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Summary in 

English 

In the TaraTekstile project, we have conducted a technical and financial feasibility 

study of producing seaweed fibres for the Blue Fashion Industry. The focus area has 

been on the manufacture-process from raw materials to fabric; this process includes 

preparation and refinement of raw seaweed-material, manufacture of filament fibre, 

filament fibre cutting and yarn spinning fabric manufactories.  

We have identified textile fibre manufacture facilities and contacted these to gain the 

needed information on possibilities regarding the manufacture of batch manufacture 

of fibre, yarn and fabric from seaweed biomass. However, it became clear that the 

price of manufacture of a developmental batch (first testing) would be beyond the 

budget of this project. 

We have conducted a literature review on the health benefits of seaweed textiles. So 

far, there is weak documentation of improved functionality from seaweed added to 

textiles, mainly due to a lack of peer-reviewed research studies. Seaweed textiles as 

a health-promoting textile can therefore not be the main driver for producing seaweed 

textiles, instead we wanted to make entire fabrics and textile fibres of mainly seaweed 

biomass (70%) to provide a more sustainable solution for textile fibre. 

For optimal fibre spinning cellulose fibres are needed, and these are only found in 

smaller concentrations in the seaweed. A protocol for extraction of cellulose fibres 

was therefore developed. The challenge was not the cellulose extraction, but to ensure 

the purity of the cellulose and to make the process in a cascading refinery where 

several products are produced. A focus of the protocol development was not to repeat 

the failures of the past using polluting chemicals from an unsustainable biomass 

source, as we wanted a scalable, sustainable and profitable production.  

The economic viability of seaweed textiles in a cascading refinery perspective and 

the market demand and trends were analysed using the data available at this stage. 

The cellulose fractions seem to add a very small profit compared to other end-

products from the biorefinery. More important for the seaweed farmer is alginate, 

fucoidan, mannitol, laminarin. However, future demand for cellulose fibres produced 

in the ocean could make the cellulose fraction more valuable.  

Finally, we designed a Yoga Seaweed Collection that has no waste fabric and that 

could be produced from seaweed fabric.  
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Sammendrag på 

dansk 

I projektet TaraTekstile har vi lavet en teknisk og økonomisk undersøgelse af om 

produktion af tangfibre er en god mulighed for ”the Blue Fashion Industry”. 

Fokusområdet har været på fremstillingsprocessen fra råvarer til stof. Denne proces 

indebærer også forberedelse af rå tangmateriale, cellulose ekstraktion og forfinelse, 

fremstilling af tøjfiber, fiberskæring og fremstilling af garn.  

Vi har fundet frem til tøjfiber fremstillings faciliteter (fabrikker) og har kontaktet 

disse for at få den nødvendige information om mulighederne for at fremstille fiber, 

garn og stof fra tang biomasse. Det viste sig dog at prisen på fremstilling af en 

prøvebatch ville overstige budgettet for dette projekt. 

Vi har lavet en litteraturundersøgelse om sundhedsmæssige fordele ved tangtekstiler. 

Resultatet af undersøgelsen viste at der er en manglende dokumentation og 

forskningsundersøgelser af de sundhedsmæssige fordele ved tekstiler med tang. 

Tangtekstiler med sundhedsfremmende funktioner kan derfor ikke være den bærende 

drivkraft for fremstilling af tangtekstiler, men i stedet foreslår vi at man fremstiller 

hele stoffer og tekstilfibre af hovedsageligt tang biomasse (70%) for at give en mere 

bæredygtig løsning for en tekstilfiber. 

Hidtil har det kun været muligt at opnå en optimal fremstilling og spinning af 

tekstilfibre når tangen har været anvendt i mindre koncentrationer. I stedet for dette 

udviklede vi i TaraTekstil en protokol til at ekstrahere cellulosefibre for at få et 

materiale der svarer til for eksempel træ-fibre. Udfordringen er ikke at lave 

ekstraktionen af cellulose, men at sikre renheden af cellulosen og at gøre processen 

sideløbende med at andre produkter fremstilles fra samme biomasse, for eksempel 

alginate og laminarin. Vi fokuserede på at lave en protokol som ikke gentage fortidens 

tekstil fremstilling hvor brugen af forurenende kemikalier har været dominerende. 

Fremstilling af tøj med tangfibre skal være skalerbar, bæredygtig og have rentabel 

produktion. 

Cellulose ekstraheret fra tang ser ud til at tilføje en meget lille fortjeneste for en 

tangproducent sammenlignet med andre slutprodukter fra et tang-bioraffinaderi, hvor 

det er mere vigtigt at udvinde alginat, fucoidan, mannitol og laminarin. Dog kan den 

fremtidige efterspørgsel på bæredygtige cellulosefibre produceret i havet gøre 

processen mere attraktiv. 

I TaraTekstil har KOLBRUN design ligeledes designet en ”Yoga Seaweed 

Collection”, der ikke skaber noget reststof og som kan fremstilles af et stof som har 

tangfibre som det primære materiale. 
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Background 

Seaweeds (macroalgae) are underutilised biomass that has its origins in the world’s ocean waters. Even though 

seaweed does not naturally contain fibres1 ready for textile spinning, it’s polysaccharides can be used to 

generate manufactured fibres to be used as textile fibres, yarn or fabrics.  

Seaweed fabrics were first discovered during the First World War when fabric manufacturers experimented 

with many different source materials. Although the first seaweed fibre of seaweed alginate was produced at 

this time, the lack of pure commercial alginate/cellulose sources meant that the yarns were irregular in 

dimensions and variable in properties (probably as crude fibres with remaining ash and other compounds). 

Other materials such as cotton, and later polyester, remained easier and cheaper to utilise, leading to their 

domination of today´s textile market. 

A new approach for using seaweed for apparel textile fibre emerged in the early 2000s, where these fibres were 

promoted as environmental and skin-friendly. The new textiles were made with manufactured cellulosic fibres 

that incorporated a small amount of dried and ground seaweed material, thereby allowing the seaweed to 

become part of the yarn and fabric.  

Seaweed has seen success within medical textiles, bandages and surgical dressings. The medical properties of 

sodium alginate fibres are, unfortunately, not well suited for apparel purposes. However, this has not deterred 

innovators from using other forms of seaweed alginate. For example, a new biomaterials research company 

named AlgiKnit is working on producing yarn from alginate combined with other renewable biopolymers. 

Two other textile producing companies that try to include seaweed in their fabrics are Alga-life and Pangaia. 

Unfortunately, little information is available regarding which fraction of seaweed is used in their fibres as well 

as what overall percentage of the fibres are made of seaweed.  

In 2017, NORA initiated the Blue Fashion Challenge with the participation of designers from most Nordic 

countries. Ocean Rainforest was subcontracted to provide seaweed textiles for the challenges, which was 

provided in collaboration with the Dutch designer company Deep Moda Vegan2. The fabric was produced in 

China by adding small amounts of seaweed fibre extract to the common textile fibres. The seaweed textiles 

produced provided a proof-of-concept rather than a sustainable production of whole seaweed fabrics. The 

subsequent interest for using seaweed in textile material as a sustainable substitute for existing raw materials 

 

1 In the textile industry, the term “natural fibre” refers to fibers that are long enough to be spun into yarn. When the cellulose (or another biopolymer) 

have been solubilized and regenerated, the manufactured fibre is referred to as “manmade fibre”, “manufactured fibre” or “regenerated fibre”. 

2 Deepmodavegan.com 
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has sparked the interest for a feasibility study on how to commercially exploit the interest among consumers 

and industry for using seaweed in textile production.  

Hence, the TaraTekstile project was initiated by Ocean Rainforest, which had identified a need to explore the 

use of seaweed biomass cultivated in the North Atlantic as a sustainable source for the textile industry. Ocean 

Rainforest invited KOLBRUN design to partner in this project as a user of the new textile product. During the 

project period, it was obvious that a third partner with technical knowledge was needed. Birgit Bonefeld (textile 

biologist) was therefore invited as a subcontractor due to her holistic knowledge on technical and 

environmental aspects of manufactured textiles.  

