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Executive Summary   

This report, developed as part of the CRAFT-IT4SD project, explores how 
technologies can support sustainable transformation within the Cultural and 
Creative Sectors and Industries (CCSI), with particular attention to fashion and 
craft Small and Medium-sized Enterprises (SMEs) in the European context. 
CRAFT-IT4SD has particular focus on how technologies in a responsable way 
can be used to revitalisation of living heritage for how  The report maps 
technology fields and tools that may help small businesses design, prototype, 
communicate, produce, document and maintain garments, accessories, craft 
objects and creative services in more sustainable ways. It is written for SMEs and 
entrepreneurs that may have limited time, funding, technical infrastructure and 
specialist knowledge. 
The report presents technologies across several areas, including 2D and 3D 
design tools, Extended Reality (XR) and metaverse applications, e-textiles, Near 
Field Communication (NFC), Artificial Intelligence (AI) content generation, 
additive manufacturing, printed intelligence, 3D printing and textile material 
developments. The various technologies are not presented as automatic 
solutions, but as possible tools for sustainable business development. Their value 
depends on how well they support product quality, customer understanding, 
repair, customization, digital product information, local production, learning and 
long-term use. 
A central finding is that technology can add value when it strengthens the 
relationship between customer, product and maker. Digital tools can help 
communicate material origin, care instructions, repair possibilities, product stories 
and craft processes. NFC tags and platforms such as the Open Connector 
Platform show how physical garments can be connected to digital content, 
product information and evolving services. This can support longer product 
lifecycles and help SMEs compete against fast-fashion logic with products that 
customers understand, value, maintain and keep. 
The report also highlights how digital and material technologies can support 
sustainable business models. Virtual prototyping, 3D garment simulation, AI-
assisted ideation, 3D printing and digital product documentation can reduce some 
forms of waste when they replace unnecessary physical samples, repeated travel 
or speculative production. Technologies can also support product life extension, 
repair services, resale, material recirculation, circular design, on-demand 
production and customer education. 
Sustainability assessment remains complex. Digital tools, AI platforms, XR 
systems, cloud services, electronics, batteries, 3D printers and data centers have 
environmental impacts through energy and water use, hardware production, and 
electronic waste. Material technologies also require careful assessment, 
especially when using plastics, resins, coatings, conductive inks, blended fibres 
or experimental biomaterials. The report therefore encourages lifecycle thinking, 
durable design, repairability, modularity, safe production practices and realistic 
evaluation of whether a technology reduces impacts or adds new burdens. 
The CRAFT-IT4SD projectôs pilots on four locations around Europe provide 
practical examples of technology use in real creative contexts. The Romanian 
pilot iterations connected cultural heritage with 3D printing, digital simulation and 
contemporary fashion. The Finnish pilot iterations combined surplus materials, 
performance, NFC tags, games, Light-Emitting Diode (LED) lighting, reactive 
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visuals, and digital storytelling. The Spanish pilot iterations translated European 
Union (EU) sustainability regulation and sustainable business models into 
guidance for SMEs. The Danish pilot iterations explored NFC, AI, biometric 
testing, material-driven design, body scanning and empathic garment 
development. Together, the pilots show how technology can support 
experimentation, learning, cultural meaning and sustainable transformation when 
applied with clear purpose. 
Legal, policy and sensitivity aspects are also addressed. EU developments such 
as the Digital Product Passport (DPP), Ecodesign for Sustainable Products 
Regulation (ESPR), product safety requirements, repair rules, and AI 
transparency are shaping the future operating environment for fashion and craft 
SMEs. The report also considers accessibility, social sustainability, cultural 
heritage, body diversity, AI bias, biometric data and responsible representation. 
These issues are important because sustainable transformation concerns 
people, trust and cultural meaning as well as materials and emissions. 
The report identifies several barriers to technology adoption. Barriers such as 
cost, time, skills, information overload, hardware requirements, platform 
dependency, legal uncertainty, and environmental impacts may prevent SMEs 
from using new tools. For actions to remove barriers, the report suggests small 
pilots, shared facilities, sector-specific training, open-source options, exportable 
formats with multiplatform support, mini-DPP documentation, careful subscription 
management and support from unions, universities, clusters and makerspaces. 
The overall conclusion is that technology can support sustainable transformation 
in fashion and craft when it is connected to real product needs, customer value, 
craft knowledge and responsible business models. Useful starting points for 
SMEs are often manageable actions such as documenting one product, testing 
an NFC tag, using a shared 3D printer, trying virtual prototyping, creating repair 
information or joining a workshop or webinar. Through such steps, new 
technologies can become practical tools for building more transparent, inclusive 
and sustainable fashion and craft businesses in the CCSI. 
 
KEYWORDS:  
Artificial Intelligence, Additive Manufacturing, Circular Design, Craft, Cultural and 
Creative Sectors and Industries, Digital Platforms, Digital Product Passport, E-
textiles, Extended Reality, Fashion, 3D Printing, 3D Design, Metaverse, NFC 
Tags, Open Connector Platform, Printed Intelligence, Small and Medium-sized 
Enterprises,  Smart Textiles, Sustainable Business Models, Sufficiency-based 
Business Models, Sustainable Transformation, Textile Materials, Virtual 
Prototyping, Virtual Reality 
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1. Introduction  

This chapter introduces the focus of CRAFT-IT4SD projectôs Deliverable 3.2, 
which examines the role of technologies in supporting sustainable transformation 
driven by the CCSI, with particular attention to fashion and craftsmanship. The 
report explores selected technology fields, tools and material solutions that can 
support innovation, sustainability and value creation for SMEs and entrepreneurs 
working in these sectors. This introduction chapter presents the reportôs 
background, objectives, methods for evaluating value and sustainability, overall 
structure and key disclaimers for reading and using the report. 
Previous Deliverable 3.1 Uses of Data Case Book for the Sustainable 
Transformation Driven by the CCSI (2025) deals with data tools and platforms for 
fashion and craft SMEs. Deliverable 3.1 contains chapters about AI tools, 
computer hardware and Customer Relationship Management (CRM) systems 
that may be of interest to the readers of this Technology Scan Report. 

1.1. Technologies for Sustainable  Transformation  

The cultural and creative sectors and industries include fields where material 
knowledge, visual expression, cultural meaning and entrepreneurship are closely 
connected. In this report, the focus is on fashion and craft SMEs that work with 
garments, textiles, accessories, craft objects, services and creative experiences. 
These businesses often operate with limited resources, but they also have 
strengths that are important for sustainable transformation. They can work close 
to materials, customers, local networks and cultural traditions. Technologies can 
support this work when they help SMEs design more carefully, communicate 
more clearly, reduce waste and develop business models that are less dependent 
on fast production cycles. Technology can also assist in revitalizing living heritage 
to support the interlacing of design and sustainability.  
Digital and material technologies are increasingly part of this green 
transformation. 2D and 3D design tools can support virtual prototyping, visual 
communication and product development. XR, 360 content and virtual 
environments can create new ways to present products, spaces and craft 
processes. E-textiles, NFC tags and printed intelligence can connect physical 
items with digital information or interactive functions. AI tools can support writing, 
ideation, translation, image creation, audio, video and research tasks, while 
additive manufacturing and new textile materials can support experimentation, 
customization, repair and small-scale production. 
For fashion and craft SMEs, the value of technology is not limited to efficiency. 
Technologies can help customers understand why a product has been made, 
what materials it contains, how it should be cared for and how it can remain in 
use. Digital product information, care guidance, repair instructions, product 
stories and material documentation can strengthen the relationship between 
customer, maker and item. This is important in a sector where sustainable 
transformation requires movement away from disposable consumption and 
toward products that are valued, maintained and kept for longer. 
Sustainable transformation also requires caution. Digital tools, AI services, 
electronics, 3D printing, XR devices and online platforms have their own 
environmental, social, economic and ethical impacts. They require energy, 
hardware, data systems, skills, maintenance and responsible use. Some 
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technologies may be too costly, complex or unsuitable for the needs of micro and 
small enterprises. For this reason, it can be advisable to approach technologies 
as possible enablers rather than automatic solutions. Their usefulness depends 
on the purpose of use, available resources, interoperability, accessibility, lifecycle 
effects and connection to sustainable business models. 
The European policy environment is also guiding fashion and craft businesses 
toward more durable, repairable, recyclable and transparent products. Digital 
Product Passport development, ecodesign requirements, product safety, data 
protection, AI transparency and textile sustainability policies are changing what 
companies need to document, communicate and consider when designing new 
products. Technologies can help SMEs respond to these changes, but they also 
require learning and support. This Technology Scan Report presents technology 
options together with value and sustainability considerations, so that fashion and 
craft SMEs can identify realistic starting points for their own transformation. 

1.2. Objectives  

This report aims to identify and present selected technologies that may support 
sustainable transformation in fashion and craft and support in revitalizing living 
heritage for SMEs within the European CCSI context. The focus is on practical 
applicability for small businesses and entrepreneurs that may have limited time, 
funding, technical infrastructure and specialist knowledge. The report maps tools, 
platforms, software, hardware and material-related technologies across several 
fields, including digital design, XR, AI, additive manufacturing, and textile 
materials. 
The objective is to support SMEs in understanding what kinds of technologies are 
available, how they may be used, and what value and sustainability 
considerations should be taken into account before adoption. The report does not 
aim to provide a complete list of all tools on the market, but rather to offer an 
accessible overview of technology options that can help SMEs explore new 
creative, operational and business opportunities. Particular attention is given to 
technologies that may support product longevity, customization, customer 
communication, learning and sustainable business model development. 
The report also aims to make technology choices easier to approach by 
presenting selected tools in a comparable format. Information on functionality, 
cost, operating system support, value and sustainability is included where 
available. This helps readers assess whether a tool may fit their own products, 
workflows, skills and business goals. Open-source and low-threshold options are 
highlighted when suitable, because they can be important for SMEs seeking 
affordable and adaptable ways to experiment with digital and material innovation. 
A further objective is to connect the technology mapping with the findings of the 
CRAFT-IT4SD projectôs pilots. The pilots demonstrate how technologies can be 
tested in real fashion, craft, performance, education and sustainability contexts. 
By including these examples, the report seeks to provide practical insight into 
both opportunities and barriers. The findings are intended to support SMEs, 
educators, researchers, industry organisations, policymakers and technology 
providers in developing more sustainable and transparent practices in the fashion 
and craft sectors. 
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1.3. Methods , Evaluation of Value and Sustainability  

The methodology of this report follows a practical technology scan approach 
tailored to the European CCSI context, where many fashion and craft SMEs 
operate with limited time, funding and technical resources. Information was 
collected through desk research, project partner input, specialist interviews, pilot 
findings, technology testing, review of available documentation, and participation 
in relevant discussions, workshops and project activities. A standardized data 
collection sheet was used to document technologies, tools, platforms, software, 
and material solutions in a comparable way. This supported consistent collection 
of information on functionality, costs, operating system support, usability, value 
and sustainability considerations. 
The report does not aim to provide a complete market analysis or a 
comprehensive technical assessment of all available technologies or individual 
tools. The fields covered in the report are broad and develop quickly, especially 
in the fields of artificial intelligence, XR, and material technologies. A full 
evaluation would require extensive lifecycle analysis, long-term user testing, legal 
review, market research, cost modelling and technical benchmarking. Instead, 
the report presents selected technologies in an accessible format and highlights 
practical considerations that may help fashion and craft SMEs identify useful 
starting points for sustainable transformation with the help of technologies. 
Usability, value and sustainability evaluation was done on a broad perspective 
encompassing fields of technologies and tools. 
The evaluation of value focuses on the potential usefulness of technologies for 
fashion and craft SMEs. The criteria include cost savings, time efficiency, support 
for creativity, product development opportunities, and possibilities for creating 
additional value around garments and craft items. 
The evaluation of sustainability considers environmental, social, economic, 
cultural and energy-related aspects where applicable. Environmental 
considerations include things such as material use, waste, energy demand, 
durability, repairability, recyclability, transport reduction and the possible 
reduction of physical sampling. Social and pedagogical considerations include 
accessibility, ease of use, skills development, learning value and the ability of 
SMEs to adopt technologies in realistic working conditions. Economic 
considerations include investment needs, subscription costs, hardware 
requirements, platform dependency and the potential to support sustainable 
business models. 
Additional qualitative aspects were also considered. These include ease of use, 
learning curve, interoperability, community support, open-source options, 
platform dependency, and suitability for SMEs with limited resources. Where 
relevant, sensitivity aspects were included, especially when technologies involve 
AI-generated content, bodies, biometric data, cultural heritage, customer data or 
representation. These qualitative aspects are important because technically 
advanced solutions may be unsuitable for SMEs if they are too costly, difficult to 
learn, difficult to maintain or poorly aligned with the values of fashion and craft 
practice. 
The methods support the main purpose of the report by helping fashion and craft 
SMEs approach technologies with curiosity and practical judgement. By 
presenting tools through comparable criteria and qualitative observations, the 
report aims to make technology choices easier to discuss, test and adapt. The 
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approach encourages SMEs to begin with manageable experiments, connect 
technologies to their own products and customers, and build knowledge step by 
step. 

1.4. Report Structure  

The structure of the report is designed to provide a clear, practical and accessible 
guide for fashion and craft SMEs, with a focus on technologies that can support 
sustainable transformation and sustainable business models in the CCSI. The 
report begins with an executive summary and an introduction that outlines the 
context, objectives and approach to evaluation. It then proceeds through thematic 
chapters that examine topics such as 2D and 3D creation, XR and metaverse 
applications, e-textiles and NFC, AI content generation, additive manufacturing, 
textile materials, CRAFT-IT4SD projectôs pilot technologies and sustainability of 
technologies. 
Each technology chapter presents selected platforms, tools, software, hardware 
or material solutions in a comparable listed format. This helps fashion and craft 
SMEs to quickly get an overview of available information. The entries generally 
include the name of the tool or technology, general information, comments on 
functionality and use, cost, operating system or access support, value and 
sustainability considerations, and a link to the provider or resource. Operating 
system support is written in the form Windows/macOS/Linux/Web 
browser/Phone. The term Phone refers to support for Android and iOS devices. 
Open-source options are highlighted where available, because of their potential 
importance for SMEs with limited resources, training budgets or software access. 

1.4.1. Disclaimers  

This report provides an overview of selected technology fields, tools, software, 
platforms and material developments that may support sustainable 
transformation in fashion and craft SMEs. The technology landscape is broad, 
and the report does not aim to list every available option. Some tools also belong 
to several categories. Reductions in listing the same tools have been made. The 
content was updated approximately until April 2026. Especially in the AI field, 
weekly new progress is made, and it is not possible to include all of the latest 
platforms and tools in this report. In addition, EU policy developments are also in 
constant progress, and all latest updates canôt be included. 
AI search and AI-assisted writing were used during the production of this 
document. Microsoft Copilot with ChatGPT 5.5 were some of the AI systems used 
to support search, drafting and editing. Search results and tool/platform 
information were checked by the report writers. Microsoft Copilot was used with 
data protection mode enabled so that user input was not used for AI model 
training. As AI-assisted writing was utilized, human review, source checking and 
editorial judgement were essential parts of the writing process. 
Pricing information of the platforms and tools presented in this document are 
subject to change. The pricings are sometimes approximations and marked in 
United States dollars ($) or euros (ú). Always check the current prices for 
entrepreneurs from the service providers. The inclusion of value-added tax (VAT) 
to the pricing varies and should be calculated on an individual basis by the user. 
Some of the pricing presented in this document includes Finnish VAT of 25,5%. 
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Users should always check current prices, subscription terms, commercial-use 
rights, cancellation rules and available plans directly from the service provider. 
Detailed comparisons of all subscription plans are outside the scope of this report. 
Links to websites, platforms, documentation and online resources reflect the 
versions available during the writing period. Online content may be moved, 
updated, discontinued or restricted after publication. Some services may also 
change ownership, pricing, license terms, commercial-use conditions or data 
practices. Before adopting any tool or platform, SMEs should verify the current 
terms of use, privacy policy, and licensing conditions. 
Fashion and craft SMEs are responsible for their own due diligence when placing 
products, services or digital content on the market. National authorities, local 
unions, legal experts and relevant industry organisations should be consulted 
when needed. 
Sustainability assessments in the report are based on available information, 
project findings and general technology analysis. Actual sustainability impacts 
depend on how a tool is used, what materials and energy sources are involved, 
how long products and devices remain in use, and whether the technology 
replaces or adds to existing production steps. Fashion and craft SMEs can treat 
the report as a decision-support document rather than a final assessment of any 
individual technology. 

2. 2D and 3D ï Design, Create and Edit  

In this chapter several 2D and 3D software tools and platforms are presented in 
the fields of digital clothing creation, image, video, music, animation, and 3D 
scanning. Additionally, computer operating system options and stock resources 
for digital content creation are listed. 
Digital creative tools are used by many fashion and textile entrepreneurs and 
businesses. They allow SMEs to design, visualize, prototype, edit, and share 
ideas digitally before anything is physically produced. For fashion, textiles, and 
craft businesses, these tools open new ways to experiment creatively, reduce 
risks, and operate more sustainably. 
By working in digital 2D and 3D, fashion entrepreneurs can develop garments, 
patterns, materials, visuals, sound, and moving images faster and with fewer 
physical resources. Digital creation can support sustainable business models by 
reducing material waste, minimizing sample production, and lowering 
transportation needs. Digital assets can be reused, and new markets can be 
reached through digital representations and content.  

2.1. Clothing and Craft Creation  

Several 2D and 3D tools can be used to design garments, patterns, accessories, 
and craft objects digitally. Virtual prototyping allows fitting, sizing, and material 
testing before production, reducing fabric waste and overproduction. Some 
garments can exist in digital only format on various digital marketplaces and 
metaverse platforms. 
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Blender 

¶ 3D software for modeling, animation, rigging, simulation, visual effects and 
rendering. Not directly designed for digital clothing creation, the software 
is more of a generalist 3D tool. 

¶ Free and open source. 

¶ Windows/macOS/Linux. 

¶ Program with a lot of features. Learning curve for new users can be high. 
Free and open source software enables businesses and entrepreneurs 
with limited resources to use digital tools in their work. A lot of tutorial and 
learning content is available in addition to community support. 

¶ https://www.blender.org/  
 
Marvelous Designer 

¶ 3D software for pattern making and 3D modelling, simulation of soft 
materials, rendering and animation. Software is designed for digital 
clothing creation. 

¶ Paid. Personal license for solo freelancers at 39 $/month, Enterprise 
license for studios (two or more members) 199 $/month. 

¶ Windows/macOS. 

¶ Program with a lot of functionality and a learning curve. Designing clothing 
items digitally can lower sample lead time and enable fast iterations. Digital 
samples are easily shared via network connections. Potential to reduce 
sampling process environmental impacts including transport, material and 
production reduction. Computer software can use a lot of electricity in 
heavy use. 

¶ https://www.blender.org/  
 
CLO 

¶ 3D software for digital garment creation including pattern making. Industry 
standard software and is widely used in teaching clothing design globally. 

¶ Paid. 50 $/month (plus taxes) for freelancer or one-person company, 
Enterprise license for companies with more than 2 employees (pricing info 
not listed on website). 

¶ Windows/macOS. 

¶ Program with a lot of functionality. User friendly interface. A lot of tutorial 
and learning content are available. Potential to reduce sampling process 
environmental impacts including transport, material and production 
reduction. Computer software can use a lot of electricity in heavy use such 
as rendering. 

¶ https://www.clo3d.com/en/  
 
Browzwear 

¶ 3D design software for apparel. Plan, design, fit garments. 

¶ Paid. Freelancer plan at 75 $/month, FreelancerPlus at 150 $/month, 
Teams 3950 $/year (up to 3 active users), Enterprise (pricing info not listed 
on website). 

¶ Windows/macOS. 

https://www.blender.org/
https://www.blender.org/
https://www.clo3d.com/en/
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¶ May have an easy learning curve depending on user experience with 3D 
software. Popular among manufacturers. Can help minimize waste 
through virtual sampling. https://browzwear.com/sustainability  

¶ https://browzwear.com/  
 
Tailornova 

¶ Online fashion design application. 

¶ Paid. Commercial plan at 49 $/month, Commercial Pro at 79 $/month. 

¶ Used with web browser. 

¶ Advertises easy learning curve. Use of the platform requires active internet 
access. If servers are down, platform is not available. 

¶ https://tailornova.com/  
 
Jinny 

¶ Tool for designing garments and trying on the garments on avatars. The 
tool is linked to the software company behind CLO. 

¶ Free. 

¶ Windows/macOS. 

¶ Adoption requires 3D garment skills and accurate digital pattern data to 
achieve realistic results. Jinnyôs simplistic user interface can be user 
friendly for students and fashion design beginners. 

¶ https://connect.clo-set.com/jinny 

2.2. Image Editing , Painting,  Vectors  and Photo Processing  

These tools support creation of textile prints, garment designs, patterns, 
branding, photo editing, and marketing materials. Vector graphics and digital 
artworks are reusable and can help reduce repeated manual work. 

2.2.1. Image Editing , Painting  and Graphic Design  

Image editing, painting and graphic design tools support fashion and craft SMEs 
in creating visual concepts, textile prints, brand materials, product graphics and 
marketing images from scanned drawings, photographs or fully digital artwork. 
 
Krita 

¶ 2D painting software with layered editing. Has image editing capabilities. 
AI generative functions via Krita AI Diffusion plugin. Can be used for 
drawing and ideation. Line art and brush strokes can be drawn on scanned 
drawings or design can be started from scratch. 

¶ Free and open source. 

¶ Windows/macOS/Linux. 

¶ Open source software helps designers and SMEs access creative tools 
for free. Community support and tutorials for Krita are available online. 
Alternative to Photoshop. 

¶ https://krita.org/en/  
 
GIMP 

¶ Image editor and painting program with layered editing. 

https://browzwear.com/sustainability
https://browzwear.com/
https://tailornova.com/
https://connect.clo-set.com/jinny
https://krita.org/en/
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¶ Free and open source. 

¶ Windows/macOS/Linux. 

¶ Has a learning curve similar to Photoshop. Open source community has 
created plugins that work in GIMP to add more functionality, filters and 
effects. Example G'MIC https://gmic.eu/index.html  

¶ https://www.gimp.org/  
 
Affinity 

¶ Graphic design, image editing and vector graphics program. Canva 
integration. 

¶ Free, requires Canva account login. Paid optional AI functionality.  

¶ Windows/macOS. 

¶ Previously paid software, but after acquired by Canva was turned into free 
software. Software with logins may collect user data. 

¶ https://www.affinity.studio/  
 
Adobe Photoshop 

¶ 2D drawing, painting and image editing software. Has layered editing. Can 
be used for digital drawing on scanned hand drawn images with pen 
tablets. AI image editing and generation with Adobe Firefly. Software is not 
directly designed for digital clothing creation. The versatile software is 
considered industry standard for image editing. 

¶ Paid. Individuals 27,41 ú/month per application (one year contract), 
Creative Cloud Pro 82,25 ú/month, Business subscription 33,49 ú/month 
per application, Business Cloud Pro at 86,55 ú/month. 

¶ Windows/macOS. 

¶ The software has a learning curve. A lot of tutorial content is available 
online. Subscription model softwareôs monthly and yearly costs can rise 
high. Cancellation of subscription may cause surprise fees depending on 
contract terms. Some designers may feel locked to one software 
ecosystem as moving to open source alternatives may feel daunting. 

¶ https://www.adobe.com/products/photoshop.html#  
 
Photopea 

¶ Online photo editor. Layered editing and painting available. Can import 
several file types including Photoshop psd files. 

¶ Free with ads. Premium from 5 ú/month (one-time payments). Paid option 
includes monthly AI credits.  

¶ Used with web browser. 

¶ No need to install software as the tool runs with browser. Login is optional. 
If user closes browser without saving, data will be lost. 

¶ https://www.photopea.com/  
 
Canva 

¶ Image editor and painting program with layered editing. 

¶ Free, requires Canva account login. Higher AI access with paid plans. Pro 
plan at 110 ú/year for one person, Business at 160 ú/year/person. 

¶ Use with web browser. 

https://gmic.eu/index.html
https://www.gimp.org/
https://www.affinity.studio/
https://www.adobe.com/products/photoshop.html
https://www.photopea.com/
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¶ Easy to create graphic designs and presentations. Has a lot of graphics 
content and templates available. 

¶ https://www.canva.com/  
 
In addition to the tools listed here, there are AI image generation and editing 
platforms for photo editing and graphic design. Some examples of these are listed 
in Chapter 5. 

2.2.2. Vector Graphics  

Vector graphics can be scaled without quality loss. The data is stored 
mathematically. Photos can be converted to vector graphics for stylized effects. 
Scalable logo and icon designs are often done with vector graphics. 
 
Inkscape 

¶ Vector graphics creation software with layered editing.  

¶ Free and open source. 

¶ Windows/macOS/Linux. 

¶ Has a learning curve similar to Adobe Illustrator. Open source software 
makes vector graphics creation accessible to many people. Computer is 
needed for using the software. Network connection is only needed for 
downloading the installation file. The software itself can be used offline 
after installation. 

¶ https://inkscape.org/  
 
Adobe Illustrator 

¶ Long established vector graphics creation software. AI vector generation 
functionality with Adobe Firefly. 

¶ Paid. Individuals 27,41 ú/month per application (one year contract), 
Creative Cloud Pro 82,25 ú/month, Business subscription 33,49 ú/month 
per application, Business Cloud Pro at 86,55 ú/month. 

¶ Windows/macOS. 

¶ Active subscription is needed to continue using the software. This can lock 
some designers to using only the companyôs software.  

¶ https://www.adobe.com/products/illustrator.html  
 
CorelDRAW 

¶ Vector graphic design, page layout and image editing software. 

¶ Paid. Perpetual license Essential 130 ú (Windows only), Standard 355 ú 
(Windows only), Graphics Suite 779 ú. Subscription Go (online only) 115 
ú/year, Graphics Suite 369 ú/year. 

¶ Windows/macOS/Web browser. 

¶ Known for vector editing and may be intuitive for new users. With a 
perpetual license one can continue using the software without the need to 
pay a monthly fee. 

¶ https://www.coreldraw.com/en/  

https://www.canva.com/
https://inkscape.org/
https://www.adobe.com/products/illustrator.html
https://www.coreldraw.com/en/
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2.2.3. Photo Processing  

Photo processing software is used for editing a large number of photos from 
cameras and phones. Photos can be organized and managed with the software. 
The software presented in this listing support raw image processing. Raw image 
files are a kind of digital negative file from the camera. One can change the white 
balance and exposure of the photo afterwards when using raw images and there 
is more flexibility in image processing compared to basic image file formats such 
as JPEG (Joint Photographic Experts Group). 
 
Darktable 

¶ Photo processing application with advanced functionality. Raw image 
development support for multiple different cameras. 

¶ Free and open source. 

¶ Windows/macOS/Linux. 

¶ Software that runs on most operating systems is a flexible option for the 
end user. If an operating system change is necessary, the same software  
can be used on the new system. Editing image material on own computer 
gives the entrepreneur full control of their digital content. Quick edits can 
be done without hiring outside help. This can lower the cost of media 
material creation. Learning and using new software takes time and this 
has to be taken into account when planning how to organise photo content 
creation. 

¶ https://www.darktable.org/  
 
RawTherapee 

¶ Photo processing application. Raw developer. 

¶ Free and open source. 

¶ Windows/macOS/Linux. 

¶ Open source software may have a steeper learning curve than commercial 
options, but with time and effort a lot can be achieved with free software. 
Using open software and resources can be a philosophical choice for 
entrepreneurs. They may choose to support open source software 
development with donations or sharing knowledge of the tool to other 
designers. Open source software can have less user action telemetry 
functions and less advertisements. Free software that is not open source 
may have a business model that sells user data to advertisers and other 
companies to get revenue.  

¶ http://rawtherapee.com/  
 
Adobe Lightroom 

¶ A popular photo processing software. Lightroom Classic is the traditional 
desktop version of the software with photo processing and storage done 
on user's own computer. Lightroom is the cloud-based version of the 
software. 

¶ Mobile version with limited functionality is free. Paid monthly plan at 21,08 
ú/month. Creative Cloud Pro at 82,25 ú/month (yearly contract). 

¶ Windows/macOS/Web browser/Phone. 

https://www.darktable.org/
http://rawtherapee.com/
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¶ Subscription includes the online and desktop versions of the software. 
Processing of camera raw images requires computing resources. Old 
operating systems are not supported by the desktop software. 

¶ https://www.adobe.com/products/photoshop-lightroom.html# 
 
Capture One 

¶ Photo processing software. A professional paid software alternative to 
Adobe Lightroom. 

¶ Paid. Perpetual license Pro at 369 ú. Subscription Pro at 30 ú/month. 

¶ Windows/macOS. 

¶ Customer can choose between perpetual and subscription license. Due to 
the processing power needs of raw editing software, a computer device 
with adequate Random-Access Memory (RAM) (8 GB or more) and 
Central Processing Unit (CPU) core count (2 or more) is required to run 
the application. For faster processing a dedicated Graphics Processing 
Unit (GPU) is recommended. 

¶ https://www.captureone.com/en  

2.3. Video Editing  

Video tools help to create product presentations, tutorials, social media clips, 
storytelling content, and marketing videos. 
 
Davinci Resolve 

¶ Professional video editing software. Includes advanced color correction 
and special effects functionality. The software has been used to edit and 
color grade Hollywood films. The paid Studio version of the software adds 
some effects and AI functionality such as AI audio noise reduction, magic 
mask, transcription and voice convert. The Cut tab of the software has a 
simplified editing view for quick edits. 

¶ Free up to 4K resolution (3840x2160 pixels). Paid perpetual Studio license 
at 255 ú (no VAT), 320,02 ú (Finnish VAT). Currently, the perpetual license 
includes all future updates. USB dongle option is available through 
resellers such as Thomann for flexible computer switching. 

¶ Windows/macOS/technically Linux. 

¶ The software has a steep learning curve at the start. A lot of tutorial content 
is available online and the software has good written documentation. All of 
the AI processing is done locally on userôs own computer. The software 
requires a fairly modern desktop or laptop computer to run smoothly. Proxy 
file workflows can be used with systems with less processing power. Linux 
operating system installation can be complicated. Advanced Audio Coding 
(AAC) audio is not supported on Linux with H.264 and H.265 compressed 
video files that are common in video cameras and phones. The free 
version of the software doesnôt support H.264 and H.265 video files on 
Linux. 

¶ https://www.blackmagicdesign.com/products/davinciresolve  
 
 
 

https://www.adobe.com/products/photoshop-lightroom.html
https://www.captureone.com/en
https://www.blackmagicdesign.com/products/davinciresolve
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Adobe Premiere 

¶ Professional video editing software that is used to edit films globally. It has 
good 360 video and Virtual Reality (VR) video content (180VR, 360VR) 
editing capabilities. 

¶ The mobile iOS version is free. Paid Individuals plan at 27,41 ú/month per 
application (one year contract), Cloud Pro at 82,25 ú/month. 

¶ Windows/macOS/iOS. 

¶ The software has a steep learning curve. With the help of online tutorial 
content, it is good to start with simple editing projects. Editing videos takes 
a lot of time and effort. The true time needed can be learned by doing a 
video project. Start with small projects and remember to save often. 
Compressed popular video files such as H.265 and H.264 require 
processing power from the editing computer. Keep the laptop plugged to 
the power socket when editing. A dedicated GPU speeds up the video 
previews and rendering of the finished video file. 

¶ https://www.adobe.com/products/premiere.html  
 
Kdenlive 

¶ Free video editing software that also has 360 video editing capabilities. 

¶ Free and open source. 

¶ Windows/macOS/Linux. 

¶ The software has a steep learning curve. Tutorial content is available 
online. Open source software may not have the same level of user 
friendliness and visual polish that the commercial options have. Fashion 
and craft SMEs can get video projects done using free software with some 
time and dedication. 

¶ https://kdenlive.org/  
 
Shotcut 

¶ Video editing software. Actively developed alternative to Kdenlive. 

¶ Free and open source. 

¶ Windows/macOS/Linux. 

¶ It is good to start using video editing software by watching a basics tutorial 
on YouTube for example. 

¶ https://www.shotcut.org/  
 
Microsoft Clipchamp 

¶ Streamlined video editor with AI functionality such as voice over and 
subtitle generation. Good for short promotional projects. No watermark in 
free version. Includes some royalty-free stock assets. AI assisted video 
creation functionality. 

¶ Free. Premium features with Microsoft 365 subscription (4K support). 

¶ Windows/Web browser/iOS. 

¶ The software is suitable for short projects and quick motion graphics 
designs. Free software in general may collect user data for research, AI 
and commercial purposes. Project files are stored in the cloud, but not the 
media files unless cloud backup is chosen. Software usage requires active 
internet connection. 

https://www.adobe.com/products/premiere.html
https://kdenlive.org/
https://www.shotcut.org/


TECHNOLOGY SCAN REPORT FOR THE SUSTAINABLE TRANSFORMATION DRIVEN BY THE 
CCSI 

 

25 
 
 

¶ https://clipchamp.com/en/  
 
iMovie 

¶ Streamlined video editor for Apple devices. Good for quick short projects. 
Includes video templates and automatic video creation with Magic Movie 
function. 

¶ Free for Apple devices. 

¶ MacOS/iOS. No Windows version. 

¶ User friendly video creation. Simple learning curve. Requires Apple 
hardware purchase (computer, phone or tablet). Locked to Apple company 
hardware ecosystem. 

¶ https://www.apple.com/imovie/index.html  
 
Final Cut Pro 

¶ Appleôs professional video editor for Apple computers. 

¶ Paid. Perpetual license at 299,99 $. Apple Creator Studio subscription at 
12,99 $/month. iPad version of the software is subscription only. 

¶ macOS/iPad. 

¶ The latest version of the software is optimized for recent Apple hardware. 
Provides advanced functionality such as motion graphics, masking, 
movement tracking and color grading for video editing. 

¶ https://www.apple.com/final-cut-pro/  

2.4. Music Creation  

Digital music and sound tools can be used for fashion promotional videos, digital 
shows, installations, and online experiences. Music can be recorded with 
microphones or created directly inside the Digital Audio Workstation (DAW) 
software. Most DAWs support virtual instruments also known as Virtual Studio 
Technology instrument (VSTi) that one can play with a keyboard. Digital 
instruments are often recorded as editable Musical Instrument Digital Interface 
(MIDI) data. 
 
FL Studio 

¶ DAW for music composing and recording. Good for MIDI editing and beat 
music creation. Separate version FL Studio Mobile for phones and tablets. 

¶ Paid. Perpetual license, free updates. Fruity Edition 99 ú (no audio 
recording), Producer Edition 229 ú. FL Studio Mobile is around 18 ú 
depending on platform. 

¶ Windows/macOS/Phone. 

¶ Relatively easy to use software with a lot of tutorial content online. 
Software with free updates to new versions reduces costs as there are no 
upgrade fees. Not all paid software work with Linux operating systems. 
Linux user numbers are much lower than Windows and macOS and it may 
not be financially viable enough for companies to develop software that 
runs on Linux. There is interest in some Windows users to switch to Linux 
for gaming and creative use due to Windows telemetry and functionality 
issues. There are challenges in making the transition when company 

https://clipchamp.com/en/
https://www.apple.com/imovie/index.html
https://www.apple.com/final-cut-pro/
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workflows have already been established. One has to find alternative 
software with similar functionality and build new workflows.  

¶ https://www.image-line.com/fl-studio/download/ and https://www.image-
line.com/fl-studio-mobile/  

 
Audacity 

¶ Software for music and audio recording and editing. Very limited MIDI 
functionality. Supports Virtual Studio Technology (VST) effect plugins but 
not virtual instruments (VSTi). 

¶ Free and open source. 

¶ Windows/macOS/Linux. 

¶ Popular open source software for audio editing tasks. Open source 
community has created a lot of plugins for the software. 

¶ https://www.audacityteam.org/  
 
Ardour 

¶ DAW for music composing and recording. 

¶ Free/Paid and open source. Free installation of older version for Linux 
(through terminal or software library).  Paid latest builds with a minimum 
of 1 $ subscription or single payment. Compilation of the program from 
source code is free, but complicated. 

¶ Windows/macOS/Linux.  

¶ Fully functional DAW for Linux. Has a learning curve. 

¶ https://ardour.org/  
 
Reaper 

¶ Software for multitrack audio recording, MIDI recording, editing and 
mixing. 

¶ Paid. Perpetual license, some free upgrades. Discounted license 60 $ 
(gross revenue under 20 000 $ per year), Commercial license 225 $. Local 
VAT is not included in the pricing info. 

¶ Windows/macOS/Linux. 

¶ Relatively low-cost music creation software. Popular among indie 
composers and recorders. Many of the music creation tools require 
processing power and a good amount of RAM (8 GB or more) especially 
when using multiple heavy virtual instruments or effects at the same time. 

¶ https://www.reaper.fm/  
 
GarageBand 

¶ Software for music creation. Comes with a sound library, instruments and 
session drummers. 

¶ Free with Apple devices.  

¶ macOS/iOS. 

¶ Requires Apple hardware purchase (computer, phone or tablet). Popular 
DAW choice for Apple device users. 

¶ https://www.apple.com/mac/garageband/ 
 
 

https://www.image-line.com/fl-studio/download/
https://www.image-line.com/fl-studio-mobile/
https://www.image-line.com/fl-studio-mobile/
https://www.audacityteam.org/
https://ardour.org/
https://www.reaper.fm/
https://www.apple.com/mac/garageband/
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Logic Pro 

¶ Professional music and audio creation software for Apple computers. 

¶ Paid. Perpetual license at 199,99 $. Apple Creator Studio subscription at 
12.99 $/month. 

¶ macOS. 

¶ Sometimes software subscriptions costs may be unclear to entrepreneurs. 
It is important for SMEs to investigate subscription costs and plan what 
services are truly needed. A monthly subscription can be a viable option if 
one needs to evaluate the software or platform for their workflows. License 
terms should be checked so that there are no surprise fees, especially 
when considering yearly subscription payments. 

¶ https://www.apple.com/logic-pro/  
 
Alternatives to the music creation tools listed here include Cakewalk Sonar, 
Ableton Live, Steinberg Cubase and Pro Tools. Some of the software have 
separate phone or tablet versions with limited but similar functionality. The 
desktop versions often offer more advanced functions that require more 
processing power. AI music and audio generation options are presented in 
Chapter 5. 

2.5. Scan ï 3D and Photogrammetry  

Scanning and photogrammetry technologies convert physical garments, textures, 
locations, or objects into digital 3D models. Scanning can be done with mobile 
phone or dedicated hardware camera. The 3D model can also be created from 
multiple photographs or from video with photogrammetry software. These 
scanned 3D models can be used in various 3D software, game engines and on 
metaverse and digital presentation platforms. As an alternative to traditional 3D 
files, gaussian splatting is a technology that creates a point cloud presentation of 
the scanned item. This may preserve some details in a different way when 
compared to standard 3D models. It is, however, more difficult to edit the 
gaussian splat models.  
 
