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Smarter Textile Sorting

A next-generation, Al-supported multi-sensor sorting system for the circular textile economy
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Executive summary

Sorting is the decisive bottleneck of textile recycling. However advanced the downstream process, the
quality of the recyclate is capped by the quality of the sort. Yet today's sorting lines are either labor-
intensive and subjective, or built on plastics-recycling technology that was never designed for limp,

bulky, multi-material garments.

This white paper introduces a next-generation textile sorting system — referred to throughout as the
System. The System combines a purpose-built hybrid multi-sensor head (near-infrared, visible color,
fluorescence, moisture, metal and structure-borne sound) with a vertical, flap-based ejection

architecture that replaces energy-hungry compressed air with gravity and simple mechanical deflection.

The result is a sorting solution that is more accurate, more robust, dramatically more energy-efficient,
and far better suited to real-world textiles than the systems on the market today. Independent of
throughput class, the vertical flap concept cuts investment cost by roughly half, reduces operating cost
by up to 90 %, and lowers ejection-related CO, emissions by up to 98 % compared with horizontal

compressed-air sorting.

For textile recyclers and sorting operators, the System turns high-purity, material-specific sorting — the

prerequisite for both mechanical and chemical recycling — into a scalable, economically viable process.

The opportunity

Every year, roughly 92 million tons of textile waste are generated worldwide, spanning post-consumer
clothing, production waste, returns and unsold goods. The largest single streams come from China (~22

million tons), the United States (~17 million tons) and the European Union (~12 million tons).
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This growing "textile mountain" is also a
growing raw material opportunity. Properly
separated — by reusability, fiber composition,
color, finish and contamination — used

textiles can be:
e reused,

e mechanically recycled into new fibers,

or

e chemically recycled back into virgin-
grade polyester or regenerated

cellulose.

Fig. 1: Every ton of used textile is also a potential raw

material — but only once it has been sorted (Al-generated

image)

Sorting is the lever that unlocks all of it: it reduces misthrows, lowers the share sent to incineration and

landfill, and is the precondition for reliable, reportable recycling rates.

Regulation is accelerating the shift

Across the EU, Extended Producer Responsibility (EPR) schemes are channeling funding into sorting and
recycling infrastructure while eco-modulated fees make short-lived, hard-to-recycle products more

expensive.

Digital Product Passports (DPP) will progressively make material and product information machine-

readable for recyclers, and new rules aim to curb the export of unsorted supposed second-hand goods.

Every one of these levers increases demand for exactly what the System delivers: fast, accurate,

material-specific sorting.
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Why sorting is the bottleneck

Textile recycling is not a single process but a system of sorting, pre-treatment and specialized recycling
pathways. Compared with plastics recycling, it is a substantially harder technical problem, for four

structural reasons:

¢ High material diversity — natural fibers (cotton, wool, silk, linen), synthetics (polyester,

polyamide, elastane) and a long tail of other materials all share the same waste stream.

e Alarge share of blended fabrics — cotton/polyester/elastane blends are difficult to identify and

even harder to recycle cleanly.

¢ Numerous additives and finishes — coatings, dyes, zippers, buttons and trims interfere with

both detection and downstream processing.

¢ Historically non-recyclable product design — most garments in the waste stream today were

never designed to be taken apart.

The consequence is a hard ceiling on
recyclate quality. Mechanical recycling
remains the industrial workhorse, but
shredding and tearing shorten fibers, mix
colors and reduce strength — a form of
downcycling suited to nonwovens,
insulation, wiping cloths and filling
materials rather than high-quality

garments.

Fig. 2: Mechanical recycling is industrially established but

shortens fibers, mixes colors and reduces strength (Al-generated

image)

Chemical recycling can deliver true fiber-to-fiber, closed-loop quality, but it is expensive, energy-
intensive and highly sensitive to input purity: elastane, coatings, dyes and hardware all disrupt the

process.

Both pathways therefore depend on the same thing — clean, homogeneous, correctly identified input.

That is a sorting problem, and it is the problem the System is built to solve.
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The state of the art — and its limits

Most sorting today is still manual or semi-automatic, judged by product type, visible quality, feel and

color.

Manual sorting is flexible and robust, but it is
inherently subjective, labor-intensive and difficult
to scale — and it cannot reliably identify blended

fabrics such as cotton/elastane.

Fig. 3: Manual sorting of textiles (Al-generated image)

An ergonomic, sensor-assisted, semi-automatic sorting solution

Fig. 4 (sketch): Semi-automatic sorting station

The System can be seamlessly integrated into a semi-automatic sorting station where a human

operator makes the final decision — supported by intelligent sensor technology.