The TaraTekstil project was initiated in Oct 2018 after being funded by the Nordic Atlantic Cooperation 

(NORA) for a one-year research project.  

Cultivation 

A MacroAlgal Cultivation Rig (MACR) is used 

by Ocean Rainforest for offshore seaweed 

cultivation (Bak et al. 2018). In brief, the design 

consists of a fixed-line horizontally suspended 

below sea level. The length of the fixed-line can 

be up to 600 m and is held in position at 10 m 

below sea level (MBSL).  Two main surface 

floats are connected to the fixed-line and 

submerged in a static state. The mooring system consisted of four anchors. From the fixed-line, vertical growth 

lines are attached with a float fixed at the opposite end stretching the lines in a vertical position. The growth 

lines are seeded before deployment and seeding material is produced in a laboratory under sterile conditions. 

The seaweed is ready for harvest after 5-6 month when deployed in autumn. A line can be harvested several 

times (two times a year in 2-3 years) without beginning reseeded. The stable seawater temperature in the Faroe 

Islands, allow harvesting from end of April until October. 

 

This document and the content presented within it is the Intellectual Property of the author and Ocean Rainforest Sp/F. 
This document is presented in confidence. No dissemination without permission.  All rights reserved. 

12/76 
 

 
Figure 2.2: Schematic drawing of a Macroalgal Cultivation Rig (MACR) constructed by Ocean Rainforest Sp/f. The 
construction can be deployed for macroalgal cultivation at wave-exposed sites with a water depth of 50-200 m. Seed 
lines (A) is twined around growth lines (B) that are attached at 2-m intervals to the fix line (C) by a loop and held in a 
vertical position by a buoy. Two main surface floats (D) and four steel anchors (E) ensure the right position of the rig. 

 

The project MacroBiotech2 proved that deployment of the MACR system is possible, scalable and easy to 
handle even though the test site is wave exposed and placed at a location with a water depth of more than 
50 m. The deployment of MACR and the test of its durability have been successful, as the structure has 
survived the physical stress at the cultivation site since 2010. Based on these results, we consider the risk 
of financial loss and creating danger from lost cultivation structures to be significantly reduced. 

2.1.1. Breeding and seeding 
Seeding material is partly produced by the 
company Hortimare BV, located in the 
Netherlands, and partly in our hatchery 
facilities in Kaldbak. As the scale of production 
increases, the seeding processes will be 
completely in-sourced.  
 
The seeding process is based on a standard 
procedure for kelp sporulation. Fertile S. 
latissima and A. esculenta are collected from 
wild populations in Funningsfjørður. From the 
sterilized fertile sori, spore release is made by 
leaving the sori dehydrating and in darkness 
until next day.  
 
The spores are released to sterile and filtrated 
seawater and placed with aeration in red light 
at 10±2 °C. The gametophytes are nursed till sufficient biomass is reached (cultivated in vitro for >9 months). 
Hereafter, an induction period using white light is initiated. The gametophytes developed into juvenile 
sporophytes within two weeks (size <1mm). Density of the seeding material is approximately 0.04 mL m1 

                                                           
2 Funded by NORA 2013-2015 with Ocean Rainforest as Co-ordinator 

Figure 2.3: Seeding work in the lab at Ocean Rainforest in 
Kaldbak. 

Figure 1: The MacroAlgal Cultivation Rig used for offshore kelp 

farming by Ocean Rainforest. 
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Figure 2: The growth in spring is impressive. In two month, the yield goes from nearly zero to several kilos per meter.  

  

 

Figure 3: The vertical lines with seaweed biomass is lifted onto the deck by a crane and harvested with a knife.  

Project Objectives 

The goal of TaraTekstile was to study the feasibility of producing “Blue Fashion” textile fibres from seaweed 

biomass cultivated in the North Atlantic Ocean. The four specific objectives (SO) were:  

SO1.  Identify and describe the functionalities of using seaweed in textile fibres (Work package (WP) 1).  

SO2.  Conduct a Techno-Economic Analysis (TEA) of the production process using biomass cultivated or 

harvested in the North Atlantic (WP2).  

SO3.  Identify target market segments and value propositions, estimate selling prices to textile producers 

and total market value on a five-year time scale (WP3).  
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SO4. Test product items on a pilot scale (production and sale) using seaweed from the North Atlantic 

alone, and in combination with other sustainable and organic biomass sources, e.g. wood pulp, wool and 

cotton (WP4).  
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Work package 1: Identify and describe functionalities (SO1)  

Task 1.1 & 1.2: Literature research, interviews and functionalities  

In the following section, the different components of seaweed biomass are described according to their use as 

a textile fibre source. Also, we describe the common procedures for textile production. Finally, companies 

working with seaweed textiles are mentioned and the inclusion of seaweed in their final products.  

Alginate: Alginate or alginic acid (mannuronic acid and guluronic acid) is an anionic polysaccharide present 

in the cell walls of mainly brown seaweeds (e.g. Laminaria sp., Macrocystis sp., Figure 5). A major component 

of seaweed is alginate (up to 50%), which can be extracted and regenerated for fibre-spinning, as is seen in the 

medical bandage industry today. Seaweed alginate fibres are an excellent gel-forming material capable of 

holding a large amount of water that creates a moist, rather than wet or dry environment over wounds. The 

purpose of creating such moist conditions is in order to facilitate optimum healing. The characteristics of 

alginate fibre are not considered well-suited for traditional textiles and clothing. 

Cellulose: Cellulose is one of many polymers found in nature. Wood, paper, and cotton all contain cellulose. 

Cellulose is made of repeat units of the monomer glucose (Figure 4). This is the same glucose which your 

body metabolizes in order to live, but you can't digest it in the form of cellulose. Because cellulose is built out 

of sugar monomers, it is called a polysaccharide. Since a fraction of seaweed consists of cellulose (around 6 

%, Figure 5), cellulosic manufactured textile fibre production is considered a possibility.  

  

Figure 4 Cellulose made up of glucose.  
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Figure 5: Monosaccharide content over a year for the cultivated kelp Saccharina latissima grown in the Faroe Islands by Ocean 

Rainforest. Glucose represents cellulose and guluronic acid and mannuronic acids represent the alginate content (results analysed 

by Matis, Iceland). 

Textile methods used today 

Today, three mainstream industrial processes exist to create manufactured textiles. They are called viscose, 

modal, and lyocell. The common feedstock used is trees (such as Eucalyptus, Oak, and Birch), but other types 

of biomass can also be used, for instance, soybeans, bamboo grasses, and cotton plants. The differences 

between the three processes are subtle. Viscose and modal differ mainly after the spinning stage of production, 

whereby modal creates lighter and finer fibres than viscose. Lyocell utilizes much of the same process but 

relies on a more environmentally safe solvent to extract cellulose during the biomass refining stage. Due to the 

relatively low concentration of cellulose in seaweed (roughly 6 %) compared to other biomass sources, for 

instance trees which average around 40-50%, seaweed has not been utilized by the viscose, modal or lyocell 

processes yet. Currently the only industrial process for producing “seaweed textile” is with the “additive” 

method.  

Companies working with seaweed textiles 

The main producer of textile with seaweed as an additive is Smartfibre, a Germany company that produces a 

textile line called SeaCellTM. Using the lyocell method, dried and ground seaweed is added during the pulp 

treatment, cellulose suspension, and spinning stages (Figure 6). The final fibres are composed of approximately 

4% seaweed. 
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Figure 6: SeaCell fibre production process 

Vitadylan™ is a clothing brand that uses fabrics that appear to be identical to SeaCell; a combination of 

seaweed and wood pulp in a lyocell fibre production process. Their products are women’s shirts and 

undergarments. An average Vitadylan product contains 12.5 grams of seaweed. Since the typical shirt falls 

between 120 and 150 grams, a piece of Vitadylan apparel could be composed of 8-10% seaweed.  