True to form 

¶ A specialized 3D body scanning platform. Designed specifically for the 
garment industry. Uses mobile devices to create high-fidelity, 
dimensionally accurate avatars and body dimensions that can be exported 
directly into 3D garment design software. 

¶ Free trial, 40 $/month for Standard tier, Pro tier 100 $/month that allows 
exporting avatar models. 

¶ iOS. 

¶ Can reduce the need for physical fit models and cross-continental shipping 
of prototypes. Accurate measures from the get-go can minimize carbon 
footprint and textile waste. 

¶ https://www.truetoform.fit  
 
 
 
 

https://www.apple.com/logic-pro/
https://www.truetoform.fit/
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RealityScan 

¶ Photogrammetry app that turns smartphone photos into high-fidelity 3D 
models with high-resolution textures. Can also be used with high quality 
cameras as computer desktop software. 

¶ Free for companies under 1 million $/year revenue (desktop software). 
Mobile app is free without revenue limits. 

¶ Windows/Linux/Phone. 

¶ Enables SMEs to create digital 3D catalogs without the need for expensive 
hardware. Users can opt-out from the mobile app scans and image data 
being stored and used for machine learning purposes by the publisher Epic 
Games. One can find the option in the appôs settings under ñData 
Trainingò.  

¶ https://www.realityscan.com/en-US  
 
KIRI Engine 

¶ A cross-platform 3D scanning app that uses photogrammetry, Laser 
Imaging, Detection, and Ranging (LiDAR) and Neural Surface 
Reconstruction (NSR). Allows users to switch between visual gaussian 
splats and editable meshes. 

¶ Free with unlimited scans. Paid plans add features. Pro plan at 17,99 
$/month, Yearly Pro at 79,99 $/year. 

¶ Phone/Web browser. 

¶ Ability to generate editable 3D meshes allows designers to modify textures 
and seams digitally, which can reduce carbon footprint of physical 
prototyping.  

¶ https://www.kiriengine.app/  
 
Polycam 

¶ Versatile ñall-in-oneò scanning suite that offers LiDAR, photogrammetry 
and gaussian splatting scanning. Features a robust web-based editor for 
post-processing. 

¶ Free to test, model export as Graphics Library Transmission Format (glTF) 
file. Paid plans give additional functionality. Basic plan at 30 $/month and 
150 $/year (when billed annually). 

¶ Web browser/Phone. 

¶ Suits well for SMEs planning circular retail spaces or pop-up shops 
digitally. Web editing functionality allows remote teams to collaborate on a 
single 3D asset, reducing the need for travel. Only certain iPhone models 
(Pro and Pro Max) have a LiDAR sensor for advanced scanning 
functionality. Modern android devices currently do not have LiDAR 
capabilities. 

¶ https://poly.cam  
 
SuperSplat 

¶ An open-source, web-based tool designed for editing and optimizing 3D 
gaussian splat files. Allows users to clean up artifacts and background 
noise. 

¶ Free and open source. 

https://www.realityscan.com/en-US
https://www.kiriengine.app/
https://poly.cam/
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¶ Can extend the lifecycle of digital assets by allowing SMEs to refine and 
reuse noisy 3D scans rather than reshooting. As a browser-based tool, it 
requires no heavy software installation, lowering the entry barrier. 

¶ https://superspl.at/  
 
For more information on the latest gaussian splatting and 3D scanning 
developments one can check out the Radiance Fields website 
https://radiancefields.com/. 

2.6. Animation ï Motion Capture, 3D /2D Animat ion  

Animation tools allow designers to showcase garments in motion, simulate fabric 
behavior, and create virtual fashion experiences, reducing the need for physical 
samples and on-location events. Animations can be applied to 3D human models 
or mannequins and used in various 3D software tools and on metaverse 
platforms. There is a steep learning curve in adapting 3D animations to fashion 
and clothing business. It is good to start with simple projects and test what works 
for the SMEôs purposes. Sometimes it may be more viable to hire external 
specialists to create 3D models and animations. Even if using external services, 
one can learn of the various tools and gear to know better what to order and 
expect as outcome. 

2.6.1. Motion Capture Gear  and Software  

Motion capture, also known as mocap, is the process of saving real world 
movement data in digital format so that for example, real human motions can be 
used for the movement of digital characters. Beyond entertainment uses, motion 
capture data can be used for health and sport analysis, and humanoid robot 
movements. 
It is very time consuming to animate 3D models manually and motion capture 
makes the animation process take less time. Motion capture results are not 
perfect and usually require manual fixing and adjustments afterwards. 
Motion capture can be done with dedicated motion capture suits wirelessly 
connected to computer or with cameras, even web cameras, and video files using 
machine learning and AI software for extracting and generating the motion data 
from the visuals. 
Motion capture suits and optical multi-camera tracking systems are expensive. 
Web camera or phone capture is much cheaper, but the results may be lower 
quality. One can also purchase ready-made animation packs if there is no time 
and resources available for creating the motion capture in-house. Motion capture 
suits often use their own company software tools for capturing 3D data and 
editing the results. These software tools may have expensive monthly or yearly 
fees. 
The term motion capture can be expanded to performance capture, where the 
facial expressions and fingers are also captured with camera(s), tracking and 
gloves. 
 
Rokoko SmartSuit Pro II 

¶ Motion capture suit for capturing body movements. 

¶ Premium. 2295 ú + VAT/per suit, different sizes. 

https://superspl.at/
https://radiancefields.com/
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¶ The suit needs to be sized to performers: S, M, L, XL. This means that one 
may need to order several suits to accommodate all sizes. Not a strap-
based system. 

¶ https://www.rokoko.com/products/smartsuit-pro  
 
Perception Neuron 3 

¶ Motion capture system that uses straps with sensors. Straps need to be 
positioned carefully. 

¶ Premium. Pricing info is not visible on website. 

¶ There is usually always some drift in the motion capture data with suit 
based systems. This means that the animated character slides across the 
floor a little bit over time. The drift needs to be fixed in animation recording 
or editing software. 

¶ https://noitom.com/productinfo.html?id=1  
 
Xsens 

¶ Offers several motion capture suits such as Xsens Link, Xsens Awinda 
and Awinda Starter. High quality motion capture, but premium pricing. 

¶ Premium. Pricing info is not visible on website. The cost is several 
thousands of dollars. 

¶ Due to the high costs, many motion capture systems are not accessible to 
entrepreneurs and SMEs with limited resources. One can rent motion 
capturing time from some studios and there might be motion capture 
spaces available in higher education facilities. 

¶ https://www.xsens.com/en/entertainment/motion-capture  
 
Rokoko Vision 

¶ AI motion capture with web camera. Supports 1-2 camera capture and pre-
recorded video files. 

¶ Free 15 second capture. Unlimited length capture with Rokoko Studio Plus 
plan at 28 $/month subscription. 

¶ Web browser. 

¶ Motion capture systems that are based on analyzing video footage (live or 
recorded) and donôt require expensive gear are a viable option for SMEs 
if the quality of the animation data is acceptable. 

¶ https://www.rokoko.com/products/vision  
 
Move.ai 

¶ AI motion capture from iPhone or camera video files. 

¶ Free "view only" single camera mocap (non-commercial). Standard plan 
at 50 $/month (commercial use). Credits/second system for motion 
capture generation. 

¶ iOS/Web browser. 

¶ The cost of generating AI motion capture with credits-based systems may 
not be very transparent for the end users. SMEs must be careful with 
multiple platform subscriptions adding up monthly. Try out the platforms 
before committing to long term subscriptions. 

¶ https://www.move.ai/ 

https://www.rokoko.com/products/smartsuit-pro
https://noitom.com/productinfo.html?id=1
https://www.xsens.com/en/entertainment/motion-capture
https://www.rokoko.com/products/vision
https://www.move.ai/
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Plask.ai 

¶ Video file AI motion capture. Supports full body, hand capture as well as 
multi-person mocap. 

¶ Free (15 sec/day). Standard plan at 40 $/month (10 minutes/month). 
Credits-based generation system. 

¶ Web browser. 

¶ Generating motion capture data with regular phones and videos helps 
SMEs to try out new technologies. Barriers for using motion capture 
systems can be financial cost, high learning curve, available time and 
limited access to computers, phones and internet. 

¶ https://plask.ai/en-US/ 
 
FreeMoCap 

¶ Markerless motion capture software. Supports multi-camera capture. One 
can capture live with web cameras or import video files. Tracks currently 
single person only. 

¶ Free and open source. 

¶ Windows/macOS/Linux. 

¶ Has a learning curve. Users can opt out from sending anonymous usage 
information to the developers. The software is an alternative tool for paid 
AI motion capture generation platforms. Installer is available on the project 
GitHub releases page.  

¶ https://freemocap.org/  

2.6.2. 3D/2D Animation  

Various software and AI tools can be used for creating 3D and 2D animations. 
These animations can be used for example in 3D rendering, marketing videos, 
game content and 3D character movements. 3D animations are then exported 
out of the capture software to be used with other tools and platforms. 2D 
animations can be used for cartoons, motion graphics and video effects. The 
creation process of 3D and 2D animations often takes a lot of time, which should 
be considered when planning for digital content projects. 
3D and 2D animations can also be done directly with AI platforms and video 
models by generating the content with text, image or video as input. Several AI 
content generation platforms are introduced in Chapter 5.  
 
Cascadeur 

¶ AI assisted advanced 3D animation editing and creation software. Built-in 
video mocap feature. 

¶ Free for non-commercial use. Indie plan at 19 $/month (less than 100K $ 
in revenue), Pro at 49 $/month (no limits). Perpetual license for annual 
plans. 

¶ Windows/macOS/Linux. 

¶ Using AI for animation editing and combining can save a lot of time and 
simplify complex or repetitive animation tasks. Requires a computer with 
minimum of 4 GB RAM and dedicated GPU. The option for getting a 

https://plask.ai/en-US/
https://freemocap.org/
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perpetual license for the software may be interesting for animation 
creators that donôt want a continuous subscription service. 

¶ https://cascadeur.com/  
 
 
Rokoko Studio 

¶ Software for capturing, editing and fixing motion capture data. 

¶ Free plan available. Plus plan with more functionality at 28 $/month. Pro 
at 70 $/month required for face capture. 

¶ Windows/macOS. 

¶ Has a learning curve, but a lot of tutorial content is available online. A low 
threshold way for fashion SMEs to explore motion capture and animation 
editing. 

¶ https://www.rokoko.com/products/studio  
 
iClone 

¶ 3D character animation software with advanced motion editing 
functionality. One can combine multiple animations to one sequence with 
transitions created by the software. The software is used for animating the 
body, face and fingers. Separate software Character Creator is available 
for creating digital 3D characters. The two software are from the same 
company and have good integration. Animation and content packs can be 
purchased for the software. 

¶ Paid. Perpetual license at 479 $ or iClone 365 subscription at 16,58 
$/month. 

¶ Windows. 

¶ The topic of 3D animation is complex and it can be unclear for SMEs with 
little experience what extra tools or plugins would be useful for animation 
creation in addition to the main software. It is good to take the time and 
check out some basics tutorials online about the software and workflows 
that are used.   

¶ https://www.reallusion.com/ICLONE/  
 
Mixamo (Adobe) 

¶ Online platform for rigging avatars or 3D human models. Users can export 
3D files of the characters and motions. These motions can be used in 
multiple animation software programs. Rigging of 3D character means that 
one creates a digital skeleton for the character and this skeleton moves 
the limbs and torso for example. The animations are applied to the rig 
(digital skeleton) and this causes the model surfaces to move along the 
skeleton bones.  

¶ Free. Requires Adobe account creation and login. 

¶ Web browser. 

¶ The platform does not have animation editing and combining functionality. 
It is time consuming to export multiple animations. It is unclear how long 
the service is going to be maintained and if development is being made. 

¶ https://www.mixamo.com/#/  
 

https://cascadeur.com/
https://www.rokoko.com/products/studio
https://www.reallusion.com/ICLONE/
https://www.mixamo.com/#/
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Blender 

¶ 3D creation, character rigging and 3D animation software. 

¶ Free and open source. 

¶ Windows/macOS/Linux. 

¶ Has a steep learning curve, but there is a lot of tutorial content available. 
In addition, there are several plugins for the software created by the open 
source community. Paid alternatives to the software include Maya, 
Autodesk 3ds Max, Cinema 4D and Houdini. 

¶ https://www.blender.org/  
 
Adobe After Effects 

¶ Animation, compositing and motion graphics software. Has support for 3D 
models, but 3D character animation functionality is limited. 2D character 
animations can be done with the software. 

¶ Paid. Application subscription at 41,44 ú/month. 27,41 ú/month per 
application (one year contract). Creative Cloud Pro at 82,25 ú/month (one 
year contract). 

¶ Windows/macOS. 

¶ Has a steep learning curve. Separate paid plugins such as Element3D add 
more options to the 3D functionality. The pricing model of software 
subscriptions try to often favor year-long contracts. In Adobeôs case, the 
monthly subscription plan that can be canceled at any time is much higher 
cost than the year-long contract. Yearly subscription plans with limited 
refunds can lock SMEs to the software for a long period of time. This 
development can be countered with free open source software 
alternatives. There are limitations and possibilities in both paid and open 
source software. 

¶ https://www.adobe.com/products/aftereffects.html#  
 
Cartoon Animator 

¶ Software that focuses on 2D image animation. Supports character rigging 
and vector graphics. Several animation and content packs are available. 

¶ Paid. Perpetual license at 99 $. 

¶ Windows. 

¶ Relatively low learning curve for basic functionality with room for advanced 
creations. Has separate paid plugin for webcam facial motion capture. 
With the plugin one can animate a character by using web camera to track 
face expressions and head motions.  

¶ https://www.reallusion.com/cartoon-animator/default.html  
 
Moho 

¶ 2D image animation software with similar functionality to Cartoon 
Animator. Supports inverse kinematics and physics. 

¶ Paid. Debut version at 59,99 $, Pro version at 399,99 $ for the perpetual 
license. 

¶ Windows/macOS. 

¶ Many of the desktop 3D/2D animation software programs donôt offer a 
quick and automated way of creating animations. At some point AI tools 

https://www.blender.org/
https://www.adobe.com/products/aftereffects.html
https://www.reallusion.com/cartoon-animator/default.html


TECHNOLOGY SCAN REPORT FOR THE SUSTAINABLE TRANSFORMATION DRIVEN BY THE 
CCSI 

 

34 
 
 

may be integrated into software for creating something quickly that looks 
fairly OK for production use. Another path can be that AI is not heavily 
integrated and instead, manual creation with a lot of human effort is 
appreciated more by the clients.  

¶ https://moho.lostmarble.com/  
 
Renderforest 

¶ Online platform for creating 2D animations, videos, websites, logos and 
designs. The platform has AI animation, cartoon and image generation 
functionality. 

¶ Free for personal use with watermark. Paid Pro plan at 19 ú/month for 
commercial use. Pro AI plan at 49 ú/month. 

¶ Web browser. 

¶ Easy to use animation creation platform with a lot of ready-made content. 
Platform usage is dependent on online service and internet availability. 

¶ https://www.renderforest.com/  
 
Pencil2D 

¶ Lightweight 2D image animation software. Supports regular and vector 
graphics. 

¶ Free and open source. 

¶ Windows/macOS/Linux. 

¶ Has a learning curve. Creating animations requires time and effort. Tutorial 
content is available online. 

¶ https://www.pencil2d.org/  
 
Synfig Studio 

¶ 2D animation software. Supports layers, bones and vector graphics. 

¶ Free and open source. 

¶ Windows/macOS/Linux. 

¶ Has a learning curve. Software downloads are available on Gumroad and 
on project GitHub page. Portable version of the software is available and 
requires no installation. For running the portable version, one does not 
need administrative rights on the computer. The portable software can be 
used even from a USB stick for example. 

¶ https://www.synfig.org/  

2.7. Resources ï Models, Textures, Stock Content  

Digital libraries provide ready-made 3D models, photos, textures, and stock 
assets that can be reused across projects, saving time, energy, and production 
costs. Open license assets can be used for commercial purposes and fashion 
SMEs with limited resources get access to a large amount of digital materials to 
build upon. 
 
Openverse 

¶ Image and audio search for Creative Commons licensed and public 
domain content. 

¶ Free. 

https://moho.lostmarble.com/
https://www.renderforest.com/
https://www.pencil2d.org/
https://www.synfig.org/
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¶ The licenses Public Domain, CC0 (no copyright, public domain) and CC 
BY (attribution) are suitable for commercial projects. SA (Share-alike) 
license requires release of content with the same SA license. ND (no-
derivatives) can't be used, as ND content can't be modified or adapted. 
Always check the source of the digital content that is found through the 
search. If license information is unclear, donôt use the content for 
commercial purposes. One can also share their own work openly through 
Creative Commons licenses. Here is information on the various licenses: 
https://creativecommons.org/share-your-work/cclicenses/  

¶ https://openverse.org/ 
 
CONNECT 

¶ Online library of 3D assets, creator community and marketplace for digital 
clothing. Maintained by CLO. Includes a lot of content for CLO and 
Marvelous Designer clothing creation software. 

¶ Free and paid content. Free/Basic/Extended License. 

¶ The platform can feature smaller designers, giving everyone an equal 
platform to share their work. Free and Extended licensed assets can be 
used in VR games and Metaverse platforms commercially. Selling of the 
editable 3D files is prohibited. Using open content for pattern design can 
save energy and time in the product development phase as designers and 
pattern makers can use the same base content to build upon. 

¶ https://connect.clo-set.com/  
 
Fab 

¶ Game, 3D asset store and marketplace for selling 3D content. Has high 
quality Quixel Megascans 3D content available. Some free fabric textures 
can be downloaded. Service is maintained by Epic Games. 

¶ Free and paid content. License information can be found here: 
https://www.fab.com/eula   

¶ Content in the Fab store can be used inside game and interactivity creation 
software such as Unreal Engine and Unity. Direct link to Quixel Megascans 
content: https://www.fab.com/sellers/Quixel%20Megascans   

¶ https://www.fab.com/  
 
SketchFab 

¶ Library of 3D assets and objects. Provides a marketplace for sharing and 
selling 3D content. Service owned by Epic Games. 

¶ Free and paid content. CC0 and CC BY licensed models are available. 
Registration required for downloading. 

¶ Some content from SketchFab is being migrated to Fab. Free Creative 
Commons licensed content can be used as a building block for 3D projects 
and tests. 

¶ https://sketchfab.com  
 
Turbosquid 

¶ Marketplace for selling 3D models and content. The service is run by 
Shutterstock. 

https://creativecommons.org/share-your-work/cclicenses/
https://openverse.org/
https://connect.clo-set.com/
https://www.fab.com/eula
https://www.fab.com/sellers/Quixel%20Megascans
https://www.fab.com/
https://sketchfab.com/
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¶ Free and paid content. License terms can be found here: 
https://www.turbosquid.com/licensing  

¶ There are a lot of free 3D content platforms available. Fashion and craft 
SMEs should carefully check the licensing terms of the shared resources 
and also evaluate the credibility of the sources. Entrepreneurs and SMEs 
cannot use content that contain logos or trademarks that are licensed by 
other companies, unless explicitly permitted. 

¶ https://www.turbosquid.com/  
 
BlenderKit 

¶ 3D models, High Dynamic Range images (HDRi), scenes and materials. 
Used via Blender software addon. 

¶ Free and paid content. Full plan at 17,9 $/month, Business plan at 48 
$/month. Royalty free and CC0 licenses. License terms: 
https://www.blenderkit.com/docs/licenses/  

¶ On the platform page select ñAvailability > Freeò to see the free content. 
Platform registration is optional. Installation of the free Blender  software 
and plugin are needed. 

¶ https://www.blenderkit.com/  
 
Poly Haven 

¶ Public 3D asset library. CC0 open licensed HDRi images, textures and 3D 
models. 

¶ Free and CC0 licensed content. 

¶ Open sharing of free 3D assets lowers the financial threshold of SMEs 
using 3D graphics in projects. There is a learning curve for using the 
assets in productions and 3D software experience is needed. 

¶ https://polyhaven.com/  
 
ambientCG 

¶ CC0 licensed 3D assets: Surfaces, Environments (HDRi) and some 3D 
models. 

¶ Free and CC0 licensed content. 

¶ Content licensed with Public Domain and CC0 are suitable for commercial 
projects. Website is add-supported. 

¶ https://ambientcg.com/  
 
twinbru 

¶ Digital twins of real textiles. Textile materials are for 3D use. Downloads 
are available on multiple platforms, including BlenderKit and Sketchfab. 

¶ Free. Royalty free license. Reselling as similar assets is not allowed. 
https://www.blenderkit.com/docs/licenses/  

¶ Real samples of cloth can be ordered through the website. SMEs can try 
out the textile materials first in digital form. Garment product can be 3D 
designed before committing to real world physical materials. 

¶ https://www.twinbru.com  
 
VMOD 

https://www.turbosquid.com/licensing
https://www.turbosquid.com/
https://www.blenderkit.com/docs/licenses/
https://www.blenderkit.com/
https://polyhaven.com/
https://ambientcg.com/
https://www.blenderkit.com/docs/licenses/
https://www.twinbru.com/
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¶ Digital textile library. Includes textures, drape templates and digital fabrics 
for purchase. 

¶ Free trial credits (personal use only), Starter plan at 12 $/month 
(commercial use allowed), Pro at 19 $/month. Credits based system. 
Option to single purchase assets is available. 

¶ The digital contents available on the platform support several programs 
such as Blender, Cinema4D, Unreal Engine, CLO, Marvelous Designer, 
Substance 3D and NVIDIA Omniverse. Real life twin fabrics can be 
ordered online through SwatchOn wholesale fabric platform. Digital 
version of cloth can prevail when physical products are not available on 
the market. 

¶ https://vmod.xyz/  

2.8. Operating Systems  

Computers are used via Operating Systems (OS). Different operating systems 
provide access to a wide range of creative software, including open source 
options. Choosing the right operating system can support affordability, longevity 
of hardware, and energy-efficient workflows. It is good for entrepreneurs and 
SMEs to know which operating system options are available for using computer 
hardware, possibly giving new life to old computers. If one wants to build a 
computer, the main operating system options are Windows and Linux based 
distributions (distros). Linux operating system has multiple distributions and some 
examples distros are listed separately. 
 
Windows 

¶ Operating system and user interface for office tasks, media creation, 
gaming and entertainment. Used with personal computers. Supports many 
Intel, AMD and ARM hardware systems. Developed by Microsoft. 

¶ Paid. Bundled free with laptops and some prebuilt Personal Computers 
(PCs). Home version at 145,90 ú, Pro version at 229,90 - 259 ú with USB-
media installation or digital download.  

¶ One of the most common operating systems used worldwide. Local 
installation of software without online account login has become difficult or 
impossible. There are privacy concerns with AI functionality and user data 
collection. There are also advertisements visible in the software. There is 
no official support for some older hardware that was able to run the 
previous version Windows 10. How user data is collected and used may 
not be apparent to the end user. 

¶ https://www.microsoft.com/  
 
macOS 

¶ Operating system for Apple computer devices. Good for office and 
productivity tasks, video editing, media creation and entertainment. 
Popular alternative to Windows operating system. 

¶ Included with Apple computers. Requires Apple hardware purchase. The 
lowest cost current Apple computers are Apple MacBook Neo for 699 ú  
and Apple Mac Mini M4 for 750 ú. Pricing goes upwards from there.  

https://vmod.xyz/
https://www.microsoft.com/
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¶ Limited gaming support and performance when compared to Windows 
systems. No direct support for Meta Quest XR headsets. The operating 
system needs an Apple hardware device to function, and this can lock the 
user to the ecosystem. Hardware can be expensive. Free updates are 
included until the hardware is too old for update support. 

¶ https://www.apple.com/ 
 
Linux (in general) 

¶ Operating system for computer hardware. Used for office productivity, 
media creation, gaming, servers and entertainment. Supports many 
desktop PCs with Intel, AMD and ARM hardware systems. Good for office 
and productivity tasks, video editing, media creation and entertainment. 
Open alternative to Windows and macOS operating systems. 

¶ Free and open source. 

¶ Suitable distros can be installed on older hardware. The operating system 
has a privacy focus without data collection or advertisements. Learning 
curve for some functionality can be high (terminal use). Not all applications 
are available. Wide selection of open-source software is supported. 
Gaming support has advanced with Steam platform development. For 
installation, bootable USB stick or disc is needed. Installation media can 
be created with software such as Rufus or Etcher. Check installation help 
on distroôs website. Verifying the installation media is recommended. 

¶ https://en.wikipedia.org/wiki/Linux 
 
There are over hundred different Linux distros available. Fashion and craft 
entrepreneurs and SMEs might ask which one to install. Some examples of 
common Linux distributions are listed below.  
 
Ubuntu, Linux Mint Cinnamon, Pop!_OS 

¶ These three are popular distros. They have wide hardware support. There 
are some differences in user interface design. Linux Mint has a user 
interface similar to Windows. 

¶ Free and open source. 

¶ Linux distributions are updated in similar way as Windows ones. There are 
Long-Term Support (LTS) releases of the distributions that are guaranteed 
to receive feature, maintenance and security updates for several years. 

¶ https://ubuntu.com/download 

¶ https://www.linuxmint.com/ 

¶ https://system76.com/pop/ 
 
Bazzite, Nobara 

¶ These are quite new distros with gaming focus and offer some gaming 
optimizations. Separate installations for AMD and Nvidia hardware are 
available (optional for Nobara). 

¶ Free and open source. 

¶ All distros including Ubuntu support gaming (Intel, AMD, Nvidia hardware). 
Steam software (https://store.steampowered.com/) can be used for 
gaming on Linux, Windows and macOS. There has been rapid positive 

https://www.apple.com/
https://en.wikipedia.org/wiki/Linux
https://ubuntu.com/download
https://www.linuxmint.com/
https://system76.com/pop/
https://store.steampowered.com/
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development in the past few years in Linux gaming. VR gear and game 
support is still limited. 

¶ https://bazzite.gg/ 

¶ https://nobaraproject.org/ 
 
Debian, Fedora 

¶ Simplistic user interface look option. For a more traditional Linux desktop 
experience, install Debian Live KDE version. 

¶ Free and open source. 

¶ https://www.debian.org/ 

¶ https://fedoraproject.org/ 
 
Operating systems that come installed in most mobile phones are Android or iOS 
(Apple) based. There are various manufacturer specific custom versions used in 
the Android systems.  

2.9. Value and Sustainability  

Value and sustainability in fashion and craft are increasingly linked to how 
products are designed, produced, communicated, repaired, reused and 
experienced across their life cycle. Digital 2D and 3D tools, image and photo 
processing, video and music creation, scanning, animation, stock resources and 
operating systems can support this transformation when they are selected 
according to clear business and environmental needs rather than technological 
novelty. For fashion and craft SMEs and entrepreneurs, these technologies may 
reduce material waste through virtual prototyping, improve product 
communication through high-quality visual content, enable new services such as 
customisation and digital sampling, and support documentation of craft 
knowledge, materials and processes. Their contribution to sustainability depends 
on practical factors such as cost, usability, interoperability, data ownership, 
energy use, access to skills, and compatibility with existing workflows. The 
technologies can be considered not only as creative production tools, but also as 
possible enablers of more resource-efficient, transparent and resilient business 
models for European fashion and craft SMEs. 

2.9.1. Value 

2D and 3D creation tools can add value for fashion and craft SMEs by moving 
part of the design and product development process from physical materials to 
digital environments. Garments, patterns, textile surfaces, accessories, craft 
objects and visual concepts can be tested before production begins. This can 
reduce the number of physical samples, cut fabric waste, shorten iteration cycles 
and make early design decisions less costly. Sharing of digital samples and fit 
data does not require any physical transport and is fast. Virtual showcasing of 
garment designs can boost sales. For small enterprises, the main value is not 
only in creating visually impressive digital outputs, but in lowering the risk of 
producing unsuitable products, over-ordering materials or committing too early to 
a specific form, colour, size or construction method. 
Virtual clothing creation tools such as CLO, Marvelous Designer, Browzwear and 
Tailornova can support more precise product development, especially when fit, 

https://bazzite.gg/
https://nobaraproject.org/
https://www.debian.org/
https://fedoraproject.org/
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drape and pattern changes need to be assessed repeatedly. The value can be 
strong when digital prototyping replaces at least part of the physical sampling 
process. This can reduce material waste, transport needs and waiting time 
between design, pattern correction and production. However, these tools require 
learning, accurate pattern data and sufficient computer capacity. For fashion and 
craft SMEs with limited resources, the applicability should be assessed through 
small pilot projects before adopting a long term paid workflow. A tool that is 
technically advanced may create little value if the business does not have time, 
skills or production partners able to use the outputs. 
Free and open source tools such as Blender (3D), Krita (2D paint), Inkscape 
(vectors), Darktable (photo process), Kdenlive (video edit), Audacity (audio edit), 
Ardour (music creation), and Synfig Studio (2D animate) have particular value for 
SMEs because they lower the financial threshold for experimentation. They allow 
entrepreneurs to test 3D modelling, image editing, vector graphics, photo 
processing, video editing, audio work and animation without committing to 
recurring subscription costs. Main barrier can be usability. Open source tools may 
have steeper learning curves, less polished interfaces or more fragmented 
documentation than commercial alternatives. Their value increases when users 
have access to tutorials, peer learning, local training, online communities and 
time for gradual skill development. 
Commercial software can provide value through industry acceptance, 
interoperability, professional support and established workflows. Adobe 
Photoshop, Illustrator, Premiere, After Effects, Capture One, Final Cut Pro, Logic 
Pro, Reaper, CorelDRAW and other paid applications may be suitable when the 
SME works with professional photographers, agencies, manufacturers, retailers 
or education partners who already use these formats and workflows. 
Compatibility can reduce friction in collaboration and make outsourcing easier. At 
the same time, subscription models can create financial pressure, especially 
when several tools are used only occasionally. SMEs should calculate and check 
annual costs, cancellation terms, required plugins, cloud storage, AI credits and 
upgrade fees before adoption. A low monthly price may become expensive when 
multiplied across tools, users and years. When testing paid tools and platforms, 
it can be a valid option to get a subscription that is paid monthly instead of yearly 
to have the possibility of easy cancelation without extra fees. 
Image editing, vector graphics and photo processing tools add value by improving 
product communication. Fashion and craft SMEs often depend on high-quality 
images for online shops, social media, catalogues, lookbooks, labels, packaging, 
exhibition material and grant applications. The ability to edit product photos, 
create scalable logos, prepare textile prints or produce consistent brand visuals 
can reduce the need for external services and speed up everyday marketing 
work. These tools also support reuse. Vector files, layered images, templates, 
colour palettes and brand assets can be adapted for many channels. From a 
sustainability perspective, better digital communication can help sell existing 
products more effectively, support made-to-order models and reduce the need 
for large speculative inventories. 
Video, music and animation tools create value through storytelling, education and 
customer engagement. Short videos can show material behavior, garment 
movement, craft processes, repair instructions, care guidance and the human 
labour behind products. Audio and music can strengthen digital fashion shows, 
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installations, online campaigns and immersive presentations. Animation and 
motion capture can help present garments in movement without organizing 
repeated physical shoots or events. The value for SMEs can depend on 
proportional use. A simple product video made with Clipchamp, iMovie, or 
Shotcut may be more useful than a complex animation project that consumes too 
much time. Advanced motion capture, 3D animation and virtual production can 
be valuable for selected business models, but they should not be treated as a 
universal requirement. More advanced digital solutions require deeper 
knowledge and considerable time resources. 
3D scanning and photogrammetry add value by connecting physical garments, 
craft, materials and spaces with digital representation. Tools such as 
RealityScan, KIRI Engine, Polycam and other scanning platforms can be used to 
create digital records of objects, textures, garments, exhibition spaces or craft 
environments. These assets can support digital catalogues, virtual showrooms, 
product documentation, heritage preservation and communication with partners. 
Body scanning and avatar tools can also support better fit and customisation. The 
value can be positive when scanning serves a clear purpose, such as reducing 
fitting rounds, documenting unique craft objects or creating reusable digital 
product assets. Barriers include scan quality, lighting conditions, file size, editing 
skills, export formats and data ownership. 
Digital stock resources, 3D asset libraries, texture platforms and open content 
repositories can save time and reduce production costs. Platforms such as 
Openverse, Poly Haven, ambientCG, BlenderKit, and Fab provide access to 
images, sounds, models, materials and textile representations that can be reused 
in design and communication. These resources can help SMEs test ideas without 
creating every asset from the beginning. They also support learning, because 
users can study how files are structured and how materials behave in digital 
environments. The main value-related concern is licensing. SMEs need to check 
whether assets can be used commercially, modified, redistributed or included in 
client work. Unclear licenses, trademarked content or restricted stock assets can 
create legal and reputational risks. 
Operating system choice also affects value. Windows, macOS and Linux provide 
different balances of software availability, cost, privacy, hardware compatibility 
and long-term use. Windows offers broad compatibility with commercial creative 
software and hardware, while macOS is strong in many media production 
workflows but requires Apple hardware. Linux can extend the life of older 
computers and supports many open source creative tools, which can be valuable 
for SMEs with limited budgets. However, not all professional applications are 
available on Linux, and some workflows require additional technical knowledge. 
From a sufficiency perspective, the most valuable operating system may be the 
one that allows the enterprise to use existing hardware reliably, avoid 
unnecessary replacement and maintain stable access to essential tools. 
Interoperability is a central value factor across all of the chapterôs technology 
categories. SMEs should consider preferring tools that can import and export 
common file formats, such as SVG for vector graphics, PSD or layered image 
formats where needed, OBJ, FBX, glTF or USD for 3D assets, WAV for audio, 
and widely supported video formats. Good interoperability reduces dependency 
on one platform and makes it easier to collaborate with manufacturers, educators, 
freelancers, clients and digital marketplaces. Poor interoperability can create 
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hidden costs, because files may need to be recreated, converted or manually 
corrected. Before investing in a tool, SMEs should check whether outputs can 
move between design, production, marketing and archiving workflows without a 
lot of extra work or loss of quality. 
The value of these technologies should be assessed in relation to sustainable 
business models, not only operational efficiency. Digital tools can support made-
to-order production, repair and care services, product customisation, digital 
sampling, small-batch manufacturing, virtual showrooms, and digital-only 
products. They can also support sufficiency by helping SMEs sell fewer but 
better-considered products, communicate durability and care, and avoid 
unnecessary production. At the same time, digitalisation does not automatically 
create sustainability. High electricity use, hardware replacement, cloud 
dependency, data extraction, subscription lock-in and overproduction of digital 
content can reduce the expected benefits. Value assessment should therefore 
include both economic and environmental effects. 
For fashion and craft SMEs, a useful approach is gradual adoption. A business 
may begin with free or low-cost tools for image editing, vector graphics, photo 
processing and simple video production, then test 3D design, scanning or 
animation only when there is a clear need. Pedagogically, these technologies 
have strong value because they help entrepreneurs and students understand 
form, material, fit, movement, colour, and digital workflows through 
experimentation. When selected carefully, they can strengthen creativity, reduce 
costs, improve professional communication and open new business opportunities 
without forcing SMEs to abandon craft knowledge. The positive potential lies in 
combining digital precision with material intelligence. Technology can support 
slower, more considered and more resilient forms of fashion and craft business. 

