: 
A Comparison of Eco-Friendly Fibers - News about Hemp | Obelisk Farm). Additionally, hemp improves soil health 
through deep roots and usually requires fewer chemical inputs (What's so great about Tencel (and hemp)! - 
Sympatico Clothing). One hectare of industrial hemp can even sequester 10–15 tons of CO₂ per year, which is 
comparable to or greater than many forests (Hemp – The Ideal Crop for Carbon Sequestration?). These 
sustainability advantages, alongside its fiber qualities, are fueling renewed interest in hemp for yarn and fabric 
development. 

However, working with hemp fiber presents technical challenges. Raw hemp fiber can be coarse and stiff, and 
without proper processing it yields a rough hand feel. Hemp yarn development requires careful attention to fiber 
extraction (retting and decortication), spinning techniques (to handle fiber length and stiffness), and often blending 
with other fibers to achieve the desired textile properties. This white paper provides a comprehensive exploration 
of these topics – from farm to fabric – with a focus on global developments and the emerging North American 
hemp textile industry. The following will cover: 

• Industrial Hemp as a Fiber Crop: Agronomic overview and fiber properties relevant to textiles. 

• Fiber Retting Methods: Dew, water, enzyme and other retting techniques to separate hemp fibers, and 
how these affect fiber quality. 

• Spinning Technologies: Suitable spinning systems for hemp (cottonized short fibers vs. long fiber wet 
spinning, etc.) and their feasibility at scale. 

• Fiber Blending: Combining hemp with cotton, polyester, lyocell, and others – benefits, challenges, and 
applications of blends. 

• Sustainability Considerations: Lifecycle analysis, carbon impact, water use, biodegradability, and 
certifications in hemp textiles. 

• Market Analysis: Global and North American perspectives on hemp fiber supply chains, demand trends, 
key players, and adoption barriers. 

The goal is to equip textile manufacturers and stakeholders with a technical yet accessible understanding of hemp 
yarn development. By demystifying the processes and highlighting current innovations, this paper aims to inform 
strategic decisions in product development and supply chain investments for hemp-based textiles. 

 

Industrial Hemp as a Fiber Crop 

Industrial hemp refers to low-THC varieties of Cannabis sativa cultivated for fiber, seed, or other industrial uses 
(distinct from medicinal or recreational cannabis). For fiber production, hemp is sown densely (typically 100–300 
plants per square meter) so that plants grow tall and straight with minimal branching (How Yarn Is Made From 
Hemp Fiber | Hemp Foundation). This maximizes the yield of long bast fibers in the stem. Harvest for fiber usually 
occurs at early flowering before the stems become too woody, to balance fiber quantity and quality. 

Fiber Structure: Hemp is a bast fiber like flax, meaning the usable fibers are bundles of cells located in the bark 
(phloem) of the stem. These fibers run the length of the stalk, outside of the woody core (called the hurd or shiv) 
(Hemp: From Field to Fiber—A Review). Each fiber bundle is held together and to the woody core by pectins, lignin, 

https://www.obeliskfarm.com/our-story/news/params/post/4681651/hemp-vs-cotton-a-comparison-of-eco-friendly-fibers#:%7E:text=Water%20Usage%3A%20A%20Clear%20Winner,efficient%20choice
https://www.obeliskfarm.com/our-story/news/params/post/4681651/hemp-vs-cotton-a-comparison-of-eco-friendly-fibers#:%7E:text=Water%20Usage%3A%20A%20Clear%20Winner,efficient%20choice
https://www.sympaticoclothing.com/blog/whats-so-great-about-tencel-and-hemp/?srsltid=AfmBOorNyxPMY73vXXtdkHSQPpXk60pIGmk-p8K4P2v0c7GgfP6bq4FE#:%7E:text=from%20sustainable%20eucalyptus%2C%20hemp%20thrives,systems%2C%20hemp%20improves%20soil%20quality
https://www.sympaticoclothing.com/blog/whats-so-great-about-tencel-and-hemp/?srsltid=AfmBOorNyxPMY73vXXtdkHSQPpXk60pIGmk-p8K4P2v0c7GgfP6bq4FE#:%7E:text=from%20sustainable%20eucalyptus%2C%20hemp%20thrives,systems%2C%20hemp%20improves%20soil%20quality
https://www.axfoundation.se/en/projects/hemp-carbon-sequestration#:%7E:text=,plants%20produce%20large%20amounts%20of
https://hempfoundation.net/how-yarn-is-made-from-hemp-fiber/#:%7E:text=The%20method%20of%20cultivating%20hemp,that%20binds%20the%20fibers%20to
https://hempfoundation.net/how-yarn-is-made-from-hemp-fiber/#:%7E:text=The%20method%20of%20cultivating%20hemp,that%20binds%20the%20fibers%20to
https://www.mdpi.com/2673-7248/4/2/11#:%7E:text=Hemp%20fibers%20are%20considered%20bast,chain%20containing%20between%2030%20and


IND HEMP 

3 
 

and hemicellulose. Chemically, dried hemp fibers typically contain about 55–78% cellulose, 14–22% 
hemicellulose, 3–10% lignin, and a few percent pectin . The high cellulose content is desirable for textile 
applications as it confers strength and flexibility to the fiber, whereas lignin and pectin contribute stiffness and 
must be largely removed to soften the fiber. Hemp fiber strands can be very long (up to 1–2 meters as “line fiber” 
when properly processed) or can be broken into shorter segments (“tow”) during harvesting and processing. 

Fiber Properties: Well-processed hemp fiber has a number of properties advantageous to textiles. It has tensile 
strength on par or higher than other natural fibers (hemp fiber strength ranges around 300–800 MPa, vs. cotton 
around 287–597 MPa (Hemp Fiber - an overview | ScienceDirect Topics)) and produces fabrics with excellent 
durability. Hemp is naturally breathable and moisture-absorbing, lending comfort in warm climates by wicking 
sweat and allowing it to evaporate (Applications of Hemp Fibers for Textiles). It also has inherent antibacterial and 
antifungal properties, helping resist odors and mildew – a reason hemp has been explored for applications like 
durable outdoor wear and even military textiles (Hemp: From Field to Fiber—A Review). The fiber’s UV resistance 
means hemp fabrics do not degrade as quickly in sunlight and can provide UV protection for the wearer 
(Applications of Hemp Fibers for Textiles). 

On the downside, pure hemp fiber (especially from first-generation processing) can feel coarse or scratchy 
compared to cotton. Hemp does soften with each wash and maintains integrity after repeated laundering, but 
initial roughness has traditionally limited its use in next-to-skin apparel without blending. This is why techniques to 
improve fiber fineness and softness – such as optimized retting, cottonization (processing hemp to a cotton-like 
staple), and blending with softer fibers – are critical for hemp yarn development. Or in other cases as scouring. 

In summary, industrial hemp provides a strong, breathable, and sustainable fiber with great potential for textiles, 
but realizing its full potential requires appropriate processing. The following sections delve into the fiber extraction 
(retting) and spinning processes that turn raw hemp stalks into spinnable fiber, as well as strategies like blending to 
enhance the qualities of hemp yarns. 

 

Fiber Retting Methods and Their Influence on Fiber Quality 

After harvesting hemp, the first major step toward yarn is retting – the process of breaking down the sticky pectin 
substances that bind fiber bundles to the core and to each other. Proper retting “degums” the hemp, allowing 
fibers to be separated (decorticated) while preserving their length and strength. The retting method has a profound 
impact on the quality, consistency, and cleanliness of the fiber, which in turn affects spinnability and yarn quality 
(Hemp: From Field to Fiber—A Review). Here we discuss the main retting approaches: dew retting, water retting, 
chemical retting, and enzymatic retting, and how each influences fiber characteristics. 