Another biomaterials research company named AlgiKnit is working on producing yarn from alginate combined 

with other renewable biopolymers.  

Two other textile producing companies that include seaweed in their fabrics are Alga-life and Pangaia. 

Unfortunately, little information is available regarding which fraction of seaweed is used in their fibres as well 

as what overall percentage of the fibres are made of seaweed. 

The motivation for including seaweed in textiles is twofold:  

1) Improve sustainability by replacing land-based biomass or petroleum with a marine source 

2) Add the beneficial health functions of seaweed to consumer and industry textiles 

SeaCell claims to deliver several health benefits from the use of their product. According to SeaCell the natural 

moisture level of the skin enables an active exchange of the beneficial seaweed substances between the fibre 

and the skin, providing a noticeable sense of wellbeing. Also, the seaweed can exchange essential substances 

such as vitamins, trace elements, amino acids and minerals. Greater cell regeneration can be activated by the 

seaweed the claim, which in turn can relieve skin diseases, reduce inflammation and soothe itchiness. 

Furthermore, the presence of seaweed in SeaCell textiles allows for the absorption of silver ions into the fibres. 
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The coating of fibres with silver ions provides antimicrobial properties; effective against Candida albicans, 

Staphylococcus aureus, and Escherichia coli that are respectively responsible for itching, dermatitis, and skin 

infection. Lastly, seaweed has a high level of antioxidants which protects the skin against harmful free radicals. 

The health benefits presented may be overstated since there are few clinical research results publicly available 

to support these claims.  

Despite the health benefits given by seaweed in SeaCell, along with the positive environmental effects of 

seaweed cultivation itself, only a very small percentage of seaweed is present in the final textile products. This 

brings into question how much is gained from the incorporation of seaweed into the fabric for people and the 

planet. 

Literature research and dialogue with textile manufacture experts has revealed fundamental challenges when 

aiming at integrating high proportions of ground seaweed in manufactured textile fibre. Too much ground 

seaweed in the spinning solution will negatively interfere with the fibres’ stability. Therefore, only a limited 

amount of ground seaweed can be added to the fibre solution.  

Through the review process, several companies were identified to produce textiles from seaweed, 

although at what percentage was not known. Currently, the production of manufactured textiles fibres 

using seaweed as the main source of fibres is therefore equal to none. The scope of TaraTekstil was 

therefore focused to look at this underexploited opportunity.  

Task 1.3: Estimation of the sustainability impact of product, logistics & production 

methods 

Many comparative Life Cycle Analyses (LCA) have been done across the many fibre material options available 

today. Unfortunately, no definitive answer has been settled upon in terms of which material is the most 

sustainable. One of the reasons for this is due to the different system boundaries one can study, mainly cradle-

to-gate and cradle-to-grave. The former looks at the impacts of fibre types up until it leave the production 

factory, whereas the latter includes the fibres’ consumer use and disposal stages as well. More studies have 

been done on cradle-to-gate since accurate cradle-to-grave data is very difficult to gather.  

 

This leaves a potentially significant and important gap in the life cycle of fibres. For that reason, the 

sustainability ranking of fibres carries some uncertainty. As an example, it is generally held that wool products 

require less energy for cleaning and will last much longer than other fibre types, which in turn could be enough 

to alter its sustainability ranking. The second challenge inhibiting a concrete overall sustainability ranking is 
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the large variability in Life Cycle Inventory flows. For instance, an LCA of viscose fibres3 showed that location 

of production had a massive impact on global warming potential, whereby one location produced fibres that 

were carbon-negative while the other location was considerably high (greater even than polyester and cotton; 

Figure 7).   

 

Figure 7: LCA comparison of fibres. Adapted from 'Life cycle assessment of man-made cellulose fibres' by Shen & Patel 

Despite the inconclusive state of comparative LCAs, some generalities can be gleaned from the overall body 

of research that has been done. For example, tall trees can produce almost twice as much cellulosic fibre per 

hectare than cotton bushes, which in turn need far fewer hectares than wool (synthetic fibres technically needs 

zero hectares because it is made from oil that lies below ground) (Figure 8).  

In terms of water consumption, viscose is also much better than cotton which typically utilizes irrigation 

(Figure 9). According to the Sustainable Apparel Coalition using the Materials Sustainability Index, a cradle-

to-gate material scoring tool, cellulosic fibres carry a much lower impact than cotton and near similar impact 

to polyester. It is important to mention that the score does not factor in seaweed textiles’ healthful effects plus 

their biodegradability (Figure 10). 

 

3 Since viscose is processed and recreated cellulose, it is neither completely natural (like; cotton, silk and wool) nor 

synthetic (like; nylon and polyester) - it is somewhere in between. 
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Figure 8: Hectares per tonne of fibre. Adapted from ‘LCA on cotton and viscose fibres for textile production’  

by Dibdiakova & Timmermann 

 

Figure 9: Water consumption per tonne of fibre. Adapted from ‘LCA on cotton and viscose fibres for textile production’  

by Dibdiakova & Timmermann 

 

Figure 10: Cradle-to-gate environmental impact of textile materials.  
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Globally, polyester and cotton carry the greatest share of all fibre material options. Cellulosic fibres come in 

third place (Figure 11). That being said, the global output of cellulosic fibres has remained relatively static 

over that last quarter-century, whereas cotton and especially polyester have grown in this period (Figure 12).  

The question is if innovative incorporation of seaweed could help to grow the share of cellulosic fibres? 

 

Figure 11: Market share of main fibres, 2016. 

Adapted from 

"https://www.commonobjective.co/article/what-

are-our-clothes-made-from" 

 

 

Figure 12: Total fibre demand (million tons). Adapted from "https://www.textileworld.com/textile-world/fiber-world/2015/02/man-

made-fibers-continue-to-grow/" 

Task 1.4: Report on functionalities and sustainability  

Seaweed farming, unlike conventional farming, does not require arable land, freshwater, fertilisers or 

pesticides. This is important to consider since all four of these inputs are facing increases in scarcity and 

negative impacts. Arable land and freshwater are both coming under growing pressure due to competition by 

many users. For example, arable lands used to grow cotton or wood pulp could just as easily be used for 

growing food crops for the additional 2 billion people expected by 2050. Using seaweed instead of cotton also 
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removes the need for fertilisers and pesticides, preventing the damages they can cause such as eutrophication 

and biodiversity loss.  

When incorporated into cellulosic fibres as an additive, seaweed is suggested to add UV-protection and 

contributes benefits for human health due to its minerals, vitamins and trace elements it contains. This is 

attributed to seaweed’s natural storage and high compression of the active ingredients of the sea, like amino 

acids, iodine and mineral salts (Bak 2019). Seaweed also provides the structure for the addition of metal ions 

which gives fibres an antibacterial element.   

Table 1. Three types of possible “seaweed fabrics”.  

Type Product Comments Commercial examples  Pro/cons 

A Wood-pulp with seaweed 

extract 

Process: 

Viscose/Modal 

Lyocell 

SeaCell 

Vitadylan 

Technical feasible 

A small amount of seaweed 

B Non-wood biomass with 

seaweed extract 

Process: 

Viscose/Modal 

 

Orange fibre, mestic, refibra, 

Re:NewCell, Bamboo 

Side stream-upcycling 

R&D needed 

C Seaweed as the main 

component 

Questions: 

“Cellulosic or alginate” 

“Minimal refinement” 

“Mild refinement” 

AlgiKnit 

AlgaLife 

Pangaia 

A greater amount of seaweed 

R&D needed 

Retention of beneficial 

health components? 