2.9.2. Sustainability  

Digital 2D and 3D tools and technologies can support environmental 
sustainability when they reduce the need for physical sampling, unnecessary 
material use and transport between designers, clients, manufacturers and 
retailers. Virtual prototyping in clothing and craft creation can make it possible to 
test fit, shape, colour, print placement, material appearance and product variants 
before cutting fabric or ordering components. This is relevant for sustainable 
business models based on made-to-order production, small-batch 
manufacturing, repair, customisation and digital sampling. The sustainability 
benefits can be apparent when digital work replaces a material-intensive activity, 
rather than being added as an extra layer on top of existing production. If digital 
samples are created in addition to the same number of physical samples, the 
environmental gain may remain limited. 
The environmental impact of digital tools is not zero. 3D rendering, video editing, 
animation, AI-assisted workflows, raw photo processing, motion capture and 
large file storage can require significant computing power, electricity and cloud 
infrastructure. High-performance computers, dedicated graphics cards, mobile 
devices, cameras, scanners and storage systems also have material footprints 
related to mining, manufacturing, transport and end-of-life electronics waste. 
SMEs should consider energy use, hardware lifetime, repairability and upgrade 
needs when selecting tools. Lightweight software, offline workflows, efficient file 
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management, use of existing devices and avoiding unnecessary high-resolution 
rendering can reduce the environmental burden of digital production. 
Open source and free tools can have positive economic and social sustainability 
effects because they lower the threshold for participation. Open source software 
can make digital creation accessible to entrepreneurs, students, craft 
practitioners and micro-companies with limited budgets. This can reduce 
dependency on expensive subscription ecosystems and support more equal 
access to creative production. However, access is not only a question of price. 
Time, digital skills, language ability, computer literacy, internet access and 
available hardware also shape who can benefit from these tools. A free tool with 
a steep learning curve may still exclude users who lack training opportunities or 
time for experimentation. 
Commercial software can support sustainability when it improves interoperability, 
professional collaboration and production accuracy. Industry-standard tools can 
reduce errors between designers, pattern makers, manufacturers, photographers 
and marketing partners. Better compatibility can prevent duplicated work and 
reduce the need to recreate files manually. At the same time, subscription models 
can create economic vulnerability for SMEs, especially when several platforms 
are needed simultaneously. Continuous fees, cloud dependency, AI credit 
systems, cancellation terms and ecosystem lock-in should be evaluated as 
sustainability issues. A business model that depends on many recurring digital 
services may become economically fragile, even if individual tools appear 
affordable. 
Digital image and vector editing tools can contribute to sustainability by improving 
communication about products, materials, care and repair. Clear photographs, 
scalable graphics and consistent visual documentation can help customers 
understand quality, fit, material origin and use instructions. This can support 
slower purchasing decisions and may reduce returns in online sales. Visual tools 
can also support circular services, such as repair guides and resale 
documentation. The risk is that improved visual production can also be used to 
intensify marketing and stimulate unnecessary consumption. SMEs should 
therefore align visual communication with truthful representation, durability, care, 
transparency and responsible sales practices. 
Video, music and animation tools can support social and cultural sustainability by 
making craft knowledge, production processes and local design practices visible. 
Tutorials, process videos, interviews, digital exhibitions and animated 
explanations can preserve and communicate knowledge that is often difficult to 
describe in text. This has pedagogical value for training, customer education and 
intergenerational learning. It can also increase respect for handwork by showing 
time, skill and material sensitivity. However, producing high-quality media takes 
time and may shift attention away from making, repair or customer work. SMEs 
should plan media production at a realistic scale and avoid creating unsustainable 
pressure for constant online visibility. 
3D scanning, photogrammetry and digital textile libraries can support cultural and 
material documentation. Physical craft objects, textile structures, surfaces, 
exhibition spaces and heritage-related artefacts can be recorded digitally for 
design, education, archiving and communication. This can be valuable for small 
craft businesses working with local techniques, rare materials or place-based 
knowledge. At the same time, cultural sensitivity is needed. Scanning, sharing or 
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commercialising culturally significant objects, traditional patterns, community 
symbols or indigenous knowledge without permission can cause harm. SMEs 
should consider ownership, consent, attribution, benefit sharing and appropriate 
use before turning cultural material into digital assets. 
Accessibility and inclusion should be assessed across all technologies presented 
in the chapter. Browser-based tools, mobile scanning apps and simplified editors 
can be useful for users who do not have powerful computers or advanced 
technical skills. Free tools and open educational resources can support inclusion 
in education and entrepreneurship. However, some technologies require 
expensive hardware, recent operating systems, fast internet connections, paid 
accounts, strong graphics processing units, or specific devices such as Apple 
hardware or LiDAR-equipped phones. These requirements can exclude users 
with lower income, older equipment, disabilities or limited broadband access. 
Accessibility features such as keyboard navigation, screen reader compatibility, 
subtitles, adjustable interfaces, language options and low-bandwidth alternatives 
should be considered when selecting tools. 
Diversity, Equity, and Inclusion (DEI) considerations concern representation and 
data. Avatar systems, body scanning tools, motion capture platforms and AI-
assisted creative tools may not represent all body types, skin tones, movement 
patterns, ages, abilities, or gender expressions equally well. In fashion design, 
this can affect fit testing, product presentation and customer inclusion. SMEs 
should test whether avatar libraries, scanning tools and visual platforms support 
diverse bodies and identities relevant to their customers. When using AI 
functions, stock content or ready-made assets, users should be aware of 
stereotypes, biased datasets and narrow visual norms. Inclusive digital practice 
means checking outputs critically rather than accepting default templates or 
automated results as neutral. 
Data protection and privacy are sustainability concerns because many tools 
require logins, cloud storage, online processing, or user data collection. Photo 
editors, design platforms, scanning apps, AI tools and operating systems may 
collect usage data, image data or project files depending on their terms of use. 
Body scans, customer measurements, product prototypes and unpublished 
designs can be commercially and legally sensitive. SMEs should check where 
data is stored, whether it is used for machine learning, whether opt-out options 
exist, and how long data remains available on the platform. For small businesses, 
responsible data management protects customers, creative ownership and future 
business opportunities. 
Digital resources such as stock images, 3D models, textures and music can 
reduce time and production costs, but they require careful licensing and ethical 
use. Public domain, CC0 and clearly licensed commercial assets can support 
sustainable reuse and reduce duplication of effort. They also create pedagogical 
value because SMEs can learn from existing models, materials and templates. 
Unclear licenses, restricted stock assets, trademarks, copied designs or culturally 
sensitive content can create legal and ethical risks. Sustainable use of digital 
resources means checking permissions, giving attribution where required, 
avoiding misleading representation and respecting the labour of other creators. 
Operating system choice has sustainability implications through hardware 
longevity, software access and privacy. Linux distributions may extend the useful 
life of older computers and support open source workflows, which can reduce 
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hardware replacement and software costs. Windows and macOS may provide 
broader access to commercial creative tools, but can require newer hardware or 
create ecosystem dependency. Mobile operating systems also shape access to 
scanning, video and content creation tools. SMEs should assess whether their 
current devices can be used longer with appropriate software, maintenance and 
storage practices. Extending hardware life is often a concrete sustainability 
action, especially for micro-enterprises with limited budgets. 
Sustainable use of these technologies is selective, transparent and connected to 
business purpose. SMEs do not need to adopt every tool category. A staged 
approach can begin with accessible image editing, photo processing and basic 
video documentation. Next step may be 3D design, scanning or animation, but 
only where they clearly reduce waste, improve communication or create a viable 
service. Training, peer support and collaboration with schools, makerspaces, 
digital studios and local creative networks can improve access and reduce 
individual burden. Used with sufficiency in mind, digital tools can help fashion and 
craft SMEs strengthen creativity, reduce avoidable waste, document knowledge, 
include more customers and build business models that are economically 
resilient and environmentally more responsible. 

3. XR and the Metaverse ï Digital Fashion and Craft  

This chapter provides an overview of key technologies, tools and platforms 
related to Extended Reality (XR), which includes Virtual Reality (VR), Augmented 
Reality (AR) and Mixed Reality (MR). It covers both hardware and software 
components that enable the creation, distribution and use of immersive and 
interactive digital experiences. The chapter also introduces 360 content creation 
tools as well as the use of blockchain technology for traceability and digital 
ownership. 
XR is the umbrella term for VR, AR and MR. In VR the user is fully immersed in 
a digital created environment. There is no real-world content visible. VR games 
such as Half-Life: Alyx and Beat Saber are examples of this type of content. AR 
content can be viewed for example, with a phone. AR overlays digital content on 
top of a real-world video feed. The digital content is tracked to the video so that it 
sticks to the viewed environment or person and moves accordingly. Social media 
app filters with digital clothing, make-up and effects are examples of AR content. 
MR content blends the digital virtual elements to the real-world view in a more 
immersive way than AR. In MR the digital content can go behind real-world 
objects and react to room lighting. MR content is viewed usually with a XR 
headset for maximum immersion. Examples of MR content are tabletop board 
game Demeoôs MR mode and Meta Quest 3 free experience called First 
Encounters, where a horde of puffian characters flood through the walls of the 
playerôs room.  XR content is part of the concept of the Metaverse, where the 
physical real world and digital content combine into a new form of immersive 
existence, with digital twins and interaction of the digital and physical worlds. The 
metaverse is visioned to be viewed with lightweight XR headsets or smart 
glasses. 
The focus of this chapter is on technologies that are currently available and 
applicable to fashion, craft, creative industries, education, research and SMEs. 
Across these sectors, XR technologies provide tangible benefits by enabling 
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immersive visualization and interactive engagement with digital content. XR 
content can support higher engagement and provide three-dimensional 
understanding of subjects or topics in design and education. In design and 
development processes, XR supports rapid prototyping and virtual testing, 
reducing the need for physical models and shortening iteration cycles. In training 
and education, realistic simulations allow users to practice skills in safe, 
repeatable environments, lowering costs and risks associated with real-world 
training. 
From an operational perspective, XR facilitates remote collaboration and 
communication by allowing geographically distributed teams to meet and work in 
shared virtual spaces. This helps reduce travel-related time, costs and emissions. 
For fashion and craft SMEs, XR technologies can lower barriers to entry for 
advanced visualization, marketing and product presentation, enabling new 
business models and customer experiences without large-scale physical 
infrastructure. Overall, these tools contribute to more efficient, flexible and 
sustainable digital workflows while supporting innovation and competitiveness 
across multiple domains.  

3.1. VR/XR Headsets  and Equipment  

XR headsets enable users to interact with fully virtual environments, digitally 
augmented real-world scenes, or hybrid spaces where physical and virtual 
elements coexist. Over the past decade, XR has evolved from experimental and 
niche systems into commercially available platforms used across consumers, 
industrial and public-sector domains. XR technologies have potential to reduce 
material consumption, limit travel-related emissions, improve operational 
efficiency and encourage virtual design. 
 
Meta Quest 3 and 3S 

¶ Standalone (no PC required) headsets developed by Meta, capable of 
both VR and MR with color passthrough. Quest 3 is more powerful version 
than 3S. Includes hand tracking capabilities. The headset comes with 
tracked controllers for precision use. 

¶ Affordable pricing, around 590 ú for Quest 3, 350 ú - 460 ú for Quest 3S. 

¶ Standalone systems can reduce the need for additional computing 
hardware, potentially lowering total energy consumption.  

¶ https://www.meta.com/fi/en/quest/quest-3/ 
 
Pico 4 Ultra 

¶ A high-performance standalone MR/VR headset developed by 
ByteDance. Designed for gaming, productivity and mixed-reality use. 
Features include dual 32MP color passthrough cameras and a dedicated 
depth sensor for high-fidelity Mixed Reality applications. External motion 
tracking sensors are available for full body tracking. 

¶ Affordable pricing, around 660 ú. 

¶ Standalone systems do not require tethered connection to additional 
computing hardware.  

¶ https://www.picoxr.com/global/products/pico4-ultra  
 

https://www.meta.com/fi/en/quest/quest-3/
https://www.picoxr.com/global/products/pico4-ultra
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Varjo XR-4 

¶ High-end enterprise XR headset designed for professional simulation, 
design and industrial use. High-resolution displays. Requires tethered 
connection to powerful host PC. 

¶ Premium pricing, 13 000 ú for headset. Needs powerful computer that 
increases cost. 

¶ Targets specialized use-cases where fidelity and precision justify higher 
cost. Replacing physical mockups with XR prototypes can reduce material 
waste. 

¶ www.varjo.com  
 
Apple Vision Pro 

¶ Premium spatial computing headset from Apple. Blends VR and AR with 
pose-tracked input (eye, hand, voice) and high-density displays. Aimed at 
developers, creatives and early adopters of spatial workflows. Ecosystem 
is not as mature as Meta and desktop VR. 

¶ Premium pricing, around 3700 - 4000 ú. Limited release and availability in 
European countries.  

¶ Apple highlights the use of recycled materials and responsibly sourced 
packaging materials. 

¶ https://www.apple.com/shop/buy-vision/apple-vision-pro   
 
 

FIGURE 1. META QUEST 3 VR HEADSET. 

Source: Oulu University  of Applied Sciences . 

http://www.varjo.com/
https://www.apple.com/shop/buy-vision/apple-vision-pro
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3.2. XR, Game and Interactivity Creation Tools  

The development of XR and interactive digital experiences relies on combination 
of real-time engines, spatial design tools and content authoring platforms. These 
tools enable the creation of immersive environments and experiences, interactive 
simulations and educational or training-oriented applications across multiple 
hardware platforms. Depending on the tool, development may range from full 
software engineering workflows to low-code approaches.  
 
Unity Engine 

¶ A widely adopted real-time 3D engine used for games, XR applications, 
simulations and serious games. Supports VR, AR and MR development 
through a large ecosystem of plugins and Software Development Kits 
(SDKs). 

¶ Free for personal and educational use and for companies under 200 000  
$ in funding or annual revenue. Subscription-based licensing for 
professional and enterprise deployments. Pro plan at 179 ú/month. 

¶ Windows/macOS/Linux. 

¶ Large ecosystem and community support lowers entry barriers, but 
complex projects may require experienced developers and well-optimized 
workflows to manage performance and energy-use. 

¶ https://unity.com/  
 
Unreal Engine 

¶ A high-performance real-time engine known for advanced graphics and 
visual realism. Used in games, virtual production, XR simulations and 
digital twin applications. 

¶ Free to use for companies with under 1 million $ in yearly gross revenue. 
Royalty-based licensing for commercial products above 1 million $ 
revenue threshold. Free for educators and schools. 

¶ Windows/macOS/Linux. 

¶ More demanding in terms of hardware and skills, which may limit 
accessibility for smaller teams or increase energy consumption during 
development. 

¶ https://www.unrealengine.com/en-US  
 
Godot Engine 

¶ An open-source game and interactive engine, supports basic XR 
development.  

¶ Free and open source under MIT license. 

¶ Windows/macOS/Linux. 

¶ XR tooling and ecosystem is more limited than Unity or Unreal, making 
Godot better suited for simpler or research-driven projects. 

¶ https://godotengine.org/  
 
Gravity Sketch 

¶ An XR-native 3D design and sketching tool, enables users to create and 
manipulate models directly in virtual space. Commonly used in early-stage 
design. 

https://unity.com/
https://www.unrealengine.com/en-US
https://godotengine.org/
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¶ Free. Paid tier 18,99 ú/month that has more functionality. 

¶ Best used as a conceptual design tool rather than for final production-
ready assets. 

¶ https://www.gravitysketch.com  
 
ThingLink 

¶ A low-code platform for creating interactive AR, VR and 360 experiences, 
particularly for education, training and commercial purposes. 

¶ Paid. Create Starter plan at 25 ú/month, Create XR at 86 ú/month for 
businesses. 

¶ Limited customization compared to full game engines, but efficient for 
communication and educational use cases. 

¶ https://www.thinglink.com/  
 
ShapesXR 

¶ A collaborative XR design and prototyping tool, focuses on spatial user 
experience and interface design. Allows rapid iteration of XR layouts and 
interactions. 

¶ Free to test, business grade pricing information is not available. 

¶ Primarily a prototyping and planning tool, requiring export to other engines 
for full application development. Supports Figma platform integration for 
interface design. 

¶ https://www.shapesxr.com/  

3.3. Game and Content Platforms, Marketplaces  

Game and content platforms provide environments for the creation, distribution 
and consumption of interactive digital content, including games, social virtual 
worlds and XR experiences. These platforms often combine creation tools, asset 

FIGURE 2. FRAMEVR PLATFORM WITH AI CHAT CHARACTER . 

Source: FrameVR platform. Screenshot by Oulu University  of Applied Sciences . 

https://www.gravitysketch.com/
https://www.thinglink.com/
https://www.shapesxr.com/
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marketplaces and user communities. They enable both professional developers 
and non-technical users to produce and share content.  
 
Daz 3D 

¶ A 3D content creation and asset marketplace focused primarily on human 
characters, clothing, figures and animations. Widely used for character 
prototyping and visualization. 

¶ Core Daz Studio software is free. Assets are sold individually or via 
subscriptions. 

¶ Windows/macOS for the software. 

¶ Limited support for real-time interactivity without external engines. 

¶ https://www.daz3d.com/  
 
VRChat 

¶ A social virtual reality platform allowing users to create and share 
immersive worlds and avatars. Supports both VR and desktop access. 

¶ Free to use, optional subscription features available. 

¶ Digital fashion shows can reduce environmental impact. The social 
interaction on XR platforms may cause addiction for some users. There 
can be harassment and exploitative behavior on social platforms. Users 
should be cautious in anonymous social interactions. 

¶ www.vrchat.com  
 
FrameVR 

¶ A browser-based virtual space platform for meetings, workshops and 
collaborative activities. Accessible without dedicated XR hardware. 

¶ 3 free frame spaces with limited functionality. Subscription plans for more 
concurrent users and advanced features. Basic frame plan at 10 
$/month/frame, Plus plan 50 $/month/frame. 

¶ Aimed at educational and corporate use. Enables teacher controlled virtual 
learning sessions. Accessible platform that can be used via web browser 
or XR headset. For some people VR can cause nausea and it is good to 
have the option for participating via computer or phone.  

¶ https://framevr.io/  
 
Spatial 

¶ A web-based and XR-enabled platform for virtual meetings, exhibitions, 
and collaborative spaces. 

¶ Free plan with limited concurrent users. 25 $/month Personal plan for 
advanced features (non-commercial use), Enterprise plan pricing 
information not available.  

¶ Supports remote collaboration, reducing travel. 

¶ www.spatial.io  
 
Meta Horizon 

¶ A social metaverse platform. Enables users to create and explore virtual 
environments within the Meta ecosystem. The platform is mainly used with 
mobile phones and XR headsets. 

https://www.daz3d.com/
http://www.vrchat.com/
https://framevr.io/
http://www.spatial.io/
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¶ Free. 

¶ Strong integration with Meta hardware. Platform is used for virtual 
meetings, collaboration, teaching, events and gaming. Meta has shifted 
focus to mobile development of the platform. XR headset support of the 
platform may be limited. 

¶ https://horizon.meta.com/  
 
Virtual Tour Pro 

¶ A professional software platform for creating interactive virtual tours using 
360 images, 3D models, gaussian splats, videos, audio and hotspots. Can 
be used for virtual exhibitions, education, museum and training 
environments. Virtual tours are viewed via browser, phone VR and XR 
headsets. 

¶ 499 ú perpetual license. Free trial available. Optional paid hosting service 
plans starting at 8 ú/month (bandwidth allocations). 

¶ Enables virtual visits and exhibitions, reducing the need for physical travel. 
With local hosting option, one can choose a hosting provider with 
sustainable energy production. It is possible to save a cultural or historical 
location or a dress in 3D form and view the content in XR. 

¶ https://www.3dvista.com/en/products/virtualtour  

3.4. Virtual Fitting  

Virtual fitting technologies enable users to visualize clothing, accessories or 
products on a digital representation of their body. These solutions are 
increasingly applied in fashion, retail and e-commerce contexts to support better 
purchasing decisions, reduce return rates, and enhance customer engagement. 
Virtual fitting platforms range from mobile AR try-on applications to data-driven 
sizing and fit recommendation systems integrated into online retail workflows. 
 
Zero10 

¶ An augmented reality try-on platform enabling users to visualize digital 
garments and accessories through mobile devices and AR mirrors. AR 
mirrors can be used at the storefront to engage people into virtually trying 
out clothing items. Customers can see live video of themselves wearing 
the digital clothing on a TV screen. The clothing can also be seen through 
digital mirror phone app. 

¶ Customized pricing per use-case. 

¶ Primarily focused on marketing and customer-facing experiences rather 
than internal design workflows. 

¶ https://zero10.ar  
 
DressX 

¶ A digital fashion platform offering virtual clothing for AR try-on and online 
use, including social media and digital avatars. 

¶ Pricing for selling clothing on the platform is not disclosed. 

¶ Digital fashion can replace physical samples, reducing waste material. 
There are environmental impacts of running digital services on data 
centers and networks. 

https://horizon.meta.com/
https://www.3dvista.com/en/products/virtualtour
https://zero10.ar/
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¶ https://dressx.com  
 
True Fit 

¶ A data-driven fit and sizing recommendation platform.  

¶ Enterprice pricing, Shopify integration starts at 1000 $/month. 

¶ iOS/Android app for customers. 

¶ Can improve conversion and reduce garment return rates. 

¶ www.truefit.com 
 
Style.me 

¶ A digital fashion visualization and virtual try-on platform. Enables brands 
to present garments on realistic 3D avatars for e-commerce and 
marketing. 

¶ Enterprice pricing, not disclosed publicly. 

¶ Digital fitting can contribute to lower return rates by improving visualization 
and sizing confidence. There can be less returns, improved shopping 
experience and increase in engagement. Accurate measurements and 
charts are essential. Measuring with an app may require more effort in the 
buying process. There are risks of inaccurate measurements and body 
anxiety. Body measurements may be interpreted as health data and 
subject to regulations such as General Data Protection Regulation 
(GDPR). It is very important to protect customer data. AI generated images 
may not represent real-life fit. SMEs should consider does the real clothing 
product meet the expectations based on the digital one. 

¶ https://style.me/  
 
3DLOOK 

¶ AI-driven body scanning and measurement platform. Generates accurate 
3D body model from smartphone images. Customers can do the scanning 
on their mobile device and clothing can be designed to fit accurately based 
on the scan results.   

¶ Mobile Tailor Basic plan at $499/month with up to 100 scans/month. 
Higher tiers give additional functionality and scans.  

¶ Improves sizing accuracy and reduces returns, which can lower logistic 
emissions and textile waste. Enables data-driven production and on-
demand manufacturing workflows, supporting more efficient resource use. 
Fashion and craft SMEs should be mindful of the use of scan and image 
data when cloud service AI is utilized. 

¶ https://3dlook.ai/  

3.5. 360 Content Creation Tools  

In 360 image and video content, the viewer can choose which direction to look 
at. The videos and images are captured in every direction all at once in an 
equirectangular format. The viewer is essentially inside a sphere onto whose 
surface the image is projected. The view is usually changed by dragging the 
screen with a mouse or, on a phone, with a finger. 
360 content can be used in presentation of spaces and environments, travel 
videos, experiences, simulations, stories and reframing. A reframe of video 

https://dressx.com/
http://www.truefit.com/
https://style.me/
https://3dlook.ai/
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means that the camera view angle is animated, so that the viewpoint of the video 
can be changed after filming and rendered as a regular 2D video. 
Platforms such as Thinglink support 360 images and videos for interactive media 
creation. Moodle and WordPress support 360 images through interactive H5P 
plugins and the H5P content type Virtual Tour (360). 3D software and game 
engines also support 360 content.   
360 content creation consists of several interconnected stages: capturing 360 
images and videos, post-production, image-processing, distribution and 
playback. Each stage relies on different tools that must be selected according to 
production scale, required output quality, available technical expertise and 
budget constraints. For fashion and craft SMEs and small production 
environments, the overall objective is typically to achieve acceptable visual 
quality with manageable costs and minimal operational complexity, while also 
considering sustainability impacts such as hardware lifecycle, computer energy 
consumption and data transfer requirements. 
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3.5.1. 360 Content Creation  Gear 

360 content is filmed using special cameras. Often the cameras have two wide-
angle lenses, which capture the entire environment in the image. Through 
software post processing or in-camera processing, the images from the two 
lenses are combined into a single image (stitching). The image and video aspect 
ratio is 2:1 in equirectangular projection. Some general resolutions for 360 
content are 3840×1920 pixels (4K), 5760×2880 pixels (5.7K) and 7680×3840 
pixels (8K). The higher the resolution, the more details can be seen in the content. 
A frame rate of 30, 50 or 60 is recommended for 360 content filming. High frame 
rate smoothens the motion. 

FIGURE 3. ON THE TOP IS EQUIRECTANGULAR SOURCE AND ON THE BOTTOM A VIEW ANGLE 
IN MEDIA PLAYER. 

Source: Oulu University  of Applied Sciences . 
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It is important to consider that the movement of the 360 camera in videos or a 
tilted horizon can cause nausea when viewed with VR headsets. Film with the 
horizon level or correct the horizon in editing software. 360 filming is often done 
using a tripod (monopod) and keeping the camera static for maximum viewer 
comfort. The looking down view of 360 content reveals the tripod that the camera 
is installed on. This nadir view can be filled with a circle image or removed in the 
image processing stage for example with a cloning tool. 
 
Insta360 X5 

¶ A high-end consumer/prosumer 360 action camera. Supports high-
resolution 8K 360 video, image stabilization and advanced mobile/desktop 
editing workflows. Strong ecosystem with accessories, AI editing tools and 
export formats. Includes proprietary editing software for 360 content 
editing and reframing. 

¶ 620 ú. 

¶ Windows/macOS for the software. 

¶ Mature ecosystem and long-term software support reduces risk of 
hardware obsolescence. User-switchable lenses that are available for the 
camera can increase hardware lifecycle. Processing and playback of 360 
content may be difficult for old computers without built-in video 
acceleration capabilities. 

¶ https://www.insta360.com/product/insta360-x5  
 
DJI Osmo 360 

¶ A newer entry into consumer 360 camera market. Provides high-resolution 
8K 360 capture and integration with DJIôs stabilization and camera 
ecosystem. Software and accessory ecosystem are still developing 
compared to competitors. 

¶ 479 ú. 

¶ Windows/macOS. 

¶ Lower entry cost makes it more accessible for SMEs. Shorter ecosystem 
maturity may present some hardware and software issues. The company 
has long history of professional video gear development. 

¶ https://www.dji.com/fi/360  
 

GoPro MAX2  

¶ A rugged 360 action camera, known for durability, waterproofing and 
compatibility with GoProôs accessory ecosystem. 

¶ 539 ú. 

¶ Windows/macOS. 

¶ Durable hardware extends product lifespan. User-switchable lenses can 
increase hardware lifecycle. 

https://www.insta360.com/product/insta360-x5
https://www.dji.com/fi/360
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¶ https://gopro.com/en/us/shop/cameras/learn/max2/CHDHZ-311-
master.html  

3.5.2. 360 Video  Editing  

360 videos can be edited with standard video editing applications that support 
custom resolutions in 2:1 aspect ratio. To preview the 360 content properly in 
undistorted format, the software needs to have support or plugins for 360 content 
playback. 360 video editing can require powerful computer hardware depending 
on project resolution and complexity. Sometimes, depending on the editing 
software used, one must add 360 metadata to the finished edited 360 video file, 
so that video players and video platforms understand that the content is 360 
instead of flat content. Adding 360 metadata to a video can be done with Googleôs 
Spatial Media Metadata Injector tool or by opening the video file with the 360 
cameraôs own software and re-exporting the video. 
 
Adobe Premiere 

¶ A professional non-linear video editing application. Widely used in film, 
television, online media and 360 workflows. Supports large ecosystem of 
plugins, including tools for 360 video stitching, color grading, motion 
graphics and spatial media workflows. 

FIGURE 4. INSTA360 ONE X CAMERA WITH TWO FISHEYE LENSES. 

Source: Oulu University  of Applied Sciences . 

https://gopro.com/en/us/shop/cameras/learn/max2/CHDHZ-311-master.html
https://gopro.com/en/us/shop/cameras/learn/max2/CHDHZ-311-master.html
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¶ Paid Individuals plan at 27,41 ú/month (one year contract) or 41,11 
ú/month (can be canceled anytime). Pricing may change between different 
regions. 

¶ Windows/macOS. 

¶ Requires relatively powerful hardware. Energy use can be significant in 
large projects. Previewing of 360 content is supported and exported files 
have the proper 360 metadata. 

¶ https://www.adobe.com/products/premiere.html  
 
Davinci Resolve 

¶ A professional video editing, color grading and post-production platform. 
Offers strong built-in tools for color correction, audio post-production and 
visual effects. 360 videos workflows are supported, though some 
advanced features and integrations may require plugins or paid license. 

¶ Free version supports up to 4K resolution content (3840x2160 pixels, in 
360 video 3840×1920 pixels). Paid perpetual Studio license at 255 ú (no 
VAT). 

¶ Windows/macOS/technically Linux. 

¶ The Studio license is required for editing high resolution 360 media. Highly 
capable alternative to subscription-based tools. Demands relatively 
powerful hardware for smooth operation, which may lead to increased 
hardware cost and energy consumption. The 360 workflows of the 
software have a steep learning curve. The exported video may not contain 
360 metadata and the data needs to be injected for proper playback view. 

¶ https://www.blackmagicdesign.com/products/davinciresolve  
 
Kdenlive 

¶ Free video editing software. Has 360 video editing capabilities via included 
effect plugins: VR360 Equirectangular to Rectilinear for preview and 
reframing, VR360 Transform for horizon correction and VR360 
Equirectangular to Stereo for special little planet effect. 

¶ Free and open source. 

¶ Windows/macOS/Linux. 

¶ The software has a steep learning curve. Tutorial content is available 
online. Playback of 360 content with effects plugins enabled can be slow 
and is not as optimized as with the commercial options available. The 
exported video does not have 360 metadata and the data need to be 
injected for proper playback.  

¶ https://kdenlive.org/  

3.5.3. 360 Photo  Editing  

360 images can be edited with photo editing software that support the content 
type. Basic color and contrast adjustments can be done with almost any image 
editing software. Adding effects, previewing and transforming the 360 content, for 
example fixing the horizon, requires special software support. 360 images can 
also be edited with video editing applications that have 360 editing functionalities.  
 
 

https://www.adobe.com/products/premiere.html
https://www.blackmagicdesign.com/products/davinciresolve
https://kdenlive.org/
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Affinity 

¶ Professional raster graphics editor. Supports advanced image editing, 
RAW processing, layer-based workflows and export formats compatible 
with print and digital media production. Use the function Live Projection -> 
Equirectangular for 360 image editing. 

¶ Free with Canva account. Paid Canva Pro plan at 12 ú/month for AI 
functionality. 

¶ Windows/macOS. 

¶ Small ecosystem and fewer plugins may limit advanced workflows for 
some users. 

¶ https://www.affinity.studio/  
 
In addition, some 360 image editing tasks can be done with open-source software 
GIMP by using the Panorama Projection filter. Adobe has removed 360 image 
editing support from recent Photoshop versions. For adding missing 360 
metadata to image, one can use for example Exif Fixer software 
https://exiffixer.com/. 

3.5.4. 360 Video Streaming  

360 video content can be uploaded, viewed and streamed online. 
 
YouTube 

¶ One of the largest global video platforms with built-in support for 360 and 
VR video playback across browsers, mobile and XR headsets. 

¶ Free to upload and stream. 

¶ Scalable distribution infrastructure. High-resolution 360 video requires 
significant data transfer and storage. Video content streaming platforms 
run on big servers. The source of server energy may not be disclosed. 

¶ https://www.youtube.com/  
 
Facebook 

¶ Social media platform that supports 360 video posts and live streaming 
through its video ecosystem. 

¶ Free to use. 

¶ Platform algorithms and compression may limit visual quality compared to 
dedicated video services. 

¶ https://www.facebook.com  
 
Vimeo 

¶ Professional video hosting platform supporting 360 video playback, high-
quality encoding and enterprise distribution tools. Suitable for professional 
portfolios, exhibitions and private distribution. 

¶ Free tier with limited functionality and storage available. Paid Starter plan 
at 13 ú/month. 

¶ High visual quality and control. Has enterprise grade security features. 

¶ https://vimeo.com  
 
 

https://www.affinity.studio/
https://exiffixer.com/
https://www.youtube.com/
https://www.facebook.com/
https://vimeo.com/
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OBS studio 

¶ Popular open-source software for capturing, mixing and live-streaming 
video to platforms such as YouTube. 360 video is streamed in 2:1 aspect 
ratio. Text, video clips, effects and transitions can be added to the live 
streaming video. 

¶ Free and open source. 

¶ Windows/macOS/Linux. 

¶ Requires local computing for encoding and streaming. For 360 streaming, 
the video feed from the 360 camera needs to be available on the streaming 
computer. 

¶ https://obsproject.com/  
 
360 video can also be streamed with the 360 camera manufacturerôs mobile 
applications, if they support it. 

3.5.5. 360 Playback  

360 content can be viewed locally on the computer with some software tools. 
  
VLC 

¶ Cross-platform media player. Supports a wide range of formats, including 
360 video playback with mouse or gyroscope.  

¶ Free and open source. 

¶ Windows/macOS/Linux. 

¶ Lightweight software with low hardware requirements. As an open-source 
project, it benefits from community development and long-term 
accessibility. 

¶ https://www.videolan.org/  
 
Deo VR 

¶ VR-focused media player and streaming platform. Designed specifically 
for immersive and stereoscopic 360 video playback, often used with XR 
headsets such as Meta Quest. 

¶ Core version is free. Optional premium streaming content available 
through subscription service. 

¶ Local streaming capabilities reduce data transfer and allow offline use. 

¶ https://deovr.com/  
 
Skybox VR Video Player 

¶ Dedicated VR media player. Supports local and network streaming of 360 
and stereoscopic video across multiple devices. 

¶ One-time purchase, around 10 ú depending on platform. 

¶ Supports viewing of VR180 and VR360 content where there is a camera 
view for each eye for 3D effect. In VR180 video half of the spherical view 
is viewable, rest is usually black. VR360 and VR180 content are filmed 
with special cameras or camera rigs consisting of two 360 cameras. 

¶ https://skybox.xyz/  
 

https://obsproject.com/
https://www.videolan.org/
https://deovr.com/
https://skybox.xyz/
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In addition to the tools listed, one can use the camera manufacturerôs applications 
that come with the 360 cameras for image viewing and video playback. 

3.6. Blockchain and NFT ï Traceability and Digital Ownership  

Blockchain is a kind of digital record system that works like a shared and difficult 
to tamper logbook. Instead of the logged information being stored in one place, 
with blockchain, copies are shared across many computers, making the data 
difficult to change or fake. Once information is added, such as where a material 
comes from or when a product is sold, it stays visible and verifiable over time in 
the blockchain. 
Digital provenance and traceability platforms support transparency across textile 
and fashion value chains by documenting product origin, materials, production 
steps, certifications and lifecycle events such as repairs and resales. The use of 
blockchain technology enables the creation of secure, open, tamper-resistant 
digital records through the productôs lifecycle. In fashion product value chains, 
Near-Field Communication (NFC) tags or QR codes in the product are read with 
devices and this information is saved into the product blockchain. The information 
stored in the blockchain can be read by the seller or consumer to verify the 
authenticity of the product and to trace the steps that the product has taken. 
Non-Fungible Token (NFT) is a unique digital item or certificate of ownership that 
can be digitally purchased. The digital ownership is created and recorded through 
blockchain technology. In practice, NFTs can represent digital ownership of 
physical or digital products, such as garments, art, limited editions, patterns, 
virtual reality items, or digital fashion items. NFTs can be created and sold on 
multiple marketplaces. The purchases and sales are made using blockchain 
based cryptocurrency such as Ethereum. The process of creating an NFT is 
called minting. Usually there are transaction fees called gas fees that must be 
paid when NFTs are sold. 
There are also semi-fungible NFTs. These items have a quantity more than one, 
but they are still unique and distinct from themselves. These kinds of NFTs can 
be used for gaming items, membership tickets, or product passports. The semi-
fungible NFTs are identical at sale, but become unique as repair, resale, or 
customization data is added. Semi-fungible NFTs support scalability and 
circularity. They are easier to issue in larger quantities than fully unique NFTs 
and can evolve over a productôs lifecycle. In short, semi-fungible NFTs combine 
the efficiency of mass production with the traceability and uniqueness needed for 
sustainable and circular fashion systems.  
Blockchain, and NFT tools and platforms create possibilities for SMEs to 
communicate compliance, provide sustainability reporting, create brand trust and 
improve supply-chain communication. From a sustainability perspective, these 
technologies can support circular business models by enabling product 
passports, longer product lifecycles, repair and reuse tracking, and transparent 
proof of sustainable practices. Blockchain systems can have notable energy 
consumption, and if possible, energy-efficient blockchains should be preferred. 
When used purposefully, blockchain and NFTs can strengthen responsible 
production and long-term sustainability in fashion and craft businesses. 
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Provenance 

¶ A digital transparency platform enabling brands to communicate product 
origin, materials and sustainability claims to consumers using verified data 
and DPP. 

¶ Business-to-business (B2B) subscription model. Pricing depends on 
company size and implementation. 

¶ Supports social and environmental sustainability by improving supply 
chain transparency. 

¶ https://www.provenance.org  
 
VeChain ToolChain 

¶ A blockchain-based supply chain and traceability toolkit. Supports product 
authentication, lifecycle tracking and data verification across 
manufacturing and logistics. 

¶ Enterprise oriented licensing.  

¶ Focuses on enhancing product lifecycle transparency to promote 
sustainability. 

¶ https://vechain.org  
 
Everledger 

¶ A digital provenance platform originally developed for luxury goods, 
expanded into fashion and textiles. Provides traceability for materials, 
certifications and ownership history.  

¶ Tailored pricing depends on product and scale. 

¶ Helps ensure ethical sourcing and responsible production practices. It can 
be difficult for fashion and craft SMEs to navigate how to implement 
traceability and blockchain into their business models. Entrepreneurs can 
ask for information and guidance on the topic from local unions.  

¶ https://everledger.io  
 
Aura Blockchain Consortium 

¶ A blockchain consortium founded by major luxury brands to support 
product authentication, traceability and digital identities for fashion and 
luxury products. Offers solutions supporting Digital Product Passport and 
NFTs. 

¶ Not publicly priced. 

¶ High credibility and strong industry backing. Might have limited access for 
independent SMEs. 

¶ https://auraconsortium.com/  
 
OpenSea 

¶ Large NFT marketplace for creators and buyers. Several cryptocurrency 
wallets are supported for purchases. Features for example art, music and 
photography content. 

¶ Transaction fees apply to sales. 

¶ There is a learning curve in using cryptocurrency and blockchain based 
platforms. It can be difficult for SMEs to stand out in the flood of digital 
content items. 

https://www.provenance.org/
https://vechain.org/
https://everledger.io/
https://auraconsortium.com/


TECHNOLOGY SCAN REPORT FOR THE SUSTAINABLE TRANSFORMATION DRIVEN BY THE 
CCSI 

 

62 
 
 

¶ https://opensea.io/  
 
SuperRare 

¶ Curated NFT marketplace and digital art gallery for artists. Serves as a 
platform for high-quality work. Works can be sold through auctions, offers, 
or ñBuy Nowò list prices. Platform is based on Ethereum. 

¶ Transaction fees apply to sales. Commission fee of 15 % of primary sales 
price.  

¶ The unpredictable and volatile nature of cryptocurrency value can cause 
extra costs depending on market situation. Because SuperRare operates 
on Ethereum, its environmental profile improved significantly after 
Ethereumôs transition to proof-of-stake in 2022. The transition reduced 
Ethereumôs energy consumption by about 99.95% compared with proof-
of-work (Ethereum.org, 2026). For SMEs, SuperRare may be of value for 
limited digital artworks, digital fashion collectibles, or artistic brand 
storytelling. 

¶ https://superrare.com/  
 
Rarible 

¶ NFT creation and selling platform. 

¶ Transaction fees apply to sales. 

¶ The fees of selling and buying NTFs may sometimes be unclear for NFT 
platform users. Transaction fees must be considered when planning to sell 
NFTs so that the purchase price is set high enough to cover all costs.  

¶ https://rarible.com/  

3.7. Value and Sustainability  

XR and metaverse technologies can add digital layers to fashion and craft by 
making products, spaces and processes interactive. VR and XR headsets, game 
engines, content platforms, virtual fitting tools, 360 media and blockchain-based 
systems can support remote presentation, digital showrooms, customer 
engagement, training, traceability and new forms of digital product ownership. 
Their sustainability effects can be linked to reduced travel, fewer physical 
samples, better fit information and improved communication about materials and 
production. Completely virtual garment products offer new fashion and business 
opportunities without creating physical garments. For SMEs, the practical value 
depends on things such as cost, usability, hardware access, interoperability, data 
protection and whether the technology serves a clear business or communication 
need. 