• Dew Retting (Field Retting): This is the most traditional and widely used method due to its simplicity and 
low cost. In dew retting, harvested hemp stalks are spread in the field and left to the action of ambient 
moisture (dew and rain), microbes, and sun for ~2–5 weeks. Naturally occurring fungi and bacteria colonize 
the stems, gradually digesting pectins and hemicellulose that hold the fibers. Farmers periodically turn the 
stalks to promote uniform retting (How Yarn Is Made From Hemp Fiber | Hemp Foundation). Advantages: 
Dew retting is inexpensive and requires no special equipment or added inputs. It also tends to improve the 
soil where hemp was laid (adding organic matter) and avoids the foul wastewater associated with water 
retting. It has low environmental impact in terms of energy and water use, since it harnesses natural 
conditions. Disadvantages: It is weather-dependent and hard to control, leading to variability. If conditions 
are too dry or too cool, under-retting can leave fibers hard to separate; too wet for too long can over-ret, 
weakening fibers by excessive cellulolytic activity. Because of this dependence on weather and microbial 

https://www.sciencedirect.com/topics/engineering/hemp-fiber#:%7E:text=Hemp%20Fiber%20,2014
https://dsiac.dtic.mil/wp-content/uploads/2024/09/TI-Response-Report_DSIAC_Applications-of-Hemp-Fibers-for-Textiles_12122024.pdf#:%7E:text=Being%20lightweight%2C%20hemp%20fabric%20is,3
https://www.mdpi.com/2673-7248/4/2/11#:%7E:text=Hemp%20has%20gained%20significant%20traction,be%20seamlessly%20blended%20with%20other
https://dsiac.dtic.mil/wp-content/uploads/2024/09/TI-Response-Report_DSIAC_Applications-of-Hemp-Fibers-for-Textiles_12122024.pdf#:%7E:text=explored%20for%20various%20applications%2C%20such,or%20fertilizers%2C%20needs%20less%20water
https://www.mdpi.com/2673-7248/4/2/11#:%7E:text=its%20constituents,117
https://hempfoundation.net/how-yarn-is-made-from-hemp-fiber/#:%7E:text=the%20harder%20woody%20core%20known,takes%20about%2010%20days%20only
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vagaries, dew-retted fiber quality can be inconsistent between batches or seasons. Additionally, leaving 
stalks in the field for a month ties up land and can make fields unworkable for other crops during that 
period. Inconsistent retting is one of the reasons early hemp textiles often had coarse, irregular yarn – if not 
all pectin is removed, fibers remain stiff; if over-retted, fibers become weaker. Nonetheless, with skilled 
timing (removing the straw from the field at the “just right” point), dew retting can yield good fiber. Research 
is ongoing into more controlled field retting techniques to improve reproducibility (Hemp: From Field to 
Fiber—A Review). 

• Water Retting: One of the oldest retting methods (used since antiquity) involves submerging hemp stems 
in water pools (rivers, ponds, or tanks) for several days to a couple of weeks. Microbial action (initially 
aerobic bacteria like Bacillus, then anaerobic as oxygen is depleted) in warm water breaks down the 
pectins faster than in dew retting. Advantages: Water retting is faster (typically ~5–10 days for hemp) and 
can produce very high quality fiber with greater consistency. The controlled water environment means 
retting is less subject to weather; factors like temperature and pH can be regulated in tanks. Well water-
retted hemp fiber is often finer and stronger, with a softer feel, because of more uniform and complete 
removal of gums. Disadvantages: Traditional water retting can generate foul odors and polluted retting 
liquor. The stagnant anaerobic retting pools release hydrogen sulfide and other malodorous compounds – a 
historical complaint of villages near retting ponds. Environmental concerns are significant: the wastewater 
is rich in organic matter (pectins, dissolved solids) that can deplete oxygen in waterways if released 
untreated . Moreover, after retting, the fibers must be dried, adding a labor and energy step. Water retting is 
also relatively labor- and resource-intensive (managing pools, monitoring, and subsequent effluent 
treatment). These drawbacks, along with odor and environmental regulations, have made pure water 
retting less common in modern industrial practice, despite its fiber quality benefits. Newer variants like 
“hydrothermal retting” (using heated water or steam under pressure) can accelerate retting without 
chemicals, and are being studied for efficiency and lower environmental impact. 

• Chemical Retting (Alkaline Degumming): To speed up retting and improve consistency, chemical 
methods are employed industrially (similar to how ramie or some bamboo fibers are degummed). A 
common approach is an alkaline soak (e.g. sodium hydroxide solution) often at elevated temperature, 
sometimes combined with agitation or detergents. This dissolves pectins and hemicellulose in a matter of 
hours. Advantages: Chemical retting is fast and can be done in a controlled factory setting, yielding 
consistent results and high fiber separation efficiency. It is not weather-dependent and can be integrated 
into continuous processing. Disadvantages: The process can be harsh – strong alkali at high temperature 
may partially damage cellulose if not carefully controlled. It also produces wastewater with very high pH 
and loads of organic and inorganic chemicals (lye, dissolved plant matter, etc.), which require treatment to 
avoid environmental harm. There are significant costs associated with chemicals, energy (for heating), and 
effluent treatment. While chemical retting can produce very clean, uniform fiber quickly, the fiber may be 
somewhat lower in intrinsic strength compared to gently retted fiber due to potential cellulose damage. To 
mitigate this, researchers have explored milder chemical formulations and lower temperatures – balancing 
fiber quality with retting efficacy. Overall, chemical retting is used in some large-scale operations, but the 
sustainability trade-offs are a concern. Often it is combined with enzymatic steps (biochemical retting) to 
improve selectivity and reduce harsh conditions. 

• Enzymatic (Biological) Retting: An emerging and more eco-friendly approach is to rett with specific 
enzymes or enzyme-producing microbes. In enzyme retting, cocktails of pectinase, hemicellulase and 
related enzymes (derived from fungi or bacteria) selectively break down the pectin and hemicellulose 
“glue” holding fibers. This can be done by adding enzymes to water tanks or by spraying on stalks under 
controlled conditions. Sometimes a mild pre-ret (dew or water) is done to open up the structure, followed 

https://www.mdpi.com/2673-7248/4/2/11#:%7E:text=,148
https://www.mdpi.com/2673-7248/4/2/11#:%7E:text=,148
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by an enzyme treatment to finish the job. Advantages: Enzymatic retting is highly controlled and can 
produce very uniform fiber with minimal damage to cellulose. By choosing the right enzymes, one can 
target pectin removal while preserving cellulose, resulting in fibers of high strength and fineness. It also 
avoids the pollution of traditional water retting – the enzymatic liquors are generally biodegradable and can 
be recycled or treated more easily than chemical baths. Overall environmental impact is low (Hemp: From 
Field to Fiber—A Review). Disadvantages: Cost can be higher, as enzymes or specialized microbial strains 
must be produced and maintained. The process may require precise control of temperature, pH, and time 
to be effective, which means more advanced equipment and monitoring. If not done optimally, residual 
pectin might remain (affecting spinnability), or, conversely, cellulose might start to be attacked once pectin 
is gone – so the process window is important. Current research is looking at improving enzyme 
formulations and process flow to make enzymatic retting more economically feasible at scale. Despite 
these challenges, enzyme retting is promising as a sustainable method yielding high-quality textile-grade 
hemp fiber, and several companies and research groups are refining such techniques (sometimes called 
bio-ret ting). 

In practice, modern hemp processing may combine methods – for example, a short field retting followed by an 
enzyme treatment (“bio-retting”), or alkaline retting with enzyme finishing – to optimize results. The choice of 
retting method influences fiber color, strength, fineness, and cleanliness. For instance, dew-retted fibers tend to 
be darker (gray or brown) and sometimes thicker due to residual cementing substances, whereas water- or 
enzyme-retted fibers are often lighter in color (cream to yellow) and finer, making them easier to bleach and dye for 
textiles (FiberLady Fiber: 100% Hemp - Ravelry). Retting adequacy also affects yield: under-retted stalks will not 
release all fibers (reducing yield), while over-retting can cause fiber loss or weakness. 