 

WP2: Techno-Economic Analysis (TEA) (SO2) 

Task 2.1: Get insight into existing lyocell with seaweed additive protocols  

This task investigated the use of seaweed in combination with lyocell. Lyocell produces manufactured 

cellulosic fibres. In the lyocell process (Figure 13), wood pulp or other biomaterials rich in cellulose is mixed 

with amine oxide. By raising the temperature, the pulp dissolves before being filtered, spun, washed and dried. 

The diluted amine oxide can be reused after purification and evaporation of water. The uses of lyocell fabric 

range from industrial to fashion.  

Using lyocell in 

combination with seaweed 

appears to be the simplest 

way to combine the seaweed 

with textile, as it only 

requires seaweed that is 

dried and ground to a fine 

powder. Lyocell must have 

a pulp with a high cellulose 

concentration, and seaweed 
 

Figure 13: Flow-chart of the lyocell 

production. N-methyl morpholine 

N-oxide (NMMO) is the amine 

oxide. 
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is relatively low in cellulose and cannot replace land-based cellulosic biomass sources. Wood pulp can 

be a sustainable natural source of cellulosic fibres (Figure 10). Once the fibre has been made, it can be 

interwoven with other fibres to adapt the feel and function to its application. 

Task 2.2: Identify textile companies with a suiting profile for technical testing 

During the project, we contacted fibre-manufacture providers and asked for technical possibilities and price 

levels. Finding an industrial partner turned out to be challenging because most of the textile fibre-manufacture 

industry is located outside of Europe. One of the only industrial players, still residing in Europe, is Lenzing 

(www.lenzing.com), who was not interested in collaborating.  

To have info regarding technical and economic possibilities, inquiries were first made to SmartFibre 

(www.smartfibres.com). Unfortunately, the small test scale that we are interested in would be exceedingly 

costly. Therefore, our focus shifted towards the technology transfer and academic community where smaller 

pilot spinning lines or lab scale lines can be set up to test new fibre-manufacture methods at reasonable prices.  

The contacted facilities were:  

● RISE - EmimOAC fibre (Tobias Köhnke; https://www.swerea.se/en/areas-of-expertise/materials-

production/textiles-production/wet-spinning) 

● IonCell F (from Aalto, Michael Hummel) https://ioncell.fi 

● Biocelsol technology, NaOH dissolution of cellulose after enzymatic pre-treatment (VTT - Marjo 

Määttänen) 

● InfinitedFiber Cellulose carbamate technology (from VTT) (kirsi.terho) https://infinitedfiber.com 

● Spinnova Oy. From VTT, Juha Salmela https://spinnova.com 

● Saxion. Viscose fibre of textile waste (Ger Brinks) 

● Fraunhofer, André Lehmann 

https://www.iap.fraunhofer.de/en/research/biopolymers/fiber_technology.html 

● Deep Moda Vegan (company); https://www.deepmodavegan.com/; ageeth@deepmodavegan.com 

● Nienke Hoogvliet (individual); https://www.nienkehoogvliet.nl/; mail@nienkehoogvliet.nl 

  
The conclusion was that it would not be possible to establish collaboration with industrial partners for 

a small test scale, as the economic frames of the TaraTekstile project would be too narrow to have ORF-

seaweed textile fibre manufactured and again only with a small percentage of seaweed included.  

Task 2.3: Process fresh seaweed into fibres  

Figure 14 shows the process of producing fabric from cellulose fibres.  

https://www.deepmodavegan.com/
mailto:ageeth@deepmodavegan.com
https://www.nienkehoogvliet.nl/
https://mail.google.com/a/mail/?view=cm&fs=1&tf=1&to=mail%40nienkehoogvliet.nl&bcc=marlies-PGX4FW%40mailbox.insight.ly
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Figure 14: Process-stages, during the fabric manufacturing process, where seaweed biomass can be used.  

For fibre extraction from seaweed, we developed a protocol. The protocol explains how cellulose can be 

extracted from seaweed using only water and sodium carbonate.   

Processing Protocol for a crude cellulose-rich fraction 

Required Materials 

• fresh seaweed – e.g. Saccharina Latissima 

• freshwater 

• sodium carbonate (Na2CO3) 

Procedure 

1. Wash the seaweed to remove shellfish and other non-seaweed parts 

2. Screw press the biomass to reduce the size of the seaweed to increase the extraction yield 

3. Alkaline treatment. Put the seaweed pieces/slurry in a tank and add the Na2CO3 (solid condition or 

diluted in bit water) while stirring. The required amount of Na2CO3 is depending on the amount of 

seaweed processed. Set the stirrer at low speed and the heating to 40 °C for 3 h. Alginic acid is 

converted to water-soluble Na-Alginate.  

Reaction: (H2Alg)n (s) + 2n Na+
(aq) + n CO3

2-
(aq) Þ (Alg)n

2n-
(aq) + 2n Na+

(aq + n CO2↑(2) + n H2O(l) 

Note: Sodium carbonate (Na2CO3) is used in the protocol for alkaline treatment. This salt is naturally 

occurring and commonly found in soil and water in the environment suggesting that releasing low 

levels of sodium carbonate would not be expected to adversely affect wildlife or water resources.  

4. Filtration to separate liquid fraction (alginate, mannitol, protein) and solid fraction (cellulose, 

fucoidan, and laminarin). 

  

Seaweed biomass residue for cellulose-refinement and textile fibre-manufacture 

To evaluate how the remaining biomass, after alginate extraction, can be utilized for the manufacture of 

cellulosic fibre. 

Process: 

1. “Crude pulp” (remaining biomass after alginate extraction) will be separated. 

2. Chemical composition of “crude pulp” will be evaluated (moisture, ash, “extractives”, 

carbohydrates, protein, silica). 
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3. 1st round bio-refinement will be undertaken, aiming for cellulose purity that is suitable for textile 

fibre manufacture.  

4. Chemical composition of “crude pulp” will be evaluated (moisture, ash, “extractives”, 

carbohydrates, protein, silica).   

5. To take antibacterial properties a “zone of inhibition”-test is a cheap and simple way to compare 

antibacterial properties qualitatively of the new seaweed textile (Dhiman and Chakraborty 2015).  

6. If necessary, 2nd round bio-refinement will be undertaken, aiming for cellulose purity that is 

suitable for textile fibre manufacturer 

7. When “dissolving pulp” quality of biomass has been achieved, the cellulose will be characterised 

from intrinsic viscosity and NMO-dissolvability. Valuation of the quality of natural fibres can be 

the stiffness and the ability to break without leaving rough edges are considered an advantage.  

8. Based on the specifications of the cellulose, the lyocell process can be used (Figure 6), as we 

now have a high cellulose-containing biomass source (comparable with wood).  

9. Finally, a fibre-spinning trial can be conducted (external provider).   

The protocol was not tested at lab or pilot scale, as the following steps including the test of fibre quality 

and spinning of the final fabric were not possible due to the budget available and that no larger 

industries were interested in testing small amounts of fibres and producing only a small batch of fabric. 

To add seaweed to a known textile product in small fractions would neither add any useful and novel 

information to this study, just prove what has already been shown by others (e.g. SeaCell).  

Task 2.4 & 2.5: Identify production side-streams and investigate the techno-economic 

viability  

To cover cultivation and processing costs, a cascading approach for the valorisation of different seaweed 

components like alginate, laminarin, fucoidan, mannitol and cellulose was made. Good knowledge on how a 

cascading process might look like in the future for large scale seaweed processing has been described in the 

EU funded project Macro Cascade (www.macrocascade.eu) where Ocean Rainforest is a contributing partner. 

A simplified process figure is shown in Figure 15. 
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Figure 15: Seaweed cascading valorisation process. 

Fucoidan, laminarin, mannitol, alginate and alga-protein are all products that are found on the market today. 

No side streams were therefore identified. In a bio-refinery process, several products will be made from the 

same biomass, and the split of income from the different products are shown in Figure 17 (right). The amount 

of the biomass that ends up in the different fractions are shown in Figure 17 (left).  