3.7.1. Value 

For fashion and craft SMEs, XR and metaverse technologies create value by 
changing how products, bodies, spaces and stories can be presented. Instead of 
relying only on photographs, catalogues or physical exhibitions, SMEs can use 
virtual environments, AR try-on, 360 media and interactive platforms to let 
customers, students or partners explore or use products in a more spatial and 
active way. Value can be strong when technology helps users understand form, 

https://opensea.io/
https://superrare.com/
https://rarible.com/
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movement, fit, material context or production process better than conventional 
media. Gamified experiences can create more customer engagement. 
VR and XR headsets can support immersive product presentation, remote 
collaboration and training. Affordable standalone headsets lower the entry barrier 
compared with earlier systems that required powerful computers and complex 
setup. For SMEs, this can make virtual showrooms, design reviews, spatial 
prototyping and educational demonstrations more realistic options. High-end 
headsets may provide better visual quality and precision, but their cost and 
hardware requirements can be difficult to justify unless the business has a clear 
professional use case. Usability can be assessed through practical tests such as 
comfort, setup time, device sharing, hygiene, accessibility, content availability 
and whether the experience works also without a headset. 
XR, game and interactivity creation tools add value by allowing SMEs to build 
interactive experiences around products, places and services. Digital 3D 
garments can be viewed freely from many angles. Virtual garments can be sold 
on online marketplaces, and some video games may support custom digital 
garments. Game engines can be used for example for virtual fashion shows, craft 
learning environments, digital twins, interactive catalogues, and training 
simulations. Low-code platforms and XR design tools can be more suitable for 
SMEs that do not have programming skills or large development budgets. The 
main barrier is that interactive content production often requires several 
competences at once such as 3D modelling, interface design, optimization, 
sound, animation, testing and platform publishing. For many SMEs, the realistic 
route may be to create simple prototypes internally and use external specialists 
for more demanding applications. 
Game and content platforms can provide access to audiences, communities and 
ready-made technical infrastructure. Virtual spaces can be used for exhibitions, 
workshops, product launches, meetings, teaching and brand storytelling. 
Browser-based platforms are especially valuable because they can be accessed 
with ordinary computers or phones, not only with VR headsets. This improves 
reach and reduces the risk of excluding users who do not own immersive 
hardware. Platform dependency can be a value risk. Rules, pricing, visibility 
algorithms, moderation practices and technical requirements can change. 
Virtual fitting can have direct business value in fashion because it can improve 
size selection, product confidence and customer engagement. AR try-on, avatar-
based fitting and body scanning can help customers understand how a garment 
or accessory may look on a body before purchase. For made-to-order, custom-fit 
and small-batch models, measurement-based tools can support more accurate 
production and reduce costly returns. However, the value depends on accuracy, 
data protection and realistic visual representation. If digital fitting creates 
expectations that the physical garment cannot meet, it may increase 
dissatisfaction. SMEs should use virtual fitting as decision support, not as a 
replacement for clear size charts, material information and traditional product 
communication. 
360 content tools provide a relatively accessible route into immersive 
communication. A 360 camera can document a studio, shop, exhibition, craft 
process, production site or learning environment with less technical complexity 
than a fully modelled 3D world. 360 images and videos can be used in virtual 
tours, educational modules, online portfolios and remote customer visits. Barriers 
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include camera cost, file size, editing skills, viewer comfort, and the need for 
stable hosting or playback tools. SMEs could start with static 360 images or short 
videos and try out platforms that support 360 content. In more complex 3D 
environments, 360 images can be used for backgrounds or lighting effects. 
Blockchain, NFTs and digital product passports create value when they improve 
trust, traceability and ownership records. For fashion and craft SMEs, this can 
support documentation of materials, provenance, repairs, resale, limited editions, 
authenticity and digital-physical product links. The barriers can be significant: 
technical complexity, unclear costs, cryptocurrency volatility, platform reputation, 
customer understanding, and integration with existing business systems. It may 
be good for SMEs to focus on evaluating whether the system really improves 
transparency, after-sales services or circular business models. 
The value of XR and metaverse technologies should be assessed through a 
business model lens. These tools can support sustainable business models by 
reducing some physical sampling, enabling remote participation, improving fit 
information, extending product communication and creating digital services 
around physical or virtual craft and fashion. They can also support creativity and 
pedagogy by making abstract design ideas, spatial relations and production 
processes easier to understand. The most promising applications for SMEs are 
not necessarily the most technically advanced ones, but those that are 
understandable, affordable, reusable and connected to real customer or learning 
needs. Used selectively, XR, virtual fitting, 360 media and traceability tools can 
help small fashion and craft businesses present their work with greater clarity, 
reach new audiences and develop interesting digital services. 

3.7.2. Sustainability  

In terms of sustainability, XR and metaverse technologies offer both opportunities 
and challenges. XR and metaverse technologies can reduce some environmental 
impacts when they replace physical travel, repeated sampling, temporary 
exhibition structures or unnecessary product returns. Virtual showrooms, remote 
design reviews, 360 studio visits and interactive training spaces allow customers, 
partners and students to access fashion and craft content without being physically 
present. For fashion and craft SMEs working across European markets, this can 
lower travel-related costs and emissions. The sustainability effect depends on 
substitution. If XR events are added to physical events without reducing material 
use or travel, the total impact may increase rather than decrease. 
VR/XR headsets and related equipment have material and energy impacts. They 
require electronics, batteries, displays, sensors, software updates and eventual 
replacement. High-end headsets may also need powerful computers, increasing 
both purchase cost and electricity use. Standalone headsets are more accessible 
and may reduce the need for separate computing hardware, but they still create 
e-waste. From a sustainability perspective, SMEs should consider shared use, 
second-hand purchase, repair options, software support duration and whether 
the same device can serve several purposes such as training, exhibitions, 
prototyping and customer demonstrations. 
XR, game and interactivity creation tools can support sustainable business 
models by enabling digital sampling, virtual testing, interactive catalogues, 
product education and remote collaboration. They can help SMEs explain 
material choices, repair processes, garment construction, craft techniques and 
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circular services in a more understandable form. However, real-time 3D 
production can be energy-intensive, especially when complex graphics, 
rendering, large textures and high-resolution assets are used. Sustainable use 
requires optimisations such as lightweight models, appropriate texture sizes, 
limited unnecessary effects, efficient hosting and reuse of digital assets across 
several projects. A simple interactive experience may be more sustainable and 
more usable than a visually complex environment that requires expensive 
hardware and extensive development time. For many fashion and craft SMEs 
complex XR projects are not accessible or realistic to produce due to financial, 
technological competency, and time resource barriers.   
Game and content platforms can improve social and economic sustainability by 
giving SMEs access to ready-made distribution channels and communities. 
Virtual spaces can support exhibitions, workshops, teaching and collaborative 
events without large physical infrastructure. Browser-based platforms are 
especially relevant for inclusion, because they allow participation through 
ordinary computers or phones. Fashion and craft SMEs should take into account 
access conditions, pricing, moderation rules, visibility algorithms and data 
practices of the various platforms and reflect how the services could support the 
sustainability goals of their businesses. Running game and content platforms 
online requires energy for the servers and it may not be clear how the energy is 
produced. 
Virtual fitting can support environmental sustainability by improving size selection 
and reducing returns, transport and unsold stock. These tools can also support 
economic sustainability by reducing remaking, customer dissatisfaction and 
inventory risk. The negative side is related to accuracy, body data and 
expectations. If digital fitting does not represent fabric behaviour, body diversity 
or garment construction realistically, it may mislead customers. Customer body 
scans, measurements and images may be interpreted as sensitive data and must 
be handled with strong privacy practices, clear consent and compliance with data 
protection regulation such as GDPR. 
Fashion and craft SMEs should examine whether tools support different body 
sizes, ages, abilities, cultural dress practices and gender expressions. 
Accessibility also concerns physical and sensory experience. Some users cannot 
comfortably use VR headsets because of nausea, visual impairment, migraines, 
or mobility limitations. Alternative access through desktop, mobile, captions, 
audio description, keyboard navigation and non-immersive formats should be 
considered when XR content is used for public communication or education. 
360 content can be a relatively resource-efficient way to document places, 
exhibitions, workshops and craft processes. It can support cultural sustainability 
by preserving views of studios, local production spaces, museum-like displays, 
craft methods and temporary exhibitions. The limitations are technical and 
experiential. High-resolution 360 video creates large files, requires storage and 
data transfer, and can be difficult to edit on older computers. Poor camera 
movement, tilted horizons or unsuitable playback can cause discomfort in VR. 
Blockchain, NFTs and DPP-style content can support sustainability by improving 
traceability, authenticity, resale documentation, and material transparency. 
These functions are relevant for circular business models, especially when 
products are designed for long use, repairability, or verified provenance. 
However, blockchain and NFT systems can also create environmental, economic 
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and reputational risks. Some systems have high energy use, transaction fees can 
be unclear, cryptocurrency values are volatile, and NFT markets may encourage 
speculation rather than long-term value. 
Sufficiency-oriented use of XR and metaverse technologies means selecting 
tools that reduce unnecessary production, support longer product lifecycles and 
improve access to knowledge without creating increasing addictive digital 
consumption. When used with attention to energy use, inclusion, data protection 
and realistic business needs, XR and metaverse technologies can help fashion 
and craft SMEs find new audiences, create revenue to sustain their business, 
and communicate their sustainability practices through new forms of digital 
expression. 

4. E-textiles and NFC  

This chapter looks at e-textiles and various computer devices, sensors and 
software that enable electronics functionality and control. NFC technology for 
tagging garments with digital content is also introduced. There is also a focused 
look at creative software called TouchDesigner that brings together realȤtime 
visuals and various data sources, to be used in expressive and experiential ways. 
EȤtextiles and NFC technologies combine traditional textile and craft practices 
with digital functionality that can enable fabrics, garments, and objects to sense, 
react, communicate, or store information. These technologies open new creative 
and business opportunities by embedding electronics, sensors, and digital 
interaction directly into fashion and craft items. 
From a sustainability perspective, eȤtextiles and NFC can support longer product 
lifecycles, repair and reuse, traceability, and reduced material waste by 
connecting physical products with digital information and services. Through these 
digital technologies, SMEs can create additional value for clothing items. This 
added value may help fashion and craft SMEs direct customer behavior towards 
longer product cycles and sustainable practices. 

4.1. Introduction to E -textiles and Smart Clothing  

EȤtextiles and smart clothing integrate computer devices and sensors into textiles 

to create interactive, responsive, or dataȤenabled products. Items such as 
conductive threads, microcontrollers, actuators, LEDs, touch sensors, and 
movement detectors are used for e-textile products. Using programming tools 
and electronics control, designers can define how e-textile materials behave, 
from simple light patterns to complex interactive installations. 
Smart clothing is a key application area of e-textiles. It refers to garments that 
can react to the wearer or the environment. E-textile sensors can for example 
detect force, moisture, temperature and light as well as biological or chemical 
signals involving biofluids, drugs and gasses (Du et al., 2022). This detection 
leads to response through light, sound, vibration, data transmission, or visual 
change. These technologies reside at the intersection of textile design, 
electronics, software, and craftsmanship, making them particularly relevant to the 
culture and creative sectors. 
The CRAFT-IT4SD projectôs pilot team from Oulu University of Applied Sciences 
(Oamk), Finland has tested and prototyped LED lights and control circuits as well 
as software options for controlling the LEDs. Early prototypes for craft and fashion 
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use included an LED-adorned top hat sporting a wirelessly programmable LED-
strip matrix with colour, pattern and dimming support. The addressable LEDs are 
controlled wirelessly with open-source WLED software, which runs on 
microcontrollers such as ESP8266 or ESP32. The WLED software provides a 
user-friendly web interface for configuring the lights as well as mobile app 
support. For the CRAFT-IT4SD projects 3rd Finnish pilot, LED light strips were 
attached to kantele music performerôs clothing to create a striking lighting effect 
on stage. The LED lighting was programmed with the help of TouchDesigner 
software to react to the performerôs music. More information on the CRAFT-
IT4SD projectôs pilots can be found in Chapter 7. 
 

There are many e-textiles and smart clothing items in practical use. LED-
integrated garments and costumes can be seen in performance arts, stage 
fashion, festivals, and exhibitions as well as in some consumer products such as 
shoes. Heated garments and accessories, such as gloves and jackets, use 
textile-integrated heating elements for comfort in outdoor and workwear contexts. 
In health and wellness applications, smart shirts and socks are used to monitor 
heart rate, breathing, or movement through textile-based sensors. 
There are different levels of complexity in the integration of electronics and smart 
functionality into clothing. In relatively simple form, electronics are attached to 
garments, such as removable sensors used in sports or health monitoring. These 
can be fully removable, such as an LED light unit that is attached to a winter hat. 
A more complex integration is to embed electronic components more 
permanently into garments, for example through conductive panels or touch-

FIGURE 5. PROTOTYPE TOP HAT WITH LEDS. 

Source: Oulu University  of Applied Sciences . 
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sensitive textile areas. A deep level of integration is to use smart fibers or 
materials where the textile itself functions as a sensor or interface. For many 
fashion and craft businesses, it is practical to consider the simple forms of 
electronics integration, especially when sustainable use of textiles and 
electronics is the goal. Modular or removable electronic designs can be easier to 
maintenance, wash and repair. NFC tags that are attached to garments can be 
seen as a simple yet effective electronic functionality that gives the users access 
to digital content through the tag. 
From a sustainability perspective, smart textiles have the potential to support 
longer product lifecycles and more circular business models. Garments with 
embedded sensing or data capabilities can support repair, maintenance, and 
upgrading rather than replacement. In some cases, a single smart textile product 
can replace multiple standalone devices, reducing material use. Embedded data 
can also support better care instructions, usage tracking, and reuse strategies. 
However, sustainability outcomes depend strongly on design choices, especially 
regarding durability, modularity, and end-of-life considerations. 
Despite their potential, e-textiles also present challenges. Electronic components 
must withstand bending, wear, and repeated washing, which remains a key 
technical limitation. Repairability and recycling can be complex if electronics are 
permanently integrated into textiles. Power supply and batteries add potential fire 
hazards to clothing designs. Manufacturing smart textiles at scale is a challenge 
(Ruckdashel et al., 2022). The techniques needed for creating the smart 
functionality affect the production speed (Ruckdashel et al., 2022). Fab labs and 
robotic 3D printing devices may help with custom manufacturing of high volumes 
(Ruckdashel et al., 2022). Programming skills are a challenge and it can be very 
difficult to begin integrating electronics if the entrepreneur has no prior experience 
in the field. It is good to consult some experts and AI with ideas of products. There 
may also be help available in local unions for fashion and craft. A lot of tutorial 
content on e-textiles is available online. One example is the KOBAKANT resource 
website for e-textiles. It hosts do-it-yourself wearable technology documentation: 
https://www.kobakant.at/DIY/. Another resource is the Adafruit companyôs Learn 
section and especially the Wearables category: 
https://learn.adafruit.com/category/wearables.  
Overall, e-textiles and smart clothing represent a growing field where textile 
traditions and digital technologies meet. They have the potential to offer fashion 
and craft businesses new opportunities for sustainable innovation, meaningful 
user experiences, and extended product lifecycles. 

4.2. Computer Devices  and Sensors  for E -textiles  

Embedded computing platforms are used with sensors to collect data, control 
devices, enable connectivity and support interactive or smart systems. In textile, 
manufacturing, education and research contexts, these platforms are commonly 
applied in prototyping, monitoring, automation and small-scale deployment 
scenarios. Various computer devices, Microcontroller Units (MCUs), actuators 
and sensors can be used to create e-textile functionality for garments. 
 
ESP32 

¶ Microcontroller with integrated Wi-Fi and Bluetooth, widely used for 
Internet of Things (IoT) applications and sensor-based systems.  

https://www.kobakant.at/DIY/
https://learn.adafruit.com/category/wearables
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¶ Boards are commonly available for around 15 ú.  

¶ Supports low-power operation. Long product lifespan and wide community 
support help to avoid premature obsolescence. 

¶ https://www.espressif.com/en/products/socs/esp32  
 
Arduino 

¶ An open-source microcontroller ecosystem combining hardware boards 
and simple development environment. Widely used for education, 
prototyping and interactive systems. 

¶ Boards are commonly available for around 15 ú. 

¶ Strong ecosystem and ease of use, suitable for rapid prototyping. Less 
optimal for complex computation due to low processing power. 

¶ https://www.arduino.cc/  
 
Raspberry Pi 

¶ A single-board computer capable of running full operating system (usually 
Linux). Commonly used for learning applications, servers, media centers, 
robotics and projects that need more processing power. 

¶ Hardware prices typically range from 40 ú to 80 ú depending on model. 

¶ More computing power than microcontrollers, but higher energy 
consumption. 

¶ https://www.raspberrypi.com/  
 
Micro:bit 

¶ A compact, educational microcontroller board developed to support 
learning, prototyping and basic embedded applications. Board includes 
built-in sensors, LED display, buttons and wireless communication via 
Bluetooth. 

¶ Low-cost hardware, around 30 ú for the basic board. 

¶ Easy entry barrier. It can be programmed visually with Microsoftôs 
MakeCode platform. 

¶ https://microbit.org/  
 
Sensors measure physical or environmental parameters such as temperature, 
humidity, motion, pressure, bio-signals and light, and convert that data into 
electrical signals. Microcontrollers are used to read these signals, process the 
data and trigger actions. These actions can include triggering of actuators such 
as LEDs, motors, heating elements, or even shape changing materials. Together, 
microcontrollers and sensors form the basis of many embedded and IoT 
solutions.  
Sensors are connected to microcontrollers via analog inputs, digital pins, or 
standard communication protocols. The microcontroller periodically collects 
sensor data, applies basic processing and responds accordingly. This 
combination is widely used in monitoring, automation, prototyping, wearables and 
smart systems. Microcontrollers with integrated sensors are low-cost and energy-
efficient, making them suitable for SMEs, research projects and pilot 
deployments. 

https://www.espressif.com/en/products/socs/esp32
https://www.arduino.cc/
https://www.raspberrypi.com/
https://microbit.org/
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4.3. Programming  Tools and Electronics Control  

Programming tools provide the software environments and frameworks required 
to develop, test and deploy interactive, embedded and application-level software. 
In the context of electronics control, these tools enable communication between 
software and hardware components such as microcontrollers, sensors, actuators 
and other connected devices. 
Programming tools are used to define microcontroller behavior, process sensor 
data, manage communication protocols and implement control logic. Depending 
on the platform, they support different programming paradigms. In practice, these 
tools play a key role in configuring microcontrollers, uploading firmware, 
debugging hardware-software interactions and enable connectivity through wired 
or wireless interfaces. They also support rapid iteration and testing, which is 
essential for pilot projects, experimentation and SME-driven innovation. 
 
Arduino 

¶ An open-source hardware and software ecosystem used primarily for 
microcontroller programming, physical computing and prototyping. Widely 
applied in education, research and rapid development of interactive 
systems.  

¶ Integrated Development Environment (IDE) is free and open source. 
Hardware costs vary depending on board and sensor type. 

¶ Windows/macOS/Linux. 

¶ Open-source community promotes learning and resource sharing. 

¶ www.arduino.cc  
 
MicroPython 

¶ A lightweight implementation of Python, designed to run on 
microcontrollers. Enables scripting-style development for embedded 
systems. Compatible with wearable devices. 

¶ Free and open source. 

¶ Simplifies embedded programming compared to traditional C/C++. Has a 
learning curve in implementation. 

¶ www.micropython.org  
 
CircuitPython 

¶ A Python-based programming language for microcontrollers, derived from 
MicroPython, with a strong focus on ease of use and quick iteration. 

¶ Free and open source. 

¶ Optimized for simplicity and education. 

¶ www.circuitpython.org  
 
Visual Studio Code 

¶ A cross-platform source code editor. Supports a wide range of 
programming languages and development workflows through extensions. 

¶ Free to use. 

¶ Windows/macOS/Linux. 

http://www.arduino.cc/
http://www.micropython.org/
http://www.circuitpython.org/
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¶ Widely adopted in professional, academic and research environments. 
Requires additional setup for embedded or specialized development 
tasks. 

¶ https://code.visualstudio.com/  
 
WLED 

¶ Open-source firmware for ESP8266 and ESP32 that turns them into 
powerful Wi-Fi LED controllers. It lets you control addressable LEDs (like 
WS2812B) via a web interface, mobile app, Message Queuing Telemetry 
Transport (MQTT), or home-automation systems. 

¶ Free and under European Union Public License v. 1.2. 

¶ System setup requires some time and effort. Tutorial content is available 
online. 

¶ https://kno.wled.ge/  

4.3.1. TouchDesigner ï Real-Time Interactive Media and Data 
Visualisation  

TouchDesigner is a node-based visual programming software developed by 
Derivative Inc., designed for creating real-time interactive multimedia content. It 
is widely used in the fields of audiovisual performance, interactive installations, 
digital scenography and data-driven visualization. TouchDesigner enables users 
to build systems that connect and process inputs, such as audio, video, sensor 
data, motion tracking, or numerical datasets, transforming them into dynamic 
visual outputs in real time. 
Unlike traditional timeline-based video or animation software, TouchDesigner 
operates through a modular workflow where ñoperatorsò (nodes) are connected 
into networks. These networks define how data flows and transforms, making the 
software particularly suitable for experimentation, rapid prototyping and live 
performance contexts. The real-time nature of TouchDesigner allows creators to 
design content that reacts instantly to sound, movement, environmental data or 
user interaction, which makes it a powerful tool for performative, spatial and 
experiential  applications. 
The software is supported by a large and active international user community, 
with extensive learning resources including tutorials, example projects, forums 
and workshops. Many of these learning materials are openly accessible and 
partly hosted or curated by Derivative Inc. itself, contributing to a strong culture 
of peer learning and knowledge sharing. 
TouchDesigner can be considered as a potential no-cost or low-cost entry point 
for creative industry SMEs, artists and designers. A free, non-commercial version 
is available, allowing users to learn the software, prototype ideas and develop 
skills without initial financial investment. This significantly lowers the barrier to 
entry, especially for small studios, independent designers and educational 
contexts.  

https://code.visualstudio.com/
https://kno.wled.ge/
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For commercial projects, users are required to obtain a paid license. 
TouchDesignerôs licensing model scales according to use case and output 
resolution, which allows SMEs to select a license level that matches their 
production needs and budget. This scalability makes the software adaptable for 
both small experimental pilots and larger professional productions. 

¶ Non-commercial license: Free-of-charge for personal and non-commercial 
use. Requires setting up a user account on the Derivative Inc. website. 

¶ Educational license: 300 $ per license for educational non-commercial 
use. HEI staff may purchase the license after approval from Derivative Inc.. 

¶ Commercial license: 600 $ per license, fully featured and for use in paying 
projects- 

¶ Professional license: 2200 $ per license, fully featured including extended 
live support from the developer and privacy features to protect intellectual 
property. 

¶ Windows/MacOS. 

¶ https://derivative.ca/  
 
For fashion, textile and broader creative industry SMEs, TouchDesigner offers a 
versatile platform for enriching live performances, exhibitions and presentations. 
Designers and performers can use the software to create visuals that respond 
directly to sound, movement, or physical interaction. For example, garments 
equipped with sensors or wearables can drive generative visuals projected onto 
stage environments or spatial surfaces, creating a dialogue between body, 

FIGURE 6. EXAMPLE OF AN OPERATOR NETWORK INSIDE TOUCHDESIGNER.  

Source: Oulu University  of Applied Sciences . 

https://derivative.ca/
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material, and digital media. This can add new layers of expression to fashion 
shows, textile exhibitions or multidisciplinary performances, helping SMEs 
differentiate their work through immersive and experiential storytelling. 
TouchDesigner was used for reactive graphics creation for a dance as well as a 
music performance in the CRAFT-IT4SD projectôs Finnish pilotôs 2nd and 3rd 
iterations. Real-time effects reacted to dancerôs motions. In a kantele artistôs 
performance, the graphics reacted to the sound input. More information on the 

CRAFT-IT4SD projectôs pilots can be found in Chapter 7.  
TouchDesigner is well suited for storytelling and data visualisation, especially 
when dealing with complex or abstract datasets. Environmental, ecological or 
production-related data, such as resource consumption, material flows, lifecycle 
impacts or emissions, can be translated into visual forms that are intuitive, 
emotional and impactful. By transforming ñhard-to-graspò numbers into animated 
visuals, spatial projections or interactive installations, creative SMEs can 
communicate sustainability-related themes in ways that resonate more strongly 
with audiences than static charts or reports. 
In the context of sustainable fashion and textiles, this opens opportunities to 
visualise topics such as consumption patterns, resource usage, circularity or 
environmental impact as part of exhibitions, retail environments, performances or 
public engagement events. In addition to aesthetic experimentation, 
TouchDesigner can serve as a tool for awareness-building, connecting creative 
practice with sustainability-driven innovation.  

FIGURE 7. TOUCHDESIGNER CREATING REAL-TIME VISUALS FROM DANCERôS MOTION. 

Source: Oulu University  of Applied Sciences . 
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4.4. NFC Tags for Fashion and Craft Items  

NFC is a short-range wireless connectivity technology which operates through 
electromagnetic induction between two loop antennas located within each otherôs 
near field, typically requiring a distance of four centimeters or less. This short-
range wireless connectivity allows a passive tag, which contains no internal 
power source, to be energized by the radio frequency field emitted by a reader 
(e.g. smartphone). Once powered, the tag transmits its stored data to the device. 
This data can contain, for example, a link to a website or to a database of content. 
As part of the CRAFT-IT4D projectôs pilots, NFC tags that are attached to clothing 
items are used as gateways to additional digital content. When the user reads 
the NFC tag with mobile phone, a link opens to the Open Connector Platform 
content. This content can include care instructions, product passport related data 
and behind the scenes stories and visuals about the garment. 
Applying data to NFC tags involves a process known as encoding, which can be 
performed at different stages of the manufacturing cycle. Initially, tags can be pre-
encoded by the supplier with unique identifiers or specific URLs (links) before 
they are delivered to the factory. Alternatively, brands can utilize industrial 
encoding stations or mobile applications to write data onto the chips during the 
final assembly or quality control phase. The data can include a secure link to a 
cloud-based platform where the productôs lifecycle information is hosted. To 
ensure long-term utility within the CCSI framework, it is crucial that the data 
architecture follows standardized protocols, allowing the information to remain 
accessible even if the original brand or platform undergoes technical changes. 
NFC tags come in many shapes and forms: card, sticker, button, keychain, nail, 
wristband, token. To encode tags on a small scale, SMEs can use NFC tag reader 
devices that are connected to computers. These devices cost around 40 - 60 ú. 
Fashion and craft SMEs should consider which style of tags are best for their 
particular product. Basic buttons can be sewed or pressed to many types of 
garments. Stickers could be useful for craft items. 
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The economic feasibility of integrating NFC into CCSI workflows has improved as 
production scales have increased. The price of a standard NFC tag is generally 
influenced by its memory capacity, the quality of its encapsulation and the volume 
of the order. Basic paper-backed adhesive tags are extremely affordable, often 
costing only cents. For fashion applications, tags must be encapsulated in heat-
resistant plastic or silicone, which can bring the cost to a range between 0,20 ú 
and 0,50 ú per unit. Tag prices vary based on volume and provider. 
The use-cases for NFC in the fashion and craft sectors are diverse, ranging from 
operational efficiency to enhanced storytelling. One of the most prominent 
applications is in provenance and authenticity verification, where a tap of a 
smartphone allows a customer to verify that a handcrafted leather bag is an 
original creation and not a counterfeit. In terms of sustainability, NFC tags act as 
a gateway to the garment's history, providing details on fiber origin, dye toxicity, 
and specific repair instructions that prolong the item's life. Furthermore, designers 
are using this technology to foster a deeper emotional attachment between the 
user and the object. For example, a bespoke garment could contain a digital diary 
of its creation process, including videos of the artisans at work, thereby elevating 
the item from a mere commodity to a narrative-driven experience. When the NFC 
tag links to a database or web service platform, the content can be updated. This 
opens up the possibility of subscription-based services and bonus updates. A 
gamification style application can be to level up the garment by visiting events 

FIGURE 8. T-SHIRT WITH NFC TAG ON THE LEFT SLEEVE . 

Source: Oulu University  of Applied Sciences . 
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and reading the tag on location. The database is then updated, and this could 
unlock additional perks such as discounts for the garment owner, for example. 
Despite its versatility, NFC technology is subject to physical and environmental 
constraints. The most significant limitation is the proximity requirement. Unlike 
Radio-Frequency Identification tags (RFID), which can be read from several 
meters away, NFC is strictly designed for intentional, close-contact interactions. 
Furthermore, signal interference is a common challenge when tags are placed 
near metallic fibers, foils or conductive pigments. Durability also remains a 
concern, as the delicate silicon chips and antenna bonds must withstand the 
mechanical stresses of washing, drying and repeated flexing if tag is on a 
garment. 

 

FIGURE 9. ATTACHING AN NFC TAG TO GARMENT IN CRAFT-IT4SD PROJECTôS FINNISH PILOT. 

Source: Oulu University  of Applied Sciences . 
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As part of the CRAFT-IT4SD project, The Fashion Innovation Center has 
provided the project pilot sites NFC tags in the form of buttons. These button tags 
have been tested for durability and washability with good results. Even after 
multiple washes, the tags remain fully functional and the data on the tags is 
readable.  
 
NFC Tools 

¶ A versatile, cross-platform application for designers and small-scale 
manufacturers to read, write and analyze NFC tags. Intuitive interface that 
does not need technical background. 

¶ Free for basic use. Pro version available for 3,5 ú with additional 
functionality. 

¶ Windows/macOS/Linux/Phone. 

¶ Cross-platform allows design and production teams to use the same 
ecosystem regardless of their hardware.  

¶ https://www.wakdev.com/en/  
 
NFC TagWriter by NXP 

¶ Mobile-based NFC tag writing software which focuses on the precise 
management of chip-specific features and data integrity. 

¶ Free. 

¶ Phone. 

¶ As NXP manufactures many of the chips used in tags, this app provides 
the most stable interface for write-protecting tags. This can be critical for 
sustainability and circular economy, ensuring that the product information 
remains permanent and tamper-proof. 

¶ https://www.nxp.com/design/design-center/software/rfid-developer-
resources/nfc-tagwriter-app-by-nxp:NFC-TAGWRITER  

4.5. Value and Sustainability  

Garments and craft objects can gain additional value when electronic or digital 
elements are connected to clear product functions and services. Sensors, 
microcontrollers, LEDs and software can support responsive or experiential 
items, while NFC tags can link physical products to care guidance, repair 
information, product stories and authenticity data. For fashion and craft SMEs, 
the relevance of these technologies depends on whether they help customers 
understand, maintain and appreciate the item over time. Sustainability depends 
on practical design choices such as durability, washability, repairability, safe 
power use, maintainable digital content and realistic support after the product has 
been sold. 

4.5.1. Value 

For fashion and craft SMEs, digital functionality can turn a garment or craft object 
into a product with memory, service and interaction. Electronics, sensors and 
NFC tags can add information, responsiveness or experience to physical items 
without replacing the material and craft qualities that give them value. A garment 
may carry care instructions, repair guidance, maker stories, authenticity data or 

https://www.wakdev.com/en/
https://www.nxp.com/design/design-center/software/rfid-developer-resources/nfc-tagwriter-app-by-nxp:NFC-TAGWRITER
https://www.nxp.com/design/design-center/software/rfid-developer-resources/nfc-tagwriter-app-by-nxp:NFC-TAGWRITER
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interactive light and sound behaviour. This added layer can help customers 
understand why the item matters, how it should be maintained and why it may be 
worth keeping longer than a fast fashion product. 
NFC tags offer a practical entry point because they are low-cost, passive and 
readable with modern smartphones. A tag attached to a garment or craft object 
can open digital content such as care instructions, product passport information, 
repair guidance, material origin, behind-the-scenes images, videos of the making 
process or updates from the designer. This can increase perceived value by 
showing the work, knowledge and material choices behind the product. For a 
small fashion or craft business, this is especially relevant because the value of 
handmade, local, limited-edition or carefully produced items is often not fully 
visible at the point of sale. NFC can make this hidden value accessible after 
purchase. 
When customers can easily access via NFC, instructions for washing, repair and 
correct use, they are more likely to maintain the product properly. When the same 
tag also tells the story of the maker, the origin of materials or the development of 
the item, the product may become less disposable in the customerôs mind. A 
garment can become a documented object with a history rather than a 
replaceable commodity. This is important for SMEs that want to compete against 
fast fashion through quality, trust, transparency and emotional durability rather 
than low price. 
NFC can also support after-sales services and new business models. A tagged 
product can link to repair booking, spare part ordering, alteration services, resale 
information, authentication or customer community content. If the tag links to a 
database or web platform, the information can be updated after the product has 
been sold. This creates possibilities for bonus content, event-based updates, 
loyalty benefits, educational material or service packages connected to the item. 
For example, a customer could tap a garment tag to receive seasonal care 
advice, access repair support or verify that a craft item is an original product. 
These services can strengthen the relationship between the SME and the 
customer without requiring a new physical product. 
E-textiles can add value in a different way by giving garments and objects 
functional or experiential qualities. LED-integrated clothing can support stage 
performance, festivals, exhibitions, and wearable art. Sensors can detect 
movement, pressure, temperature, moisture, light or biological signals, and the 
garment can respond through light, sound, vibration, visual change or data 
transmission. For craft and fashion SMEs, this opens opportunities in 
performance wear, outdoor products, wellbeing applications, educational 
prototypes, and interactive design. The CRAFT-IT4SD projectôs Finnish pilotôs 
examples (Chapter 7) with LED garments and music-reactive clothing show how 
e-textiles can combine textile expression with live performance and digital control. 
The value of e-textiles is high when the electronic function has a clear purpose. 
A removable LED unit in a winter hat, a heated accessory, a performance 
garment with programmable light, or a sensor-based textile used in education 
may be easier to justify than complex embedded electronics with unclear use. 
Simple and modular integration is often more suitable for SMEs than deep 
integration of smart fibres or permanently embedded electronics. Removable 
modules can make washing, maintenance, repair and product updates easier. 
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They can also allow the same electronic component to be used across several 
garments or replaced when technology changes. 
Microcontrollers, sensors and programming tools create value by making 
prototyping affordable. Platforms such as Arduino, ESP32, and Raspberry Pi give 
SMEs, students and designers access to electronics experimentation at relatively 
low hardware cost. These tools allow small businesses to test whether a light, 
sensor, movement or interaction concept is useful before investing in product 
development. Open-source software such as WLED can also reduce costs when 
controlling addressable LEDs through a web interface or mobile application. 
Programming and real-time control tools add creative and pedagogical value. 
They help designers understand the relationship between textile material, sensor 
input, software logic and visible response. This can support workshops, design 
education, interactive exhibitions and collaborative product development. 
TouchDesigner is relevant in this context because it can connect real-time 
visuals, sound and data sources for expressive applications. In fashion and craft 
settings, such tools can be used to create responsive installations, music-reactive 
garments, interactive window displays or performance environments where 
textile work becomes part of a larger digital experience. 
The main challenges concern durability, usability, skills and maintenance. 
Electronic components must tolerate bending, wear, washing, drying and 
repeated handling. Batteries and power supply require careful design because 
they affect comfort, safety and maintenance. Permanently integrated electronics 
can make repair and recycling difficult. Programming can also be a major barrier 
for entrepreneurs without previous technical experience. Even simple systems 
require time for testing, wiring, troubleshooting and documentation. SMEs should 
therefore consider expert support, local maker spaces, education partners, online 
tutorials and established resources such as e-textile documentation sites before 
committing to commercial products. It is also important for fashion and craft SMEs 
to do research on various legislative and safety requirements when creating 
products with electronics. Local unions can guide with product development 
questions or at least steer SMEs towards contacts. 
NFC has fewer technical barriers than many e-textile systems, but it still requires 
careful design. Tags must be placed where they are easy to read but protected 
from damage. Signal interference may occur near metallic fibres, foils or 
conductive pigments. Garment tags must withstand washing, drying and flexing. 
SMEs also need to decide where the tag should link to, who maintains the 
content, how long the link will remain active and whether the information should 
be editable or permanent. The practical value of NFC depends on the quality of 
the connected content. A tag that only opens a generic webpage adds little value, 
while a tag that gives product-specific care, repair, provenance and service 
information can strengthen long-term ownership. 
Before adopting e-textiles or NFC, fashion and craft SMEs should assess the 
value proposition from the customerôs point of view. The key questions are 
whether the technology makes the product easier to care for, more trustworthy, 
more useful, more personal or more memorable. They should also assess 
whether the added function is understandable at the point of sale, whether it 
survives normal use, whether it can be repaired, and whether the business can 
support it after purchase. For many SMEs, the best starting point may be a small 
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NFC pilot or a removable electronics prototype rather than a fully integrated smart 
garment. 
Promising value lies in modest, understandable applications that strengthen the 
relationship between customer, maker and product. A washable NFC button with 
product-specific care and repair content, a removable light module for 
performance clothing, or a simple sensor-based prototype can make the item 
more useful and memorable without making it unmanageable for a small 
business. In this form, digital functionality supports the existing strengths of 
fashion and craft SMEs which include material knowledge, personal storytelling, 
repairable design and close customer relationships. 