Fiber Quality Impact: Optimal retting strikes a balance – enough removal of binding agents to separate fibers 
easily, but not so much that fibers are weakened. Studies have shown that insufficient retting leads to higher 
content of non-cellulosic compounds, resulting in coarse yarn and more difficult spinning, whereas well-retted 
(especially water/enzyme retted) hemp can be spun into much finer yarns (Hemp: From Field to Fiber—A Review). 
For high-end textile applications (fine fabrics, apparel), a controlled retting (water with monitoring, or enzyme 
retting) is often preferred despite higher cost, because it yields the softest, strongest fibers. For coarse uses (rope, 
twine, industrial nonwovens), dew retting may suffice. The retting method is thus a critical decision in hemp fiber 
production, influencing the downstream spinning processes and yarn quality. 

 

Spinning Technologies for Hemp Fiber Yarns 

Once hemp fibers are retted and decorticated (separated from the woody core, typically by crushing and 
scutching processes), the next challenge is spinning them into yarn. Hemp fibers differ from cotton in length, 
thickness, and stiffness, requiring adjustments to traditional spinning systems. There are two primary approaches 
to spinning hemp: 

1. Long Fiber Spinning (Flax-type spinning) – using the natural long fibers (line fiber) in processes like wet 
spinning or dry spinning, similar to flax linen production. 

2. Short Fiber Spinning (Cottonized fiber spinning) – cutting/refining hemp fibers into short staple length 
(typically 1–2 inches, similar to cotton or wool fiber length) so they can be processed on cotton or wool 
spinning systems. 

Each approach has suitable technologies and industrial implications. We will examine wet vs. dry spinning for long 
fibers, and the concept of cottonization for blending into cotton-based spinning. 

https://www.mdpi.com/2673-7248/4/2/11#:%7E:text=An%20emerging%20retting%20process%20is,This%20enzyme%20activity%20is
https://www.mdpi.com/2673-7248/4/2/11#:%7E:text=An%20emerging%20retting%20process%20is,This%20enzyme%20activity%20is
https://www.ravelry.com/yarns/library/fiberlady-fiber-100-hemp#:%7E:text=FiberLady%20Fiber%3A%20100%25%20Hemp%20,with%20a%20lot%20of
https://www.mdpi.com/2673-7248/4/2/11#:%7E:text=an%20insufficient%20retting%2C%20or%20under,the%20fiber%E2%80%99s%20strength%20and%20losing
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Long Fiber Spinning: Wet vs Dry Spinning 

Traditional bast fiber spinning utilizes the natural long fibers to create high-strength yarns. In hemp (as in flax), long 
fibers can be drawn and spun in a “line” process. There are two variants: 

• Wet Spinning: In wet spinning of hemp, the fiber roving (after hackling/combing) is passed through a warm 
water bath at the drafting/spinning stage (Hemp Fiber Processing - Textile Sphere). The water bath softens 
residual pectin and helps the fibers slide and adhere together, allowing a tighter twist insertion without 
fiber breakage (Davifil Wet and Semi-wet Spinning: Linen and Hemp Yarns). Wet spinning produces a 
smoother, more lustrous yarn with less hairy surface. Fine hemp linens are typically wet-spun. 
Advantages: Allows 100% hemp yarn even in fine counts, by improving fiber flexibility. Yarns are strong and 
relatively even, suitable for high-quality textiles. Disadvantages: It requires equipment that can handle 
water at the drafting zone, and the yarn must be dried after spinning. It’s energy-intensive (for heating water 
and drying) and can corrode machinery if not properly maintained. Wet-spun yarns can feel stiffer initially 
(“hard touch” until washed), because water aligns fibers tightly. 

• Dry Spinning: Dry spinning of hemp means the fibers are spun without a water bath – essentially like 
spinning flax in a dry state. Typically, long hemp fibers are still combed and formed into rovings, but they 
remain dry during twisting. Advantages: Simpler process (no need for water baths or drying), and thus 
lower operational cost. Disadvantages: Dry-spun hemp yarn tends to be coarser and hairier – without 
water, the fibers don’t bend as easily and stray fiber ends protrude from the yarn surface (How Yarn Is Made 
From Hemp Fiber | Hemp Foundation). This yields a comparatively rough yarn, often used for ropes, twine, 
or heavier fabrics where smoothness is not critical. Dry spinning is generally limited to coarser counts; 
trying to spin fine yarn dry with hemp can lead to frequent thread breakage due to the fiber stiffness. 

In practice, line hemp fibers are often wet-spun for textile yarns. A rule of thumb from linen spinning applies: wet 
spinning for finer, smooth yarn; dry spinning for heavier, rustic yarn. Indeed, sources note that for hemp, wet 
spinning is preferred for fine yarns, while dry spinning is used for the shorter line/tow fibers for products like carpet 
yarns, twine or when a “hairy” aesthetic is acceptable. There are also intermediate “semi-wet” processes, e.g. 
spraying the roving with water or a sizing solution (rather than full immersion) to get some benefits of wet spinning 
with less complexity. These can enable slightly higher hemp content in yarns or improved quality without a full wet 
line. 

A key point is that 100% hemp yarn is feasible with long fiber wet spinning. Industry experience and studies 
indicate that the best quality 100% hemp yarns are produced on wet-spinning systems designed for bast fiber (akin 
to flax mills). In contrast, using typical short-staple (cotton) spinning machinery, it is difficult to spin pure hemp – 
the fiber length and hardness cause processing issues if not blended (Hemp: From Field to Fiber—A Review). We’ll 
discuss the cotton system next. 

Cottonized Fiber Spinning (Short-Staple Systems) 

An alternative route to make hemp yarn is to “cottonize” the hemp fibers, meaning to process the bast fibers into a 
form that behaves like cotton or other short staples. Cottonization involves mechanically or chemically breaking 
the hemp fiber bundles down to shorter single fibers (on the order of a few centimeters) and removing lignin/pectin 
to make them softer and finer. The resulting fiber can then be processed through conventional cotton spinning 
equipment (opening, carding, drawing, and ring or rotor spinning), often blended with cotton or other fibers. 

Cottonized hemp allows existing textile mills to incorporate hemp without investing in specialized long-fiber 
spinning frames. The trade-off is that cutting the fiber short loses some of hemp’s inherent length advantage and 
strength, and pure hemp yarn is usually not achievable on short-staple systems. Typically, cottonized hemp fiber is 

https://www.textilesphere.com/2019/10/hemp-fiber-processing.html#:%7E:text=Hemp%20Fiber%20Processing%20,which%20in%20turn%20allows
https://www.davifil.it/en/types/wet-and-semi-wet#:%7E:text=It%20is%20called%20wet%20spinning,The
https://hempfoundation.net/how-yarn-is-made-from-hemp-fiber/#:%7E:text=Spinning%20is%20the%20process%20of,with%20tapered%20ends%20and%20a
https://hempfoundation.net/how-yarn-is-made-from-hemp-fiber/#:%7E:text=Spinning%20is%20the%20process%20of,with%20tapered%20ends%20and%20a
https://www.mdpi.com/2673-7248/4/2/11#:%7E:text=flax%20fibers%20,the%20possibility%20to%20use%20wool


IND HEMP 

7 
 

blended with cotton or other fibers to improve spinnability. Industry experts note that with cotton-system ring or 
rotor spinning, a 100% hemp yarn is normally not possible (or not economical) – hemp content is often limited, e.g. 
30–50% hemp blended with cotton in a yarn. One study mentions that using ring/rotor systems, “normally… it is not 
possible to obtain 100% hemp yarn” without blending. 