Textiles are fed by conveyor into a buffer container; a laser light curtain at its upper edge drives a lifting
floor that raises the stack until items reach an ergonomic pick height, so operators can work in an

ergonomic upright position without stooping or digging.
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Each garment is then guided over a worktable with flush-mounted glass covers. Beneath the covers,
sensors analyze the material type (NIR), color, fluorescence, and moisture content. Optionally, metal
and structure-borne sound sensors can be integrated to reliably detect buttons, zippers, or other

accessories.

Based on this sensor data, the central control unit automatically determines the optimal sorting path.
At the same time, an illuminated LED strip intuitively guides the operator to the correct chute.
Ergonomically angled table extensions allow for the integration of additional sorting channels without
restricting the operator’s natural reach. From there, the textiles are routed directly into the respective

collection bins via conveyor belts or chutes.

Compared to existing semi-automatic sorting solutions, this concept offers decisive advantages:
improved ergonomics, increased throughput, and significantly enhanced sorting accuracy through the
fusion of material, color, fluorescence, and moisture data. The result is a robust, space-saving, and cost-

effective System that is intuitive to operate and paves the way for more efficient textile sorting.

Sensor based sorting

Sensor-based sorting is the emerging standard. NIR spectroscopy classifies cotton, polyester, polyamide
and wool at conveyor speed, but struggles with dark and heavily dyed textiles, are masked by coatings,
and does not reliably detect the low elastane concentrations that are nonetheless critical for chemical
recycling. Hyperspectral imaging combined with Al improves the identification of inhomogeneous and
blended materials, at the cost of higher investment and computational complexity. RGB/3D vision and
robotics add color, defect and shape detection, and address the fact that textiles are limp and must be

gripped, disentangled and singulated before they can be sorted.

The limits become clearest in how today's automated machines eject sorted items. Systems adapted

from plastics recycling fall into two camps:

¢ Parallel detection (e.g. Pellenc ST, Tomra, Picvisa) detects and sorts several items side by side
but offers only three discharge chutes per pass (blow up, blow down, or leave). Three fractions

are rarely enough, so machines must be cascaded — multiplying cost and footprint.

e Serial detection (e.g. Valvan, NewRetex, Redwave, Pellenc) singulates and sorts item by item
into many fractions but requires a purpose-built machine concept and a large horizontal

installation footprint.
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Both camps share a decisive weakness: they sort with compressed air. Textiles are heavier and bulkier
than plastic flakes or plastic bottles, so they demand higher air pressures than plastics sorting — and
compressed air is one of the most expensive and most carbon-intensive utilities in industrial
manufacturing. The result is high operating cost, high emissions, and a process that is fundamentally

ill-suited to bulky garments.

Introducing the System

The System takes a different path. Instead of retrofitting plastics-sorting hardware, it is designed from
the ground up for real textiles — combining a purpose-built sensor head with a vertical, gravity-assisted,

flap-based sorting architecture. Two design choices define it: see more and sort smarter.
At a glance, the System delivers:

¢ Comprehensive material identification through a hybrid, multi-modal sensor head — not NIR

alone.

¢ Vertical, flap-based ejection that replaces compressed air with gravity and simple mechanical

deflection.
¢ Al-supported classification that fuses every sensor signal into a single, reliable sorting decision.

¢ Double-sided and zonal inspection, recognizing that a garment's back, sleeves and body may be

different materials.

¢ A cost-optimized, compact, robust and easy-to-install design that fits real sorting operations.
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Vertical sorting architecture

Unlike existing horizontal systems, the System pre-sorts textiles
vertically. Items are first singulated and transported upward —
for example by a vertical conveyor fitted with hooks, or simply
by an inclined conveyor when singulation is handled separately.
At the top, each item is transferred horizontally and then

released onto a steeply inclined slide.

Separation of textile objects using different conveyor
belt speeds

Fig. 5 (sketch): Material flow via a horizontal Fig. 6 (sketch): Material flow via a vertical

and an inclined conveyer conveyor equipped with hooks

At the top end, the textiles are placed on a steeply inclined chute. This allows them to glide in a
controlled manner through the measurement area — the ideal condition for precise material

identification and reliable sorting.
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Reliable separation — the precise separation of individual

garments — forms the basis for highly accurate material

recognition.

The sensor head is positioned directly behind the chute
and detects the passing textile through a robust optical
window, made of sapphire glass, for example. As the
garment passes the sensor, the System analyzes its

complete material and color signature.

Sorting then takes place exclusively by gravity in a
vertically arranged chute — without energy-intensive air
jet s— via a conveyor belt. The result is a compact,
vertical machine architecture with minimal space
requirements, rather than a large, horizontal system

structure.