4.5.2. Sustainability  

Adding digital functionality to garments and craft objects changes the 
sustainability assessment of the product. The textile is no longer only a material 
object, but may include electronics, software, data links, batteries, sensors or 
digital services. This can support longer product lifecycles when the technology 
helps customers care for, repair, authenticate or understand the item. At the same 
time, it can introduce new material, energy and maintenance burdens. For fashion 
and craft SMEs, sustainability depends on whether the added functionality 
strengthens the life of the product or makes it more fragile, difficult to repair or 
dependent on short-lived digital systems. 
From an environmental perspective, NFC tags can provide a relatively low-impact 
way to connect products with digital information. Passive NFC tags do not require 
their own power source, and they can give access to care instructions, product 
passport information, behind-the-scenes content, repair guidance and material 
data through a smartphone. This can complement printed labels and separate 
physical documentation so that important information is accessible through many 
channels. More importantly, product-specific digital information can help 
customers maintain garments and craft items correctly, which may extend use 
time and reduce premature disposal. 
E-textiles can also support environmental sustainability when they are designed 
for maintenance and long-term use. Modular or removable electronic parts are 
easier to separate before washing, repair or replacement. A removable LED unit, 
sensor module or controller can allow the textile part of the product to remain 
usable even if the electronic part fails or becomes outdated. This is especially 
relevant for SMEs, because simple integration can be more realistic than deeply 
embedded smart fibres or complex sensor networks. In this type of design, the 
electronic function can be repaired, upgraded or removed without discarding the 
whole garment. 
Environmental challenges can be significant when electronics are permanently 
integrated into textiles. Circuits, conductive threads, batteries, LEDs, sensors and 
antenna structures must tolerate bending, wear, washing, drying and repeated 
use. If they fail early, the smart function may shorten the productôs useful life 
instead of extending it. Embedded electronics can also complicate recycling and 
material separation at the end of life. Batteries and power supplies require 
particular attention because they add safety, maintenance and disposal 
concerns. For SMEs, these challenges mean that durability testing and repair 
planning should be part of product development. 
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Energy and resource use vary strongly between applications. NFC tags are 
passive and only operate when read by a device, while microcontrollers, LEDs, 
sensors, wireless connections and single-board computers require power during 
use. These energy uses are usually quite low, unless the system uses a lot of 
LEDs or requires heavy computing power. Energy and resources are used in 
manufacturing microcontrollers and chips. It can be difficult to source sustainably 
manufactured electronics as material origin data may not be available. A simple 
care-linked NFC button and a full interactive garment have very different resource 
profiles. 
Social and pedagogical sustainability are relevant because e-textiles bring 
together textile knowledge, craft practice, electronics and programming. 
Prototyping with microcontrollers, sensors and open source tools can support 
learning in schools, workshops, maker spaces and SME development projects. 
Platforms such as Arduino, Micro:bit, and WLED can make experimentation more 
accessible, especially when combined with tutorials and community 
documentation. For fashion and craft SMEs, this learning value can strengthen 
internal skills and make collaboration with students, designers, engineers and 
cultural institutions more concrete. 
There are also social barriers. Programming, wiring, troubleshooting and 
electronics safety can be difficult for entrepreneurs without prior technical 
experience. Even low-cost components require time, testing and confidence to 
use. If the customer is expected to interact with a tag, app or smart function, the 
interaction must be understandable and reliable. A digital feature that does not 
work or requires too much effort from the user may reduce trust in the product. 
SMEs may need support from experts, local networks, educational institutions or 
online e-textile communities before moving from prototype to commercial 
product. 
Cultural sustainability can be supported when digital functionality helps 
communicate the meaning of craft and clothing. NFC-linked content can for 
example document the maker, place, technique, material origin, or repair history 
of an item. This is useful for products whose value depends on knowledge that is 
not necessarily visible in the finished object. E-textile installations and 
performance garments can also create new cultural expressions by combining 
traditional textile work with light, sound, movement or real-time data. The CRAFT-
IT4SD projectôs Finnish pilotôs examples of LED garments and music-reactive 
clothing show how craft, performance and digital control can be combined in a 
cultural context. 
Cultural risks appear when technology is added only for spectacle or marketing 
novelty. If the digital layer is superficial, it may distract from material quality, craft 
skill and product meaning. Content linked through NFC also needs to be accurate 
and maintained. If a tag leads to a broken link after a few years, part of the 
productôs documented story is lost. When digital content describes craft 
traditions, communities or place-based knowledge, the SME should consider 
permission, authorship and long-term access. The cultural value of the product 
depends not only on storing information, but on keeping that information 
meaningful and accessible. 
Economic sustainability is connected to whether the technology supports a 
manageable business model. NFC can support repair services, authenticity 
verification, product passports, customer education and after-sales 
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communication at relatively low unit cost. Basic garment-suitable tags may cost 
only a small amount per item, and small-scale encoding can be done with 
affordable reader devices or mobile applications. This makes NFC relevant for 
SMEs that want to add service and transparency without large hardware 
investments. E-textiles can support more specialized business models, such as 
performance garments, interactive craft objects, workshops, exhibitions or 
custom products. 
Economic and operational challenges should be assessed early. E-textile 
products may require component sourcing, prototyping, safety checks, washing 
tests, repair instructions, customer support, and documentation. Production 
speed can be affected by the techniques needed to integrate smart functionality. 
Scaling from one prototype to a repeatable product can be difficult, especially 
when electronics must be placed consistently and protected from mechanical 
stress. NFC systems also need a maintained data architecture, because the tag 
often links to a web platform or database. If the service behind the tag is not 
maintained, the physical tag loses much of its value. 
Sustainable business models can benefit from these technologies when they 
extend the relationship between the SME, the product and the customer. A 
garment can link to care advice, repair booking, provenance information or 
updated content after purchase. A craft object can carry proof of authenticity and 
documentation of its making. A performance garment can be designed so that 
electronic parts are removable and reusable across productions. These 
applications support service-based value around the product, rather than 
depending only on repeated sales of new items. 
For many fashion and craft SMEs, a practical sustainability pathway begins with 
durable, understandable and maintainable applications. Durable NFC buttons, 
clear digital care information, modular electronic components and small 
interactive prototypes can be developed without losing the material focus of the 
product. When the digital layer helps customers maintain, repair, or appreciate 
an item, it can strengthen both the business relationship and the product lifecycle. 
This gives e-textiles and NFC a realistic role in more responsible fashion and craft 
practice. 

5. AI Technology ï Online and Local Content Generation  

This chapter discusses the topic of AI for content creation. Fashion and craft 
SMEs can utilize several different AI platforms and software programs to 
generate text, code, image, video, audio and 3D media. The generated content 
can be used for business marketing and development, ideating, product and 
image design as well as learning new skills and searching for information. The AI 
tools work as creative assistants for the entrepreneur. They require human 
oversight and guidance for generating usable results. With AI, businesses can 
generate and modify content as well as automate tasks. For businesses with 
limited technical experience, AI can significantly lower the threshold for digital 
creation and experimentation. 
For basic AI use, one writes a text prompt for the AI model. The prompt can be 
for example a question or a request for content. AI models then generates an 
output such as text, image or video depending on the model. 
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Several AI platforms are offered online and require an internet connection to 
function. These services run on big servers and donôt require much processing 
power from the user. The processing is done online remotely and the server 
energy source may not be disclosed. Online AI platforms are often paid 
subscriptions with credit-based systems. Generating content, such as images 
and videos, costs credits and one receives monthly credits with the service 
subscription.  
An alternative to online AI platforms is to use AI models and tools on local setups 
running on the userôs own hardware. The local AI model selection and quality as 
well as ease of use differs from paid services. With time, effort and 
experimentation one can find workflows for creating similar content to paid 
services using only openly shared AI models and tools. If AI content is generated 
locally, even offline without internet, small fashion entrepreneurs can choose a 
green or carbon neutral energy provider for the computer hardware. 
To run AI models locally on userôs computer, one needs enough RAM for the 
CPU system and Video Random Access Memory (VRAM) for the GPU. Currently 
Nvidia GPUs are more widely supported than AMD or Intel ones for local AI 
content creation. Usually AI models that are run with GPU processing are faster 
than the ones run with CPU processing. The memory requirements depend on AI 
model size. A good indication of model size is the number of parameters the 
model has. Parameters are the AI modelôs internal learning values that determine 
how the model maps inputs to outputs (IBM, n.d.). These are often expressed in 
billions of parameters. For example, 7B model can usually fit on a GPU with 16 
GB of memory and 9B model can fit 24 GB of GPU VRAM. There are quantized, 
lower precision versions of AI models available. These models have some quality 
loss, but require less memory to run, making the models more accessible to a 
wider range of users. Quantized versions of models are often shared in the GGUF 
or safetensors file formats. The installation of local AI models can be complicated. 
In this chapter some tools are presented for running AI models locally. 
AI can support more sustainable workflows by reducing repetitive manual work, 
minimizing physical sampling, enabling more efficient decision-making, and 
helping small businesses do more with fewer resources. AI also introduces 
questions about energy use, copyrights, and responsibility, which are very 
important aspects to consider when adopting these technologies for business 
use. Many of the AI tools can be used for positive or negative purposes. It is 
important for the fashion and craft SMEs to use the AI tools in an ethical and 
responsible way, to create positive outcomes and sustainable business practices 
for the CCSI. 

5.1. Text and Agents  

AI text tools and agents support writing product descriptions, communication 
strategies, sustainability statements, funding applications, customer 
communication, and internal documentation. Business plans can be developed 
and commented on by AI. Large language models (LLMs) are the backbone of AI 
text creation tools. If the LLM has access to internet search, it can be used for 
research tasks and information searching on current topics. 
AI agents are a form of digital assistants that can for example plan, write, 
summarize, translate, and manage tasks on behalf of a business. They function 
by combining text-generation AI with rules and tools, allowing them to follow 
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instructions, break down goals into steps, and interact with documents, 
calendars, or other software. This can help businesses automate some tasks. AI 
text tools and agents can save time, reduce outsourcing needs, and help small 
entrepreneurs to develop their businesses towards greener goals. 
 
ChatGPT 

¶ Offers AI-based chat services, deep research, natural language 
processing, code assistance, and image generation. Agent mode is 
available for higher tier subscription plans. In agent mode the AI model 
automatically completes tasks such as creating spreadsheets, business 
plans or financial analysis for the user. Users can also create custom 
generative pre-trained transformers (GPTs) or chatbots on the platform. 

¶ Free with limited text generation. Go plan at 8 ú/month, Plus at 23 ú/month, 
Pro at 229 ú/month and 34 ú/user/month for businesses. 

¶ It is important to note that logged in users can opt out of data collection for 
model training. When a service is offered free, the service provider may 
collect valuable user data in exchange.  

¶ https://chatgpt.com/  
 
Gemini 

¶ Google's AI model for text, image and video generation. Deep research 
functionality is available. Subscription provides access to NotebookLM 
platform for research (input pdf, video, website), learning, note-taking, 
audio generation and video explainer creation. Pomelli tool is for brand 
and marketing content creation. 

¶ Free (limited functionality). Paid Google AI Plus plan at 7,99 ú/month, 
Google AI Pro at 22,99 ú/month and Google AI Ultra at 274,99 ú/month. 

¶ Advanced and large AI models run on huge server farms. The energy 
usage is twofold; the creation of the model, also known as training, and 
the active usage of the model by the customers. Free plans of various AI 
platforms may collect prompt data for model training. The AI model can be 
used for vibe coding. In vibe coding, one prompts the AI model to code 
software for the user. The user may not know anything of coding and still 
be able to produce functional software elements. 

¶ https://gemini.google/about/  

¶ https://ai.google/ 
 
Microsoft Copilot 

¶ Microsoft's AI platform. Offers AI integration to Office tools. Text, image 
and graphic design generation capabilities. Agents and access to 
ChatGPT 5.5 are available. 

¶ Free (limited functionality). Paid subscription Microsoft 365 Personal plan 
at 10 ú/month, Premium at 23 ú/month. Business plan at 18,2 
ú/month/user (paid yearly), pricing data may vary. 

¶ Some user input data is collected on free accounts. Business accounts are 
guaranteed by Microsoft to have data protection so that company data is 
not used for AI model training.  

¶ https://www.microsoft.com/en-us/microsoft-365-copilot/  

https://chatgpt.com/
https://gemini.google/about/
https://ai.google/
https://www.microsoft.com/en-us/microsoft-365-copilot/
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Claude 

¶ AI models for text generation, coding and agents. Proprietary Sonnet, 
Haiku and Opus models are available. 

¶ Free (may collect user input data, output limits). Paid subscription Pro plan 
at 20 $/month (required for Opus model use, includes Code). 

¶ Model training Opt out available (on by default on free account). User can  
choose whether conversations are used to improve Claude or not. Be 
mindful not to input sensitive data on free plans. 

¶ https://claude.ai/login  
 
Mistral 

¶ AI models for text generation. French company that is part of European AI 
development. Releases some open source AI models (Apache 2.0 
license). For example, models Mistral 7B, Ministral 8B Instruct and 
Ministral 3 14B Reasoning can be run locally on consumer hardware. Use 
smaller quantized models for less GPU memory with some impacts to 
quality. Mistral offers paid platform and European hosted AI-cloud. Has AI 
agent building, audio transcription, image generation and Think mode.  

¶ Free and open-source models available. Free plan with limits. Paid Pro 
plan at 17,99 ú/month, Team at 29,99 ú/month/user. 

¶ Installation of open source models can be complicated. Mistral is a 
European company that is required to follow EU regulations. Lists 
sustainable super computing feature on their website (decarbonized 
energy). Released Life Cycle Assessment (LCA) information of Mistral 
Large 2 AI model. According to the LCA, the AI model training, and 
inference (prompting the model by users), caused most of the greenhouse 
gas emissions (GHG) at 85.5 % and water consumption at 91 % during 18 
month time of existence (Mistral AI, 2025). Additionally, most of the 
materials consumption at 61 % was caused by server manufacturing, 
transportation and end-of-life (Mistral AI, 2025). The environmental impact 
of generating one page of text (400 tokens) with the AI model was 
equivalent to watching online steaming for 10 seconds for GHG emissions, 
growing a small pink radish for water consumption and producing a 2 euro 
cent coin for material consumption (Mistral AI, 2025).  

¶ https://mistral.ai/ 

¶ https://huggingface.co/mistralai  
 
Qwen3.5, 3 and 2.5 

¶ A collection of open source AI text generation models by Qwen team 
(Alibaba Cloud). Instruct (further trained) and Thinking (reasoning, 
complex problem solving) versions of models are available. 

¶ Free and open source. 

¶ Complicated installation. Huge GPU memory requirements for large 
models. Smaller model versions and quantized models are available; 
Qwen3.5-4B, Qwen3-4B, Qwen3-8B and Qwen2.5-7B. 

¶ https://github.com/QwenLM/Qwen3 

¶ https://huggingface.co/Qwen  

https://claude.ai/login
https://mistral.ai/
https://huggingface.co/mistralai
https://github.com/QwenLM/Qwen3
https://huggingface.co/Qwen
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Gemma 4 and 3 

¶ Google's compact lightweight AI text generation model. Gemma 4 models 
understand text and image inputs. Smallest Gemma 4 E2B and E4B 
models also understand audio input (speech recognition). 

¶ Free and open source (some license limitations for Gemma 3). Google 
claims no rights in outputs. Gemma 4 has open Apache 2.0 license.  

¶ Original and quantized Gemma 3 4B, 12B versions and Gemma 4 E2B, 
E4B versions can be run on consumer hardware. 

¶ https://deepmind.google/models/gemma/gemma-4/ 

¶ https://huggingface.co/collections/google/gemma-4  

¶ https://deepmind.google/models/gemma/gemma-3/ 
 
LM Studio 

¶ Software for running multiple LLM text models offline and online. Has a 
model search function and separate model downloads. Support for 
Gemma, Qwen and DeepSeek models. 

¶ Free for personal and business individuals use. Paid options available for 
enterprises. 

¶ Windows/macOS/Linux. 

¶ Lowers the difficulty level of running LLM models locally on own hardware. 
Windows installer available. 

¶ https://lmstudio.ai/  
 
Jan.ai 

¶ Application for running AI text models on own computer. Agentic/assistant 
use is supported. Has a built-in model hub. Open-source alternative to 
ChatGPT. 

¶ Free and open source. 

¶ Windows/macOS/Linux. 

¶ The fully open source software makes accessing and using AI text 
generation models easier for fashion and craft entrepreneurs with little 
experience on the topic. Windows installer available. There is still a 
learning curve in using the AI text models and the software itself. There 
are learning resources available online.    

¶ https://www.jan.ai/  

5.2. Images  

Image generation and editing tools are used for presentation visuals, textile 
patterns, mood boards, inspiration, marketing images, and digital fashion 
illustrations. They reduce the need for physical photoshoots and samples. AI 
image generation can enable fast creative visual testing and exploration. Content 
can be created based on text or reference images. Some image models and tools 
enable combining of several image elements to a single image. For example, an 
image of a person can be combined with a clothing item and background. One 
can achieve highly complicated image editing tasks with AI tools that previously 
would require deep image editing software skills and tools. There may not be a 
need to learn the complex software anymore, as the same task can be done with 

https://deepmind.google/models/gemma/gemma-4/
https://huggingface.co/collections/google/gemma-4
https://deepmind.google/models/gemma/gemma-3/
https://lmstudio.ai/
https://www.jan.ai/
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AI in seconds. The quality of the output still has some limits, but for many 
business uses, AI image generation and editing can be a valid and cost-effective 
solution. 
 

Nano Banana 2 / Nano Banana Pro 

¶ Image generation and editing AI model from Google. Text prompts can be 
used for image editing. Subscription includes several other Google AI tools 
such as Gemini 3 Pro. Available in Google Gemini and Flow, plus several 
other platforms. 

¶ Free (limited functionality). Paid Google AI Plus plan at 7,99 ú/month, 
Google AI Pro at 22,99 ú/month and Google AI Ultra at 274,99 ú/month. 

¶ Considered one of the top AI image generation models along with 
ChatGPT Images 2.0. Runs on massive server farms. Image and video 
generation on a global scale service uses a lot of computational power. 

¶ https://labs.google/flow/about 

¶ https://ai.google/    
 
Adobe Firefly 

¶ Adobeôs AI image, design and video generation platform. Includes access 
to Firefly and other models for example from Google and Runway. 

¶ Free (limited generations). Paid Standard plan at 11,58 ú/month, Pro at 
23,19 ú/month. Credits-based usage. 

¶ The first Firefly AI model is claimed to be trained on officially licensed 
Adobe Stock content and public domain content with expired copyright. 
For the subsequent model versions, training data source is not clearly 
presented. Content credentials are added to images created in Firefly to 
inform that they were generated with AI. There is internal testing done on 
generative AI models so that they wouldnôt have harmful biases and 
stereotypes. Adobe states that the company doesnôt train AI models on 
Creative Cloud subscribersô personal content. 

¶ https://www.adobe.com/products/firefly.html    
 
 
 
 

FIGURE 10. AI GENERATED BANNER IMAGE.  FLUX.1 SCHNELL MODEL.  

Source: Oulu University of Applied Sciences . 

https://labs.google/flow/about
https://ai.google/
https://www.adobe.com/products/firefly.html
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Midjourney 

¶ AI image generator; text to image or image to image. Historic AI image 
platform as it was one of the first functional ones. Good for artistic or 
cinematic imagery and ideating. 

¶ Paid. Basic plan at 10 $/month, Standard at 30 $/month and Pro at 60 
$/month. 

¶ User gives wide copyright license to the uploaded (input) and generated 
content for the Midjourney company. Platform users can also use and 
remix the content if uploaded publicly. Paid private Stealth-mode with no 
public sharing is available to Pro and Mega subscribers. 

¶ https://www.midjourney.com/home   
 
FLUX.2 Klein 4B 

¶ AI image generation and editing model by Black Forest Labs. Combines 
image generation and editing models. Larger and higher quality FLUX.2 
commercial model versions are available on several platforms such as 
fal.ai, Higgsfield and Adobe Firefly. Older model FLUX.1 Schnell is also 
available and is open source and free for commercial use.  

¶ Free and open source 4B model. 9B model is non-commercial (separate 
paid commercial licenses are available). 

¶ Use for example via ComfyUI or Krita AI Diffusion plugin. Requires a 
dedicated GPU to run smoothly. 

¶ https://bfl.ai/  

¶ https://huggingface.co/black-forest-labs/FLUX.2-klein-4B 
 
Qwen-Image 

¶ Image generation from text or image. Separate model Qwen-Image-Edit 
for prompt-based image editing. Can be used via ComfyUI or Krita (with 
AI diffusion plugin) software. Company behind the model is Alibaba. 

¶ Free and open source. 

¶ Complicated installation. Original model requires a lot of GPU VRAM 24-
48 GB. Quantized GGUF versions require 8 GB - 16 GB of VRAM. With 
open image editing models it is possible to create a deepfake of a person. 
Deepfake means a generated image, video or audio of a person based on 
reference content. In essence the generated content is fake and never 
really happened. Deepfakes have been used for political, bullying and 
scamming purposes. It can be difficult to spot fake content from real ones. 
It is crucial to use the AI tools responsibly, obey the law, and not use the 
likeness of other persons without permission. 

¶ https://github.com/QwenLM/Qwen-Image 

¶ https://huggingface.co/collections/Qwen/qwen-image  
 
Z-Image / Z-Image-Turbo 

¶ Image generation from text or image. Turbo version can be used for fast 
generations. Base-version is available for fine tuning. Can be used via 
ComfyUI software or Krita AI diffusion plugin. Company behind the model 
is Alibaba. 

¶ Free and open source. 

https://www.midjourney.com/home
https://bfl.ai/
https://huggingface.co/black-forest-labs/FLUX.2-klein-4B
https://github.com/QwenLM/Qwen-Image
https://huggingface.co/collections/Qwen/qwen-image
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¶ Complicated installation. Recommended GPU VRAM is 16 GB. Quantized 
versions of the model can work with 6-12 GB VRAM.  

¶ https://github.com/Tongyi-MAI/Z-Image  
 
Krita AI Diffusion plugin 

¶ Krita is an open source painting program with image editing capabilities. 
Krita AI Diffusion plugin enables local AI image generation, inpainting, 
upscaling and object removal in Krita. The plugin uses ComfyUI for 
generation. Supports models such as Stable Diffusion 1.5, Stable Diffusion 
XL, FLUX.2 Klein, Z-Image-Turbo and Qwen-Image. 

¶ Free and open source. 

¶ The plugin makes the installation and use of ComfyUI and AI image 
models easier for fashion and craft SMEs. Krita is a painting program and 
the added AI functionality enables it to be an alternative to paid software 
such as Adobe Photoshop. The AI images are generated locally on the 
userôs computer. No internet connection is needed after installation and 
setup. A graphics card with 6 GB of VRAM or more is recommended. 
Open-source community fosters resource sharing. 

¶ https://github.com/Acly/krita-ai-diffusion  

¶ https://krita.org/en/ 
 
Resleeve 

¶ AI Fashion Design platform. The platform can be used for sketch 
visualization, creating photoshoots, moodboards and trend research.  

¶ Paid. Basic plan at 19 $/month, Plus at 49 $/month. Credits system. 

¶ Fashion entrepreneurs can save time in some fashion design tasks by 
using AI tools. AI design should be used responsibly and not copy the 
designs of others. The accuracy of AI generated photoshoots may not be 
perfect. Some imperfections can remain as the AI model might miss some 
details present in the reference images. The amount of AI content 
generated globally is huge and some people have negative feelings about 
the content flood. Entrepreneur can choose to be open about AI use to 
oneôs customers. With openness, communication and positive direction AI 
can become a valuable part of fashion and craft businesses.   

¶ https://resleeve.ai  

5.3. Videos  

AI video generation tools can be used for fashion films, product presentations, 
tutorials, and social media content. Video generation can reduce production time 
and may lower energy use compared to traditional filming and post-production 
workflows. AI video models can be computationally very resource heavy and 
often require more from the hardware than AI image generation. Generally, video 
generation takes a longer time than image generation. Video resolution and 
duration are limited, usually about 1280x720 pixels and 4-15 seconds. 
 
Veo 3.1 

¶ Googleôs AI video generation with audio. Video is created from text or 
images. Integrated audio makes talking person video content creation 

https://github.com/Tongyi-MAI/Z-Image
https://github.com/Acly/krita-ai-diffusion
https://krita.org/en/
https://resleeve.ai/
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much easier. The video model is available in Google Gemini and Flow, 
plus several other platforms. 

¶ Free (limited functionality), Google AI Plus plan at 7,99 ú/month, Google 
AI Pro at 22,99 ú/month, Google AI Ultra at 274,99 ú/month. 

¶ Promotes digital-only video production, reducing material waste. On the 
other hand, generating video with AI requires energy for the datacenter 
and personal computer. Energy and resources are also needed for 
building the datacenters and hardware as well as training the AI model. 
Google adds an invisible watermark called SynthID to AI generated videos 
to label content so that the origin of videos would be clear and there would 
be more transparency and less chance of misuse. 

¶ https://labs.google/flow/about   
 
Kling 3.0 

¶ High quality video generation with audio and dialog. Offers functionality 
such as multishot generation, character creation, start/end frame and 
elements reference. Omni model is available for video content editing. The 
platform includes also image and sound generation models. 

¶ Free (some generations, non-commercial). Paid Standard plan at 10 
$/month, Pro at 37 $ and Premier at 92 $/month. Credits system. 

¶ Commercial AI models have guardrails against prohibited and copyrighted 
content generation. This may cause some prompts to not work at all. AI 
videos can have errors in details and content. One may need to generate 
several videos to get usable results for commercial projects. 

¶ https://app.klingai.com/global/    
 
Seedance 2.0 

¶ Video generation with audio by ByteDance company. Good prompt 
understanding and character consistency. Is available through several 
platforms such as Dreamina, Higgsfield, Figma Weave and Runway. 

¶ Paid. At Figma Weave: Free plan available, Starter at 24 $/month, and 
Professional at 45 $/month. Subscription and credits system. 

¶ Initially there were copyright infringement issues with the use of movie star 
likeness with the model. The developers have tightened the model 
functionality after release to comply better with intellectual property rights. 
Many AI companies have used publicly available text, image and video 
content for model training. This includes social media content. In this 
massive amount of data there are copyrighted elements, celebrities and 
regular people. There is legal debate whether the use of this kind of data  
for AI model training is fair use or not. For the fashion and craft business 
end users, it is important to respect the copyright and intellectual property 
of others. Do not generate celebrity content to promote products. 
Irresponsible AI use can have big negative impacts to fashion brands.   

¶ https://seed.bytedance.com/en/seedance2_0    
 
Runway 

¶ A creative suite that enables AI-powered video and image generation, 
video editing, visual effects and animation. 

https://labs.google/flow/about
https://app.klingai.com/global/
https://seed.bytedance.com/en/seedance2_0
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¶ Free plan (limited features, test credits). Paid plan Standard at 
$15/month/user, Pro at 35 $/month/user and Unlimited at 95 $/month/user. 

¶ Reduces time and resources for media production. Lowers the cost of 
creating complex visual effects. 

¶ https://runwayml.com  
 
LTX-2.3 

¶ High quality video generation with audio. Text to video or image to video. 
Currently the top free AI video model for video with audio generation. 

¶ Free for up to 10 million dollars in yearly revenue. Commercial paid 
licenses are available. 

¶ Use with ComfyUI or with the LTX desktop video editor. The full model 
requires 32 GB or more of GPU VRAM. Use lower video resolution and 
shorter duration for less VRAM usage. 

¶ https://huggingface.co/Lightricks/LTX-2.3  

¶ https://ltx.io/model/ltx-2-3  
 
Wan2.2 

¶ Video generation (no audio). Text to video or image to video. Use with 
ComfyUI. Company behind the model is Alibaba. Currently one of the best 
open-source video generation models. Supports resolutions up to 
1280x720 (720p).  

¶ Free and open source. 

¶ Complicated installation. Original model requires a lot of VRAM. It has 
separate 14B models for text to video and image to video generation. 
Hybrid 5B model version is available (8-12 GB VRAM).  

¶ https://github.com/Wan-Video/Wan2.2    

5.4. Audio  

AI audio tools generate music, sound effects, soundscapes, voiceovers, and 
narration. These can be used for example in entrepreneurôs video projects, digital 
experiences or transcribing content to several languages. Audio can be 
generated without studio sessions, advanced gear or travel. AI audio should be 
used in a responsible way. Voice cloning should not be used for scamming, artist 
likeness copying or identity theft purposes. Some AI music generation platforms 
have legal issues regarding model training data and the generated content.  
 
ElevenLabs 

¶ AI text to speech generator. Support for sound effects, music and voice 
cloning. 

¶ Free plan (limited functionality, non-commercial). Paid Starter plan at 5 
$/month, Creator at 22 $/month (commercial use allowed). 

¶ Check the terms of use on AI platforms. On some services free/paid 
accounts may use user input for AI model training or other business 
purposes. Be careful of uploading own or other peopleôs voice clips and 
images to online services. There is a risk of identity theft, cons, copyright 
infringement and data use in AI model training. 

¶ https://elevenlabs.io   

https://runwayml.com/
https://huggingface.co/Lightricks/LTX-2.3
https://ltx.io/model/ltx-2-3
https://github.com/Wan-Video/Wan2.2
https://elevenlabs.io/
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Suno 

¶ Big AI music and audio generation platform. Has music editing functions. 
Song downloads are available only on paid plans. 

¶ Free plan for non-commercial use (no downloads). Paid Pro plan at 9 
ú/month and Premier at 28 ú/month (commercial use allowed). 

¶ The service has had legal issues with Warner Music Group, but a 
partnership between the companies has been made. 

¶ https://suno.com/home   
 
ACE-Step 1.5 

¶ AI music generation model. Support for text to music creation. Currently 
one of the highest quality open source music models available. 

¶ Free and open source. 

¶ Trained on legally compliant dataset according to the creators. Has a 
complicated installation. One can use the AI model with ComfyUI. Runs 
on GPU with 4 GB of VRAM or more depending on the model version.  

¶ https://huggingface.co/ACE-Step/Ace-Step1.5    
 
VibeVoice 

¶ AI text to speech generation with Text-to-Speech (TTS) model. Supports 
voice cloning and multi-speaker dialog. Automatic Speech Recognition 
(ASR) model is used for long-form speech recognition (speech to text). 
Has wide language support. The models are created by Microsoft. 

¶ Free and open source. 

¶ Complicated installation. It is possible to use the model with ComfyUI. 
Runs locally and there is no uploading of data to the internet or cloud. The 
generated audio contains an audio watermark. Remember the responsible 
use of model capabilities. 

¶ https://github.com/microsoft/VibeVoice    
 
Qwen3-TTS / Qwen3-ASR 

¶ AI model with text to speech and voice cloning capabilities. Company 
behind model is Alibaba. Qwen3-ASR model is used for speech to text 
generation. 

¶ Free and open source. 

¶ Complicated installation. The TTS model has limited language support 
(Chinese, English, Japanese, Korean, German, French, Russian, 
Portuguese, Spanish, and Italian). ASR model has wide language support. 

¶ https://github.com/QwenLM/Qwen3-TTS  

¶ https://github.com/QwenLM/Qwen3-ASR  
 

5.5. 3D 

AI-based 3D generation platforms enable rapid creation of models, environments 
and assets from text prompts, images or videos. These tools can significantly 
accelerate early-stage design, concept development and prototyping workflows. 
However, practical use requires careful evaluation of licensing conditions. Usage 

https://suno.com/home
https://huggingface.co/ACE-Step/Ace-Step1.5
https://github.com/microsoft/VibeVoice
https://github.com/QwenLM/Qwen3-TTS
https://github.com/QwenLM/Qwen3-ASR
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rights, export permissions and commercial terms vary between platforms and can 
change frequently. In addition, most generated assets require post-processing 
such as mesh cleanup, retopology, UV mapping, scaling and material 
adjustments before they are suitable for production. This typically requires 
additional software tools, hardware resources and 3D modeling skills. 
Local AI model deployment can provide more control over data and output, but 
requires high-performance computing hardware and technical expertise. Cloud-
based tools offer lower entry barriers and faster access, but depend on external 
infrastructure, subscription models and data transfer.  
 
Trellis.2 

¶ Developed by Microsoft Research. Uses structured latents and native 3D 
Variational Autoencoder (VAE) to produce high-fidelity 3D assets with 
textures. Local model can be installed and used on powerful hardware. 

¶ Free and open source. Free to use only for personal and non-commercial 
purposes due to usage of dependencies that have different licenses. 

¶ Requires powerful hardware and expertise to run locally. 

¶ https://microsoft.github.io/TRELLIS.2/  
 
SAM 3D 

¶ SAM 3D is an AI-based 3D reconstruction system developed by Meta AI 
Research. Generates 3D assets of objects, scenes and human bodies 
directly from 2D image. The system is built on the ñSegment Anything 
Modelò family.  

¶ Free and open source. Locally hosted AI model can be used for 
commercial purposes, web-based playground can only be used for 
personal and non-commercial purposes. 

¶ Requires powerful hardware and expertise to run locally. 

¶ https://ai.meta.com/research/sam3d/  
 
Meshy 

¶ A web-based 3D AI generator. Produces models from text or image inputs. 
Includes texture, basic rigging and model remeshing. Designed for rapid 
prototyping. 

¶ Free plan available for testing, downloading models requires using Meshy 
4 model and models are covered by CC BY 4.0 license. Paid Pro plan at 
20 $/month, Studio at 60 $/month. Paid tiers enable better AI models, 
increased generation amount, unlimited downloads and better usage 
rights.  

¶ Accessible entry point for SMEs and designers without deep 3D skills. 
Generated topology often requires cleanup before production use. 

¶ https://www.meshy.ai/  
 
Tripo AI  

¶ A web-based AI 3D generation platform. Focuses on converting images or 
prompts into usable 3D meshes. 

¶ Free plan available for testing, models are covered by CC BY 4.0 license. 
Paid Professional plan at 19,9 $/month, Advanced plan at 49,9 $/month. 

https://microsoft.github.io/TRELLIS.2/
https://ai.meta.com/research/sam3d/
https://www.meshy.ai/
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¶ Efficient for rapid ideation and concept validation. Mesh structure and 
topology quality can require additional optimization for production or 
manufacturing workflows. 

¶ https://www.tripo3d.ai/  
 
Marble (World Labs) 

¶ AI driven gaussian splat generation platform that creates full 3D 
environments from text prompts, images or video inputs.  

¶ Free plan available for personal, non-commercial use (no downloads). 
Paid Pro plan at 35 $/month (commercial rights, downloads available).  

¶ Enables rapid prototyping for virtual environments. Generated 
environment can be used as reference background for image and video 
generation models. 

¶ https://marble.worldlabs.ai/  
 
Hunyuan3D 

¶ Generate 3D models from text or image(s). Latest model 3.1 is available 
on online platform. The local 2.0 model has been released for free, but it 
canôt be used withing EU area due to licensing restrictions. 

¶ Basic free plan available. Plus plan at 19,9 $/month, Advanced at 39,9 
$/month. 

¶ 3D model generation has high computing resource demands. Online 
platforms that offer AI model content generation may collect information 
from the user. Not all platforms necessarily comply with EU GDPR rules. 
Keep in mind that the input data (images, videos) may be used for 
company business purposes. Users are responsible for using the service 
according to local law. Do not use the likeness of others or their artwork 
without their permission. 

¶ https://3d.hunyuanglobal.com/ 
 
3D AI Studio 

¶ Online 3D model generation service. Includes access to AI models such 
as Hunyuan 3D, Meshy and Tripo. 

¶ Some free generations. Paid Basic plan at 14 ú/month, Studio at 29 
ú/month. On paid plans, assets are private and customer owned. 

¶ The platform offers access to multiple 3D model generation models. SMEs 
can try out and compare the quality of different models. 

¶ https://www.3daistudio.com/  

5.6. Various  

Node-based and modular AI workflow systems allow users to combine multiple 
generative models within structured pipelines. These environments do not usually 
provide a single fixed output type, instead they function as orchestration layers 
where different images, 3D or multimodal models can be selected and configured. 
Because these systems can rely on third-party or community-developed models, 
licensing terms must be reviewed carefully. The interface software may be open 
source, while the underlying models can have separate restrictions. 

https://www.tripo3d.ai/
https://marble.worldlabs.ai/
https://3d.hunyuanglobal.com/
https://www.3daistudio.com/
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In practical workflows, these tools are primarily used for rapid ideation, asset 
variation, early-stage visualization and experimental prototyping. Outputs 
commonly require post-processing in professional software before production 
deployment. 
Local deployments require capable GPU hardware and technical setup but 
provide greater control over data and model selection. Cloud-based systems 
reduce hardware requirements but introduce subscription costs and 
dependencies to external infrastructure.   
While local, node-based systems offer unmatched creative control, they introduce 
unique security vulnerabilities. Since these platforms rely heavily on custom 
nodes and community-contributed extensions, users are at risk of executing 
malicious code. Unlike managed cloud services that sandbox processes, a local 
deployment typically has direct access to host PC file system and network. 
Organizations should implement strict environment isolation, such as Docker 
containers or virtual machines to mitigate the risk of data exfiltration or system 
compromise. 
 
ComfyUI 

¶ A node-based AI workflow builder. Used mainly for generative image tasks 
but supports also other model types. Allows users to build complex AI 
generation pipelines. Supports local and cloud-based setup, local 
workflow requires technical expertise to set up. 

¶ Free and open source for local use. Free Cloud plan available with some 
monthly credits. Paid Standard plan at 20 $/month, Creator at 35 $/month. 

¶ Windows/macOS/Linux. 

¶ Highly flexible for experimentation. It can run locally, so energy use is tied 
to hardware. Installer available for Windows and macOS. If SMEs local 
hardware is limited, cloud services can be used for more processing power 
and better generation speed. 

¶ https://www.comfy.org/  
 
SwarmUI 

¶ Modular AI image generation web user interface for running and managing 
AI models. Designed to simplify multi-model management without 
requiring node-based workflow. Supports local and server-based 
deployment. 

¶ Free and open source.  

¶ Windows/macOS/Linux. 

¶ Can be more accessible than node-based systems, reducing technical 
barriers for SMEs. Running locally shifts energy demand to local hardware. 
Needs powerful hardware. Software installation can be complicated. 

¶ https://github.com/mcmonkeyprojects/SwarmUI  
 
Flora 

¶ Node-based cloud AI generation tool for images, textures, videos, text, 
audio and upscales. Users can freely select the AI model that they want to 
use. Highly focused on enterprise applications. 

https://www.comfy.org/
https://github.com/mcmonkeyprojects/SwarmUI
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¶ Some free starter credits. Paid Starter plan at 20 $/month, Studio plan at 
60 $/month. Paid plans grant more credits for generations. Unlimited 
seats, so users only pay for generation, not headcount. 

¶ Enables rapid prototyping of digital assets, potentially reducing physical 
samples. 

¶ https://flora.ai/  
 
Freepik 

¶ A large repository and marketplace for stock images, vector graphics, 
videos, audio and designs. Has node-based AI generation editor with 
support for multiple simultaneous users. Allows generating multiple 
different assets from images and videos to audio and illustrations. 

¶ Some free AI image generations. Free access to graphics designer tool 
and stock assets. Attribution is required for free stock content commercial 
use. Paid Essential plan at 8 ú/month (attribution required), Premium at 16 
ú/month (no attribution required), Premium+ at 36 ú/month (some AI 
models with unlimited generations). Higher paid tiers give more generation 
credits and functionality. 

¶ Can reduce time to produce assets and lower design costs. 

¶ https://www.freepik.com/  
 
Google Genie 3 

¶ General-purpose world model. Users can generate an environment from 
text or image input. Users can explore the world with real-time movement 
control but canôt interact with the environment. Exploration time is limited 
to one minute. 

¶ Available to Google AI Ultra plan in US only (information from April 2026). 

¶ Realtime AI video generation is very energy intensive. Genie is an 
experimental research prototype and represents advances in AI 
technology. 