However, cottonization has opened up popular applications like hemp-cotton blend fabrics (denim, knitwear, 
shirting) using existing infrastructure. For example, recent developments by major brands have seen cottonized 
hemp used in denim jeans, where hemp fiber is processed to mimic cotton’s feel. Levi Strauss & Co. reported 
working with fiber technologists to create a hemp that is “soft like cotton” and easily woven into their denim, 
achieving blends like 30% hemp in cotton denim without a noticeable difference in hand feel (Stay Loose 
Carpenter Cottonized Hemp Men's Jeans). This involves enzyme treatments and mechanical refining (a form of 
cottonization) to make hemp fiber finer and more flexible (Levi's Aims To Use More Hemp For Its Fashion 
Collections - Forbes). 

From an industrial feasibility standpoint, cottonized hemp is attractive because it can be run on standard ring 
spinning or open-end rotor spinning machines alongside cotton. Big spinning companies and mills do not need 
entirely new lines; they can adapt blending and carding to handle hemp. The feasibility has been demonstrated in 
products like t-shirts, where a small proportion of hemp is blended with organic cotton to add strength and 
sustainability credentials, or in bed linens combining hemp with cotton for durability. The limitation is that if one 
tries to go to very high hemp percentages in a short-staple yarn, the yarn tenacity can suffer if the fiber cohesion is 
not sufficient. Hemp fibers are smooth (less crimp than wool, less twisty than cotton), so in a short fiber yarn they 
may not hold together as well at high ratios. For instance, research on open-end spun cotton/hemp yarns found 
that yarn strength actually decreased as hemp content rose above a certain point, likely due to hemp’s lower 
friction and bundle slippage in the yarn (DEVELOPMENT OF SUSTAINABLE AND ECOLOGICAL HYBRID YARNS:). 
Proper fiber finishing and perhaps slight resin or binder can mitigate this, but generally blends are used to balance 
properties. 

Another short-staple route is using woolen system spinning for hemp blends. Some mills have experimented with 
taking decorticated hemp and cutting it to wool fiber length, then carding on woolen cards to blend with wool or 
other fibers. It has been reported that using a modified wool spinning system (with special carding), one can 
achieve yarns with up to 90% hemp content in a wool blend (Hemp: From Field to Fiber—A Review). The wool 
fibers’ crimp may help bind the hemp, and the woolen spinning (which is a long-draft, high-fiber-volume method) 
can accommodate the stiffness of hemp to a degree. This is a niche approach but shows the flexibility of short-
staple processing: cottonized hemp can pair not just with cotton, but also with wool or synthetics in various 
spinning system configurations. 

In summary, spinning technologies for hemp fall into two camps: 

• Bast fiber spinning (wet/semi-wet or dry): Produces 100% hemp yarn of high strength, needed for pure 
hemp textiles. Requires specialized equipment (analogous to flax linen spinning). Yields smooth, high-
quality yarn especially via wet spinning. 

• Cotton system spinning (cottonized hemp): Allows blending hemp with other fibers and use of existing 
cotton spinning machines (ring, rotor, air-jet). Best for blended yarns; pure hemp on these machines is 
generally not feasible. Allows high-volume industrial use of hemp by piggybacking on cotton infrastructure. 

Both approaches are being actively used and improved. Europe and China, with a legacy of flax and hemp 
spinning, have revived wet spinning for fine hemp yarns (some European mills now spin long hemp for niche high-
end fabrics). In North America, much focus is on cottonization – enabling hemp’s use in mainstream cotton 

https://www.secondhand.levi.com/p/levi-stay-loose-carpenter-cottonized-hemp-mens-jeans-mens/558490006#:%7E:text=Stay%20Loose%20Carpenter%20Cottonized%20Hemp,is%20recommended%3B%20do%20not
https://www.secondhand.levi.com/p/levi-stay-loose-carpenter-cottonized-hemp-mens-jeans-mens/558490006#:%7E:text=Stay%20Loose%20Carpenter%20Cottonized%20Hemp,is%20recommended%3B%20do%20not
https://www.forbes.com/sites/dariosabaghi/2021/10/12/levis-jeans-company-aims-to-use-more-hemp-for-its-fashion-collections/#:%7E:text=Forbes%20www,so%20that%20it%20feels
https://www.forbes.com/sites/dariosabaghi/2021/10/12/levis-jeans-company-aims-to-use-more-hemp-for-its-fashion-collections/#:%7E:text=Forbes%20www,so%20that%20it%20feels
https://www.cellulosechemtechnol.ro/pdf/CCT9-10(2022)/p.1089-1100_rau.pdf#:%7E:text=sheath%20fibers%20had%20slightly%20lower,the%20yarns%20covered%20with%20OC%2FH
https://www.mdpi.com/2673-7248/4/2/11#:%7E:text=ring%20and%20rotor%20spinning%20systems%2C,hemp%20fibers%20%5B%20166
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products. The choice often depends on the end-product: for a 100% hemp canvas or twine, one might dry-spin 
long fiber; for a hemp-blend knit shirt, one will cottonize and ring spin a blend. 

Industrial Feasibility: As of 2025, dedicated long-fiber spinning capacity for hemp is limited (a handful of 
specialized mills globally), whereas cotton-system blending is more accessible. This is a factor for manufacturers: 
integrating hemp might initially mean using cottonized fiber and existing spinning contractors. Over time, if 
demand for pure hemp textiles grows, we may see more wet-spinning facilities or retrofitting of flax lines for hemp 
in North America. Notably, global pioneers in hemp spinning like in China have decades of experience with wet 
spinning hemp (often treating it similarly to linen). Their know-how is being transferred as joint ventures or 
consulting to new operations in the West. A combination of improved fiber preparation (to make hemp easier to 
spin) and modern spinning tech (like compact ring spinning to better grip smooth fibers, or air-jet spinning for 
blends) will continue to expand the range of yarns that can be made with hemp. 

 

Blending Hemp with Other Fibers: Benefits, Challenges, and Applications 

Blending hemp with other textile fibers is a common strategy to harness the strengths of hemp while offsetting its 
weaknesses. By combining fibers, manufacturers can tailor yarn performance, cost, and feel for specific end-uses. 
In this section, we examine blends of hemp with cotton, polyester, and lyocell (Tencel) – which are among the 
most prevalent blend partners – and touch on others (e.g. wool, silk). We will discuss the rationale, benefits, 
challenges, and typical applications for each type of blend. 

Hemp–Cotton Blends 

Cotton is the fiber hemp is most frequently blended with, especially in apparel. Rationale: Cotton is soft, familiar 
to consumers, and widely available; hemp is strong, durable, and sustainable. By blending, one can create a fabric 
that feels like cotton but with enhanced strength and longevity from hemp. Hemp can also improve a fabric’s 
resistance to abrasion and decrease shrinkage, since hemp fibers do not shrink or stretch as much as cotton when 
wet (Applications of Hemp Fibers for Textiles). Meanwhile, the cotton content softens the overall hand and adds 
bulk and warmth. 

Benefits: A well-engineered hemp-cotton blend can be soft and comfortable while also strong and long-lasting. 
For example, hemp’s legendary durability means a cotton/hemp garment will generally last longer than a pure 
cotton one – hemp fibers have been observed to retain strength even after many wash cycles, and they tend to 
“age” gently (garments become softer without falling apart). Hemp also brings UV resistance and antimicrobial 
properties, so a cotton t-shirt with 30% hemp might offer better UV protection and odor resistance than a 100% 
cotton shirt. From a sustainability angle, every pound of cotton replaced by hemp saves significant water and 
pesticide use, improving the eco-profile of the textile. 