 

Figure 16: Left: From a cascading biorefinery process scenario the percentages of the biomass used for the different products when 

producing 6000 tonnes dry weight (dw) per year. Right:  The percentages of the value-creating from the different products with a 

positive revenue of € 26 million/year. Cellulose will belong to the solid residue fraction. 

The value from cellulose (or in the figure “the solid residue”) corresponds to 1%, meaning that it has 

low importance for the entire biorefinery process of seaweed cultivated in the Faroe Islands today. More 

important are the feed, food, laminarin and alginate products, but also mannitol and fucoidan add to 

generate a profitable business. However, the aim of TaraTekstil was to investigate the opportunities for 

the textile market and in future make this solid fraction more profitable due to the environmental, 

technical and economical qualities of seaweed fibres.  

Cascading biorefinery of 6000 tonnes dry weight seaweed 

and percentages of product amount produced 

Cascading biorefinery of 6000 tonnes dry weight seaweed 

and percentages of value of the products produced 
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WP3: Target market segments and value (SO3) 

Task 3.1: Conduct market research for seaweed-based textile products & outline future 

trends  

The growing concern for the environment, increased competition and the greater selectiveness and demand of 

consumers represent some of the immediate challenges to green marketing. 

The fashion industry is the second largest polluting industry in the world and consumers are getting more and 

more aware of the quality of their clothing. Designers are also craving for textile options that are biodegradable, 

well-functioning, durable, and circular. Assurances of quality are essential and must be communicated 

convincingly. The growing concern for the environment, increased competition, and the greater selectiveness 

and demand of consumers represent some of the greatest changes in the fashion industry in recent years. Brands 

and retailers are taking this responsibility seriously, encouraged by younger consumers who, at the same time, 

are more conscious than any generation before it on the origins, composition, carbon footprint, and other 

consequences of what they purchase and wear. Numerous studies have confirmed that upwards of 65-70 per 

cent of worldwide consumers under 35 report that they will choose brands or retailers based on their ethical 

practices. This trend of attention being paid by consumers to the production inputs and processes associated 

with clothes is only expected to increase with time. 

The world’s second-largest clothing retailers, H&M, is a great example of the shift that major companies are 

making towards greater sustainability in this time of growing consumer concerns. The company has set a goal 

to manufacture goods from 100% circular and sustainably sourced materials by 2030.  

A recently published report by the Ellen Macarthur Foundation, whose core partners include H&M, Lenzing, 

and Nike, highlighted the major current and future problems associated with the textile industry. The report 

then establishes four steps necessary to transition to the principles of the circular economy. Seaweed textiles 

easily capture three of these steps: “phase out the substance of concern and microfibre release”, “radically 

improve recycling”, and “move to renewable inputs”. The remaining step, “increase clothing utilisation”, is 

one that lies in the hands of fashion designers and end-users. There is desperate need for these steps to be taken 

when considering the results of a startling McKinsey 2016 report which revealed that nearly three-fifths of all 

clothing ends up in incinerators or landfills within a year of being made. The same report found that the number 

of garments produced each year has doubled since 2000, exceeding 100 billion for the first time since 2014. 

That is equal to 14 new clothing items for every person on earth. Without implementing greater circularity the 

textile industry will continue to rapidly grow along with the already tremendous amount of waste and negative 

environmental impacts.  
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In order to capture ethically conscious consumers, assurances on the many dimensions of textile quality must 

be communicated convincingly. The 2016 Morgan Stanley Research survey done in the U.K. that found that 

when choosing among retailers, more than half of young consumers find ethical credentials somewhat or very 

important. Hence, the certification has become an important step for ensuring and labelling textiles with the 

best material inputs and production processes.  

Seaweed textiles could attract conscious consumers with the ASC-MSC Seaweed Standard and the Hohenstein 

biodegradability labels. The ASC-MSC Seaweed Standard label is granted to seaweed produced in a manner 

that minimises impacts on the natural environment while also carrying social best practices for workers and 

nearby communities. The Hohenstein label ensures biodegradability with no residual negative impacts on the 

environment.  

It is obvious that brands and retailers want new solutions, and many know that it is their responsibility 

to offer something new to the fast-growing market of consumers that demand better options for the 

environment with less carbon footprint as well. 

Task 3.2: Estimate selling prices, growth rates and competition  

SeaCell TM yarns from Smartfiber AG  

The stock they have for SME Designer Companies in June 2019, the availability from Smartfiber AG in 

Germany was as follows: 

 Merino wool % SeaCell ™ % Kg Bobbins available Price per bobbin 

Yarn #1 70 30 1 33 25,8 € 

Yarn #2 50 50 1 7 24,2 € 

 

SeaCell TM fabrics from Smartfiber AG 

 Pima Cotton %* SeaCell ™ Lyocell %* 

Spandex jersey 

50/1 Pima 
SeaCell ™* 

Width cm 
Weight 

g/qm 

Availabili

ty in 
meters 

Price per 

meter 

Fabric grey 68 26 6 155 130 304,73 8,7 € 

Fabric black 68 26 6 155 180 50,09 10,7 € 

* All productions are claimed to be produced with OEKO-TEX standards, Vinconcette and USDA Biopreferred but do not have GOTS standard or 

organic Pima Cotton certification. 

For bigger companies, it is possible to buy Seacell blended fabrics from weaving companies in Germany, 

Austria, Peru, Turkey various countries in Asia. 

From knitting mills, it is possible to buy Seacell blended fibres in Germany, Austria, Turkey, Switzerland, 

Peru, Portugal and various countries in Asia. 
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Companies using certified organic threads vs. companies with non-organic noncertified textiles and 

threads  

We have compared four underwear brands and their prices; Vitadylan, Organic Basics, Calvin Klein, and 

Hanro. Vitadylan is the producer of sustainable seaweed textile products. Organic Basics specializes in organic 

cotton garments. Calvin Klein and Hanro provide low- and high-quality underwear that is neither certified nor 

organic. 

Table 1: Underwear brands and their prices; Vitadylan, Organic Basics, Calvin Klein, and Hanro. 

Clothing Vitadylan Organicbasics Calvin Klein Hanro 

Women's bra 59 € 40 € 36 € 39 € 

Women's panties 39 € 23 € 18.5 € 17.5 € 

Women's sports bra 59 € 65 € 50 € 49 € 

T-shirt 69 € 33 € 46.5 € 47.9 € 

Long sleeve 89 € 40 € 52 € 69 € 

 

Products by Vitadylan and Organic Basics are on average more expensive than Calvin Klein and Hanro. This 

is partial since they are smaller companies using more sustainable materials which are often more expensive. 

Designers clothing production using certified textiles vs. noncertified 

In our research, we have compared a few items between 2 companies using certified textiles vs. noncertified 

textiles.  

• Henrik Vibskov a Danish designer with high-quality products. The production is made in Europe in 

a sustainable way using organic textiles and quality certified fabrics. Prices are middle to high. 

• Kowtow a New Zealand design by Gosia Piatek, Kowtow produces high-quality sustainable products. 

The label boasts a production process that is entirely ethical from seed to garment, including the use 

of certified and fair-trade textiles. Prices are middle range. 

• Stine Goya a Danish designer with high-quality products. It is not possible to find out where and how 

the product is made but just this year she launched a NET- SUSTAIN production that claims to be 

sustainable. In general, her products do not have any emphasize on certified textiles and she uses 

polyester blends amongst other textiles in most of her collections. Prices are middle to high prices. 

• Hope Stockholm a Swedish design that produces high-quality products. The production is made in 

Europe and they take care of their waste material by reusing them for next seasons or for smaller items. 

The products are not made with certified organic textiles or sustainable fibres. Prices are middle range.  

