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On-Demand Manufacturing Technology in Textile and Fashion Industry

Wonyoung Jeong and Daeyoung Lim'

Textile Innovation R&D Department, Korea Institute of Industrial Technology, Ansan, Korea

Abstract: This study examines the emerging on-demand manufacturing model in the textile and apparel industry as an
alternative to conventional forecast-driven mass production systems. Traditional manufacturing approaches, which pri-
marily rely on large-scale preproduction, have generated persistent challenges, including excess inventory, material
waste, longer lead times, and limited responsiveness to rapidly evolving consumer demands. On-demand manufacturing
addresses these structural limitations by facilitating production only after demand is confirmed, thereby reshaping the
logic of textile and apparel supply chains. This study categorizes on-demand manufacturing systems into five major types:
textile on-demand manufacturing at the fiber and fabric stage, print on-demand garment production, mass customization,
digital sampling and software-as-a-service platforms, and additive fabric and knitting-based manufacturing. By examining
these categories across different stages of the value chain, the study clarifies how digitalization, automation, and data-
driven decision-making enable inventory-free or inventory-minimized production while maintaining design flexibility and
production efficiency. Drawing on representative global and domestic industry cases, this study illustrates how on-demand
manufacturing is implemented through digital textile printing, 3D knitting, microfactory-based production, and integrated
digital design workflows. These cases demonstrate the potential of on-demand systems to shortening lead times, reducing
production waste, and supporting localized manufacturing models aligned with sustainability goals. The findings suggest
that on-demand manufacturing represents a structural transformation rather than a simple technological upgrade. By inte-
grating Textile 4.0 technologies such as artificial intelligence, internet of things, and digital simulation, on-demand man-
ufacturing provides a viable pathway toward a more flexible, resilient, and sustainable textile and apparel industry.

Key words: on-demand manufacturing(5%3 #| %), digital transformation(t] X| € 73}, fast fashion(Z| = E | A),
sustainable fashion technology(X14:7Fs 47]<), Textile 4.003-F 4.0)
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Fig. 1. Mass-production garment factories in Vietnam, China, and Portugal. List of top clothing manufacturing countries in the world (2025).
.https://thygesenapparel.com/blog/top-clothing-manufacturing-countries-in-the-world
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Day 1: A designer in Spain
sketches a new piece of clothing,
with input from store managers
on the |atest trends.

o
o

Fig. 2. Zara’s speedy apparel supply chain visualized, CBINSIGHTS.
https.://www.cbinsights.com/research/zara-apparel-supply-chain.

Day 2-5: A pattern
maker creates a
prototype.
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Day 6-21: Fabric is cut, 8,000 new
pieces (coats, dresses, etc.) are
sewn together at a nearby by factory,
and are made ready for shipment.

Day 25: New items arrive in
Manhattan and are put on display
before opening.

Day 21-24: Apparel is drivento a
distribution center, before
heading to Barcelona to be flown
to Zara stores around the world.
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Table 1. Comparison of traditional and on-demand manufacturing

Conventional manufacturing
Category

On-demand manufacturing

Push system

Pull system

Production model ~ Forecast-based mass production

Inventory Large inventories stored in warehouses

Waste High proportion of overproduction and unsold products

Customization Standardized sizes and styles

Speed to market

Cost structure .
markdowns, and unsold inventory

Use of advanced

Real-time demand-driven
Minimal to zero; “Just-in-Time” delivery
Theoretically zero and very low waste

Personalized and customized sizes and styles

Longer lead times due to mass production and distribution Fast time-to-market and distribution

Lower unit cost at scale, but high costs from storage, Often higher per unit (No bulk discounts) but low costs from

storage, markdowns, and unsold inventory

Reliance on conventional machinery and manual processes Reliance on digital platforms like Industry 4.0 and Textile 4.0

technologies
Sustainability Criticized for waste generation and environmental impact Very low impact on environment
Scalability Easy to scale up for large, predictable demand

Risk factors

Risk of losses from unsold inventory and price markdowns

Difficult to scale up for large demand

Higher cost-per-piece makes it difficult to compete in price-
sensitive mass markets

(£#) The Future of Customisation and On-Deman Manufacturing in Fashion, Fibre2Fashion Sept. (2024)
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(Persistance Market Research, 2025; Lee, 2024; Petrak, 2025).
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A Iy T2 AA] Hevd] AgkE ou]gitt. 71Ee]
, oF, dhlghs AR 27t 2HWE J]RkX e d),
TE, Abolghe SRR FXE A, o] A A=)
A AolF7ledl G Wzt o] PAlA PHIE FolH,
ol 7Hg, BAl, e AN E AsH R HIER AL
Y2IAE 9E F vk FolET o] Wl s AgelA &
sl H7152] FHas 30% o)do] At Tejollx] ojn] LAy
U= R (Ellen MacArthur Foundation, 2017)0l gk 223
¢l Aol d 4 Aok A AAE Do oY AR &
SoaH, Edash Ut 7], A3 B, 45 AR E B4
WS ZEHoE Y 4 9l7] wliEolth. wWEkA textile on-
demand= UM A GA F 7P 27012 71 F83F
H, A&7 A Ax A2"FE FE3e o ZeE 7]
uk 7|l&2 HrhEch

LU
o O

o Spoonflower("]=)

Spoonflowers 1= =Tl Eeto|UFel| HALS £ Je
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3= H#F2lo|t}. Spoonflower PRIZH|0]AE A A AlAolA
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Printed in the USA

We print with industry-leading  With factories based in Fort
machines using non-toxic, Mill, South Carolina, and
water-based inks. Learnmore  Tempe, Arizona, we aim to
about our wallpaper and fabric ship products based on region
print process further downon  whenever possible. Having
this page. facilities in western and
eastern regions of the US help
us keep turn times low.