A notable application is denim: Many major denim brands have introduced cotton/hemp denim where typically 
around 20–30% of the blend is hemp. The result is a classic look denim that is slightly sturdier. Levi’s, for instance, 
released jeans with a 70/30 cotton-to-cottonized hemp blend, claiming they achieved the same softness as 
traditional denim (Stay Loose Carpenter Cottonized Hemp Men's Jeans) (The denim industry leaves cotton behind. 
The cottonized hemp). In canvas and workwear fabrics, higher hemp ratios may be used (e.g. 50/50) to exploit 
hemp’s toughness. 

Challenges: The primary challenge is spinning and uniformity. Hemp and cotton have different fiber lengths and 
surface textures. Cotton fibers are short (2–3 cm) and have convolutions that help them interlock; hemp fibers (if 
cottonized) may be longer and smoother. This can lead to uneven blending if not thoroughly opened and mixed. 

https://dsiac.dtic.mil/wp-content/uploads/2024/09/TI-Response-Report_DSIAC_Applications-of-Hemp-Fibers-for-Textiles_12122024.pdf#:%7E:text=compatible%20for%20blends%20with%20cotton,3
https://www.secondhand.levi.com/p/levi-stay-loose-carpenter-cottonized-hemp-mens-jeans-mens/558490006#:%7E:text=Stay%20Loose%20Carpenter%20Cottonized%20Hemp,is%20recommended%3B%20do%20not
https://lampoonmagazine.com/article/2023/08/19/levi-strauss-virgocoop-cottonized-hemp-futura-75-china-industrial-hemp/#:%7E:text=In%202019%2C%20Levi%20Strauss%20%26,periodically%20throughout%20the%20year%202023
https://lampoonmagazine.com/article/2023/08/19/levi-strauss-virgocoop-cottonized-hemp-futura-75-china-industrial-hemp/#:%7E:text=In%202019%2C%20Levi%20Strauss%20%26,periodically%20throughout%20the%20year%202023
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Technically, spinning a cotton/hemp blend may require adjustments: too much hemp can reduce yarn cohesion as 
noted earlier. A study found that yarn tenacity in an organic cotton/hemp blend dropped as hemp % increased 
beyond 20% because the hemp fibers, though stronger individually, didn’t bind as well in the yarn matrix. Mill 
experience often limits hemp content for fine yarns to perhaps 30% without special processing. Another challenge 
is dyeing – hemp and cotton are both cellulose fibers and generally dye similarly, but their different morphology can 
sometimes lead to slight tone variations (hemp might take up dye a bit lighter). Proper scouring and mercerizing 
can mitigate this. Finally, sourcing consistent quality cottonized hemp has been an issue historically, though it’s 
improving as supply chains develop. 

End-Uses: Hemp-cotton blends are used in a wide range of products: denim, shirting, knitwear (t-shirts, hoodies), 
chinos, sheets, towels etc. A 30% hemp, 70% cotton shirt will look and feel very much like cotton but with a “linen-
like” drape and improved breathability – great for summer wear. Lighter blends (10–20% hemp) are sometimes 
used in knits to add a bit of texture and strength without significantly altering the soft cotton feel. Heavier blends 
(50%+ hemp) appear in things like canvas tote bags, upholstery fabrics, and durable outerwear where a heavier 
hand and rugged performance are desired. In summary, cotton/hemp is a versatile blend: cotton lends softness 
and marketability, hemp contributes strength, stability (less shrink/pill), and sustainability. As one U.S. mill noted, 
using hemp with cotton can soften the textile without sacrificing durability, resulting in a feel “somewhere between 
cotton and canvas” that resists pilling and does not shrink much (Applications of Hemp Fibers for Textiles). 

Hemp–Polyester Blends 

Blending natural hemp with synthetic polyester (PET) is done to combine natural feel with performance and to 
improve certain technical properties. Rationale: Polyester is cheap, resilient, and imparts dimensional stability 
(polyester fibers don’t shrink and are very strong for their weight). Hemp brings breathability, heat resistance, and a 
natural aesthetic. In some use-cases, hemp can replace a portion of polyester to make a product more sustainable 
while maintaining needed strength. 

Benefits: Polyester/Hemp blends can be designed to be very durable. Polyester is often added to cotton to prevent 
wrinkles and add strength; similarly adding polyester to hemp (or vice versa) can yield a stronger yarn than either 
alone. One study indicated that adding hemp fiber to a recycled polyester/cotton yarn improved the yarn tenacity 
(Study on the Relationship Between Blending Ratio and ...). In military textiles, interest has been shown in hemp as 
an alternative to pure poly-cotton uniforms: hemp does not melt or drip under high heat like polyester (important 
for safety), and it does not have a shiny infrared signature like some poly blends (Applications of Hemp Fibers for 
Textiles). In fact, hemp’s flame resistance (it chars rather than melting) and lack of shine are benefits in combat 
uniforms or workwear. Thus, a poly/hemp blend could be safer in fire-prone environments compared to 
poly/cotton, since cotton will burn and polyester will melt, whereas hemp will smolder and self-extinguish more 
like linen. 

From a consumer standpoint, a small amount of polyester (e.g. 20%) in a hemp blend can significantly increase 
wrinkle resistance and improve stretch recovery, given polyester’s resilience. It also lowers cost if hemp is 
expensive. Meanwhile, the majority hemp content ensures the fabric remains breathable and biodegradable for the 
most part. Some outdoor products (backpacks, gear) use hemp+PET blends in canvas form to get a durable, rot-
resistant fabric that still has a natural look. 

Challenges: A key challenge is that blending a hydrophilic natural fiber with hydrophobic polyester can lead to 
uneven dyeing and finishing unless a proper carrier or two-bath dye process is used. Polyester often requires 
disperse dyes at high temperature, whereas hemp uses reactive or direct dyes; achieving a uniform color in a 
hemp/poly fabric might mean doing a union dye or accepting a heathered look. Another challenge is that by adding 
polyester, one compromises biodegradability – the end product will not be fully biodegradable unless one uses 

https://dsiac.dtic.mil/wp-content/uploads/2024/09/TI-Response-Report_DSIAC_Applications-of-Hemp-Fibers-for-Textiles_12122024.pdf#:%7E:text=rough%20end%20product%2C%20so%20it,shrink%20and%20is%20rarely%20affected
https://www.researchgate.net/publication/263764354_Study_on_the_Relationship_Between_Blending_Ratio_and_Performance_of_HempPolyester_Yarn#:%7E:text=,2014%29
https://dsiac.dtic.mil/wp-content/uploads/2024/09/TI-Response-Report_DSIAC_Applications-of-Hemp-Fibers-for-Textiles_12122024.pdf#:%7E:text=The%20military%20wants%20to%20use,Kurtz
https://dsiac.dtic.mil/wp-content/uploads/2024/09/TI-Response-Report_DSIAC_Applications-of-Hemp-Fibers-for-Textiles_12122024.pdf#:%7E:text=The%20military%20wants%20to%20use,Kurtz
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specialty biodegradable polyesters. Also, the handle of polyester is different: too much polyester can negate 
hemp’s breathability (though hemp’s moisture absorbency can offset some of polyester’s clammy feel). 

End-Uses: You’ll find hemp/polyester blends in performance apparel and technical textiles. For instance, some 
manufacturers produce hemp/poly jersey knits for athletic or outdoor shirts – hemp provides odor control and 
comfort, polyester gives stretch (especially if combined with some elastane) and quick-dry properties. Another 
application is home furnishings like curtains or upholstery, where a bit of polyester can reduce wrinkling and add 
strength, but hemp provides the rustic look and feel. Industrial textiles such as canvas tarps or composite fabrics 
may blend hemp and polyester to get the strength of polyester with the surface properties of hemp (for example, a 
composite reinforcement fabric could be hemp/poly, combining natural fiber stiffness with some poly flexibility). 