Clothing Henrik Vibskov Stine Goya Kowtow Hope 

Dresses 210 € 250 € 140 € 180 € 

Knitwear - sweater 256 € 129 € 155 € 204 € 

https://www.kowtowclothing.com/pages/fair-trade-organic
https://www.kowtowclothing.com/pages/fair-trade-organic
https://www.kowtowclothing.com/pages/fair-trade-organic
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Pants 256 € 171 € 138 € 240 € 

Winter coat 796 € 482 € 512 € 440 € 

This shows that conscious designers do not have significantly higher prices when it comes to middle priced 

items. Part of the difference in price is because sustainable materials are more expensive than, for instance, 

polyester. Ethical production also typically leads to higher material costs. The comparison is considered fair 

since Henrik Vibskov and Stine Goya are similar brands and Hope and Kowtow are as well. 

Yarns and threads with Seacell threads vs. none 

In our research, we found out that the availability of SeaCellTM blended yarns is quite limited when it comes 

to buying yarns for small production. 

• Perran Yarn UK is a small business making hand-dyed, silk and Seacell blend yarn. 

• Three Fathom Fiber Arts is a small business in Canada making hand-dyed, silk, bamboo, linen, 

Seacell blend yarn. 

• Hilma is a designer making wool and Seacell blended yarn at the Uppspuni mill. 

• Stash Bash Yarn is made in the USA, they are making hand-dyed silk and wool blends. 

• It’s a stickup yarn is made in the UK, they are making hand-dyed wool and silk blends. 

• Þingborg is an Icelandic company making hand dyed wool yarns. 

Small mills, hand-dyed yarn with SeaCellTM: 

Company 
Dyed/not 

dyed 
Wool Silk 

SeaCellTM cellulose 

blend 
100g 1 kg 

Perran Yarn made in UK not dyed  70% 30% 26.69 € 266.9 € 

Perran Yarn made in UK hand dyed  70% 30% 33.96 € 339.6 € 

Three Fathom Fiber Arts made in Canada hand dyed  70% 30% 35.78 € 357.8 € 

Hilma yarn made in Iceland not dyed 75%  25% 37.5 € 375 € 

 

Small mills, hand-dyed yarn wool and silk blends: 

Company Dyed/not dyed Wool Silk 100g 1 kg 

Stash Bash Yarn made in USA hand dyed 50% 50% 24,9€ 249€ 

It's a stitch-up yarn made in UK hand-dyed 55% 45% 22,4€ 224€ 

Þingborg yarn made in Iceland hand-dyed 100%  30,4€ 304€ 

The increase in lowest prices from basic wool/silk blends to silk/SeaCell blends is quite high, hand-dyed 1 kg 

of yarn is 51.6%. The difference is not as much when it comes to Icelandic products, but the difference is that 

pure wool is hand-dyed and wool/SeaCell blend is not dyed, the increase of price is 23.4%. 
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Task 3.3: Identify target market segments and value proposition 

The two must common certifications for ethical clothing brands appear to be the Fairtrade International and 

Global Organic Textile Standard. These two certificates encompass the most well documented and studied 

ethical and environmental negative outcomes of the fashion industry. Since most textile production occurs in 

developing countries, the Fairtrade certification alleviates concerns of textiles being supplied by sweat shops. 

Organic certification satisfies concerns of chemical inputs, such as fertilizers and pesticides, being used.  

The ubiquity of these two certifications may present a challenge for seaweed textiles. The Fairtrade 

certification can only be attached to textiles produced in developing countries. This would exclude, for 

instance, SeaCell fabrics produced in Austria. For consumers driven by a desire to contribute to social and 

economic development through their purchases, seaweed textiles would not be able to fulfil this criterion. A 

2014 study in the Journal of Management and Sustainability argues that motivating factors for choosing 

Fairtrade products has evolved to a situation today whereby the dominate driver is corporate social 

responsibility. The implication of this is that focus on Fairtrade has become less about location and more about 

governing practices of companies; a factor that seaweed textiles can potentially market with ASC-MSC 

certification.  

The organic certification works well for cotton textiles since cotton growing has a general association with 

excessive fertilizer and pesticide usage. Seaweed production in the West does not have that association, so the 

organic certification may appear superfluous. 

Zero land and water usage or biodiversity support are commonly brought up when describing the 

positive impacts of seaweed farming. Unfortunately, these impacts do not fall under a recognizable and 

influential certification. There is a however a general, and perhaps growing, degree of awareness for 

these impacts. For instance, water and land usage are commonly brought up by animal rights and 

environmental activists when discussing the negative impacts of beef consumption.  

WP4: Test product items on a pilot scale (SO4)  

This work was not possible to realise as meaningful extraction of cellulose fibres has significant limitations as 

described in WP1-WP3. 

Task 4.1: Investigate productions facilities and terms  

To reduce the footprint of production it was decided to use European facilities for production.  

There is only one European producer of seaweed textiles and that is SmartFibre, the creators of SeaCell.  They 

produce mainly for big enterprises. It is possible to buy Seacell blended fabrics and yarns from weaving 
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companies in Germany, Austria Peru, Turkey and from various countries in Asia. Some of those companies 

use certified organic threads while others use non-organic noncertified textiles and threads. 

SME companies can buy stock fabrics with SeaCellTM LT and SeaCellTM MT with limitations of types of 

textiles and colours (Table 2).  

As shown above there are big limitations for SME companies that want to purchase low quantities of seaweed 

fibers. There are limited availabilities for fabrics, colours and quantity. SeaCellTM LT and SeaCellTM MT also 

provide cellulosic fibre blends that contain 2-4% seaweed and needs to be mixed with other fibres in order to 

make it possible to knit from. Yarns are a combination of other fibres besides SeaCell; thus, the actual 

percentage seaweed is less than 1%. 

Table 2: Costs of SeaCell TM fibers from Smartfiber AG. 

 Price: kg < one ton kg > one ton Price sample package 10 kg fibers 

SeaCell™LT - Lyocell 1,7 dtex / 38mm 17.9 € 15.5 € 18.9 € per kg 

SeaCell™MT - Modal technology 1,7 dtex / 38mm 17.9 € 15.5 € 18.9 € per kg 

An example of KOLBRUN design including seaweed  

In our research we have found a thread-mill in Iceland, Uppspuni, where it is possible to produce minimum 

quantities using Icelandic wool from their farm and SeaCellTM. Wool is interesting because it is a local source 

material in Iceland and the Faroe Islands. However, such production is costly. For example, 1 kg of mixed 

yarn 50/50 Icelandic wool farmed in an eco-friendly circumstance and SeacellTM is priced at € 245 with VAT, 

€ 212 without VAT. Typically, a long sweater from KOLBRUN requires 550 grams of yarn, which will cost 

roughly € 116. Designing and machine knitting/sewing costs approximately € 97. Finally, by adding tags and 

logistics, the final price is roughly € 222 without VAT. The minimum retail price would be €444 without VAT. 

It is clear from this calculation that it is not feasible to make a sweater based on these findings. 

Task 4.2: Design of collection  

KOLBRUN has initiated the design of a collection with Blue Fashion textile in mind that was made from 

jersey cellulosic blend fabrics containing seaweed. The idea was to create no fabric waste while 

producing dresses, scarfs, trousers and skirts. KOLBRUN has also made designs for knitted sweaters 

and sweater dresses with Icelandic wool/seaweed cellulose blends in mind.  

With the TaraTekstil project in mind and the hope for seaweed textiles to be available in the near future it was 

decided that making a collection for Yoga practitioners and lounge wear would be a very good option for this 

kind of textile (Error! Reference source not found.)Yoga practitioners are nature lovers and choose the 
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lifestyle of organic, no waste and pure lifestyle. TaraTekstil would be a great option for sustainable and organic 

textile for Yoga clothing and other items related to the practice. 