Fig. 7 (sketch): Sorting chute with sensor head

The hybrid multi-sensor head

nstruments

/
Example of a direct transfer onto
the chute after the upward
conveying process.

Optimized approach:

By using a horizontal conveyor belt
with a speed of va > v2can further
improve the separation (singulation)
of the textiles.
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Fig. 8: Rings of NIR, white-light and UVA LEDs behind a diffuser plate give homogeneous, durable illumination.
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The heart of the System is a purpose-built hybrid sensor.
A single unit covers the visible range (RGB color) together
with three separate NIR wavelength bands. A second
hybrid sensor mounted immediately alongside adds
three further NIR bands and a UVA source, which —
combined with a color detector — enables fluorescence

detection in the visible range.

Fig. 9: Hybrid multi-sensor head

Together, the two sensor heads provide six NIR channels, precise color information, and fluorescence
data — the foundation for reliable, multimodal material detection in an exceptionally compact sensor

platform.
Uniform illumination for maximum measurement quality:

[llumination is provided by LED sources spanning the NIR, visible (white-light) and UVA ranges, arranged
as a ring around each detector and softened by a diffuser plate for homogeneous and long-lasting
illumination. This ensures reproducible measurement results even under demanding operating

conditions.

High-performance photodiode clusters enable fast, low-noise data acquisition at scan frequencies up to
10 kHz. This multi-modal measurement approach specifically overcomes the limitations of NIR-only
systems: While color information improves the interpretation of the NIR spectrum — which can be
influenced by textile colors — fluorescence, moisture, and acoustic measurement methods provide

additional information that cannot be captured by NIR alone.
The sensor system is complemented by three further sensing modes:

¢ Moisture sensing — a dedicated hybrid sensor uses two water-absorption bands (1450 nm and
1940 nm) against a neutral reference channel (1050 nm) to distinguish wet from dry textiles,

catching damp or moldy items that slip through pre-sorting.

e Metal detection — an optional detector, integrated flush into the surface, identifies zippers,

buttons, buckles and metal trims.
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e Structure-borne sound — sensors rigidly coupled to a corrugated stainless-steel surface detect
the distinct acoustic signature of glass, plastic, wooden or mother-of-pearl buttons and zippers
as the textile passes. Contaminant-free textiles produce no significant signal; hardware produces

a clear, measurable one.

structure-borne

sound sensor .
G \ textile

\

chute /,

& corrugated
sheet metal

Fig. 10 (sketch): A corrugated stainless-

steel surface turns buttons and zippers

into a measurable acoustic signature.
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Signal processing and Al

Each hybrid sensor is equipped with its own microcontroller and is intelligently networked via an RS-485
bus. Thanks to their high sampling rates and an optical entrance aperture that is significantly larger than
that of spectrometers, the multiband sensors deliver an exceptionally high signal-to-noise ratio. This

makes it possible to reliably identify even fast-moving textiles—while keeping system costs low.

A central microcontroller consolidates the measurement data from all sensors into a comprehensive
overview and analyzes each object in real time. Optionally, Al provides additional support for
classification. The results are transmitted both to the system control and to the indicator LEDs for the
respective sorting position. This allows textiles to be sorted precisely and reproducibly based on any
combination of material type, color, moisture content, and attached components—such as zippers,

buttons, or other non-textile parts.
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The sorting stage
Once every sensor signal has been analyzed
and the destination shaft selected, the Chute —___ \ Shaft
System waits for the trigger from a laser light- Through-beam

sensors for re

grid positioned immediately in front of the S
synchronization

chosen shaft, then actuates the shaft flap.

The textile drops into the side shaft and is \X side chutes
carried onward — by conveyor or directly by -\\ S
chute — into its collection container. N

———— conveyor belts
=3

Fig. 10 (sketch): Gravity-assisted, mechanical ejection: no

compressor, no nozzles, no per-item blast of expensive energy

Gravity instead of compressed air

The mechanical ejection system operates entirely without compressors or compressed-air nozzles. This

saves energy, reduces operating costs, and increases the System’s reliability.
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The ejection

The mechanical, gravity-assisted ejection ensures robust and fault-tolerant timing.