It’s worth noting that the drive for sustainability is pushing some brands to limit synthetic content. Hemp/poly 
blends might become less popular in fashion if 100% natural fiber options meet performance needs. However, for 
heavy-duty uses and longevity, this blend has its place. One promising development is using recycled polyester 
(rPET) with hemp, so that at least the synthetic part is from post-consumer recycling, further reducing 
environmental impact. 

 

 

Hemp–Lyocell (Hemp–Tencel) Blends 

Lyocell, often known by the brand name Tencel®, is a regenerated cellulose fiber (typically derived from wood pulp 
like eucalyptus) prized for its silky softness and drape. Blending lyocell with hemp marries two sustainable 
cellulose fibers – one natural, one man-made – to create fabrics that are eco-friendly and high-performance. 
Rationale: Lyocell is very soft, smooth, and drapey but can be relatively weak when wet and has a tendency to 
fibrillate (get fuzzy) in abrasion; hemp is very strong (even wet) and has a textured hand. Blending them can 
produce a fabric that is stronger and more structured than pure Tencel, yet softer and more fluid than pure hemp 
(What's so great about Tencel (and hemp)! - Sympatico Clothing). 

Benefits: Hemp/Tencel blends are often described as having the “best of both” – the blend yields a fabric with 
excellent drape and sheen (thanks to the Tencel) and a lightly textured, breathable feel (thanks to hemp). A 55% 
hemp / 45% Tencel blend used by one apparel brand was noted to have a much better hand and drape than hemp 
alone, which had been too stiff for their designs. The lyocell essentially softens the hand of hemp significantly. 
Meanwhile, hemp contributes to strength and stability: The same brand noted that hemp adds structure so the 
fabric “drapes attractively yet has some structure” and it “ages gently” without requiring special care. Also, both 
fibers are breathable and moisture-absorbing, so together they make garments that feel cool and dry. Both hemp 
and Tencel are antimicrobial by nature, thus a blend will have strong odor resistance – great for summer clothing or 
travel wear that you don’t want to launder constantly. 

Another benefit is sustainability: Tencel is produced in a closed-loop process with low toxicity, and hemp is 
organically grown in many cases; thus the blend is often marketed as an “eco fabric” that is biodegradable (100% 
cellulosic) and made from renewable inputs. No synthetic or pesticide-heavy fibers involved is a selling point for 
eco-conscious consumers. 

Challenges: Hemp and lyocell are fairly compatible since both are cellulose, but there are considerations. Lyocell 
fibers are very smooth and slippery, which can make spinning a 100% lyocell or high-lyocell blend tricky (low 
cohesion) – the rougher texture of hemp actually helps in giving grip. However, if hemp fibers are significantly 
longer than the lyocell, one must ensure an even blend (usually lyocell staple can be cut to similar length as 
cottonized hemp). Also, lyocell has high wet elongation and shrinkage, whereas hemp is dimensionally stable; 

https://www.sympaticoclothing.com/blog/whats-so-great-about-tencel-and-hemp/?srsltid=AfmBOorNyxPMY73vXXtdkHSQPpXk60pIGmk-p8K4P2v0c7GgfP6bq4FE#:%7E:text=When%20I%20found%20the%2055,systems%2C%20hemp%20improves%20soil%20quality
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their combination in finishing needs to be handled so the fabric doesn’t pucker or distort if one component shrinks 
more. Typically pre-shrinking or mercerizing can stabilize this. Cost is another factor: lyocell is a premium fiber, and 
high content of Tencel will raise material cost; blends are often chosen to balance cost with performance. 

End-Uses: Hemp/lyocell blends are popular in fashion apparel where a luxurious feel is desired along with 
durability. For instance, women’s blouses, dresses, and men’s shirts can use a 50/50 hemp-lyocell fabric that feels 
like a soft linen with a bit of silky sheen. Knitwear is another area – adding Tencel to hemp yarn for knit fabrics 
yields a much softer outcome suitable for t-shirts, whereas pure hemp knit might be too rough. Home textiles like 
bed sheets or towels could also benefit (though cotton or linen are more common there, Tencel/hemp sheets 
would be strong, breathable, and soft – an interesting niche). We are also seeing some activewear or yoga wear 
using hemp/Tencel blends, leveraging the comfort and antimicrobial nature, while perhaps including a bit of 
spandex for stretch. 

A real-world example: Sympatico, a sustainable clothing company, uses a 55% hemp / 45% Tencel woven fabric for 
their entire line. They report that pure hemp lacked the drape they wanted, but with Tencel, the fabric became 
“softer [with] more comfortable hand” and still maintained the sustainable, low-chemical profile. They highlight 
that both fibers are grown/produced without pesticides and that the blend stays fresh longer due to antimicrobial 
properties (What's so great about Tencel (and hemp)! - Sympatico Clothing). This illustrates why many designers 
favor this blend – it elevates hemp to a more premium, fashion-friendly material. 

 

Other Notable Blends 

• Hemp–Rayon or Hemp–Modal: Similar to Tencel, other regenerated cellulosic fibers like viscose rayon or 
modal can be blended with hemp. These can also improve softness and are cheaper than Tencel (though 
less eco-friendly if traditional viscose). Such blends show up in summer garments and reduce cost while 
keeping a mostly-natural fiber content. 

• Hemp–Wool: An uncommon but interesting blend; wool’s elasticity and warmth combined with hemp’s 
strength. As noted earlier, woolen spinning can incorporate hemp. A wool/hemp blend could be used in 
jackets or blankets – the wool provides warmth and resiliency, hemp adds tensile strength and can lighten 
the material (since hemp is less dense than wool). Both are breathable. Challenges include different 
washing requirements (wool is not high-temperature washable, hemp can be) and fiber cohesion (hemp 
has no crimp, so in a wool yarn, hemp fibers may slip – blending with a bit of synthetic binder fiber or using 
core-spun yarn can address this). 

• Hemp–Silk: This high-end blend exists to marry hemp’s strength with silk’s luxury feel. Silk can 
dramatically improve the hand of hemp, and hemp can lower the cost of a pure silk fabric while adding 
structure. One might find hemp/silk blends in summer suiting or dressy fabrics. They dye well together 
(both absorb dyes readily). The challenge is that silk is fine and hemp is typically coarser, so the blend yarn 
may have irregularities. Silk/hemp yarns need good fiber alignment to spin smoothly. 

In general, blending allows hemp to be used in many more applications than it could on its own. Benefits of 
blending: improved spinnability, softer hand feel, cost reduction, and tuning of functional properties (strength, 
stretch, moisture, etc.). Drawbacks: added processing steps for blending, potential uneven dyeing, and in some 
cases reduced sustainability if blending with synthetics. Table 1 below summarizes some characteristics: 

• Cotton/Hemp: Soft, breathable, stronger than cotton alone, shrinks less, everyday apparel & denim. 

• Polyester/Hemp: Very strong, quick-dry, less flammable than poly alone, outdoor gear and uniforms. 

https://www.sympaticoclothing.com/blog/whats-so-great-about-tencel-and-hemp/?srsltid=AfmBOorNyxPMY73vXXtdkHSQPpXk60pIGmk-p8K4P2v0c7GgfP6bq4FE#:%7E:text=Used%20in%20clothing%2C%20botht%20eh,fussy%20care
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• Lyocell(Hemp: Soft, drapey, strong, fully cellulosic/biodegradable, fashion apparel. 

• Wool/Hemp: Warm yet stronger, niche winter wear (requires gentle care due to wool). 

• Silk/Hemp: Lustrous, improved tensile strength over silk, luxury textiles. 

Blending is often guided by end-use requirements. For instance, a summer shirt might use hemp/Tencel or 
hemp/cotton for coolness, whereas a heavy-duty work apron might use hemp/poly for toughness. As the market for 
hemp textiles matures, spinning mills are learning how to optimize these blends (e.g. adjusting twist levels, using 
different yarn structures like core-spun or vortex spun yarns to best integrate hemp). The result is that today one 
can find hemp in everything from a soft knit tee (hemp/Tencel) to a durable carpet (hemp/PP blend in some cases 
for eco carpet backing). In all cases, the blending strategy is to leverage hemp’s strengths – literally and figuratively 
– and mitigate its limitations for the given application. 