The Yoga seaweed collection would consist of yoga pants, leggings, sport tops and loose tops all made from 

plant based sustainable textiles like hemp or flax intertwined with seaweed. The collection would also include 

knitted sweaters and blankets made from Icelandic wool and plant-based textiles intertwined with seaweed. 
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Figure 17: KOLBRUN design of a Yoga Seaweed Women Collection. 

According to Seacell claims, it is rich in essential substances such as vitamins, trace elements, amino acids and 

minerals. It also contains high levels of antioxidants to protect skin against harmful free radicals. They also 

claim that it has a natural moisture levels optimal for skin and enables an active exchange of beneficial 

substances between the fibre and the skin, providing a noticeable sense of wellbeing. These claims have been 

questioned in our report, but our goal for TaraTekstil is to make it so that all these qualities more are preserved 

in the textile.  

The Yoga seaweed collection would be interesting to the market and competitive with yoga brands, like 

Lululemon that made yoga SeaCell pants in 2007. Most yoga clothing companies are producing products from 

organic cotton. However, from Figure 10 one could argue that even organic certified cotton is not an 

environmentally friendly option. A product list with basic Yoga clothing is shown in Table 3 and the knitting 

items in Table 4 and the minimum quantities required for a small Yoga production would be 480 items and for 

the knitting items 135 items ordered. 

 

Table 3: Yoga seaweed textile collection by KOLBRUN design. 

Smartfiber 

AG textiles 

(Taratextil) 

black grey blue burgundy white 

Sizes 

S/M/

L/XL 

minimum 

order per 

size = 5 

Loose pants 1 1 1 1  16 80 

Leggings 1 1 1 1  16 80 

sport bra 1 1 1 1  16 80 

tank top 1 1 1 1 1 20 100 

t-shirt 1 1 1 1 1 20 100 

overall 1 1    8 40 
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Total items ordered 480 

Table 4: Knitwear and blankets 

Kolbrun yarn 

wool/cellulose seaweed 

from Smartfiber AG 
(Taratextil) 

black grey blue burgundy off white S/M/L 

minimu

m order 

per size 

= 5 

knitted sweater closed 1 1   1 9 45 

knitted sweater open 1 1   1 9 45 

knitted blanket  1 1 1  9 45 

Total items 135 

 

Task 4.3: Sourcing material  

Sourcing material has been our biggest obstacle since it is not possible to make small quantities, research on 

the behaviour of material and prototypes with Ocean Rainforest seaweed as was first planned. The textiles that 

we were aiming for does not exist on the market and the availability for small production with textiles that 

include seaweed like Smartfiber AG produces has its limitations of low percentage of seaweed, combinations 

of materials, colours and quantities as stated in T4.1.  

Since it turned out that actual manufacture of fibre, yarn and fabric would be beyond the budget and 

timeframe of this project, it was decided to keep the scope of the project on the feasibility of this novel 

industry. 

It would also be possible to make Icelandic wool and Seacell cellulosic blends which only contain 2-4% 

seaweed in total the yarn would have less than 1% of seaweed. Consequently, this was not an attractable 

solution.  

Since it is possible to manufacturing fibres with whatever specifications needed, a test-collection from 

conventional jersey fabric was also considered. The idea would then be that TaraTekstil fabrics at a later period 

could be made with the same fibre, yarn and fabric specifications.  

Task 4.4: Production and logistics  

Calculations of material costs for the Yoga seaweed collection are based off of SeaCell prices. 

 Prototypes and manufacturing of the collection would be in Estonia and Latvia where production costs have 

been considered in the sale unit prices Table 5. 

Table 5: Production and logistics costs (% of sales units). 

Percentages of sales units 

Textiles (buttons, zippers, 
thread, all sewing material ...) 

28% 
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Cutting 3% 

Sewing 21% 

Finishing’s 3% 

Ironing 1% 

Tags 0.5% 

Packaging 1% 

Hangers 1% 

Logistics 1.5% 

Total per sale unit 60% 

 

Production costs and retail prices 

Retail prices are estimated with market research for similar products: 

• Yogawear made from woven textiles: 

o Vitadylan as mentioned before in WP3 produces underwear and loungewear made from 

textiles with seaweed.  

o Yogamii yoga wear made from organic cotton. 

o Satva yoga wear made from organic cotton. 

o LVR yoga wear made from organic cotton and modal blends. 

Table 6: Yogawear made from woven textiles and the prices by different companies. 

Clothing Vitadylan Yogamii Satva LVR 

Women's yoga bra 59 €  43 € 34 € 

T-shirt 69 € 33 € 44 € 40 € 

Yoga tank top  48 € 49 € 40 € 

Leggings  54 € 58 € 58 € 

Yoga loose pants  67 € 54 € 56 € 

Overall    112 € 

Vitadylan prices are much higher than products by Yogamii, Satva and LVR. This is taken into consideration 

when making estimated retail prices for Yoga seaweed collection made from Taratextil. 

Table 7: Estimated cost and retail prices for a future Smartfiber AG textiles produced by TaraTekstil partners. 

Smartfiber AG 
textiles 

(TaraTekstil) 

Production/ 

logistics costs 

per item 
Sales unit 

Estimated 

retail price 
Minimum 

order  

Loose pants 26.7 € 44.5 € 89 € 80 2,136 € 

Leggings 26.1 € 43.5 € 87 € 80 2,088 € 

Sport bra 17.7 € 29.5 € 59 € 80 1,416 € 

Tank top 20.7 € 34.5 € 69 € 100 2,070 € 

T-shirt 18.6 € 31 € 62 € 100 1,860 € 
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Overall 50.7 € 84.5 € 169 € 40 2,028 € 

total cost 11,598 € 

• Yogawear made from knitted yarns: 

o Comparison with eco-friendly and ethical products available on the market. 

o Henrik Vibskov (as described in WP3) wool blend sweaters, eco-friendly and ethical 

production. 

o Kowtow (as described in WP3) wool blend sweaters, eco-friendly and ethical production. 

o Ihanna an Icelandic home decoration company producing wool blankets in Europe. 

o Geysir an Icelandic fashion and home decoration company producing wool blankets in 

Europe. 

Table 8: Knitwear wool blend productions 

Knitwear and blankets market research Henrik Vibskov Kowtow Ihanna home Geysir 

Blanket   134 € 113 € 

Knitwear - sweater open wool blends 280 € 280 €   

Knitwear - sweater wool closed blends 364 € 297 €   

In estimating our prices for the Yoga seaweed collection, small production and seaweed textiles will lead to 

considerably higher prices. 

Table 9: Estimated cost and retail prices for a future knitwear produced by TaraTekstil partners. 

Kolbrun yarn wool/cellulose seaweed 

from Smartfiber AG (Taratextil) 

Production/ 

logistics costs per 

item 
Sales unit 

Estimated retail 

price 
Minimum 

order  

knitted sweater closed 116,7€ 194,5€ 389€ 45 5,251.5 € 

knitted sweater open 99€ 165€ 330€ 45 4,455 € 

knitted blanket 43,8€ 73€ 146€ 45 1,971 € 

total cost 11,677.5 € 

 

Production of yarn in small quantity would be in Iceland at Uppspuni, a small thread mill, and would 

be made at Glófi a small knitting mill in Iceland. The garment prototypes would be made in Kolbrun’s 

studio, but production would be in Europe preferably with manufacturers in Estonia or Latvia.  

Task 4.5 and 4.6: Identify test shops, distribution and sale products 

Since our collection would be an eco-conscious Yoga collection, it would be our aim to sell at yoga studios 

and eco-conscious fashion stores as well as design stores that have a loungewear section. In Iceland there are 

a few shops and yoga studios willing to sell this kind of products: 

• Org, organic clothing shop, Kringlan, 103 Reykjavík  

• Akkúrat, Aðalstræti 2, 101 Reykjavík  

• Kista, Hof, 600 Akureyri  
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• Yoga Shala, Skeifan, 108 Reykjavik 

• Jógasetrið, Skipholt, 108 Reykjavík 

• Sólir, Grandi, 101 Reykjavík 

• Kolbrun.net online store 

Test shops would be: 

• Kvartýra Laugavegur 59, 101 Reykjavík Iceland 

• Org, organic clothing shop, Kringlan, 103 Reykjavík Iceland 

• Akkúrat, Aðalstræti 2, 101 Reykjavík Iceland 

• Kista, Hof, 600 Akureyri Iceland 

• Kolbrun.net online store 

Other stores in Scandinavia have not been contacted because there is no collection available now. 