The position of each laser light curtain is precisely calibrated to the response time of the corresponding
chute flap. As a result, the System reliably compensates for the natural variability in the sliding behavior

of different textiles.

chute
sensor
sensors
textile
/“_ﬁ"l
i

side shaft

chute

sapphire glass

shaft

laser light barrier

flap

vertical
shaft

side shaft

laser light
barier

Za
side chute

main chute

|

‘ \
chute flap positions:
0: not acticated
1: activated

textile side shaft

Fig. 11 and 12 (sketches): Mechanical, gravity-assisted ejection
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Double-sided and zonal inspection

On the conveyor and during detection, each garment is unique due to its random orientation and shape.
Furthermore, the front and back, as well as the sleeves and main body, can differ significantly in
material, color, and composition. For this reason, the System uses a second conveyor arranged vertically
and mirror-symmetrically to the first. This allows both sides of a garment to be inspected in a single

pass.

Thanks to zone-specific multi-sensor inspection, individual areas such as sleeves, the torso, or the collar
are analyzed virtually separately. The result is a significantly more precise material characterization,

leading to a substantially higher sorting quality.

— Double-sided textile

inspection
@

chute =~

glass plate —

sensors A

7

™ chute

, _—glass plate

l\ sensors

vertical shaft

Fig. 13 and 14 (sketches): Zone-specific multi-sensor inspection
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The decisive advantage: vertical flap vs. compressed-air ejection

The key difference from the sorting systems currently available on the market lies in the method of
material ejection. Instead of horizontal compressed-air ejection, the System uses vertical, flap-based
material guidance. This seemingly simple design difference improves not only cost-effectiveness but also

process reliability and the sustainability of the entire sorting system.

Criterion Vertical - flap Horizontal — compressed air
Material transport Gravity Conveyor belt

Ejection principle Mechanical deflection = Air pulse (nozzle)

Response time 20-50 ms 5-20 ms

Timing sensitivity Low High

Process stability Very high Material-dependent
Susceptibility to faults Very low Moderate

Suitability for textiles Excellent Limited

Relative investment cost  40-60 % 100 %

Relative operating cost  5-20% 100 %

Table 1: Comparison: Vertical flap technology vs. horizontal compressed air ejection
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Technically Superior. Economically Compelling

For textile recycling, the vertical, flap-based ejection of compressed air technology is superior both
technically and economically. Compressed air systems offer advantages only for very light, flat materials
and extremely high throughput rates—but not when handling actual, bulky garments.

In practice, the vertical flap approach delivers impressive results across the board: It reduces capital
costs by about 50%, cuts operating costs by up to 90%, and at the same time ensures significantly

greater process stability when sorting real textiles.

Sustainability and EU regulatory alignment

The System’s advantages extend far beyond cost-effectiveness. Compressed air is one of the most CO,-
intensive forms of energy used in industry, so replacing its use makes a significant contribution to
reducing the environmental footprint. Compared to horizontal compressed-air ejection, vertical flap-

based ejection generates up to 98% lower CO; emissions.

That aligns the System directly with the direction of EU policy. As EPR financing rewards efficient, high-
quality sorting infrastructure, as eco-modulation penalizes waste, and as Digital Product Passports make
material data available for recipe-based sorting, operators need sorting technology that is

simultaneously accurate, scalable and low-carbon.

The System’s marker-capable sensor technology — including integrated fluorescence detection — is
already designed for future tracer- and DPP-based sorting strategies. Combined with its energy-efficient
system architecture, the technology positions itself as a future-proof solution for the next generation of

textile sorting.

Technology roadmap

The System follows a clear technological development strategy and is designed to grow continuously in

line with the requirements of the textile circular economy.

¢ Short term (1-3 years) — expansion of automated sorting, sensor technology paired with

manual quality assurance, and improved pre-treatment such as accessory removal.

¢ Mid term (3-7 years) — marker and tracer systems, data-driven sorting logic, and stable supply

chains feeding chemical recycling.
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¢ Long term — design-for-recycling, standardized material architectures, and closed-loop, fiber-

to-fiber cycles.

The same principle applies across all stages of development: Only high-quality, material-specific sorting
lays the foundation for scalable mechanical and chemical textile recycling. Ultimately, the quality of

the sorting process determines the success of the textile circular economy.

Your strategic benefit

For textile recyclers and sorting facilities, the System transforms the industry’s greatest bottleneck into a
sustainable competitive advantage. It detects significantly more material properties than conventional
NIR systems, separates textiles into the exact fractions required by downstream recycling processes, and
achieves this at a fraction of the investment and operating costs — as well as the carbon footprint — of

compressed-air-based sorting systems.

The result is a compact, robust, and easily integrable solution that combines the highest sorting quality

with maximum cost-effectiveness.

In a market being reshaped by EPR, digital product passports, and export restrictions, it is precisely this
capability that is crucial for transforming the growing volumes of used textiles into a reliable, profitable

stream of raw materials.
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Sensor Instruments GmbH
Schlinding 15

94169 Thurmansbang
info@sensorinstruments.de

www.sensorinstruments.de
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