 

Sustainability Considerations for Hemp Yarns and Textiles 

One of the strongest drivers behind the resurgence of hemp in textiles is its sustainability profile. From cultivation 
through end-of-life, hemp offers several environmental advantages compared to incumbent fibers like cotton or 
petroleum-based synthetics. This section examines key sustainability aspects: 

• Resource Use (Water, Land, Pesticides): Hemp generally requires far less water and agrochemicals than 
cotton. As noted, cotton can use around 10,000 liters of water per kg fiber, while hemp might use ~2,700 
liters (Hemp vs. Cotton: A Comparison of Eco-Friendly Fibers - News about Hemp | Obelisk Farm). Some 
sources even claim well-managed hemp can use as little as 300–500 liters/kg in certain climates, though 
1/4 to 1/2 of cotton’s water need is a reasonable estimate. Hemp is also naturally pest-resistant; it grows 
densely and vigorously, shading out weeds and reducing insect problems, so pesticide and herbicide use is 
minimal to none in fiber hemp cultivation. Conventional cotton, by contrast, is responsible for 16% of 
global insecticide use on just 2.5% of cropland. By replacing cotton with hemp, we reduce chemical load 
on the environment (important for farmer health and ecosystems). Additionally, hemp’s quick growth (90-
120 days) and ability to grow in temperate regions means it can often be rain-fed (as in many parts of 
Europe and Canada), avoiding irrigation entirely. In terms of land use, hemp yields of fiber per hectare can 
be comparable to or greater than cotton yields per hectare, and you can even get dual-use (fiber + seed) 
from hemp in some cases. 

• Carbon Sequestration and Emissions: Hemp is a carbon-sequestering crop. Throughout its growth, a 
hectare of hemp absorbs CO₂ enthusiastically – estimates range from about 8 to 15 tons of CO₂ per 
hectare for one growth cycle (Hemp Carbon Credits Explained, Sequestration, Biochar), up to 22 tons/ha 
in optimal conditions with longer cycles ([PDF] The Role of Industrial Hemp in Carbon Farming). This is 
several times the CO₂ uptake of common crops or even young forests on a per-year basis (Hemp – The Ideal 
Crop for Carbon Sequestration?). The deep roots of hemp also contribute to soil carbon. When hemp fiber 
is used in long-life products (e.g. home textiles kept for years, or composite materials in construction), that 
carbon stays locked up. On the flip side, the emissions from processing hemp fiber into yarn are relatively 
low compared to synthetic fiber production. Natural fiber processing is mostly mechanical and biological; 
whereas producing 1 kg of polyester or nylon entails significant fossil fuel use and CO₂ emissions, 
producing 1 kg of hemp fiber is mostly field emissions (which are offset by the plant’s carbon uptake). A 
life-cycle study by Nova Institute (Germany) found that cultivating hemp for fiber had a lower overall GHG 
emission profile than cotton, polyester, or polypropylene fibers, especially when hemp’s carbon uptake is 

https://www.obeliskfarm.com/our-story/news/params/post/4681651/hemp-vs-cotton-a-comparison-of-eco-friendly-fibers#:%7E:text=Water%20Usage%3A%20A%20Clear%20Winner,efficient%20choice
https://carboncredits.com/hemp-carbon-credits/#:%7E:text=A%20hectare%20of%20hemp%20can,type%20of%20trees%2C%20region%2C%20etc
https://www.aph.gov.au/documentstore.ashx?id=ae6e9b56-1d34-4ed3-9851-2b3bf0b6eb4f#:%7E:text=,Hemp%27s%20rapid
https://www.axfoundation.se/en/projects/hemp-carbon-sequestration#:%7E:text=Hemp%20cultivation%20can%20help%20solve,the%20construction%20and%20textile%20sectors
https://www.axfoundation.se/en/projects/hemp-carbon-sequestration#:%7E:text=Hemp%20cultivation%20can%20help%20solve,the%20construction%20and%20textile%20sectors
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considered. If regenerative farming practices are used (e.g., organic, minimal tilling), hemp can even 
improve soil carbon stocks over time, making it a candidate for carbon farming initiatives. 

• Energy and Processing Impacts: Turning hemp stalks into finished yarn does involve energy – running 
decortication lines, scutching, carding, spinning frames, etc. But these processes typically use less energy 
than synthetic fiber extrusion or even than the full cotton textile pipeline (which includes intensive farming 
and irrigation energy). An EU study comparing natural fiber composites vs glass fiber composites noted 
that natural fiber production uses about 60% less energy than producing glass fiber (fiberglass) (Industrial 
Hemp Fibers: An Overview). While that’s a different context (composites), it underlines that natural fibers 
like hemp are not very energy intensive to obtain. One should note, however, if chemical retting or 
excessive enzyme use is employed, the sustainability can worsen due to chemical production impacts. 
Ideally, hemp is processed with low-impact methods (dew retting, enzymatic retting, etc.) which keep the 
process footprint low. Many hemp initiatives aim for an organic or Green chemistry approach – e.g., using 
enzymes and renewable energy in processing – to maximize the sustainability edge. 

• Biodegradability and Microplastics: Being a plant fiber, hemp is biodegradable. A 100% hemp fabric or 
blend with other natural fibers will decompose at end-of-life (given composting conditions) and not 
contribute to persistent pollution. This is a stark contrast to synthetic fabrics which can shed microplastics 
during use and survive for decades or centuries in landfills. Even a 30% hemp, 70% cotton garment is fully 
cellulosic and will eventually biodegrade. However, if hemp is blended with polyester or nylon, the 
biodegradability is compromised – only the cellulose portion will break down, leaving behind synthetic 
residue. Thus, for a fully sustainable product, one would choose hemp blended with other biodegradable 
fibers (cotton, Tencel, wool, etc.). Another environmental benefit of hemp textiles in use: they shed far 
fewer microfibers in washing than synthetics. And any fibers shed (cellulose) are not harmful microplastics 
but organic matter that can be broken down by microorganisms. 

• Textile Processing Chemicals: Hemp can be processed and finished with the same dyes and auxiliaries as 
other cellulosic fibers. To maintain sustainability, eco-friendly hemp textiles often use low-impact dyes or 
natural dyes and avoid treatments with hazardous chemicals. Hemp readily meets standards like Oeko-Tex 
Standard 100 (which tests that no harmful substances remain in the fabric) because it is easy to process 
without heavy chemicals. For example, bleaching hemp can be done with peroxide (a relatively eco-friendly 
bleach) instead of chlorine. Many hemp fabrics are left in natural colors or dyed with fiber-reactive dyes 
that have high fixation rates to minimize wastewater pollution. 