Innovative Equipment

Fig. 4. Spoonflower manufacturing.

1 3

Test and verify
fabric performance

Find the right
fabric mill

D ® 60 O

Design with yield-optimized
material markers to minimize waste

Source and develop
premium fabric

2

Fig. 5. Fabric processing and sourcing.

Designed by
Independent Artists

Each design is created by an
independent artist who
receives a 10% royalty with
every purchase. These one-
of-a-kind prints are always in
stock and printed on the
material of your choice when
ordered.

/
\

4

Fig. 6. Kornit's digital printing equipment and ITMA promotional booth.

2.4.2. Print on-demand (POD) — 9]F €A|E =g 7]ul
POD 22 F7o] WAg o|go] tXd ZdY 7|&s &
&3l JFE Ailete FEY Alx WAoE, A Alx

Wkt gel AL glo] FA F 7 Ale] Fhest, Tt

R

Made Just For You

We do not stock finished
goods and print after an item
has been purchased, helping

to reduce deadstock and

unsold goods that would
otherwise end up in landfills.

Every item you receive is

carefully printed, cut,
packaged and shipped just for
you.

Print using sublimation method
with HP and Klieverik machines

Printed with water-based,
non-toxic pigment inks

Print using digital direct-to-fabric
method with Kornit and Durst machines
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Table 2. Types and characteristics of POD methods

POD Technology

Key Characteristics

Suitable Applications

DTG

Direct inkjet printing on garments, suitable for
single-piece or small-batch production

Customized T-shirts, small-scale brands

DTF

Printing on transfer film, heat-press transfer to Complex color designs and small-batch multi-
garments

color production

Sublimation printing

Heat-based dye transfer, suitable for polyester-based
fabrics

Sportswear, functional apparel

Reactive digital printing

Chemical bonding between reactive dyes and fibers,
high-quality color fixation

Premium fashion and home textile products

Fig. 7. POD cases.

44 PRINTFUL

Made-to-order: made to grow

Create and sell
custom products
online

Fig. 8. Printful cases.

PODS] &4 71&2 DTG YAld JaA =g, AP =
¥, DTF(direct-to-film) "2, reactive digital printing, eco-
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P 2oiE AXE Adsks A 7Iec] € Ze=R
Z}E Tt} (Table 2).
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Featured NBY Styles

Fig. 11. Nike's custom manufacturing case.
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Fig. 17. Conceptual diagram of a microfactory infrastructure utilizing a digital fashion on-demand platform.
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Table 3. The case of an on-demand clothing factory

TR} Lrlue AE7je 659

Minimum Order

Company Location Quantity (MOQ) Production Capacity Sustainability Practices
. . . ~400,000 pieces per  Offers low-volume production to reduce waste, supports
A henzh h ~1
ppareify Shenzhen (China) - 50~100 pieces month startups through flexible ordering systems
. Supports approximately ~Focuses on quality control and overproduction reduction,
Hawth L K ~
awthorn ondon (UK) 50 pieces 700 startup brands provides flexible fabrics and eco-friendly sourcing
Taian BOWINS 100,000 to 400 million Utilizes CAD/CAM and 3D prototyping, incorporates 15-

Garment Co., Ltd. Shandong (Chana) ~100 pieces

pieces annually

50% recycled materials

1 piece

Tailored Industry  Brooklyn (USA) (true on- demand)

Seamless 3D knitting

Applies zero-waste knitting technologies, produces garments
only upon order

Global

Printful / TeeSpring (US/EU hubs)

1 piece Scalable POD production

Eliminates inventory through eco-friendly printing and order-
fulfillment systems
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Table 4. Key technologies and core elements for achieving on-demand manufacturing in each sectors

Category Key technologies

Core functions

3D CAD Software (ex: CLO 3D, Browzwear)

Design & Fit
(Digital front end)

Al body scanning & VTO(virtual try-on)

Shortens product development cycles and reduces physical sample
waste by up to 80%

Significantly reduces return rates caused by poor fit and enables true
size personalization

Digital textile printing (DTG, Sublimation)

Fabrication & Production

(Physical automation) Automated laser & single-ply cutting

3D & seamless knitting

Enables inventory-free, on-demand graphic production; suitable for
complex and unique designs

Minimizes material waste and ensures high precision for customized
pattern pieces

Reduces labor costs and minimizes waste generated during production

PLM(Product lifecycle management), MES

) (Manufacturing execution system),
System Integration

(Digital backbone)
IoT & Al

ERP(Enterprise resource planning) systems

Supports real-time order tracking and highly flexible micro-factory
production scheduling

Provides data required for increased agility and continuous improvements
in speed and quality

Table 5. On-demand manufacturing and textile 4.0 technologies

Textile 4.0 technology

Role in on-demand manufacturing

Al & machine learning
IoT sensors

3D design & simulation

Digital cutting & printing
Block chain

Automation & Robotics

Supports trend forecasting, design automation, and real-time mass customization
Enables inventory tracking, production monitoring, and Just-In-Time (JIT) operations
Reduces time and cost prior to physical production through virtual prototyping
Facilitates fast and precise production of customized garments
Ensures traceability and transparency across the supply chain

Increases production speed and reduces reliance on manual labor
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