Yoga Seaweed collection would be distributed to a few shops and yoga practises in Iceland for testing 

the product and get feedback from customers. 

Task 4.7: Evaluation of process and feedback from customers 

In order to receive evaluation and feedback on our products, customers would be invited to enter a survey in 

order to receive an eye sack pillow for their relaxation or meditation activities. These small pillows would be 

produced from leftover fabrics and filled with organic rice. The pillows would be made in Kolbrun’s studio in 

Reykjavík. The survey questions would be about how they like wearing their clothing item at their Yoga 

practice as well as how washing and taking care of the garment is working out for them. 

Table 10: Estimated cost and retail prices for eye sack pillows produced from leftover material and organic rice. 

Waste material 
Production/ 

logistics costs 

per item 
Sales unit 

Estimated 

retail price 
Estimated 

production  

Eye sack black 5.9 € 11.5 € 21 € 50 295 € 

Eye sack white 5.9 € 11.5 € 21 € 50 295 € 

Eye sack blue 5.9 € 11.5 € 21 € 50 295 € 

Eye sack grey 5.9 € 11.5 € 21 € 50 295 € 

Eye sack burgundy 5.9 € 11.5 € 21 € 50 295 € 

total cost 1,475 € 

The sale of eye sacks is expected to pay for those that are given away for free to customers who fill in the 

survey. 
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Conclusion 

TaraTekstil aimed to study the feasibility of “Blue Fashion” using cultivated seaweed in sustainable textiles. 

The focus was on kelp species cultivated and harvested in the North Atlantic by Ocean Rainforest and to study 

the opportunities to process it into seaweed fibers (cellulose based) for further knitting and woven fabrics. 

KOLBRUN design was assigned to design and sell the seaweed textiles produced within the project.   

The first part of the project aimed to identify and describe the functionalities of using seaweed as textile fibres. 

We found out that using lyocell in combination with seaweed appears to be the simplest way to combine the 

seaweed with textile, as it only requires seaweed that is dried and ground to a fine powder. However, lyocell 

must have a pulp with a high cellulose concentration, and seaweed are relatively low in cellulose and cannot 

replace land-based cellulosic biomass sources. Once the fibre has been made, it can be interwoven with other 

fibres to adapt the feel and function to its application. 

When seaweed is used only as an additive it is not possible to have a viscose/modal or lyocell process with 

more than few percentages of the textile because it will interfere with the regeneration process. Therefore, the 

main challenge is still to do better than existing seaweed textile production (e.g. SeaCell) by achieving higher 

seaweed content in the fabrics.  

A production aiming for using seaweed as the main component in the fabric is very attractive, but not seen 

used commercially today. When seaweed is the main component, the question is still if viscose/modal and 

lyocell processes is a requirement for full refinement to achieve chemical cellulose fibers of high purity. Still, 

the process needs a better sustainability and financial profile to be of interest as an alternative to existing 

processes.  

The fibre spinning technology is a relevant and ongoing research area, and at the same time a “hot-topic” with 

the sustainability brand, which is also seen by the many innovative fibre-manufacture start-up initiatives. The 

consumers are currently asking for new alternative textiles, as a replacement of today’s polluting textile 

industry.  

Production of yarn in small quantity would be possible in Iceland at Uppspuni at a small thread mill or at Glófi 

another small knitting mill in Iceland. The prototypes of garments would be made in Kolbrun’s studio, but 

production would be in Europe preferably in manufacturers in Estonia or Latvia.  

The second part of the project aimed to conduct a techno-economic analysis of the production process using 

biomass cultivated or harvested in the North Atlantic Ocean. The results were however that the value from 

cellulose corresponds to 1% of profit in a biorefinery process with several end-products. This means that it has 

a low importance for the entire biorefinery process of kelps cultivated in the Faroe Islands. More important 
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than the cellulose is the feed, food, laminarin and alginate products, but also mannitol and fucoidan add to 

generate a profitable business for a seaweed farmer.  Therefore, we conclude that seaweed fibres for textile is 

not an important market currently. We also realised that it would not be meaningful to produce fibres at this 

stage in pilot scale. Therefore, the scope of work was only to make the feasibility study but leaving out the 

lab/pilot tests on how to produce seaweed fibres.  

We can therefore conclude that seaweed is an environmentally sustainable source of cellulose and, at this point, 

is hard to utilize due to its technical and financial viability. However, large-scale farming and biorefinery 

extractions of high value products will most likely provide a suitable solid residue cellulose fraction for the 

textile industry in the future. 

The third part of the project aimed to identify target market segments and value propositions, estimate selling 

prices to textile producers and total market value on a five-year time scale. Through the review process several 

companies were identified to produce textiles from seaweed, but with only small percentages of seaweed 

included. Currently, the production of manufactured textiles fibres using seaweed as the main source of fibers 

are not seen.  

The increase in prices from basic wool/silk blends to silk/SeaCell (seaweed included) blends is quite high and 

hand dyed 1 kg of yarn has 51.6% higher price.  

From our calculation a small-scale production of seaweed fibers and spinning it to make a sweater is not 

economically viable, although of course this based on a small production. With a larger scale production, the 

costs would reduce quite a bit, but most likely not enough for it to be reasonable now. 

We found out that brands and retailers are demanding new solutions and many companies think that it is their 

responsibility to offer something new to the fast-growing market of consumers that demand better options for 

the environment with less carbon footprint as well. 

KOLBRUN has initiated the designing of a collection with Blue Fashion textile in mind that was made from 

jersey cellulosic blend fabrics containing seaweed. The collection aimed: no waste. This means that all designs 

have no fabric waste: Dresses, scarf, trousers and skirts. KOLBRUN has also made designs for knitted sweaters 

and sweater dresses with Icelandic wool/seaweed cellulose blends in mind.  

The last part of the project aimed to test product items on a pilot scale using seaweed from the North Atlantic 

alone or in combination with other sustainable and organic biomass sources, e.g. Icelandic wool. The 

conclusion however that it would not be possible to establish collaboration with industrial partners for a small 

test scale, as the economic frames of the TaraTekstile project would be too narrow to have the seaweed textile 
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fibre manufactured. If only using a small percentage of seaweed it would not bring new knowledge to the field 

as it has been shown by several other companies like SeaCell.  

A protocol for cellulose extraction was developed, but not tested at lab or pilot scale, as the following steps 

including test of fibre quality and spinning of the final fabric was not possible due to the budget available and 

that no larger industries were interested in testing small amounts of fibres. 

Zero land and water usage or biodiversity support are commonly brought up when describing the positive 

impacts of seaweed farming. Unfortunately, these impacts do not fall under a recognizable and influential 

certification for textiles. However, there is a general, and perhaps growing, degree of awareness for these 

impacts and this could lead to a larger demand for this blue biomass. 

Scaling up seaweed production could also be a significant step towards achieving the UN Sustainable 

Development Goals (SDG) number 12 on sustainable consumption and production - meeting nutritional needs, 

SDG 13 on climate change, as large-scale seaweed cultivation has the potential to considerably mitigate 

climate change and ocean acidification, and SDG 14 on sustainable exploitation of life in the oceans, as 

additional kelp forests are established. Therefore, it is still highly interesting to explore the possibilities of 

making seaweed textile fibers with actual seaweed-based (>70% seaweed) and maybe having specific 

beneficial properties. 
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