¶ https://deepmind.google/models/genie/  

5.7. Value and Sustainability  

AI content generation can support fashion and craft SMEs in writing, research, 
media creation, 3D experimentation and workflow automation. Its value depends 
on whether it strengthens human design work, product communication, customer 
understanding and business development, or does it replace craft knowledge or 
just produce generic content at speed. The sustainability effect is mixed. AI may 
reduce some physical sampling, outsourcing and repetitive work, but it also 
depends on energy-intensive data centers, hardware supply chains, platform 
subscriptions and uncertain copyright practices. For SMEs, responsible adoption 
requires human review, transparent communication, careful use of customer and 
design data, and realistic assessment of costs, skills and long-term dependency 
on AI platforms. 

https://flora.ai/
https://www.freepik.com/
https://deepmind.google/models/genie/
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5.7.1. Value 

For fashion and craft SMEs, the value question is not whether artificial intelligence 
is new, but whether it helps the business make products, services and 
communication more meaningful. AI tools can support writing, ideation, image 
production, video, audio, 3D asset and research tasks. They can lower the 
threshold for digital experimentation when the entrepreneur has limited time, 
technical skills or funding. In this role, AI works well as an assistant controlled by 
human judgement, not as an independent designer. AI outputs require human 
guidance and oversight before they become usable in business contexts. 
Text and agent tools can add practical value in everyday SME work. They can 
help draft product descriptions, customer messages, funding texts, sustainability 
statements and internal documentation. They may also support translation, 
summarisation and information search when the tool has access to reliable 
sources. For a small fashion or craft business, this can save time and reduce the 
need to outsource every communication task. Tools such as ChatGPT, Gemini, 
Copilot, Claude and Mistral show how text generation is moving from simple 
writing support toward agent-based workflows that can help plan, structure and 
automate tasks. 
In relation to garments and craft items, AI has value when it helps customers 
understand the product better. AI model can help prepare clearer care 
instructions, repair guidance, material explanations or product stories. This 
matters because many SME products contain labour, technique and material 
decisions that are not visible at first glance. If AI helps the entrepreneur 
communicate these qualities more clearly, it can support customer attachment 
and longer product use. The technology should be connected to the product 
relationship, not only to faster marketing output. 
Image generation and editing tools can support early visual exploration, textile 
pattern ideas, mood boards and campaign concepts. They can also make some 
editing tasks easier for SMEs that do not have advanced image-editing skills. 
Tools such as Adobe Firefly, Resleeve or the Krita AI Diffusion plugin can be 
used to test visual directions before arranging a photoshoot or producing 
samples. This can be useful in collection planning, brand communication and 
client discussions. AI images can be treated as sketches, references or 
communication aids. Care should be taken if AI imagery is used as proof of how 
a physical garment will look. There can be inconsistencies when generating AI 
images based on reference images. 
Video and audio generation can make small-scale media production more 
accessible. Short product presentations, narration, soundscapes and social 
media clips can be created without a full studio process. Tools such as Runway, 
Veo, ElevenLabs and Suno illustrate how AI is expanding from still images into 
moving image and sound. For fashion and craft SMEs, this may reduce 
production barriers for tutorials, care videos, craft process documentation and 
online campaigns. Audio transcription and speech generation can also help turn 
existing knowledge into different formats for customers, students or collaborators. 
AI-based 3D generation can support concept development, virtual environments 
and early product visualisation. Generated models usually need cleanup before 
professional use, but they can still help SMEs test spatial ideas more quickly. 
Tools such as Meshy and Tripo can be useful for early-stage 3D prototyping when 
the business does not yet have advanced modelling capacity. AI may also 
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support pattern and material experimentation, including the exploration of more 
efficient cutting layouts or visual comparisons of design alternatives. These uses 
can support better decisions before physical work begins. 
Local AI tools can add value through control. LM Studio, Jan.ai, ComfyUI and 
similar systems allow some models to run on the userôs own computer. This can 
be useful when working with sensitive product ideas, unpublished designs or 
customer-related material. Local tools can also reduce dependency on cloud 
platforms after setup. The barrier is technical difficulty. Local use requires suitable 
hardware, enough memory and knowledge of model installation. Quantized 
models can reduce memory requirements. 
AI-generated outputs can be fluent, visually polished and fast, while still being 
inaccurate, generic or legally uncertain. Human review is necessary because the 
tool may overstate benefits, simplify trade-offs or reproduce common phrases 
without real analysis. For fashion and craft SMEs, the value of AI depends on the 
entrepreneurôs ability to direct, evaluate and revise the output. Craft knowledge, 
material understanding and customer context remain central. 
The challenge side of AI begins with creative quality and customer trust. 
Customers may react negatively if fashion visuals, music, influencers or design 
stories feel synthetic, misleading or detached from real making. There is also a 
wider cultural concern that constant automated production may weaken 
appreciation for artistry. AI image and video systems can average visual features, 
repeat dominant aesthetics and produce similar lighting, poses or styling. This 
can make brand communication less distinctive. For fashion and craft SMEs 
whose value depends on authenticity, handwork and local identity, excessive AI 
use can weaken the qualities that make the business different. 
Copyright, attribution and permissions create further value risks. Some AI 
platforms have been trained on large quantities of public internet material, 
including copyrighted works, social media images and personal likenesses. 
Fashion and craft businesses should not copy the designs of others or generate 
celebrity content to promote products. Similar risks appear in audio and music 
generation, where legal disputes and licensing questions continue to affect the 
field. SMEs should check platform terms, usage rights and whether generated 
content can be used commercially, before building campaigns or product lines 
around it. 
Generated content may also create operational risk when it looks finished too 
early. AI fashion photoshoots can miss construction details, distort materials or 
show fit that the real garment cannot achieve. AI video can contain errors in 
movement, hands, fabric behaviour or product continuity. AI 3D assets may need 
mesh cleanup, retopology, UV mapping and material adjustment before 
production use. These issues can create extra work after the initial generation 
stage. For customer-facing use, the gap between generated image and physical 
product must be managed carefully. 
Cost and platform dependency are important for fashion and craft SMEôs value 
assessment. Many online AI tools use subscriptions and credit systems. A tool 
may seem affordable during testing but becomes expensive when used for video, 
high-resolution images, 3D assets or team workflows. Pricing, model access and 
commercial terms can also change. If a platform changes considerably or stops 
functioning, SMEs may have problems if workflows depend mainly on an online 
cloud service. 
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The wider AI market may become unstable in the future. Currently there are big 
investments in datacenters around the world. This has started to affect hardware 
computing pricing for consumers. It can be unclear what the real need and 
demand on AI is for consumers. A question remains, will there be returns for the 
big investments. Are the business models that are built around the AI 
infrastructure sustainable for the various corporations. 
Hardware cost is another value barrier. Local AI can reduce cloud dependency, 
but it often requires powerful GPUs, good amount of RAM and fast storage. AI 
infrastructure projects allocate large amounts of memory from chipmakers. This 
large demand increases consumer pricing and shows in higher costs for PCs and 
smartphones. These trends can affect home computing and small studios 
directly, especially when SMEs need computers for design, editing, 3D work and 
local AI. 
Market concentration affects the long-term value of AI adoption. The current AI 
economy depends heavily on a small number of chip, cloud and platform 
companies. For SMEs, this creates a practical risk rather than only a financial-
market issue. Tool availability, hardware pricing, cloud access and software 
ecosystems may be shaped by decisions made by a small group of large 
companies. 
A useful SME approach is to adopt AI where it strengthens existing business 
value instead of replacing it. AI can help prepare clearer product information, test 
visual ideas, support repair communication, create educational media and reduce 
routine writing work. It can also help small businesses compare design 
alternatives before committing resources. Strong business outcomes are likely to 
come from combining AI speed with human authorship, material knowledge and 
honest communication. In that role, AI can support fashion and craft SMEs in 
making products easier to understand, easier to care for and more meaningful to 
keep. 

5.7.2. Sustainability  

AI can support environmental sustainability when it improves planning before 
physical production begins. For fashion and craft SMEs, generative tools may 
help test campaign visuals, product descriptions, material narratives and early 3D 
concepts before samples, photoshoots or printed materials are produced. In 
some cases, AI-supported ideation can reduce unnecessary travel, repeated 
photography, outsourced mock-ups or physical trial pieces. This benefit is 
clearest when digital exploration replaces a resource-intensive task rather than 
adding more content work on top of existing processes.  
AI can also support more sustainable business models through better product 
information. Text tools can help prepare care guidance, repair instructions, 
translated customer communication and clearer explanations of materials or 
production methods. Image, audio and video tools can help SMEs turn this 
information into formats that customers are more likely to use. If customers 
understand how to wash, store, repair and value a product, the digital content can 
support longer use and reduce premature disposal. The sustainability 
contribution is then connected to product care and customer knowledge rather 
than to content generation itself. 
There is also value in decision support. AI tools can help structure business plans, 
compare communication options, summarize research and prepare funding or 
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development documents. For small fashion and craft companies, this can reduce 
administrative pressure and make sustainability work easier to document. AI may 
also support early exploration of lower-waste design approaches, such as testing 
pattern ideas or visualising alternatives before cutting fabric. AI search tools can 
analyse information from many sources and suggest additional reading materials 
on topics. These uses should remain connected to professional judgement, 
because AI does not understand material behaviour, production constraints or 
customer expectations in the same way as an experienced designer or maker. 
Local AI can have sustainability advantages in selected cases. Running models 
on the entrepreneurôs own computer may provide more control over unpublished 
designs, customer-related material and business data. It makes it possible to use 
local electricity choices, including renewable energy contracts, for generation 
work. Smaller and quantized models can reduce hardware memory needs, 
although some quality loss may occur. Open-source tools may also support 
learning and adaptation, especially when SMEs want to avoid full dependence on 
cloud platforms. 
AI may contribute to social and pedagogical sustainability when it supports 
learning. Text models can explain unfamiliar technical concepts, help compare 
software options and assist with coding or electronics-related tasks. Image and 
3D tools can help students and entrepreneurs test ideas that would otherwise 
require advanced software skills. For craft and fashion education, this can lower 
the threshold for experimentation. The pedagogical benefit is not automatic. It 
depends on whether the user learns from the process or only accepts the 
generated result. 
Creative and cultural sustainability can be supported when AI is used to 
document, explain and communicate human work. A small craft business can use 
AI to make process texts more readable, create subtitles for workshop videos or 
organise archive material. Fashion SMEs can use AI to prepare consistent 
product communication across languages and channels. These applications can 
make craft knowledge more visible without replacing the makerôs role. The 
cultural value remains in the human practice, while AI supports presentation and 
access. 
The environmental challenges of AI are substantial. Large models require energy 
during training and during everyday use. Image, video, audio and 3D generation 
can be especially demanding, and video generation usually requires more 
computation than still image generation. Online AI platforms run on large servers, 
while the energy sources behind those servers may not be disclosed. Mistralôs 
published lifecycle analysis of one large model found that training and inference 
caused most greenhouse gas emissions and water consumption during the 
modelôs assessed period, while server manufacturing, transport and end-of-life 
caused most material consumption. 
Data centre expansion also affects wider resource systems. AI infrastructure is a 
major driver of electricity, cooling and hardware demand. Data centers require 
large amounts of energy and water. This makes AI sustainability difficult to assess 
only at the level of the individual prompt. The visible interface may be simple, but 
the infrastructure behind it is large and material heavy. 
Hardware demand creates economic and environmental pressure beyond AI 
companies. Local AI use often requires GPUs, RAM and fast storage. Cloud AI 
also depends on servers, accelerators and high-bandwidth memory. Production 
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capacity is being shifted toward data center components. For consumers this can 
be seen in higher prices for PCs and smartphones. AI chips from companies such 
as Nvidia, AMD and Google require large amounts of RAM and high-bandwidth 
memory. Financial motivations of big corporations are not necessarily in the 
consumerôs side. This can create social sustainability issues as not every SME 
necessarily can afford computer hardware for AI content generation. As an effect, 
SMEs may gravitate towards cloud services, which in return can create financial 
troubles if costs are not managed carefully. 
The hardware pressure in the AI industry matters for fashion and craft SMEs. A 
business may need the same computer for design, photo editing, video work, 3D 
modelling and administration. If RAM, storage and GPU prices rise, the cost of 
digital creation increases even for companies that do not use AI models. It can 
also shorten practical hardware lifecycles if software developers assume that 
users will continually upgrade to more powerful AI-capable systems. Planned 
obsolescence, poor repairability and rising component costs can make digital 
sustainability harder for small firms. 
Economic sustainability is affected by platform instability. Many AI tools use 
monthly subscriptions, generation credits and changing access tiers. A workflow 
that is affordable during testing may become expensive when used for 
commercial video, large image batches or team production. The broader AI 
market is shaped by large investments and uncertain returns. For SMEs, the 
practical issue is not stock speculation itself, but the risk of relying on tools whose 
pricing, ownership or availability may change quickly. 
Market concentration adds another risk for economic sustainability. AI 
infrastructure depends heavily on a small group of chip suppliers, cloud providers 
and platform companies. When access to creative AI depends on a few 
companies, SMEs may have limited influence over terms, data practices, model 
availability or price changes. This can weaken the long-term resilience of small 
creative businesses. 
Social sustainability concerns include trust, authorship and responsibility. AI-
generated influencers, synthetic product images, fake videos and cloned voices 
can mislead customers if they are not clearly presented. Deepfakes and voice 
cloning can also be used for scams, identity misuse and reputational harm. Some 
platforms add watermarks or content credentials, such as Googleôs SynthID for 
AI-generated video, but technical labelling should not replace responsible 
communication by the business. Especially older generation of people may not 
understand which content is real and which is AI generated. 
Copyright and permission remain central sustainability issues for creative 
sectors. Many AI systems have been trained on large datasets containing public 
internet material, copyrighted works, personal images and cultural content. 
Music, film, image and design industries continue to debate whether such training 
is lawful or fair. Fashion and craft SMEs should avoid generating work that 
imitates living artists, uses celebrity likenesses, copies protected designs or 
creates misleading brand associations. Legal uncertainty can become an 
economic risk, but it is also a cultural issue because creative labour should not 
be treated as an unlimited raw material for automated systems. 
AI can also affect skills and human development. If young designers, students or 
entrepreneurs use AI to bypass drawing, writing, material testing or critical 
thinking, learning may become shallower. Fast generation can make it tempting 
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to accept the first polished output instead of developing a personal design 
process. AI-assisted writing can improve structure and speed, but it can also 
produce confident generalisations, repeated phrasing and hidden assumptions. 
Human editing is needed to keep the analysis grounded in the target group, the 
source material and the realities of fashion and craft work. 
Cultural sustainability may be weakened when AI content floods digital channels 
with similar aesthetics. Image and video systems can over-average faces, 
lighting, body forms and fashion styles. This may reduce visual diversity and 
make brands look more alike. There is also a risk that customers react against 
synthetic campaigns, especially when they value real garments, real music, real 
videos and visible human artistry.For SMEs, cultural value often depends on 
material authenticity and personal authorship. AI use should not hide the maker 
behind generic automated content. 
Many big corporations are pushing AI tools in their services and this may cause 
regular consumers to become overwhelmed or frustrated by the flood of AI. Social 
sustainability issues may rise such as addiction to content suggested by AI 
algorithms, the shaping of thought patterns in a narrow way, misuse for fraud or 
bullying, and generalizations made in AI content. Data collection from consumers 
is being done in a massive scale by big corporations and with the data, profiles 
of consumers can be made. Targeted advertisements may be fed to people 
based on their profiles. Fashion and craft SMEs should consider carefully the 
extent of AI tool and platform use of their business. What are the core values that 
the SMEs or entrepreneurs want to follow and how the use of AI is communicated 
to their customers.  
AI lifecycle assessment is still difficult. The environmental impact of a model 
depends on training, inference, hardware, electricity mix, cooling, data center 
location and model size. Public data is often incomplete, and methods are not yet 
standardised across the industry. This means SMEs should be cautious with 
precise sustainability claims about AI use. It is safer to describe concrete actions, 
such as reducing unnecessary sample rounds or using AI to prepare repair 
information, than to claim that AI content generation is automatically low-impact. 
A constructive sustainability role for AI is possible when the technology supports 
care, knowledge and better decisions. Fashion and craft SMEs can use it to 
explain product maintenance, prepare multilingual repair content, test ideas 
before physical production and make specialist information easier to understand. 
The positive direction is practical rather than spectacular. AI can assist 
sustainable fashion and craft work when it remains connected to human skill, 
transparent communication, responsible data use and products that customers 
are encouraged to keep.  

6. Additive Manufacturing and Textile Materials  

This chapter deals with additive manufacturing, which as a top-level term includes 
printed intelligence and 3D printing. In addition, the chapter takes a look at textile 
materials from the perspectives of sustainability, tradition and technology. 
Additive manufacturing technologies introduce new ways to design, prototype, 
and produce fashion and craft products by combining digital fabrication, material 
innovation, and traditional textile knowledge. For fashion and craft businesses in 
the culture and creative sector, these technologies can support experimentation, 
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customization, and more sustainable production models by building products 
layer by layer or enhancing textiles with digital functionality. 
3D printing, as part of additive manufacturing, enables the creation of physical 
objects directly from digital designs. In fashion and craft contexts, it is used to 
produce accessories, components, tools, molds, surface structures, and 
experimental garments. Understanding printing technologies, equipment, 
materials, software, and safety practices allows businesses to prototype 
effectively, reduce material waste, and avoid unnecessary production. 
Closely related is printed intelligence, where thin layer(s) of electronics, sensors, 
and conductive elements are printed or integrated into materials. Printed 
intelligence supports smart, responsive, and data-enabled products while 
keeping structures lightweight and material-efficient. 
Textile materials are central to fashion and garment design development. 
Designers can combine digital fabrication with traditional textile processes such 
as weaving, knitting, printing, and finishing. Part of the CRAFT-IT4SD project is 
to tap into the heritage and traditional knowledge of fabrics, surface techniques, 
and material treatments to reintroduce and explore old knowledge to create 
something new and sustainable. On a global scale, increased business, 
consumer and legislative attention is being given to recycled, bio-based, and 
mono-material textiles, as well as techniques and technologies that support 
repair, disassembly, and recycling. 
3D printing, printed intelligence, and carefully chosen textile materials enable 
localized production, customization, and circular design strategies. By integrating 
digital tools with material awareness, fashion and craft businesses can develop 
products that use fewer resources, last longer, and better support sustainable 
fashion industry development. 

6.1. Printed Intelligence (Electronics)  

Printed intelligence, also called printed electronics, is an additive manufacturing 
technology that allows creating electronic functionalities using traditional printing 
methods. Electronic properties are achieved by using functional inks instead of 
regular colored dyes. These special inks can conduct electricity or resist it, 
allowing a designer to print technology patterns onto materials. It is possible to 
print several layers of the inks and create more complex functionality. Usually 
printed electronics elements consist only of a few layers and the structures are 
not as thick as in 3D printing. Printing is often done on sheets or rolls of materials. 
Lightweight, thin, and flexible component creation is one of the main advantages 
that printed electronics enables. Printed electronics are used for example for 
sensors and electrodes as well as printed displays and even printed batteries 
across a wide range of applications and industry fields. (Valasma et al., 2026) 
For fashion and craft entrepreneurs, opportunity lies in the ability to use many 
kinds of materials (substrates) for printing surfaces. Plastic is the most common 
material used in printing. For fabrics, synthetic fibers are often the best choice 
because their fibers are close together. Screen printing works on multiple 
materials including plastics, glass, paper, textiles, metals and wood (Tuomaala 
et al., 2025). The success of printing depends on the surface structure and rigidity 
of the substrate as well as ink properties, machine settings and pattern design 
characteristics. Printing on metal requires a coating as the conductive material 
needs to be insulated. 
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For the fashion and craft sectors, printed intelligence technology means that 
instead of using rigid circuit board structures and tangled wires, electronic 
functional elements can be printed directly onto flexible materials. Through the 
possibilities of printed intelligence SMEs gain new ways of adding value to their 
products. The electronic printed parts can be separate design elements that are 
attached to existing clothing for sustainable maintenance or directly printed traces 
that are protected from wear and elements by adhesive films. 

6.1.1. Machinery  

The creation of printed electronics requires the use of specialized machinery and 
controlled environments. Ventilation of the space is important as there are fumes 
from the inks used. The print surfaces must be clean as small dust particles or 
hairs can break the electrical connections created in printing. Bigger factories or 
labs can do scaled production. Specific machinery and expertise to do printing 
process is needed and it is best to order the printing services from professional 
manufacturers. Oulu University of Applied Sciencesô PrinLab in Finland is an 
example of a high-quality laboratory space that does research and product 
development of printed intelligence. PrinLab is part of a large PrintoCent cluster 
(https://www.printocent.net/) that has international partners developing and 
exploring the field of printed intelligence. Another network is the oe-a (https://oe-
a.org/) that is an industry association for flexible and printed electronics. For 
fashion and craft entrepreneurs it is good to be in contact with local printing 
facilities or clusters, if available, or local unions for guidance in the printed 
electronics field. 
The main methods and machines for printed intelligence creation and prototyping 
are inkjet printers, dispensing machines and screen-printing machines. These 

FIGURE 11. SCREEN PRINTED CONDUCTIVE PATTERNS ON CLOTH.  

Source: Oulu University  of Applied Sciences . 

https://www.printocent.net/
https://oe-a.org/
https://oe-a.org/


TECHNOLOGY SCAN REPORT FOR THE SUSTAINABLE TRANSFORMATION DRIVEN BY THE 
CCSI 

 

105 
 
 

machines use for example conductive silver, copper and graphite inks. The colors 
of the standard inks are natural, and the choice of colors is limited. Insulating ink 
materials can commonly be in colors green, blue and white. 
Inkjet printing is a digital printing method used for printing conductive patterns. 
The machine uses digital designs for print patterns. A protective lamination layer 
can be added to the prints afterwards. Dispensing machine works in principal a 
similar way to inkjet printing, but the ink can be dispensed onto 3D surfaces. 
Screen-printing is a common technique in the textile industry for printing patterns 
on textiles. In printed electronics screen-printing, ink is pressed through a mesh 
to form patterns on materials such as plastic sheets or textiles. A pattern frame 
is ordered or created in-house for each design, and this requires some production 
time. There can be several conductive or isolation layers printed in separate 
passes. There are also roll-to-roll type screen-printing machines for producing 
prints in large quantities. 

After the printing is finished, the ink needs to be dried with heating. Temperatures 
should be kept as low as possible so that the ink dries, but the substrate tolerates 
the heat (Valasma et al., 2026). For example, some prints can be kept in 150 C 
for 15 minutes. It is best to consult the screen-printing experts of the labs on 
material choices and the drying temperatures for specific projects. 
Printed electronics machinery such as inkjet and dispensing machines that are 
digital and use digital design files are good for fast iterations and prototyping. The 
screen-printing machine requires pattern frames that can cost around 200-300 ú. 
These frames are long-lasting and can be used multiple times. Silver, graphite 
and piezoelectric inks cost around 500-1000 ú per jar depending on market 
prices. Work time is sometimes the most expensive part of the process. Screen-
printing machines require skilled staff to function and setup properly. Costs can 

FIGURE 12. EKRA E2 SEMI-AUTOMATIC SCREEN PRINTER MACHINE AT OAMKôS PRINLAB. 

Source: Oulu University  of Applied Sciences . 
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be for example 100 ú/hour. The printing process takes usually from 2 hours to 2 
days depending on the task. A full development project can take longer. There 
can also be separate consulting rates for the lab personnel. 

6.1.2. Printable Elements and Sensors  

Many kinds of electronic elements and sensors can be created with printed 
electronics. The intelligence in printed intelligence products comes from sensors 
providing data or readings and controllers and processors creating a response 
for the user or an action that is driven by input. Sensors allow a garment or craft 
item to respond to its surroundings or user input. For example, printed sensors 
can detect touch (pressure), movement, temperature, or moisture (Abedi et al., 
2026). This could allow a fashion or craft SME to create a jacket that monitors 
the wearer's heart rate or a smart LED element that changes its lighting when 
touched. 

Common use case for printed electronics is to print conductive patterns for 
electronic devices. The pattern traces can be very thin. Galvanic, capacitive and 
piezoelectric switches can also be printed. Organic LED lights, biosensors, 
single-use printed batteries, and colorimetric structures that change color 
automatically due to temperature changes are also examples of printable 
elements. 
There are limits in the resolution of the current printing devices. Due to this limit, 
full NFC tags and microcontrollers or chips canôt yet be printed. Usually, the chips 
are added to the design with adhesives or other means, and the hybrid end 
product partially utilizes printed intelligence. The antenna structure of an NFC tag 
can be printed, and the data chip needs to be attached separately. It is good to 

FIGURE 13. DISPENSING MACHINE CREATING A TRACE PATTERN . 

Source: Oulu University  of Applied Sciences . 
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consult companies or labs that specialize in printed intelligence for latest updates 
on the development and possibilities of the technology. 

6.1.3. Software Tools  

There are several graphic and 3D design tools that can be used for printed 
electronic designs. Computer Aided Design (CAD) software is used for designing 
components precisely. E-textiles, computer devices and programming software 
are introduced in Chapter 4 of this report document. Printed electronic labs and 
manufacturing facilities may have licenses for professional software in use and 
entrepreneurs can ask for guidance on design software choices and required file 
formats for printing devices. For screen-printing, a high-resolution precise PDF 
file of the design can be sufficient. For inkjet printing, a bitmap image file of the 
design is often needed. 
 
Adobe Illustrator 

¶ Long established vector graphics creation software. Can be used to draw 
patterns for electronic circuits. AI vector generation functionality with 
Adobe Firefly. 

¶ Paid. Individuals 27,41 ú/month per application (one year contract), 
Creative Cloud Pro 82,25 ú/month, Business subscription 33,49 ú/month 
per application, Business Cloud Pro at 86,55 ú/month. 

¶ Windows/macOS. 

¶ Active subscription is needed to continue using the software.  

¶ https://www.adobe.com/products/illustrator.html  
 

FIGURE 14. SCREEN-PRINTED BIOSENSORS. 

Source: Oulu University  of Applied Sciences . 

https://www.adobe.com/products/illustrator.html
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CorelDRAW 

¶ Vector graphic design, page layout and image editing software.  

¶ Perpetual license Essential 130 ú (Windows only), Standard 355 ú 
(Windows only), Graphics Suite 779 ú. Subscription Go (online only) 115 
ú/year, Graphics Suite 369 ú/year. 

¶ Windows/macOS/Web browser. 

¶ Known for vector editing and may be intuitive for new users. 

¶ https://www.coreldraw.com/en/  
 
Adobe Photoshop 

¶ 2D drawing, painting and image editing software. Has layered editing. 

¶ Paid. Individuals 27,41 ú/month per application (one year contract), 
Creative Cloud Pro 82,25 ú/month, Business subscription 33,49 ú/month 
per application, Business Cloud Pro at 86,55 ú/month. 

¶ Windows/macOS. 

¶ The software has a learning curve. 

¶ https://www.adobe.com/products/photoshop.html#  
 
SOLIDWORKS 

¶ CAD software for product design and development. Incorporates AI design 
assistants. 

¶ Paid. Design Standard plan at 2820 $/year (desktop), xDesign Online plan 
2 400 $/year (browser). 

¶ Windows/macOS/Web browser. 

¶ CAD software can have a steep learning curve for users without prior 
experience. Sometimes it can be a valid option to order the required 
designs from professional designers. 

¶ https://www.solidworks.com/ 
 
Autodesk AutoCAD 

¶ Professional CAD software. Includes Autodesk AI assistant for guidance. 

¶ Paid. Subscription plan at 273 ú/month, 2203 ú/year. 

¶ Windows/macOS/Web browser. 

¶ The subscription costs of professional CAD software can be high for 
fashion and craft SMEs. 

¶ https://www.autodesk.com/products/autocad/overview  
 
Siemens PADS 

¶ Professional software for designing PCBs for electronics. 

¶ Paid. PADS Pro Essentials plan at 1144 ú/year, Xpedition Standard plan 
at 3 434 ú/year. 

¶ Windows/Linux. 

¶ PCB design is a complex field of expertise. AI search tools and online 
documentation of software can help with starting the design process. 

¶ https://www.siemens.com/en-us/products/pcb/xpedition/ 
 
 
 

https://www.coreldraw.com/en/
https://www.adobe.com/products/photoshop.html
https://www.solidworks.com/
https://www.autodesk.com/products/autocad/overview
https://www.siemens.com/en-us/products/pcb/xpedition/
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Autodesk Fusion 360 

¶ Professional CAD software. Supports electronic computer-aided design 
(ECAD) that is used in designing electronic structures and mechanical 
computer-aided design (MCAD) that is used in creating mechanical 
systems. 

¶ Free for education and limited personal non-commercial use. Subscription 
at 91 ú/month, or 714 ú/year. There are separate subscription plans for 
manufacturing and design fields with additional functionality. 

¶ Windows/macOS/Web browser. 

¶ Highly versatile for SMEs. Has a learning curve.  

¶ https://www.autodesk.com/solutions/ecad-and-mcad-software  

6.1.4. Sustainability  

Sustainability can be a key advantage of printed intelligence for fashion and craft 
SMEs. Creating electronics with traditional subtractive manufacturing is often 
resource-intensive and the removal of material produces waste. Printed 
intelligence uses additive manufacturing, which means ink is only applied where 
it is needed, reducing material waste (Valasma et al., 2026). 
Careful consideration is needed for material, ink and manufacturing method 
choices. Recyclability and durability of printed electronics that are integrated into 
clothing is a challenge. Washing and stretching of electronics can damage the 
functionality. There is continued research on the topic of recyclability and 
sustainability of smart textiles and printed intelligence. Biodegradable conductive 
inks are being developed as well as water-based inks that use carbon materials 
such as graphite. Standard Polyethylene terephthalate (PET) plastic material for 
printing has functioning recycling systems in place. Bio-based substrate materials 
such as Bio-PET and Polyalactic Acid (PLA) can be used as a surface for printing. 
(Valasma et al., 2026) 
While printed intelligence offers exciting possibilities for the fashion and craft 
sectors, moving from traditional clothing production methods to smart clothing 
production can involve hurdles. For SMEs there can be challenges in 
technological limitations, electronics design experience, financial investment, and 
the complexities of sustainability. One barrier for craft entrepreneurs is the shift 
in mindset from visual design to functional design. In traditional crafts, a print is 
successful if it looks good. In printed intelligence, the print must also work 
electrically. Designing circuits and electronic devices requires an understanding 
of how electricity flows and how electronics are controlled via software and code. 
There are also resolution limits in the printing technology. Not everything can be 
printed yet. In addition, one challenge is that not all fabric is suitable for printing. 
This can be mitigated by modular designs that keep the electrical components on 
their own substrates. Financial barriers for a small fashion business exist as the 
initial setup cost can be significant and product creation cycle becomes longer. 
One sustainability consideration is that the resource extraction of silver and 
copper for inks via mining has an environmental impact. A major challenge for e-
textiles is recycling. Once electronic ink is printed onto a textile, it may be difficult 
to separate the metal from the fabric at the end of the garment's life. It is good to 
see that there is an active industry and research effort to advance the 

https://www.autodesk.com/solutions/ecad-and-mcad-software
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sustainability of printed intelligence and make it more known as an alternative to 
traditional manufacturing methods.   
Smart textiles can be designed to include Digital Product Passport (DPP) data. 
This can be in the form of an NFC tag that stores information about the garmentôs 
origin, materials, and how it should be recycled at the end of its life. This data 
helps the customers maintain and recycle their smart textiles in a sustainable 
way. To ensure these products last, printed electronics can be protected with thin 

coatings or films that make them more durable. Modular designs with removable 
electrical elements is an effective way to make e-textiles more sustainable. It is 
important that clothing designers consider environmental and health impacts of a 
product from the very first design sketch, ensuring that the technology added to 
a garment does not prevent it from being eco-friendly and safe for use. E-textiles 
can bring more value to the clothing items via electronic functionality, and this 
may help customers hold on to their clothing longer. European printing facilities 
also allow for local, on-demand production, which reduces the carbon footprint of 
shipping mass-produced electronics from overseas and helps in self-sufficiency 
efforts in the current world economic and political situations. 
By courageously adopting and trying out printed electronics, fashion and craft 
SMEs can create innovative, high-value products that are both technologically 
advanced and environmentally responsible. 

6.2. 3D Printing  

3D printing technologies used in SMEs and small production environments are 
dominated by two main approaches: Fused Deposition Modeling (FDM) and 
resin-based printing, such as Stereolithography (SLA). These technologies differ 
significantly in terms of materials, print quality, speed, post-processing 

FIGURE 15. PRINTED INTELLIGENCE TRACE PATTERN  VIEWED WITH MICROSCOPE. 

Source: Oulu University  of Applied Sciences . 
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requirements and operational costs. FDM printing uses thermoplastic filaments 
extruded through a heated nozzle and is well suited for functional parts, 
prototyping and larger components. Resin printing relies on photopolymer resins 
cured by light, offering higher surface quality and detail, but they require more 
complex handling and post-processing. 
Modern desktop 3D printers increasingly support features such as 
interchangeable nozzles, automated material systems (AMS) and multi-material 
printing. These capabilities allow users to switch between materials, colors, or 
nozzle sizes with minimal manual intervention. This improves workflow efficiency 
and enables more complex prints. For fashion and craft SMEs, the choice of 
technology and machinery depends on intended applications, required precision, 
budget constraints and sustainability considerations related to material use, 
energy consumption and waste management. 

Fab labs and makerspaces play an important role in lowering the entry barrier to 
3D printing for SMEs, startups and creative practitioners. These shared 
fabrication environments often provide access to FDM and resin printers, along 
with technical support and training, allowing users to prototype and test ideas 
without investing in their own equipment. In many cases, machine use is free or 
offered at a very low cost, with users paying only for consumed materials such 
as filament or resin. This model makes fab labs a practical and sustainable 
gateway to additive manufacturing for SMEs.  

FIGURE 16. 3D PRINTING IN PROGRESS. 

Source: TUIASI. 
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6.2.1. Technology  and Machinery  

3D printing is done with specialized equipment. There are several manufacturers 
producing 3D printing machinery. 
 
Ultimaker 

¶ A professional desktop FDM 3D printing platform. Widely used for 
prototyping and small-batch production. 

¶ Mid-range pricing, typically in the 3000 ú - 7000 ú range. 

¶ Long service life and stable ecosystem. 

¶ www.ultimaker.com  
 
Formslabs 

¶ A professional resin (SLA) 3D printing platform. Offers high surface quality 
and dimensional accuracy. 

¶ Mid- to high-range pricing, typically in the 3500 ú - 10000 ú range. 

¶ Resin management practices play a big role in environmental impact. 

¶ www.formlabs.com  
 
Prusa 

¶ An open-source-oriented desktop FDM 3D printer. Manufacturer is known 
for reliability, transparency and strong community support. 

¶ Lower range pricing, typically in the 700 ú - 2300 ú range, depending on 
the model and configuration. 

¶ Highly accessible for SMEs and small studios. Supports recycled and bio-
based filaments, aligning well with sustainability-driven experimentation. 

¶ https://www.prusa3d.com/  
 
Bambu Lab 

¶ A high-speed desktop FDM 3D printing platform with advanced automation 
and multi-material capabilities. 

¶ Lower-range pricing, typically 300 ú - 2400 ú range depending on the 
model. 

¶ Very efficient for rapid iteration and small-scale production. More closed 
ecosystem than Prusa, which may limit long-term flexibility and usability. 
May include software usage limitations. 

¶ https://bambulab.com/en-us  
 
Elegoo 

¶ Desktop FDM and resin printers, widely used by hobbyists and small 
studios. 

¶ Low-cost pricing, generally under 500 ú for many models. 

¶ Resin management practices play a big role in environmental impact. 

¶ https://www.elegoo.com/  

6.2.2. Materials  and Safety  

3D printing materials and supporting hardware play a critical role in determining 
print quality, functionality and overall workflow. The two most common material 

http://www.ultimaker.com/
http://www.formlabs.com/
https://www.prusa3d.com/
https://bambulab.com/en-us
https://www.elegoo.com/
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categories used in desktop additive manufacturing are filaments for FDM printing 
and resins for resin-based printing. Each material type has distinct handling 
requirements, material properties and sustainability implications. 
Filaments are thermoplastic materials supplied in spools and are melted during 
the printing process. Common filament types include PLA, PETG, ABS, TPU and 
various recycled or bio-based materials. Filaments are generally easy to store 
and handle. FDM printers can also be upgraded with additional hardware such 
as hardened nozzles, enclosure systems or AMS units to support different 
materials or to improve print reliability. 
Resins are liquid photopolymers used in SLA and other resin-based printers. 
They enable high-detail and smooth-surface prints but require careful handling 
due to their chemical nature. Resin printing typically involves additional 
equipment, including washing and curing chambers, to clean and fully harden 
printed parts after printing. These post-processing steps add complexity, space 
requirements and material waste considerations compared to FDM workflows. 
Both FDM and resin-based 3D printing can pose breathing and air-quality risks if 
used without proper precautions, although the severity differs between the two 
technologies. FDM printing releases ultrafine particles and volatile organic 
compounds when thermoplastic filaments are heated, with emissions varying by 
material. PLA generally produces fewer emissions, while ABS, Nylon and other 
composite filaments can release higher levels of potentially irritating substances. 
Resin printing presents a higher inhalation risk due to fumes from liquid 
photopolymer resins and uncured parts, particularly during printing, washing and 
curing stages. Inadequately ventilated environments can increase the risk of 
respiratory irritation or sensitization. To mitigate these risks, adequate ventilation, 
enclosed printers with filtration and appropriate workspace safety practices are 
essential, especially for resin-based workflows. 

6.2.3. 3D Printing  Software Tools  

Software tools used in 3D printing workflows can be broadly divided into two main 
categories: tools for creating digital models, and tools for preparing those models 
for printing. Together, these tools form the digital pipeline from design to physical 
object. 
Model creation tools are used to design the three-dimensional geometry of 
objects. These tools follow different design approaches, including script-based 
modeling, parametric design and traditional 3D modeling. CAD software is often 
used for precise modeling tasks. Each approach supports different use cases, 
ranging from precise, repeatable functional components to more organic and 
visually driven designs. The choice of modeling method depends on factors such 
as required precision, complexity and the intended application. 
Once a digital model is created, it must be processed using slicer software before 
it can be printed. Slicers convert 3D models into machine-readable instructions 
for a specific 3D printer. Most printer manufacturers provide their own free slicer 
software optimized for their hardware, while generic slicers such as OrcaSlicer 
and SuperSlicer offer broader compatibility and more advanced control over 
printing parameters. Selecting appropriate modeling and slicing tools is essential 
for achieving reliable print quality, efficient material use and reproducible results. 
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OpenSCAD 

¶ A script-based, open-source 3D modeling tool where objects are defined 
using code rather than direct manipulation. 

¶ Free and open source. 

¶ Windows/macOS/Linux. 

¶ Good for parametric and repeatable designs such as fasteners, modular 
components and tooling. Requires programming mindset, less suitable for 
organic or aesthetic models. 

¶ https://openscad.org/  
 
Onshape 

¶ A cloud-native, professional CAD platform. Offers parametric modeling 
and real-time collaboration via a web browser. 

¶ Free for non-commercial use. Paid Standard plan at 1 410 ú/user/year for 
commercial use.  

¶ Windows/macOS/Linux/Phone. 

¶ Strong collaboration features. Dependent on cloud services. 

¶ https://www.onshape.com/en/ 
 
Autodesk Fusion 360 

¶ Professional CAD software combining parametric design, simulation and 
manufacturing preparation. 

¶ Free for education and limited personal non-commercial use. Subscription 
at 91 ú/month, or 714 ú/year. 

¶ Windows/macOS/Web browser. 

¶ Highly versatile for SMEs. Suitable for designing accessories, molds and 
production tooling. 

¶ https://www.autodesk.com/products/fusion-360/overview  
 
Blender 

¶ Open-source 3D creation suite, supports models, sculpting, animation and 
rendering. Exporting in a format that is suitable for 3D printing is possible. 