• Certifications: There are several certifications that hemp textile producers may pursue to validate 
sustainability claims. Global Organic Textile Standard (GOTS) can apply if the hemp is grown organically 
and the processing meets strict criteria (no toxic chemicals, social compliance, etc.). Indeed, hemp is 
often grown without synthetic inputs, so achieving organic certification for the raw fiber is feasible. The 
challenge historically was that because hemp was almost always grown without pesticides by default, 
some producers didn’t pursue organic certification or the supply chain wasn’t set up to segregate and 
certify – but that is changing. (There have been discussions about GOTS and hemp; some quirks in 
certification have arisen, but organic hemp textiles can be GOTS-certified as long as the whole supply 
chain is audited ([PDF] WHICH FIBRES ARE ALLOWED IN GOTS?). In fact, GOTS recognizes organic hemp 
fiber under its fiber criteria.) Oeko-Tex 100 is another common certification, ensuring the final product has 
no harmful residues – many hemp fabrics easily pass since hemp cultivation avoids pesticides and 
processing can be done gently. Fair Trade certification could apply for social aspects if hemp farmers and 
workers are ensured fair wages and conditions. Additionally, initiatives like the Higg Index by the 
Sustainable Apparel Coalition measure the impact of materials – hemp scores very favorably in such tools 

https://www.mdpi.com/2079-6439/7/12/106#:%7E:text=equipment%2C%20are%20relatively%20low%20cost%2C,biodegradable%20%5B%2097%2C11
https://www.mdpi.com/2079-6439/7/12/106#:%7E:text=equipment%2C%20are%20relatively%20low%20cost%2C,biodegradable%20%5B%2097%2C11
https://global-standard.org/images/articles/220713_GOTS_Flyer_Fibres.pdf#:%7E:text=,organic%20fibres%2C
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(usually better than conventional cotton and far better than poly in categories like water use, 
eutrophication, etc.). 

• Lifecycle Analysis (LCA) Perspective: A full LCA considers cultivation, fiber processing, spinning, 
weaving/knitting, use phase, and end of life. Hemp’s cultivation stage is where it shines (low impact, 
potential carbon negative). The processing/spinning stage for hemp vs cotton is somewhat less established 
in data, but given less chemical use, it likely has lower impact (with one study suggesting hemp cultivation 
had ~70% more positive contribution than cotton in environmental scoring, though yields and process 
differences exist (Hemp: From Field to Fiber—A Review)). During the use phase, hemp garments typically 
last a long time, which can mean fewer replacements (thus indirectly reducing consumption). At end of life, 
hemp can be composted or recycled (recycling hemp fiber is possible – mechanically into shoddy or 
chemically by pulping it for regenerated fiber). If landfilled, it doesn’t release toxins. If burned for energy (in 
waste-to-energy plants), it’s largely bio-based carbon. 

Hemp aligns strongly with sustainability goals in textiles: reduced water and chemical burden, improved soil and 
carbon outcomes, and circular end-of-life options. This is why many brands are turning to hemp as a key fiber in 
their sustainable collections. For instance, Patagonia and others have introduced hemp-blend apparel 
emphasizing these eco benefits. In Europe, automotive companies are using hemp fiber mats in composites to 
lightweight vehicles and reduce plastic use. Environmental assessments have repeatedly found natural fibers like 
hemp and flax to have lower impacts than glass fiber or synthetics in equivalent applications (Industrial Hemp 
Fibers: An Overview), and that including hemp in cropping systems can improve biodiversity and soil health (Hemp 
– The Ideal Crop for Carbon Sequestration?). 

One must also be transparent: sustainability is maximized when best practices are followed (e.g., avoiding retting 
processes that cause water pollution, ensuring fair labor, minimizing transport emissions by growing and 
processing regionally). Hemp has faced logistical issues, like being shipped long distances for processing, which 
can erode some benefits. Therefore, building local supply chains is part of improving hemp’s sustainability profile 
further. 

Finally, it’s worth noting the regulatory shift that allowed hemp farming again (like the 2018 U.S. Farm Bill) is partly 
motivated by these sustainable agriculture benefits. Governments and NGOs are supporting hemp as a carbon-
friendly and soil-improving crop (for example, pilot programs in the US looking at hemp for soil remediation and 
carbon credits). Certifications like the USDA’s bioPreferred program or regenerative organic certification could 
soon include hemp-specific modules. 

Conclusion on Sustainability: Hemp is not a panacea, but as a fiber it offers a pathway to more sustainable 
textiles when compared to status quo fibers. A lifecycle perspective recognizes hemp textiles as a way to reduce 
water use, cut chemical pollution, sequester carbon, and eliminate synthetic microplastic waste – all increasingly 
urgent goals for the textile and fashion industry. The next section will look at the market landscape, because 
turning sustainability potential into reality requires scaling up the hemp supply chain and overcoming some 
practical challenges. 

 

Conclusion 

Yarn development from industrial hemp has evolved from a niche craft to a burgeoning industry poised to have 
global impact. In this white paper, we reviewed how hemp fibers are grown and extracted, the methods to rett and 
refine fibers for textile use, and the spinning techniques – from wet-spun linen-type yarns to cottonized blends – 
that turn hemp into yarn. We explored how blending with other fibers can enhance hemp yarns, and we 

https://www.mdpi.com/2673-7248/4/2/11#:%7E:text=In%20terms%20of%20environmental%20impact%2C,changes%20in%20the%20coming%20years
https://www.mdpi.com/2079-6439/7/12/106#:%7E:text=Joshi%20et%20al.%20,showed%20that%20hemp%20mats%20in
https://www.mdpi.com/2079-6439/7/12/106#:%7E:text=Joshi%20et%20al.%20,showed%20that%20hemp%20mats%20in
https://www.axfoundation.se/en/projects/hemp-carbon-sequestration#:%7E:text=Hemp%20cultivation%20can%20help%20solve,the%20construction%20and%20textile%20sectors
https://www.axfoundation.se/en/projects/hemp-carbon-sequestration#:%7E:text=Hemp%20cultivation%20can%20help%20solve,the%20construction%20and%20textile%20sectors


IND HEMP 

15 
 

underscored hemp’s strong sustainability advantages in a world seeking greener textiles. A market overview 
showed robust growth in interest alongside the need to overcome infrastructure and knowledge gaps. 

In summary, hemp yarns and textiles offer: 

• Performance: durability, breathability, antimicrobial and UV-resistant properties – suitable from rugged 
workwear to comfortable casuals (Hemp: From Field to Fiber—A Review) (Applications of Hemp Fibers for 
Textiles). 

• Sustainability: lower water and pesticide use than conventional fibers (Hemp vs. Cotton: A Comparison of 
Eco-Friendly Fibers - News about Hemp | Obelisk Farm), carbon sequestration benefits (Hemp – The Ideal 
Crop for Carbon Sequestration?), and biodegradability – aligning with circular economy goals. 

• Versatility: the ability to be processed into a range of yarn types and blended creatively to achieve various 
textures and strengths, enabling hemp to fit into countless textile applications. 

The revival of hemp in North America and its expansion globally come at a time when the textile industry is hungry 
for solutions to environmental and supply chain challenges. Hemp is not without hurdles – quality consistency, 
processing capacity, and market education require continued effort. But the trajectory is clear. Governments, 
researchers, and businesses are investing in hemp: from breeding better fiber cultivars and inventing efficient 
decorticators, to developing eco-friendly retting enzymes and modern spinning adaptations (Hemp: From Field to 
Fiber—A Review). Major apparel brands incorporating hemp send a strong signal that hemp is part of the future 
fabric mix. 

For textile manufacturers and stakeholders, now is an opportune moment to engage with hemp development: pilot 
some hemp-blend yarns, collaborate with fiber processors, or even support infrastructure build-out. Those who 
build expertise in hemp spinning and fabric development will be positioned as leaders in sustainable textiles as the 
fiber becomes more mainstream. 

As one industry expert framed it, hemp’s return is a “historic comeback” – a reintroduction of one of humanity’s 
oldest textile fibers, now enhanced by modern science and driven by modern sustainability needs (What's so great 
about Tencel (and hemp)! - Sympatico Clothing). The competence we cultivate today in working with hemp – 
understanding its behavior in machines, its interaction with other fibers, its dyeing and finishing – will pay 
dividends as demand expands. 

Industrial hemp yarns are shedding their rustic image and entering a phase of technical refinement and wider 
adoption. By uniting agronomic knowledge, engineering innovations, and design creativity, the textile sector can 
fully unlock hemp’s potential. The result will be a new generation of products that are not only high-performing and 
beautiful, but that also tell a compelling story of sustainability and responsible innovation – from farm field to 
fashion runway. 
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