¶ Free and open source. 

¶ Windows/macOS/Linux. 

¶ Strong for organic shapes, visualization and creative exploration. Less 
precise than CAD tools for manufacturing critical components, but useful 
for concept design. 

¶ https://www.blender.org/ 
 
FreeCAD 

¶ Free software for CAD modeling. Can be used for example for product 
design, engineering and architecture modeling. 

¶ Free and open source. 

¶ Windows/macOS/Linux. 

¶ Has a learning curve. Open source community support and tutorial content 
is available online. 

¶ https://www.freecad.org/   

https://openscad.org/
https://www.onshape.com/en/
https://www.autodesk.com/products/fusion-360/overview
https://www.blender.org/
https://www.freecad.org/
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6.2.4. Sustainability  

Additive manufacturing offers several sustainability benefits compared to 
traditional subtractive manufacturing. By building object layer by layer, 3D printing 
enables efficient material use, supports on-demand and local production and 
reduces the need for tooling, transport and large inventories. For fashion and craft 
SMEs, additive manufacturing can lower material consumption during 
prototyping, enable rapid iteration without producing physical waste from molds 
or tooling and support digital-first design workflows. 
At the same time, specific sustainability challenges must be considered. 
Automatic Material Systems (AMS) used in multi-material or multi-color FDM 
printing can increase material waste, as filament purging is required when 
switching materials or colors. This leads to additional plastic waste, particularly 
during frequent material changes or short print runs, and should be managed 
through optimized print planning or recycling where possible.  
Resin printing raises notable environmental concerns due to the use of liquid 
photopolymer resins, which are typically petroleum-based, chemically reactive 
and difficult to recycle. Unused or contaminated resin, cleaning solvents and 
support structures contribute to hazardous waste streams that require careful 
disposal. Energy consumption during post-processing, including washing and UV 
curing further increases the environmental footprint of resin-based workflows. 
FDM printing is generally considered more environmentally manageable, 
especially when using PLA or recycled filaments. However, it still generates 
plastic waste through failed prints, support structures and purging material, also 
energy-consumption can be significant during long print jobs. The environmental 
impact of FDM depends strongly on material choice, printer efficiency and waste 
management practices.  

6.3. Textile Materials  

In the following subchapters, different materials suitable for clothing and 
accessories are discussed. In addition, topics addressed are fabric materials 
including some newïold examples, additive manufacturing integration, virtual 
clothing simulation, textile techniques as well as recycling and sustainability of 
textile materials. Many of the CRAFT-IT4SD projectôs pilots conducted textile 
experiments and technology integrations. More information about the CRAFT-
IT4SD projectôs pilots can be found in Chapter 7. 

6.3.1. Fabric  Materials  and Technology  Developments  

There are several different kinds of digital technologies that can be used in 
conjunction with traditional garment materials. Interesting use cases are digital 
twins and prototypes of garments. Clothing design software such as CLO can be 
used to design clothing items digitally. The designs can be previewed in 3D space 
and alterations to designs can be made fast. Digital prototypes can cut fabric 
waste, save development time, and costs creating a positive environmental 
impact. Fit and comfort of clothing can be tested digitally on 3D avatars before 
any physical products are made. 3D body scanning can be used to scan different 
kinds of bodies for use in simulation software to create more body-conscious 
designs with the help of digital versions of garments. Digital samples and fit data 
can be shared easily, reducing shipping needs. There are digitized versions of 
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real cloth materials available, and the garment design software can use these for 
realistic visuals and physics simulation. Clothing design software examples are 
found in Chapter 2.1. Some resources for digitized textiles are presented in 
Chapter 2.7. The Romanian and Danish pilots of the CRAFT-IT4SD project used 
garment design software in designing clothing, visualizing virtually and testing 
fitment and comfort digitally. 
A significant technological topic with regard to fashion and craft is the use of AI. 
It is possible to visualize the entire fashion collection on realistic looking AI 
generated human models. This can help with ideating and planning runway 
shows. AI can be used for textile pattern generation and inspiration. The Danish 
pilot of CRAFT-IT4SD used Adobe Illustrator software to generate patterns 
influenced by older designs and motifs. The digital patterns can then be printed 
onto garments. It is important not to use the likeness of people or style of other 
designers without permission. AI can be a positive inspiration for designs, but the 
results need to be edited, and the human craft element added to create unique 
work.  

Textiles can be woven with electronic loom technologies. This opens up 
possibilities for complex patterns and designs as well as experimentation. Digital 
looms can transmit the essence of traditional techniques and combine it with the 
field of digital creation.   
One important aspect of fabrics is the material origin data, care information, and 
recycling instructions. This additional content can be presented online with the 
help of NFC tags. NFC tags can be encoded with a link to digital content. An 
example of a content gateway is the Open Connector Platform presented in 
Chapter 7.1. On the Open Connector Platform, fashion and craft SMEs can create 
links to additional content. This can help with compliance with the upcoming EUôs 
Digital Product Passport regulations. 

FIGURE 17. DRESS IN CLO SOFTWARE. CRAFT-IT4SD PROJECTôS ROMANIAN PILOT.  

Source: Video by TUIASI. Screenshot by Oulu University of Applied Sciences . 
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There are growing developments in biomaterials and experimental alternative 
materials for garments. One example of experimental materials is the use of old 

coffee packets for creating garments with the traditional basket weaving 
technique. Modified coffee packet material was used successfully to create dance 
and music performance clothing in the CRAFT-IT4SD projectôs Finnish pilot. More 
on this in Chapter 7. 
Alternative biomaterials for garment creation have gained increasing attention as 
the textile industry seeks to reduce its environmental impact and dependence on 
non-renewable resources. These materials are derived from renewable biological 
sources and are often designed to be biodegradable, compostable, or produced 
with lower water, energy, and chemical inputs than conventional fibers such as 
polyester or conventional cotton. In the CRAFT-IT4SD projectôs Finnish and 

FIGURE 19. BIOMATERIAL EXPERIMENTS.  CRAFT-IT4SD PROJECTôS DANISH PILOT. 

Source: VIA University College.  

FIGURE 18. TANNED FISH SKIN.  CRAFT-IT4SD PROJECTôS FINNISH PILOT. 

Source: Oulu Universit y of Applied Sciences . 
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Danish pilots biomaterials were a point of interest. The Finnish pilot created 
clothing accessories from fish skin by tanning. The Danish pilot created casein-
based (milk protein) drapable materials and experimented with natural dyeing 
with food waste such as onion skins and avocados. Casein is typically sourced 
from surplus or waste milk that is unsuitable for human consumption. Through 
chemical processing, casein is transformed into a spinnable fiber that can be 
used in textiles. Although early casein fibers required chemical treatments that 
raised environmental concerns, modern developments aim to improve their 
sustainability by reducing chemical inputs and using renewable processing 
methods. Biomaterials such as casein still face issues related to durability and 
consistency, but there is interest in developing the manufacturing techniques 
further. The use of casein exemplifies how industrial by-products can be 
converted into valuable textile materials, thereby supporting circular material 
flows.  
Plant-based biomaterials such as hemp, flax (linen), and bamboo are established 
alternatives in garment production. In addition to these traditional fibers, 
innovative materials are being developed from agricultural by-products, such as 
pineapple leaf fibers, banana fibers, and citrus waste-derived textiles. These 
approaches contribute to waste valorization by utilizing residues from existing 
industries and reducing reliance on virgin raw materials.  
Another rapidly developing area is bio-fabricated materials derived from 
microorganisms, including fungi and bacteria. Mycelium-based materials, grown 
from fungal networks, can be engineered into leather-like textiles. Similarly, 
bacterial cellulose can be cultivated to form flexible and strong sheet-like 
materials suitable for textile applications. By shifting from extractive production 
models to regenerative and bio-based systems, biomaterials represent a 
promising pathway toward a more sustainable textile sector.  
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3D printing is nowadays a remarkably easy and inexpensive option for integrating 
technology onto the surface of various materials. The acquisition of printers has 
increased significantly, and even private individuals can purchase one for home 

use. In addition, there are makerspaces and workshop activities where users can 
reserve access to 3D printers. 
There is also a wide variety of filament materials suitable for printing. The range 
of colors is enormous, as is the selection of different materials. Currently, the 
most popular and user-friendly material is likely PLA. The material is very 
inexpensive, durable, and can be shaped at relatively low temperatures. 
Furthermore, PLA is biodegradable when it is produced from corn. 
Another material of interest for the clothing and textile industry is TPU. TPU is a 
flexible, rubber-like thermoplastic polyurethane. Due to its rubber-like properties, 
TPU appears to be better suited than many other printing materials for printing 
onto fabrics, especially in cases where the base material needs to remain flexible. 
This leads to the challenges of 3D printing on fabric. One of the desired properties 
of modern clothing is elasticity and flexibility in all directions. In the past, flexible 
garments and accessories were created using techniques such as crocheting, 
knitting, or weaving. Today, the manual stages of fabric production are largely 
carried out mechanically, often through weaving, 3D printing, or direct 
thermoforming of various fibers. These processes can produce very lightweight 
and flexible textile materials.  
A major challenge with different printing materials is the lack of flexibility and 
elasticity relative to the base fabric. This issue becomes particularly significant 
when printed intelligence (electronics) material is expected to conduct electricity. 

FIGURE 20. 3D PRINTED SHAPES ON GARMENT ELEMENTS.  CRAFT-IT4SD PROJECTôS 
ROMANIAN PILOT.  

Source: TUIASI. 
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In the Spring of 2025, the CRAFT-IT4SD projectôs Finnish pilot tested conductive 
printing inks at PrinLab in Oulu on various potential textile materials. The more 
porous, uneven, or flexible the materials were, the less durable the print remained 

as a continuous structure, which in turn reduced its ability to conduct electricity.  
FIGURE 22 illustrates an uneven surface material. The material is paper intended 
for watercolor painting. It is visibly uneven to the naked eye. Although 
aesthetically interesting, the original purpose of the print was not achieved 
sufficiently well. In addition, in all applications involving conductive materials, it is 

FIGURE 21. 3D PRINTED GOLD COLOR ELEMENTS INTEGRATED TO A DRESS. CRAFT-IT4SD 
PROJECTôS ROMANIAN PILOT. 

Source: TUIASI. 

FIGURE 22. CONDUCTIVE PRINTS ON UNEVEN SURFACE. 

Source: Oulu University of Applied Sciences . 
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important to consider the temperatures at which the materials will be used. Large 
temperature variations often affect material durability, electrical conductivity, and 
the reliability of performance in given conditions. FIGURE 23 shows a 
microscopic view of a conductive material printed onto a porous surface. Only 
through microscopic imaging was it possible to understand why the electrical 
conductivity was poor and inconsistent. Another challenge is the adhesion of the 
print to the base material, particularly when raised (thicker) textures and visual 
impact are desired. More on printed intelligence can be found in subchapter 6.1. 

When electrical conductivity is not the primary goal, the desirable properties of 
base materials differ significantly, even in the opposite direction. Good base 
garment materials for 3D printing onto include those with porosity or small holes, 
such as tulle, mesh, gauze fabrics, and various lace-type fabrics. 
3D printing can be used to produce entire objects or parts of objects. When 
designing printable additions for a surface material, it is important to consider the 
final form of the garment made from the base material already at the design 
stage. The final shape of garments is usually achieved by sewing together 
multiple pieces.  
A 3D printable design is typically planned so that a larger surface consists of 
many smaller printed elements. These smaller elements are printed onto the 
fabric before the garment pieces are sewn together using a conventional sewing 
machine. Between the pattern sections, areas without 3D print are left between 
the smaller elements. This allows the base material to retain some flexibility, 
enabling the finished garment to better conform to the body. 
 
Here are some technological advancements in textile materials: 
 
 

FIGURE 23. MICROSCOPIC VIEW OF PRINTED INTELLIGENCE ON POROUS SURFACE. 

Source: Oulu University of Applied Sciences.  



TECHNOLOGY SCAN REPORT FOR THE SUSTAINABLE TRANSFORMATION DRIVEN BY THE 
CCSI 

 

122 
 
 

RecoverÊ 

¶ Spanish recycled-cotton producer that turns post-industrial, pre-consumer 
and post-consumer textile waste into recycled cotton fibre and fibre 
blends. 

¶ Public per-kg pricing is not available. 

¶ Practical for SMEs because it is closer to commercial availability than 
many chemical-recycling technologies. Strong for cotton-heavy products, 
denim, jersey, fleece and basics. Environmental claims include lower 
water and carbon impacts. 

¶ https://recoverfiber.com/  
 
Colorifix 

¶ Biological textile dyeing using engineered microbes. Colorifix is a UK 
biotechnology company producing textile colour through fermentation.  It 
identifies pigment genes from nature, engineers microbes to make 
pigments, then applies the microbe/pigment broth in standard dyeing 
equipment. 

¶ No public pricing available. 

¶ Relevant to SMEs through suppliers who already work with Colorifix. It can 
be used with existing dyeing machinery, which reduces infrastructure 
barriers for mills. Has high sustainability relevance because dyeing is 
water-, energy- and chemical-intensive. Colorifix claims reduced water 
and energy use as well as no petrochemical dye production. 

¶ https://www.colorifix.com/  
 
Brightplus 

¶ Bio-based, recyclable textile coatings. Brightplus is an Oulu-based Finnish 
green chemistry company developing BrightBio® technology, a renewable 
side-stream biomaterial coating for textiles. Company offers also 
bioplastics products for 3D printing and injection molding. The 3D printer 
filaments are made from renewable materials (90-100% biobased) and are 
colored with natural colorants. 

¶ No public price list available. 

¶ Useful for SMEs developing outdoor clothing, interior textiles or fibre 
treatments where conventional coatings may block recycling. BrightBio® 
is positioned as PFAS-free, waterless and compatible with existing 
production lines. Offers value where waterproof finishing is needed without 
fossil-based coatings. Recyclable coatings are important because 
coatings often make textiles difficult to recycle. Bioplastic filaments are a 
sustainable option for 3D printing elements. 

¶ https://brightplus.com/  
 
Circ 

¶ Cotton/polyester blend recycling via hydrothermal technology. Circ is 
developing polycotton recycling technology that recovers both polyester 
and cellulosic components from blended cotton/polyester textiles. 

¶ No public pricing available. 

https://recoverfiber.com/
https://www.colorifix.com/
https://brightplus.com/
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¶ Highly relevant for cotton/polyester blends, which are one of the hardest 
mainstream garment categories to recycle. Circôs technology separates 
polyester and cotton without destroying either component. 

¶ https://www.circ.earth/  
 
Worn Again Technologies 

¶ Chemical recycling of polycotton, dyes and elastane-containing streams. 
In 2026 Worn Again Technologies started up Textile-to-Fibre Accelerator 
plant in Switzerland, to recover polyester and cellulose from end-of-life 
textiles. 

¶ No public price listed. Technology is being piloted. 

¶ Particularly relevant because its multi-solvent approach is reported to 
handle dyes and elastane, which are major barriers in traditional recycling. 
Possible future option for mixed textile waste streams. 

¶ https://wornagain.co.uk/  
 
Infinited Fiber 

¶ Cotton-like fibre from cellulose-rich textile waste. Finnish Infinited Fiber 
company develops InfinnaÊ, a cotton-like fibre made from textile waste 
and other cellulose-rich materials. Its Kemi factory projectôs environmental 
permit process has entered statutory appeal phase. 

¶ No public fibre price listed. 

¶ Useful for SMEs if sourced as fabric/yarn through partners. It can be used 
alone or blended and is designed for fashion and home textiles. Infinited 
Fibre claims that their process can handle blended fabrics that contain 
materials such as polyester and elastane if about 88% of the total is cotton. 
Has strong circular-material story for cotton-like products, but scale and 
availability remain key watchpoints until commercial capacity expands. 

¶ https://infinitedfiber.com/  
 
Circulose 

¶ Recycled cotton textile pulp that replaces virgin wood pulp used to produce 
man-made cellulosic fibers (MMCF). A Swedish company producing 
Circulose®, formed after Renewcellôs bankruptcy and acquisition. Plans to 
restart commercial-scale production at its plant in Sweden, in 2026. 

¶ No public pulp price available. 

¶ Converts high-cellulose textile waste into dissolving pulp for viscose, 
lyocell and other MMCF. Important development because it is a 
commercial-scale textile-to-textile facility, but Renewcellôs bankruptcy 
shows that demand commitments, price and supply-chain coordination are 
risks. 

¶ https://www.circulose.com/   
 
Technological innovation in textiles is moving in several parallel directions. Digital 
design and prototyping reduce waste before production begins. 3D printing and 
smart surface applications open new possibilities for functional and expressive 
garments. Biomaterials, recycled fibres, biological dyeing and recyclable coatings 
offer alternatives to resource-intensive conventional materials. 

https://www.circ.earth/
https://wornagain.co.uk/
https://infinitedfiber.com/
https://www.circulose.com/
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Material behaviour cannot be assumed in advance: adhesion, flexibility, 
conductivity, durability, colour absorption and scalability all depend on the 
specific combination of fibre, surface, process and end use. The most promising 
path may not be a single technology, but a material-conscious approach in which 
digital tools, local experimentation, circular material flows and practical testing 
are combined. 

6.3.2. Craft  Technique s 

In this section, information on selected crafting techniques are presented: fish 
skin tanning, basket weaving from coffee packet materials, and macramé. These 
techniques were used in the CRAFT-IT4SD projectôs Finnish pilot. 3D printing 
was used in CRAFT-IT4SD projectôs Romanian pilot. 3D printing workflow for 
printing onto textile panels is presented in Subchapter 7.5.3.  
Fish skin tanning  was selected in the CRAFT-IT4SD projectôs Finnish first pilot 
iteration as a way to explore traditional material knowledge through a practical, 
hands-on process. Fish skin strongly supports the CRAFT-IT4SD projectôs 
sustainability and circular economy goals. It is a by-product of the food industry, 
meaning that material which might otherwise be treated as surplus or waste can 
be given new, higher-value use. The choice was also timely as fish skin is 
currently making a comeback in Finland and elsewhere. This can be seen, for 
example, in educational courses and among CCSI actors who are already 
exploring and using fish skin as a material. For these reasons, fish skin was 
considered a relevant, sustainable, and culturally interesting material for the 
Finnish 1st pilot iteration. 

FIGURE 24. FISH SKIN TANNING. 

Source: Oulu University of Applied Sciences.  
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After comparing different historical tanning methods, the team chose fat tanning 
instead of vegetable tanning because it was more suitable for the available time, 
materials and working conditions. The process used simple ingredients: cleaned 
fish skins were treated with a mixture of egg yolk, cooking oil and neutral soap, 
then dried flat to reduce curling. Salmon skins were found to be especially 
practical because of their larger size and easier handling, while burbot skins were 
easier to tan but less pleasant to process. 
The work required only basic tools and locally available materials. Fish skins were 
sourced from a local supermarket, where staff were supportive because they 

were already familiar with similar craft-based projects. Instead of preserving the 
skins with salt, they were stored in a freezer until use. The equipment was minimal 
and accessible, including a repurposed metal scraper for cleaning, rubber gloves 
and household buckets. Although there were initial concerns about carrying out 
the process in institutional facilities due to possible mess or smell, these concerns 
proved unnecessary in practice.  
The most demanding part of the process was drying and softening the skins, as 
they easily became stiff and curled during handling. Even so, the final fish leather 
was suitable for decorative costume elements, showing how a food industry by-
product can be transformed into a usable textile-related material. The pilot also 
included an educational layer: each costume was fitted with an NFC tag linking 
to a game about using different fish parts and tanning surplus fish skin at home. 
This connected traditional craft, sustainability and digital interaction, making the 
material process visible and accessible to a wider audience. 
 
 

FIGURE 25. ACCESSORY ELEMENT CREATED FROM FISH SKIN.  

Source: Oulu University of Applied Sciences.  
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From Fish to Wonder Game 
https://oamkmetaverse.com/CRAFT-IT4SD/Pilot1/Build/index.html 
 
During the CRAFT-IT4SD projectôs Finnish pilot, various methods were tested for 
sourcing and using free materials to create garments for an artist, combining the 
artistôs costume with elements of folk tradition. The cheapest, easiest, and most 
suitable solution for micro-producers (individuals and small entrepreneurs) was 
surprisingly found in the outer material of coffee packaging . In Finland, coffee 
is packaged in airtight, brick-like packs. The material has two different sides. The 
outer side is printed with designs and text specific to each coffee brand, often 
visually appealing in their own right. The inner side is almost always silver-colored 
and coated with a thin plastic layer. This packaging material has an excellent 
property: like many plastics, it can be shaped at relatively low temperatures using 
a standard household iron. The coffee packet material can be used to create 
costumes with traditional basket weaving technique. This requires processing of 
the material before weaving. 

1. To make straps, you need an iron, an ironing board, and baking paper. 
The baking paper protects the plastic material from sticking to the iron and 
the board. Baking paper proved to be the best option because it withstands 
high temperatures, is inexpensive, and can be used for heat and electricity 
production in waste management factories. 

2. The packaging materials are first prepared by opening their seams, 
washing the surfaces thoroughly, and drying them. Then, strips of the 
desired width are cut from the packages. 

3. The strips are then heated with an iron to form narrower ñstripsò 
approximately 1ï3 cm wide. These strips aim to imitate the long wooden 
splints used in traditional basket weaving. From here on out, they are 
referred to as splints. 

https://oamkmetaverse.com/CRAFT-IT4SD/Pilot1/Build/index.html
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4. The splints are made by folding the strips so that the silver surfaces are 
facing each other during ironing. Note that only the silver sides bond 
together when heat is applied. FIGURE 26 shows strips (splints) folded 
and ironed from coffee packaging material.  

5. The ironing temperature should be set to a level suitable for linen. The 
purpose is to fuse the plastics together through melting. The joints 
achieved excellent tensile strength as long as the temperature was 
sufficiently high. The material is also durable and can be washed with 
various detergents. Additionally, the packaging plastic withstands cold 
climates and rain exposure without damage. 

FIGURE 27 shows a plain weave structure used in splint basketry. Plain weave 
is one of the oldest methods in the world for weaving and binding cords, strips, 
threads, or materials such as willow branches into a durable structure. 

FIGURE 26. STRIPS (SPLINTS) MADE FROM COFFEE PACKAGING MATERIAL.  

Source: Oulu University of Applied Sciences.  
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What makes this coffee packaging material particularly valuable is that it can be 
obtained free of charge by collecting and requesting it. Any leftover material can 
be recycled 100% with other plastics. Processing requires only a few tools, and 
expensive sewing machines are not needed at all.  

Macramé  is a textile-making technique based on knotting rather than weaving, 
knitting or sewing. It is created by tying cords, threads or yarns into repeated 
decorative and structural knots, often using materials such as cotton rope, linen, 
hemp, jute or synthetic cord. The technique can produce both flat and three-
dimensional surfaces, depending on the thickness of the material, the density of 
the knots and the chosen pattern. Common basic knots include the square knot, 
half knot, spiral knot and larkôs head knot, which can be combined to create 
fringes, geometric patterns, open mesh structures and textured surfaces. In the 
CRAFT-IT4SD projectôs Finnish 1st pilot iteration, macramé was used to make 
skirts and dresses out of old fishing nets. 
Macramé is used in both decorative and functional objects, including wall 
hangings, plant hangers, bags, belts, jewelry, curtains and clothing details. Its 
visual character comes from the rhythm of repeated knots, the contrast between 
tight and open areas, and the natural drape of the cord. For material choices, 
softer cords create flowing and flexible results, while stiffer or thicker cords 
produce more sculptural and durable forms. Because the technique requires few 

FIGURE 27. SPLINT BASKETRY  UTILIZING COFFEE PACKET MATERIAL.  

Source: Oulu University of Applied Sciences.  
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tools, often only cord, scissors and a support frame or structure, it is accessible 
for small-scale craft work, experimentation and contemporary textile design.  

6.3.3. Recycling  and Sustainability  

The textile industry is one of the most resource-intensive sectors in the world, 
and it has significant environmental and social impacts. The production, use, and 
disposal of textiles contribute to excessive water consumption, greenhouse gas 
emissions, chemical pollution, and growing amounts of waste. Because of these 
challenges, recycling and sustainability have become central themes in 
transforming the textile system into a more circular and environmentally 
responsible model. Several technological advancements in textile recycling are 
introduced in Subchapter 6.3.1. 
Sustainability in textiles means reducing negative environmental, social, and 
economic impacts throughout the entire lifecycle of textile products. This includes 
the sourcing of raw materials, manufacturing, distribution, use, and end-of-life 
management. Environmental sustainability focuses on reducing resource 
consumption, emissions, and waste. Social sustainability means ensuring fair 
labour practices and safe working conditions. Economic sustainability supports 
viable business models that help the textile industry change in the long term. 
A sustainable textile system gives priority to durability, repairability, reuse, and 
recycling. This means moving away from the traditional linear model of ñtake, 
make, use, and disposeò and towards a circular model where materials and 
products remain in use for as long as possible. 
There are several challenges in managing textile waste. Many garments are 
made from blended fibres, which makes recycling more difficult. Dyes, finishes, 

FIGURE 28. TOP ELEMENT MADE FROM USED FISHING NETS WITH MACRAMÉ TECHNIQUE. 

Source: Oulu University of Applied Sciences.  
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coatings, and mixed materials can also contaminate textile waste streams and 
complicate processing. In addition, many regions still lack sufficient infrastructure 
for collecting, sorting, and processing used textiles. Economic barriers are also 
important, because recycling processes can be more expensive than producing 
new materials. 
A significant technological challenge in textile recycling remains the treatment of 
blended fabrics, especially combinations such as cotton/polyester and fibres 
containing elastane. While mono-material textiles can often be processed 
through established mechanical recycling methods, blended materials usually 
require more advanced approaches, including chemical separation, selective 
dissolution, depolymerisation or enzymatic treatment. Recent developments 
suggest that these technologies are progressing from research toward 
demonstration scale, but their wider adoption still depends on reliable sorting, 
consistent feedstock quality and economic feasibility. 
Elastane remains particularly difficult because even small amounts can interfere 
with conventional recycling processes, causing technical problems during 
shredding and fibre recovery. Emerging solutions focus on detecting, separating 
or removing elastane before or during recycling, as well as designing textiles that 
are easier to recycle at end-of-life. Enzymatic and chemical recycling methods 
are becoming more relevant for synthetic fibres, indicating a broader shift toward 
recycling systems capable of recovering value from complex textile waste 
streams rather than only from clean, single-fibre materials. 
A way to support circular economy in the textile sector is to keep materials in use 
for as long as possible, reduce waste, and minimise the need for new resource 
extraction. In practice, this means designing garments and textile products to be 
durable, timeless, repairable, reusable, and recyclable. It also means using 
materials and components that can be separated or recycled more easily at the 
end of the productôs life. 
Traceability of textile materials is also an important aspect. Recycling blended 
fabrics depends on knowing the fibre composition of textile products. Traceability 
and compliance platforms, such as Trace for Good, Retraced, and Ympact, are 
examples of the emerging services that support more effective textile recycling. 
Design for longevity is an important part of circular textiles. Products should be 
made to last both physically and aesthetically. Design for recyclability is also 
essential, because recycling systems can work better when products are made 
from mono-materials or from components that can be easily separated. Reuse 
and repair can extend the lifespan of textile products through second-hand 
markets, repair services, and new business models. Efficient recycling also 
depends on better collection, sorting, and processing systems. 
As an example, longer lasting and more sustainable usage and consumption 
lifecycles for performance costumes can be envisioned. Already at the design 
stage, it is worth considering how the lifecycle of a garment could be extended 
and how its use could be broadened. During pattern making, one can consider 
how easy or difficult it is to enlarge, reduce, repair, or modify parts of the garment. 
Garment ensembles, in this case performance costumes, should be designed 
and constructed from parts toward a whole. For example, a dress can be easily 
converted into a skirt and a top, and vice versa. This is important when 
considering that competition outfits are often worn only for a short season, 
typically one competition cycle. It is also known that selling performance outfits in 



TECHNOLOGY SCAN REPORT FOR THE SUSTAINABLE TRANSFORMATION DRIVEN BY THE 
CCSI 

 

131 
 
 

separate parts can often yield better financial returns. The same applies to 
performing artists who commission custom-made outfits. 
The concept of modularity is also realized when small businesses or communities 
ensure the availability of additional materials. This refers to situations where a 
clothing ensemble is designed and produced in small batches, for example, for 
clubs, competitions, or performing groups. In this approach, sourcing materials 
becomes central. When a user gives up a garment, or it becomes too large or too 
small, or part of it breaks, it could even be beneficial to require that the same 
base material remains available for a certain period of time for alterations and 
repairs. This could serve as an incentive, for example, for sports clubs in terms 
of funding savings. Additionally, more garments from the materials could be 
produced for new athletes and participants in need. Such practices should be part 
of organizational strategies aimed at minimizing environmental impact through 
more sustainable choices. 
The EU has active efforts to steer businesses toward sustainable practices. The 
transition toward a circular textile economy is strongly supported by EU policy 
frameworks. The European Green Deal, set an overarching goal of achieving 
climate neutrality by 2050 and emphasizes resource efficiency and waste 
reduction (European Commission, n.d.-f). ñA new plan for Europeôs sustainable 
prosperity and competitivenessò is the European Commissionôs new priority 
framework for strengthening Europeôs economy by making business easier, 
accelerating green and digital transitions, supporting clean industry, circularity, 
innovation, AI, investment, skills, and the single market (European Commission, 
n.d.-a). 
The EUôs upcoming Circular Economy Act aims to support the transition to a 
cleaner and more competitive circular economy, where products and materials 
are kept in use for as long as possible, while reducing waste and resource use. 
It seeks to establish a Single Market for secondary raw materials, increase the 
supply of high-quality recycled materials, and stimulate demand for these 
materials within the EU (European Commission, n.d.-c). The EU Strategy for 
Sustainable and Circular Textiles provides targeted measures for the textile 
sector. It aims to ensure that by 2030, textile products placed on the EU market 
are durable, repairable, recyclable, and largely made from recycled fibers 
(European Commission, n.d.-d). The strategy also encourages circular business 
models and seeks to reduce the environmental footprint of textile production.  
Sustainable materials and production practices complement recycling efforts. 
The use of renewable fibers such as organic cotton and hemp, as well as recycled 
fibers derived from both plastic and textile waste, contributes to reducing 
environmental impacts. Advances in water- and energy-efficient technologies, 
along with the adoption of less harmful chemicals, further improve sustainability 
outcomes. In addition, digital tools such as product passports and traceability 
systems are increasingly being implemented to enhance transparency and 
support circular supply chains. 
The CRAFT-IT4SD projectôs Spanish pilot led by MODACC has released two 
guide documents for fashion and craft SMEs on sustainability topics. 
ñUnboxing Sustainable Fashionò deals with topics of ecodesign, decarbonization, 
and green claims: 
https://craft-it4sd.eu/craft-it4sd-supports-smes-with-new-eu-fashion-regulation-
guide-developed-by-modacc/ 

https://craft-it4sd.eu/craft-it4sd-supports-smes-with-new-eu-fashion-regulation-guide-developed-by-modacc/
https://craft-it4sd.eu/craft-it4sd-supports-smes-with-new-eu-fashion-regulation-guide-developed-by-modacc/
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ñCatalan Fashion Companies with Sustainable Business Modelsò offers 
examples of various sustainable business models already in use in the industry 
and presents 19 companies that implement sustainability in their business 
practices: 
https://www.modacc.cat/news/modacc-publishes-a-guide-of-Catalan-fashion-
companies-with-sustainable-business-models/  
Consumers also play a significant role in promoting sustainability and preventing 
overconsumption. Behavioral changes, such as purchasing fewer and higher-
quality garments, extending product lifespans through repair and reuse, and 
participating in recycling programs, can reduce environmental impacts. 
Consumer awareness and access to reliable information are therefore critical to 
driving demand for sustainable products and encouraging responsible 
consumption patterns. 
Despite ongoing progress, several challenges remain. These include the need to 
scale up advanced recycling technologies, improve infrastructure for collection 
and sorting, and ensure economic viability for recycled materials. Furthermore, 
achieving systemic change requires coordination and responsible actions by 
policymakers, industry stakeholders, and consumers. Financial support or 
incentives for recycling efforts could be a way to make circular economy business 
models viable for a larger amount of stakeholders. Strong regulatory frameworks, 
such as those established by the EU, are essential in creating the conditions for 
a sustainable and circular textile system. 
The abundance and accessibility of used clothing have created new markets. 
These markets are an excellent way to reduce disposable consumption. In the 
EU, numerous second-hand purchasing events are organized, commonly 
referred to as ñhandpick daysò. These wholesale markets involve buying used 
clothing and accessories in bales and by weight. The best, most marketable, or 
stylistically distinctive items, such as vintage clothing from different eras, are 
resold. It should also be noted that the higher the quality of garments and 
accessories produced initially, the better they withstand time and wear. Moreover, 
these materials can form the basis of a sustainable and valuable economy built 
on the idea that one personôs waste is another personôs treasure. 
For craft and fashion SMEs, a high impact design choice is to create garments 
that future recycling systems can accept. This means using clear fibre labels, 
reducing the number of fibre blends, designing removable trims, avoiding 
unnecessary coatings, and limiting elastane unless it is functionally necessary. 
In conclusion, recycling and sustainability are fundamental to addressing the 
environmental challenges of the textile industry. The transition toward a circular 
economy is supported by technological innovation and comprehensive policy 
initiatives. Continued efforts are needed to overcome existing barriers and ensure 
that sustainability becomes the standard rather than the exception in the textile 
sector. 

6.4. Value and Sustainability  

Product value is closely linked to how materials are formed, modified, repaired 
and documented across the lifecycle of a garment or craft item. Printed 
intelligence can introduce functional textile surfaces, while 3D printing can 
support 3D form prototypes, customized parts and small production runs. Textile 
material choices, including recycled fibres, biomaterials and traditional craft-

https://www.modacc.cat/news/modacc-publishes-a-guide-of-Catalan-fashion-companies-with-sustainable-business-models/
https://www.modacc.cat/news/modacc-publishes-a-guide-of-Catalan-fashion-companies-with-sustainable-business-models/
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based reuse, influence both customer appreciation and end-of-life possibilities. 
For fashion and craft SMEs, these technologies offer potential value when they 
make products more durable, adaptable, or locally producible. Sustainability 
assessment should consider material efficiency, safe processing, energy use, 
recyclability, repair options and whether the chosen technology supports 
responsible production at a scale the SMEs can manage. 

6.4.1. Value 

Additive manufacturing and textile material development can increase the value 
of garments and craft products by making them more adaptable, more distinctive 
or more closely connected to the userôs needs. Printed intelligence, 3D printing 
and material innovation allow SMEs to move beyond standard surface decoration 
and toward products with functional, structural or narrative qualities. A garment 
may include printed conductive elements, a 3D printed detail, a locally sourced 
biomaterial, or a modular construction that makes alteration easier. These 
features can help customers understand that the item is not a disposable product, 
but a designed object with technical, material and craft value. 
Printed intelligence can add value when electronic functions are made thinner, 
lighter and more flexible than conventional circuit-based solutions. Conductive 
inks, printed sensors, switches and antenna structures can be used to create 
responsive textile surfaces without adding rigid boards or visible wiring in the 
same way as traditional electronics. For fashion and craft SMEs, this opens 
possibilities for stage garments, interactive accessories, smart surfaces, 
educational prototypes and limited-edition products. The technology can also 
support repair-oriented thinking when printed electronic parts are produced as 
separate elements that can be attached to existing garments or protected with 
adhesive films. 
The customer value of printed intelligence depends on whether the function is 
understandable and useful. A touch-sensitive lighting detail, a temperature-
responsive surface or a printed sensor can make a product more memorable 
when it fits the product concept. These technologies may also strengthen the 
perceived quality of a garment if they are integrated with care and do not disturb 
comfort, washability or appearance. For SMEs, the value is often in specialized 
applications rather than mass-market production. Performance clothing, 
exhibition pieces, craft-based installations and research-driven collaborations 
can justify higher development effort when the technical feature supports the 
story and use of the product. 
3D printing can add value through fast prototyping, customization and small-
batch production. SMEs can produce accessories, garment components, molds, 
tools, surface structures and experimental forms directly from digital models. This 
reduces the need for external tooling in early development and allows designers 
to test several versions before committing to a final product. Makerspaces and 
fab labs are important in this context because they give small businesses access 
to machines, support and training without requiring immediate equipment 
investment. 
In textile and fashion products, 3D printing is valuable when it supports form, fit, 
function or visual identity. Printed elements can be integrated onto garment 
panels before sewing, allowing designers to create raised surfaces, decorative 
structures or flexible modular details. Materials such as PLA can be accessible 
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and inexpensive for early experiments, while TPU can be more suitable when 
flexibility is needed on textile surfaces. The value for customers can come from 
uniqueness, repairable components, visible experimentation and made-to-order 
details that are difficult to achieve with standard production methods. 
Textile material choices are central to value creation because they affect 
durability, care, comfort, cultural meaning and end-of-life options. Recycled 
fibres, bio-based materials, biological dyeing and recyclable coatings can help 
SMEs create products with a clearer material story. CRAFT-IT4SD projectôs pilot 
experiments with fish skin tanning, coffee packet basket weaving and macramé 
from used fishing nets show how surplus materials and traditional techniques can 
be turned into distinctive products. These approaches can make the material 
origin visible and give customers a reason to value the item beyond trend or price. 
Digital tools linked to textile development also support value. Virtual garment 
simulation can help test fit, comfort and fabric behaviour before production. Digital 
material libraries and 3D avatars can improve design decisions and reduce 
uncertainty. NFC-linked material data, care information and recycling instructions 
can extend the product relationship after purchase. These linked functions are 
relevant for SMEs because they can communicate the work behind a product, 
support better care and prepare businesses for increasing policy requirements 
around product information and traceability. 
Sustainable business models can be strengthened when additive manufacturing 
and material knowledge support services around the product. Local production, 
repair, alteration, spare parts, modular garment systems, small-batch production 
and product customization can all create value without depending only on high-
volume sales. Performance costumes offer a clear example. If a garment is 
designed as parts that can be enlarged, reduced, repaired or converted into 
another form, it can serve more users and remain economically useful for longer. 
Pedagogical value is also important. Printed intelligence introduces designers to 
functional thinking, where a printed surface must work electrically as well as 
visually. 3D printing teaches the relationship between digital models, material 
behaviour, slicing parameters and physical results. Textile material experiments 
connect craft knowledge with contemporary sustainability questions. These 
learning processes can deepen connections and communication between SMEs, 
labs, manufacturers, customers and education partners. 
The main value barriers include cost, expertise and production complexity. 
Printed intelligence requires specialized machinery, controlled spaces, ventilation 
and skilled operators. For many SMEs, owning this machinery is not realistic, so 
collaboration with laboratories or professional manufacturers is necessary. 
Screen-printing frames, functional inks and expert labour can make projects 
expensive. The design process also takes longer because the printed pattern 
must function as an electrical system, not only as a visual surface. 
3D printing has its own limitations. FDM printing is accessible, but surface quality, 
print time and material flexibility may limit garment applications. Resin printing 
can produce high detail, but it adds chemical handling and post-processing. 
Printed elements may not stretch in the same way as the base fabric, which can 
affect comfort and durability. When printing directly onto textiles, adhesion 
depends strongly on the fabric surface, porosity and final garment construction. 
These practical details determine whether the technology adds value or creates 
a fragile decoration. 
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Material innovation also needs careful assessment. Biomaterials, recycled fibres 
and new coating technologies may carry strong sustainability and storytelling 
value, but availability, consistency, durability and price can limit adoption. Some 
recycling technologies are still developing or operating at pilot scale. SMEs 
should avoid building a product promise on materials that are not reliably 
available. The practical route may be to test small collections, collaborate with 
suppliers and document material performance before scaling. 
Additive manufacturing and textile material innovation can support fashion and 
craft SMEs when they are connected to clear product value. A printed sensor, a 
3D printed element or recycled material should make the item more useful, more 
repairable, more personal or more meaningful. SMEs and entrepreneurs can 
strive to combine digital fabrication with material intelligence, local 
experimentation and craft-based quality. This can help create products that 
customers recognise as worth maintaining and keeping. 

6.4.2. Sustainability  

Additive manufacturing can support environmental sustainability by reducing 
material waste during prototyping and small-scale production. Printed intelligence 
applies functional ink only where needed, which can be more material-efficient 
than subtractive electronics manufacturing. 3D printing builds objects layer by 
layer and can reduce the need for molds, tooling and large inventories. For 
fashion and craft SMEs, these advantages are relevant when production is local, 
demand-led and connected to actual product needs. 
Printed intelligence may also support lighter and more material-efficient smart 
products. Thin printed structures can replace some heavier electronic 
assemblies, and printed sensors or conductive traces can be designed for 
specific functions. Local European printing facilities can reduce dependence on 
long-distance supply chains for some electronic elements. Digital Product 
Passport data can be connected to smart textiles through NFC, helping users 
access information about origin, care and end-of-life handling. 
3D printing can contribute to more sustainable workflows when used for repair 
parts, replacement components, tooling and small production runs. It allows a 
business to produce only what is needed and to keep digital files instead of 
physical stock. FDM printing with PLA, recycled filaments or bio-based materials 
can be more manageable than resin-based workflows in many small workshop 
settings. Printer access through fab labs and makerspaces can also reduce 
unnecessary equipment purchases and support shared use of machinery. 
Textile material development has a direct role in circular fashion. Recycled cotton, 
cellulose-based textile-to-textile fibres, polycotton recycling, biological dyeing and 
recyclable coatings all respond to known problems in textile production. 
Traditional and local craft techniques can also support sustainability when they 
transform surplus materials into valuable products. Fish skin from the food 
industry and coffee packaging material in the CRAFT-IT4SD projectôs Finnish 
pilot are examples of material streams that can be redirected into garments or 
accessories through craft knowledge, on a small scale. 
Design choices made by SMEs strongly affect whether textile products can be 
repaired, reused or recycled. Durable construction, clear fibre information, 
removable trims and modular garment parts can support longer lifecycles. Mono-
material design can make recycling easier, while repair services and alteration-
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friendly patterns can extend use. Digital tools, traceability platforms and product 
passports can help communicate this information across the product lifecycle. 
European policy development gives additional sustainability relevance to these 
choices. The EUôs Strategy for Sustainable and Circular Textiles aims for textile 
products placed on the EU market to be more durable, repairable, recyclable and 
increasingly made from recycled fibres by 2030. For SMEs, this means that 
material documentation, circular design and end-of-life planning are becoming 
practical business requirements, not only voluntary sustainability measures. 
The environmental challenges of printed intelligence are connected to materials, 
durability and end-of-life separation. Conductive inks may contain silver, copper 
or other materials with mining impacts. Once electronic ink is printed onto a 
textile, separating the metal content from the fabric can be difficult. Washing, 
stretching and repeated wear may damage printed circuits. If the smart function 
fails early or prevents recycling, the sustainability benefit is reduced. 
Printing processes also require controlled environments and energy. Ink drying 
can involve heat treatment, and ventilation is needed because functional inks may 
release fumes. Substrate choice is important because not all textiles tolerate the 
required process conditions. Some fabric surfaces are too porous, uneven or 
flexible for reliable conductive printing. Modular designs can reduce these risks 
by keeping electronic elements on separate substrates that can be removed, 
repaired or replaced. 
3D printing produces its own waste streams. Failed prints, support structures and 
purging material from multi-material systems can create additional plastic waste. 
Automatic material systems can increase waste when colours or materials are 
changed frequently. Long print jobs also consume electricity. FDM printing may 
be easier to manage environmentally than resin printing, but its impact still 
depends on material choice, printer efficiency and waste handling. 
Resin printing raises stronger safety and disposal concerns. Liquid photopolymer 
resins are chemically reactive and often petroleum-based. Uncured resin, 
contaminated cleaning liquids and support material require careful handling and 
disposal. Washing and UV curing add post-processing steps, equipment needs 
and energy use. For SMEs without suitable ventilation, protective equipment and 
waste procedures, resin printing may not be an appropriate first choice. 
Textile recycling remains partly difficult because many garments are made from 
blended fibres. Cotton-polyester blends, elastane, dyes, finishes and coatings 
can interfere with recycling processes. Advanced recycling methods are 
developing, but they still depend on reliable sorting, consistent feedstock and 
economic feasibility. Recycling can also be more expensive than producing virgin 
materials, which creates barriers for circular business models for SMEs with 
limited funds. 
Material innovation should not be treated as automatically sustainable. 
Biomaterials may still have durability, processing or scalability challenges. 
Recycled fibres may depend on limited supply chains and quality consistency. 
Coatings can improve performance but may also make recycling harder if they 
are not designed for circularity. SMEs need to ask whether a material performs 
well during use and whether it has a realistic end-of-life route. 
Economic sustainability is an important constraint. Printed intelligence can 
require specialist labour and laboratory access. Professional 3D printers and 
CAD software can be costly. Textile recycling and advanced material sourcing 
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may require supplier relationships that small firms do not yet have. These costs 
can be justified when they support durable products, repair services or small-
batch value. SMEs should take care that the technologies are applied with a clear 
production and service model so that they do not become a burden. 
Social and cultural sustainability are linked to skills, knowledge and local 
production. Additive manufacturing should not replace craft knowledge, but it can 
extend it. Traditional techniques such as fish skin tanning, basket weaving and 
macramé show that sustainability can come from material intelligence as much 
as from advanced machinery. When digital fabrication is combined with local 
skills and clear material stories, it can support cultural continuity and new forms 
of creative work. 
A responsible sustainability approach begins at the design stage. Fashion and 
craft SMEs should consider how the product will be used, repaired, cleaned, 
modified and eventually recycled. This can affect the manufacturing methods and 
materials. Printed electronics, 3D printing and textile innovation can all support 
more sustainable fashion and craft when they are used with durability, relevance 
and lifecycle in mind. This gives small businesses a way to connect 
experimentation with long-term environmental and cultural value. 

7. CRAFT-IT4SD Technology of the Pilots  

The CRAFTȤIT4SD projectôs pilots demonstrate how technology, craftsmanship, 
and cultural heritage can work together to support the green transition in the 
fashion and craft industries of the CCSI. Across four pilot sites (Romania, Finland, 
Spain, Denmark) and three iterative development cycles per pilot, the project 
explores how traditional knowledge and emerging digital technologies can be 
combined to create sustainable, customerȤdriven, and scalable creative 
practices. In addition, guidance and measures are created for fashion and craft 
SMEs to adapt European legislation, directives and product requirements. Each 
of the CRAFT-IT4SD pilot iterations can build upon the findings of the previous 
rounds and also explore new directions for research, creativity and sustainability. 
Building on Europeôs rich craft traditions, the pilots enable designers, artisans, 
SMEs, researchers, students, public authorities, and consumers to collaborate. 
Technologies are not introduced as isolated tools, but as part of a broader 
ecosystem approach, iterating the use of the technologies during the pilots. The 
pilot sites test solutions in realȤworld contexts, allowing insights, data, and 
methods to be shared openly, giving the opportunity for the CCSI to benefit from 
the results. 
The pilot topics and technologies reflect the diversity of sustainability 
opportunities and challenges within fashion, textiles, and crafts. At 
TUIASI/REGINNOVA Romania, additive manufacturing and 3D printing for 
sustainable crafted capsule collections is explored. At Oamk, Finland, garment 
prototypes and examples of sustainable production methods are developed by 
merging traditional craft practices with emerging technologies and innovative 
material use. The Finnish pilots combine performing arts, textile tradition and 
digital technologies to a sustainable mix of art and tech. At MODACC, Spain, the 
focus is on digital, legal, and sustainability frameworks that help micro companies 
and SMEs adapt to new European regulations such as ecodesign requirements 
and digital product passports. At VIA University College, Denmark, craft and 
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cultural heritage are combined with digital technologies for sustainability in 
garment design and consumer approaches. Experimentation, prototyping, and 
consumer centered digital tools support circular garment design, mass 
customisation, and new production models. Material driven design, 3D garment 
design, body scanning, and biometric measures takes place in the Denmark pilot 
iterations. 
Across all pilots, technology is used as an enabler rather than a driver. The goal 
is to support the revitalisation of craft practices, extending product lifecycles, 
reducing overproduction, and strengthening transparency and trust across the 
fashion and craft industries. Through repeated pilot iterations, CRAFTȤIT4SD 
generates practical knowledge, skills, and evidence that contribute to a 
CCSIȤdriven green transition, with the ambition to scale impact across Europe. 
This chapter introduces the designs created in the pilots and the technologies 
used in the productions. In addition, an update on the Open Connector Platform 
for additional clothing value creation is given. The chapter also shares some 
workflow examples of using various technologies from the pilot iterations. 
In the following chapters terms such as first, second and third pilot are used and 
these refer to the pilot iteration rounds. For example, using the term 3rd Finnish 
pilot means the third pilot iteration round at the pilot location in Finland. 
Occasionally the pilots are referred to using the pilot organizing entities or schools 
such as Oamk (in Finland). For example, Oamk pilot team refers to the pilot site 
Finland and the team behind the pilot designs there. 

7.1. Open Connector Platform Update  

During the CRAFT-IT4SD pilots the Open Connector Platform 
(https://portal.open-connector.com/) beta version has been tested for creating 
additional value for fashion designs. The platform enables fashion and craft SMEs 
to add digital content to their designs via NFC tags in the shape of small buttons 
for example. The NFC tag is read with a mobile device and a link opens to 
additional digital content on the free Open Connector Platform. The basic 
functionality of the platform was introduced in the Uses of Data Case Book for 
the Sustainable Transformation Driven by the CCSI report document that was 
released in 2025 as part of the CRAFT-IT4SD project. Fashion Innovation Center 
(FIC) and Flair Fashion actively develop the platform. FIC provides usage 
instruction support for the platform in the CRAFT-IT4SD project. A thorough user 
manual of the Open Connector Platform will be published in the future on the 
platform website and CRAFT-IT4SD project website as well as at the Citizens 
Digital Science Hub. 

https://portal.open-connector.com/
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Fashion and craft SMEs can create their own Brand Showcase page on the Open 
Connector Platform. Product items can be added on the Products page and Perks 
(the bonus content) have their own page. Each clothing item is added on the 
Products page. For each item, multiple unique IDs can be created. One ID link is 
encoded to the NFC tag and the tag is attached to the clothing item. This way 
each individual clothing item can have their own unique ID and NFC tag. Reading 
the tag will open the Perks content. The added value content is created on the 
Perks page. Perk is added to oneôs desired product item. Each product can be 
linked to a single perk. Multiple products can link to the same perk. This perk 
gives new value for the clothing item and can be updated with new content. One 
can swap a clothing item perk to a different one as well. One can use embedded 
content in the Perk field on the Perk page, for example unlisted YouTube video. 
This main bonus content should be hosted outside the Open Connector Platform. 
This way SMEs have access to their details and can control the content 
themselves. Open Connector Platform acts as a gateway to the bonus content. 
Brand Showcase, Products and Perks pages each have Story section inside 
where SMEs can add images, videos and text to tell the story about their products 
and business. These contents are hosted on the Open Connector Platform. The 
Story pages provide a modern website design experience for SMEs. 
The CRAFT-IT4SD projectôs Finnish pilot tested the updated Perks functionality 
of the Open Connector Platform. A unique ID for the second pilot iteration Sun 
Wind dance performance dress was created. This ID was encoded to an NFC 
button tag. Reading the tag opens the Open Connector Platform and a video of 
the Sun Wind dance performance can be viewed on the platform as bonus 
material. The video was embedded from YouTube. The video was uploaded to 
YouTube in unlisted mode, which hides it from search results. 
In addition to the Perks now functioning, the preview pages for each product are 
live. The Public Brand page showing all the products is not yet live, but one can 
view the Brand story through Product page link or the unique item ID link. For the 
third Finnish pilot iteration, behind the scenes images and video of a kantele 

FIGURE 29. OPEN CONNECTOR PLATFORM DASHBOARD PAGE . FINNISH PILOT. 

Source: Open Connector Platform. Screenshot by Oulu University of Applied Sciences . 
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instrument artistôs show and dress are to be added as a perk on the Open 
Connector Platform. It is good to see that the platform has been updated and now 
SMEs can test adding Perks to their products and encode the ID links to their 
NFC tags. In the future, Orders functionality may be added to the platform. The 
Open Connector Platform is still in beta stage and bugs in functionality may be 
encountered. 
Fashion and craft SMEs can address the basics of Digital Product Passport 
regulations by writing down the following information in the product itemôs 
ñDescriptionò field on the Open Connector Platform: 

¶ List of components 

¶ Material of components 

¶ Place of origin of components 

¶ Place of assembly of product 
 
See Chapter 4.4 for information about NFC tags for fashion and craft SMEs. An 
example of Open Connector Platform workflow can be found in Chapter 7.5.5. 

7.2. First Pilot  Iteration  

This chapter highlights key designs and technologies that were part of the 
CRAFT-IT4SD projectôs first pilot iteration round. Technology fields and topics 
such as 3D printing, digital fashion design, garment simulation, gamification, eye-
tracking, facial analysis, NFC tags, AI content generation, fish skin as textile 
material, and Open Connector Platform content creation were explored during 
the 1st pilot iterations. In addition, several workshops were held as part of the pilot 
activities to share knowledge and innovate new designs. 
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7.2.1. Designs  and Technology  

Romaniaôs 1st pilot  combined local cultural heritage with advanced digital 
technologies, especially additive manufacturing and 3D printing. Led by TUIASI 
the pilot explored how traditional craft knowledge and motifs can be translated 
into digital design and fabrication processes, resulting in innovative and 
sustainable fashion outcomes. Traditional sources such as Moldavian folk motifs, 
Cucuteni civilisation artifacts and textiles, as well as Romanian Easter egg 

decorations were analysed for their symbolism, patterns, and aesthetic qualities. 
Parts of these elements were digitized and used as inspiration for new capsule 
collection designs. With vectorization and CAD tools the traditional patterns were 
converted, edited and transformed into new 3D printable geometries, enabling 
the creation of detailed textures and structures.  
The Romanian first pilot activated a wide ecosystem of artisans, designers, 
students, engineers, SMEs, and fashion brands, creating collaborative 
momentum for experimentation. Experimentation and prototyping played a 
central role in the pilot. Designers worked with different textiles (cotton, hemp, 
leather, silk) and in collaboration with the 3D printing specialists tested various 
printing materials and parameters to ensure that printed elements would integrate 
well with fabrics in terms of flexibility, durability, and visual quality. FDM 3D 

FIGURE 30. 3D PRINT ONTO FLEXIBLE MATERIALS . ROMANIAN 1ST PILOT. 

Source: TUIASI. 
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printing method was used (Chapter 6.2) and recyclable and biodegradable 3D 
printing filament materials (PLA) were tested and utilized.  

Teams tested multiple approaches, including printing directly on textiles, 
attaching 3D printed panels, and using printed molds for embossing on materials 
like leather and EVA foam. Iterative testing allowed designers to optimize print 
settings such as layer thickness and nozzle size, while also refining how printed 
elements were attached or embedded into garments. Digital clothing design 
software CLO was tested to preview and simulate garments. It was important to 
align digital designs with physical results to ensure that the final pieces were both 
technically feasible and visually coherent. 

FIGURE 31. CUCUTENI COLLECTION WORK -IN-PROGRESS. ROMANIAN 1ST PILOT. 

Source: TUIASI. 
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The outcomes of the Romanian 1st pilot iteration were three capsule collections: 
Moldavian Folk Motifs, Easter Egg Collection, and Echoes of the Cucuteni 
Civilization. Each of these represented dialogues between tradition and 
technology. The collections were presented at key fashion and cultural events, 
demonstrating their relevance in real industry contexts. The Moldavian Folk 

Motifs collection was showcased at DIMA Fashion Nights 2024, a national event 
highlighting emerging designers. The Easter Egg Collection gained international 
visibility during Romanian Creative Week 2025, one of the largest creative 
industry events in the region. The Cucuteni Echoes collection was presented at 
the UNESCO Headquarters in Paris in March 2025, connecting the work to global 
cultural discussions and audiences. 
Across these collections, 3D printing functioned not only as a production 
technology but also as a design method and storytelling tool. Traditional motifs 
were transformed into threeȤdimensional ornamental elements, enabling new 
forms of expression that combine craft aesthetics with contemporary design. At 
the same time, the additive nature of 3D printing supported material efficiency 
and reduced waste, contributing to sustainability goals. The pilot demonstrated 
that heritageȤinspired fashion can successfully operate at the intersection of 
tradition, innovation, and sustainability. 

FIGURE 32. EASTER EGG COLLECTION AT ROMANIAN CREATIVE WEE K 2025. ROMANIAN 1 ST 
PILOT. 

Source: TUIASI. 
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Finlandôs 1st pilot  titled ñFrom Waste to Wonderò combined traditional crafts, 
new technologies and performing arts. The pilot used fish skin and recycled 

fabric, made partially of old fishing nets, to create outfits for a dance performance. 
Traditional techniques were revisited and applied to tan fish skin for production 
use. Macramé technique was used to create loose skirts and dresses from old 
fishing nets. The performerôs outfit can be seen in FIGURE 33. The dance 
choreography used water, rivers and fish as a starting point. ñThe Oddity Effectò 
dance performance had its premiere at the Oamk dance departmentôs biannual 
Dance! event. 
NFC tags were attached to the dance outfits serving as a link to additional digital 
content. A fully functional video game called ñFrom Fish to Wonderò was 
developed by the Oamk pilot team to gamify the process of using fish skin as 
clothing material. The goal of the game was to teach players in an engaging and 
modern way how to tan fish skin and make small accessories of the material. In 
addition, players learn about fish species, fish parts, and how they can be used 
for various purposes. The game was created in the Unity game engine. The game 
was released as a hosted web browser-based application that can be run though 
any computer and mobile device browser. User doesnôt need to install anything 
to run the game. The link to the game was coded to the dance outfit NFC tags. A 
workshop on gamification was held during the 1st Finnish pilot to spread the 
knowledge of gamifying content for education and skill-building purposes. 
The Finnish 1st pilot started to explore the possibilities and functionalities of the 
Open Connector Platform (https://portal.open-connector.com/) and NFC tags. 
The free platform for SMEs offers functionality to create product pages for 
clothing items and ID links to be encoded to NFC tags. The NFC tags, that are 
attached to the clothes, open up via mobile device Perk bonus content on the 
Open Connector Platform website. The platform is currently in beta stage and 
Perks were not fully functional during the 1st pilot round. Oamk team successfully 

FIGURE 33. DANCERôS DRESS WITH FISH SKIN ACCESSORIES AND NFC TAG . FINNISH 1ST PILOT. 

Source: Oulu University of Applied Sciences . 

https://portal.open-connector.com/
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created brand, product item and perk pages on the platform. For some of the 
imagery added on the platform, AI was tested for content generation. Open 
source painting software Krita was combined with the Krita AI Diffusion plugin. 
The open source FLUX.1 Schnell AI image model was used for generating stock, 
fabric and banner imagery. For NFC tag testing, a long-term wear test was started 
by one of the Finnish pilot team members with the NFC tag provided by FIC for 
the CRAFT-IT4SD project. After several machine washes, the NFC tag is still 
working well. Additionally, NFC tag content type functionalities were tested 

FIGURE 34. TITLE DESIGN IMAGE CREATED WITH FLUX.1 SCHNELL  AI MODEL. FINNISH 1ST PILOT. 

Source: Oulu University of Applied Sciences . 

FIGURE 35. ñFROM FISH TO WONDERò GAME CREATED FOR THE FINNISH 1ST PILOT. 

Source: Oulu University of Applied Sciences . 
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including displaying 2D AR content, triggering 3D AR content, and opening digital 
business cards. 
Finnish 1st pilot example materials: 

¶ From Fish to Wonder Game 
https://oamkmetaverse.com/CRAFT-IT4SD/Pilot1/Build/index.html  

¶ From Fish to Wonder product page on the Open Connector Platform 
https://dpp.open-connector.com/dpp/product/preview/19506  

 
The 1st pilot iteration  in Spain  led by MODACC (The Catalan Fashion Cluster), 
focused on supporting fashion and textile SMEs in adapting to new European 
sustainability legislation and digital transformation requirements. Unlike the 
product-driven pilots in other countries, this pilot approached design and 
technology through a system-level perspective, addressing how companies 
design, produce, and manage products in response to emerging regulatory 
frameworks. 
The pilot began with a structured process of mapping legislation, ecosystem 
needs, and technological solutions. Key EU frameworks under the European 
Green Deal, the Circular Economy Action Plan and the EU Strategy for 
Sustainable and Circular Textiles were analysed and prioritised based on their 
urgency and impact on SMEs. The focus was on legislation that would have 
impact on the textile and fashion fields. This was combined with focus groups and 
needs assessments, where companies identified their main challenges related to 
sustainability, traceability, and digitalisation. These insights guided the 
development of design approaches that incorporate eco-design principles, 
product lifecycle thinking, and traceability systems as core elements of the design 
process.  

A central technological component of the Spanish 1st pilot was the identification 
and promotion of technologies and digital tools that support sustainable design 
and production. A broad selection of technologies were identified and evaluated 
by criteria such as ease of implementation, affordability, scalability, degree of  
innovation and proven track record. Emerging technologies such as 3D 

FIGURE 36.  TECHNOMODA FAIR. SPANISH 1ST PILOT. 

Source: MODACC. 

https://oamkmetaverse.com/CRAFT-IT4SD/Pilot1/Build/index.html
https://dpp.open-connector.com/dpp/product/preview/19506
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modelling, artificial intelligence, NFC-based traceability, and digital product 
passports were identified as enablers for more efficient and transparent design 
processes. A technology directory was built from the collected and analysed data. 
The pilot placed strong emphasis on capacity building and practical learning. 
Through a series of workshops, webinars, and training sessions under the 
programme ñFrom Challenge to Opportunityò, participants explored how to 
integrate sustainability into their design and production processes. Topics 
included eco-design methodologies, circularity, modular product design, 
reporting requirements, and digital tools. These sessions combined real-life case 
studies and hands-on demonstrations, ensuring that SMEs could translate 
regulatory requirements into actionable design strategies. This approach helped 
bridge the gap between policy and practice, making complex regulations more 
accessible and relevant. 
The culmination of the first pilot iteration was the TECNOMODA technology fair, 
which served as a key event for demonstrating and validating the pilotôs 
outcomes. TECNOMODA brought together technology providers and SMEs, 
creating a space for direct interaction, matchmaking, and knowledge exchange. 
The fair showcased solutions in areas such as digital traceability, lifecycle impact 
measurement, eco-design tools, smart materials, and end-of-life management 
platforms. Through exhibitions, pitch sessions, and guided networking, SMEs 
were able to explore tools that support compliance and innovation. 
TECNOMODA fair functioned as a strategic bridge between design, technology, 
and regulation, reinforcing the idea that sustainability-driven design can be a 
competitive advantage for SMEs. 
 
Denmarkôs 1st pilot  iteration , led by VIA University College, explored how craft, 
digital technologies, and sustainability can be combined to create more 
meaningful relationships between products and users. The pilot centered on 
design processes, consumer interaction strategies, and digital storytelling, 
positioning technology as a tool to strengthen the connection between 
craftsmanship and users. 
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The design methodology was structured around a design sprint approach, 
following the stages of exploring, envisioning, experimenting, and evaluating. 
Artisans, micro-size companies, SMEs, and students took part in workshops, 
experimenting with future scenario building, generative AI tools, and NFC 

technologies. ñThe Thing from the Futureò scenario game activity helped 
participants imagine new relationships between craft, heritage, and digital 
technologies. 
Technologically, the pilot focused on accessible and practical digital tools that 
SMEs can realistically adopt. A central technology explored was NFC as part of 
Automatic Identification and Data Capture (AIDC) systems. Workshop 
participants learned to work hands-on with NFC tags using smartphones and 
applications, testing how data can be written, read, and integrated into products. 
Apps such as NFC Tools, NFC Tasks, Shortcuts, and MacroDroid were used for 

FIGURE 37. NFC WORKSHOP. DANISH 1ST PILOT. 

Source: VIA University College . 

FIGURE 38. EYE AND FACE TRACKING SETUP . DANISH 1ST PILOT. 

Source: VIA University College.  
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working with NFC tags. NFC was positioned as a digital carrier for storytelling, 
enabling designers to attach digital content such as product history, 
craftsmanship processes, and sustainability information to physical items. AI 
tools for image, video, and storytelling creation were introduced to enhance 
ideation, communication and branding. The AI generation platforms presented 
included Midjourney for image generation, Runway and Kling for video 
generation, and Suno and ElevenLabs for music and audio creation.  
A distinctive technological aspect of the Danish pilot was the integration of 

biometric testing in the VIA Biometric Lab, where participants evaluated user 

responses to digital storytelling and product concepts. Technologies such as eye-

tracking (Tobii Pro), facial expression analysis, and wearable sensors (pupil-

tracking glasses) were used to analyse emotional response and attention. These 

tests provided insights into how users respond to craft-based storytelling and 

where their attention is directed when the visual topics are unfamiliar to them. 

The findings showed that people studying garment design followed the garment 

creation guides more consistently, while people with little experience in garment 

design shifted their attention more frequently when viewing the materials. 

Technologies such as NFC tags were often overlooked in visual materials when 

viewers were unfamiliar with the technology.  

These results suggest that it is important to present visual content for fashion and 

craft customers in a balanced and accessible way. In some cases, additional 

information and visual cues are needed to guide viewersô attention more 

effectively. 

Beyond workshops and lab activities, the pilot also experimented with public 
engagement formats, including the development of a ôCircular Textiles Board 
Gameô presented at the Danish research dissemination event ôForskningens 

FIGURE 39. CIRCULAR TEXTILES BOARD GAME . DANISH 1ST PILOT. 

Source: VIA University College.  
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Døgnô (Researcherôs Night). The board game incorporated NFC tags to gameplay 
question elements. The tags linked to pages with longer explanations to the 
questions as well as link additional knowledge on the topic. The game combined 
education, interaction, and sustainability awareness. Across all activities, the pilot 
demonstrated how relatively simple and accessible technologies can be used to 
create innovative, interactive, and sustainable approaches to fashion and craft. 

7.2.2. Added Value  

The CRAFTȤIT4SD projectôs 1st pilot iteration demonstrates added value through 
the meaningful integration of traditional craft knowledge, digital technologies, and 
artistic practices. 
The Romanian 1st pilot enabled designers and craftspeople to reinterpret complex 
motifs such as Moldavian patterns, Cucuteni symbols, and Easter egg 
ornamentation into 3D printed elements. This not only preserved cultural meaning 
but expanded it, creating new visual languages and design possibilities that are 
difficult to achieve through traditional methods alone. 
The Finnish 1st pilot used fish leather, performing arts, NFC technology, and a 
digital learning game, to show how technology can extend the life, meaning, and 
impact of crafted textile products. The dance performance context offered a 
powerful realȤworld setting where shortȤlifecycle costumes were transformed into 
carriers of cultural knowledge, sustainability values, and digital content. ñFrom 
Fish to Wonderò game linked through the NFC tags, turned clothing into an 
interactive learning experience and demonstrated how digital layers can add 
longȤterm value beyond physical use. 
The Danish 1st pilot introduced tools such as NFC tags and AI-based content 
creation in workshops. The pilot enabled micro-size companies to transform their 
products into interactive storytelling platforms. This allowed artisans and SMEs 
to communicate craftsmanship, heritage, and sustainability narratives directly 
through the product, creating a more meaningful and informed user experience. 
The use of AI tools for stock image creation and ideation can be seen as a 
valuable option for SMEs. With local image generation utilizing open source tools, 
complex designs and stock images can be made in a relatively easy way.  
The Romanian 1st pilot generated added value through its sustainability and 
production benefits. 3D printing onto garment panels allowed for precise, 
layerȤbyȤlayer material use, and the combining of traditional inspired motifs with 
digital. The technology supported modular prototyping and design iteration, 
enabling designers to test ideas efficiently and refine products before production. 
The Romanian pilot showed that 3D printing can enhance both the economic and 
cultural value of fashion and craft products. 
The Spanish 1st pilot created significant added value by mapping complex EU 
sustainability regulations and turning the information into practical tools and 
strategies for SMEs. The pilotôs training programmes, workshops, and interactive 
sessions enabled SMEs to build understanding and practical skills in areas such 
as eco-design, circularity, reporting, and digital innovation. 
The Danish 1st pilot iteration through the use of eye tracking, facial expression 
and galvanic skin response analysis gained insights into how consumers actually 
respond to storytelling, and visuals. This approach provided SMEs with data-
driven understanding of customer engagement. 
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In the 1st Finnish pilot gamification proved to be an effective method for teaching 
complex, handsȤon craft skills, such as fish skin tanning, in an accessible and 
inclusive way. Even a relatively simple, lowȤtech mobile game was able to make 
a forgotten or niche craft technique engaging for new audiences. 
The CRAFT-IT4SD projectôs 1st pilot iteration also highlighted the potential of 
platforms like the Open Connector Platform to support digital product storytelling, 
brand narratives, and future compliance with emerging requirements such as the 
EUôs Digital Product Passport. Open Connector Platform also enables pathways 
for entertaining bonus content creation and new subscription style business 
models. 
At the same time, the pilots revealed important challenges and limitations. 
Developing digital content can require significant time resources, interdisciplinary 
skills, and coordination. For example, the 1st Finnish pilotôs game development 
process, despite the teamôs prior experience, was resourceȤintensive and 
stretched individual competencies. This highlights barriers for SMEs and 
entrepreneurs without technical backgrounds. Technical considerations such as 
accessibility, device compatibility, and nonȤintrusive integration of NFC tags into 
garments also demanded additional effort. Furthermore, digital enhancements 
raise questions around durability, maintenance, and scalability that must be 
considered when planning for wide adoption. 
Overall, the 1st pilot technologies created added value by connecting material 
sustainability, cultural heritage, digital innovation, and user experience. For 
fashion and craft SMEs, the 1st pilot iteration shows how digital tools can support 
transparency, education, customer engagement, and new serviceȤbased value 
creation without abandoning craftsmanship. 

7.2.3. Sustainability Aspects  

The CRAFTȤIT4SD projectôs 1st pilot iterations highlight sustainability as a holistic 
concept, combining material choices, production logic, cultural sensitivity, 
education, legal aspects and digital transparency. 
In the 1st Finnish pilot, sustainability was strongly driven by purposeful use of 
materials and techniques. Fish skin, a traditional craft material and a surplus 
byproduct of the food industry, was reintroduced as a valuable resource rather 
than waste. Repurposed old fishing nets were transformed with macramé 
techniques to usable dance performance garments. This demonstrated how 
discarded or problematic materials can be turned into meaningful, highȤvalue 
textile applications. By producing garments by hand, for a specific performance 
and context, the 1st Finnish pilot challenged overproduction and emphasized 
intentional, lowȤvolume creation. 
A further positive sustainability aspect lies in knowledge preservation and 
intergenerational learning. Traditional techniques such as fish skin tanning were 
revived and documented through digital means. The ñFrom Fish to Wonderò 
game, accessed via NFC tags embedded in the garments, provided an open and 
engaging educational tool for teaching craft skills to new audiences. Gamification 
made a complex, multiȤstep manual process understandable without requiring 
physical resources, supporting longȤterm sustainability through education rather 
than consumption. The inclusion of dance teacher students in coȤcreation 
revealed strong sustainability awareness among younger generations, including 
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preferences for purposeful clothing, reuse, and vintage garments, reinforcing the 
cultural shift toward more conscious fashion choices. 
A positive sustainability dimension of the Romanian 1st pilot was the emphasis 
on cultural and social sustainability. By working directly with artisans and 
craftspeople, the pilot contributed to the preservation and revitalisation of 
traditional Romanian knowledge and techniques. Heritage elements were not 
simply replicated but reinterpreted through digital tools, ensuring that traditional 
crafts remain relevant for future generations. In addition, the use of 3D printing 
as an additive manufacturing process, minimized material waste compared to 
traditional textile cutting methods. Instead of cutting patterns from large fabric 
surfaces and generating leftover scraps, materials were applied only where 
needed, supporting more efficient resource use. The pilot also explored the use 
of biodegradable and recyclable filaments. 
Digital technologies also supported sustainability through transparency, 
storytelling, and futureȤreadiness. NFC tags and the Open Connector Platform 
enable garments to carry digital information about materials, processes, and 
values. This approach aligns with upcoming EU requirements such as the Digital 
Product Passport and demonstrates how SMEs could add sustainable value 
through data, not additional material production. 
The Danish 1st pilot tapped into data-driven user insights through biometric 
testing such as eye and facial expression tracking. By analysing how users 
emotionally respond to storytelling and product communication, SMEs can better 
understand which approaches encourage engagement and appreciation of 
fashion and crafts items. This may enable more effective communication of 
sustainability values, helping companies shift from generic messaging to 
meaningful, user-centered sustainability narratives. The biometric data was 
collected responsibly and permissions were collected from experiment 
participants. 
Care was taken to ensure ethical and cultural responsibility. In the 1st Finnish 
pilot, fish skin was selected as a culturally neutral material, NFC tags were placed 
nonȤintrusively to preserve comfort and movement, and all digital content was 
made freely accessible, supporting inclusivity and open knowledge sharing. 
Spanish 1st pilot iteration placed sustainability at the core of design and business 
development by helping SMEs align with EU sustainability and circular economy 
requirements. A key positive aspect was the introduction of ecoȤdesign principles 
as a starting point for product development, encouraging companies to design 
garments with longer lifetimes, improved durability, and easier repair, reuse, and 
recycling. 
At the same time, the CRAFT-IT4SD projectôs 1st pilot iteration revealed 
sustainability challenges that must be acknowledged. CraftȤbased production 
using traditional materials such as fish skin is laborȤintensive and may be difficult 
to scale. This can limit commercial viability without careful business model 
design. Digital components, while immaterial in appearance, still require energy, 
skills, and maintenance, and their environmental impact must be considered 
alongside physical materials. The short lifecycle of performance costumes 
remains a structural challenge, even when sustainability principles are applied. 
3D printing materials still have constraints in terms of flexibility, softness, 
durability, and washability. While additive manufacturing reduces material waste, 
it may still involve plastic-based materials and energy use, which must be 
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carefully managed to ensure overall sustainability benefits. Ensuring repairability, 
reuse, and safe endȤofȤlife handling of garments enhanced with digital elements 
such as NFC tags requires the attention of the SMEs. While technologies such 
as NFC are accessible and easy to use, their impact depends on whether 
consumers actively engage with the content. There is also a challenge in ensuring 
that digital storytelling translates into actual behavioural change, such as longer 
use or reduced consumption. 
One of the main difficulties with regard to policy and legal aspects is the 
complexity of the regulatory environment, which requires companies to 
understand and comply with multiple interconnected rules related to 
sustainability, reporting, and digital data management. SMEs also face barriers 
in adopting digital tools, including cost, technical knowledge, and integration into 
existing workflows. 
Overall, the sustainability aspects of the 1st pilot round demonstrate that positive 
effects rise from combining material responsibility, cultural awareness, education, 
and digital tools. While challenges remain in scalability, resources, and longȤterm 
integration, the pilots show how technology can meaningfully support sustainable 
transformation when guided by craft values and conscious design choices. 

7.3. Second  Pilot  Iteration  

In this chapter, various designs and technologies of the CRAFT-IT4SD projectôs 
2nd pilot iteration are introduced. Technology fields and topics include printed 
electronics, 3D printing, LED lights in garments, garment digitisation, AI 
visualisation and pattern generation, interactive graphics creation with 
TouchDesigner software, used coffee packets as textile material, casein as 
drapable biomaterial, and the Open Connector Platform evolution. 
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7.3.1. Designs  and Technology  

The Romanian  2nd pilot  iteration built directly on the foundations established in 
the first iteration, advancing the integration of traditional craftsmanship with digital 
technologies into a more mature and systematised design approach. The 2nd 
iteration focused on refinement, dissemination, and digitalisation of the 
collections, while further exploring how heritageȤinspired fashion can evolve into 
scalable, innovationȤdriven practices. 

A key development in this iteration was the introduction of digital design tools, 
simulations, and virtual prototyping into the fashion workflow. The first iteration 
collections the Easter Egg and Cucuteni were digitised using tools such as CLO 
and Style3D ASSYST platform, enabling reconstruction and design of garments 
in digital and virtual environments. This allowed designers to analyse material 
behaviour, fit, and structure before production, reducing the need for multiple 
physical prototypes. In addition, AIȤbased visualisation was tested to preview 
collection garments, supporting design decisions and improving coherence 
across garments. These digital methods significantly enhanced both efficiency 
and creative exploration.  

FIGURE 40. DIGITISED CUCUTENI COLLECTION. ROMANIAN 2ND PILOT. 

Source: Video by TUIASI. Screenshot by Oulu University of Applied Sciences . 
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The Romanian 2nd pilot continued to advance hybrid material and fabrication 
techniques. Designers further refined the integration of 3D printing and traditional 

FIGURE 42. FASHION SHOW AT TECHNICAL UNIVERSITY OF MOLDAVIA  WITH EASTER EGG 
DRESS. ROMANIAN 2ND PILOT. 

Source: TUIASI. 

FIGURE 41. EASTER EGG COLLECTION DRESS IN CLO SOFTWARE . ROMANIAN 2 ND PILOT. 

Source: Video by TUIASI. Screenshot by Oulu University of Applied Sciences . 
















































































































































