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ABSTRACT: The global fashion and sportswear industries produce 4-5 billion tons of carbon dioxide emissions annually, 
which contribute to about 10-12% of total global CO₂ emissions. Using biodegradable textiles instead of petroleum-based plastics 
can lower greenhouse gas emissions by roughly 25%. This review explores how companies producing biodegradable materials 
might gain from adopting standardized reclaim systems that improve end-of-life management and promote more sustainable 
retail practices. The analysis of online public country-level databases (WRAP and EUROSTATS), which address current waste 
management and sorting practices, supports this literature review. Peer-reviewed literature was gathered through Google Scholar. 
Statistical analyses methods were performed using JASP software. (Version 0.95.1). The WRAP database included data from 128 
countries, out of which 43 countries met study inclusion criteria. The most common output technologies were reusable textiles 
(n=20), sorted textiles for open-loop recycling (n=18), and non-textiles (n=17). A significant positive correlation exists between 
total textile and plastic waste generation (Spearman ρ = 0.591, p = .011). Absolute government environmental expenditure (Pearson 
r = 0.736, p = .002; Spearman ρ = 0.879, p < .001) and waste management expenditure correlate with tonnes of waste recycled 
(Pearson r = 0.546, p = .035; Spearman ρ = 0.757, p = .002). National textile recycling rates were correlated with outputs for 
disassembled textiles in fibre-to-fibre recycling (Pearson r = 0.484, p = .042; Spearman ρ = 0.495, p = .037). High production costs 
and competition for agricultural land limit the adoption of biodegradable textiles. Future recommendations include advancing 
material properties for diverse conditions, reducing costs through biopolymer innovation, and integrating biodegradable textiles 
into circular economy frameworks to support sustainable development in the sportswear sector.  

KEYWORDS: Chemistry, Biodegradable Textiles, Closed-Loop Textiles Systems, Environmental Impact, Recycling 
Infrastructure.

�   Introduction
The world fashion and sportswear markets account for 4–5 

billion tons of CO₂ annually, or 10–12% of global annual CO₂ 
emissions, on top of being two of the largest consumers of 
water and producers of waste.1 To counter this, several com-
panies have begun focusing their attention on biodegradable 
materials as an alternative to traditional synthetics.1 Bioplas-
tics like PLA (polylactic acid) save two-thirds of the energy 
consumed in producing regular plastics and emit 70% fewer 
greenhouse gases when degrading in landfills.2,3 PLA alone can 
reduce greenhouse gas emissions by 25% compared to regular 
plastics.2,3 PLA is most used in compostable packaging bags, 
coatings for paper and food packaging, and controlled-release 
systems in pharmaceutical delivery.4 In the apparel industry, 
PLA is being adopted for green fashion, 3D printing of acces-
sories, and zero-waste clothing.5

Despite these advantages, biodegradable fibers have been 
challenging to adopt in the apparel market, as most clothing is 
made up of two or more synthetic polymers.6 The production 
of environmentally friendly materials, like PLA, can be 50% 
pricier than traditional polyester.7,8

Closed-loop cycles offer promising ways to address this 
environmental strain. Rejected products can be gathered and 
reprocessed, mechanically, chemically, or biologically, into 

the same type of materials for the same purpose, enabling 
fiber-to-fiber recycling and waste reduction.9 With biodegrad-
able fabrics, it can also involve a return to the biological cycle, 
where they decompose to nutrient-rich biomass that can be 
used to create new resources.10

One of the primary roadblocks preventing the use of closed-
loop cycles and the growth of the biodegradable sportswear 
industry is the absence of formal reclaim and disposal proce-
dures. There is no standard method of collection or sorting 
of biodegradable material. Most post-consumer clothing is 
channeled through customary landfilling, burning, or down-
cycling to secondary forms.11 Moreover, public participation 
in using disposal facilities is virtually nonexistent, largely due 
to confusing labeling and the absence of clear manufacturer 
instructions.12 This leads to the loss of both environmental 
benefits and business profitability.

These waste pathways present challenges for biodegradable 
products, as they necessitate specific composting or biological 
treatment conditions that are rarely available on a large scale. 
Currently, about 75% of global textile waste ends up in land-
fills, while roughly 25% is recycled or repurposed, typically for 
lower-value products such as wiping clothes or insulation.13

In mixed landfills, biodegradable apparel anaerobically 
breaks down, releasing methane and leachate, which degrades 
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their environmental benefits.14 However, when segregated and 
pumped into well-operating aerobic composting facilities, an-
aerobic degradation can be prevented because oxygen-based 
systems inhibit the formation of methane.15 Proper utilization 
of biodegradable fabrics thus depends on advanced sorting 
technologies such as near-infrared spectroscopy, image-based 
recognition, and RFID (Radio-Frequency Identification), 
which can segregate them from regular fabrics and place them 
into appropriate composting or recycling streams.15

Countries investing in companies engaged in biodegradable 
product manufacturing would benefit from the development 
and deployment of an established reclaim process and sorting 
facility.10,16 Utilizing closed-loop systems, companies would be 
able to achieve maximum material recovery, minimize damage 
to the environment, save on the cost of production through 
reusing, and generate greater consumer confidence.9 Building 
on previous work in bioplastics, textile recovery processes, and 
supply chain models, this work investigates whether com-
panies producing biodegradable products can benefit from 
implementing standard reclaim processes to improve end-of-
life management and accelerate environmentally protective 
retail practices.

Without established industrial composting systems, most 
biodegradable sportswear is disposed of with conventional 
textiles, where it enters landfills or incineration streams. Under 
these conditions, biopolymers such as PLA may release meth-
ane, a greenhouse gas up to 30 times more potent than CO₂, if 
degradation occurs anaerobically.14 Furthermore, mixed fibers 
and inadequate sorting infrastructure cause biodegradable ap-
parel to behave like synthetics, reducing their environmental 
benefit.6 Current circular practices remain limited: approx-
imately 75% of global textile waste is landfilled, about 25% 
reused or downcycled, and less than 1% closed-loop recycled 
into new clothing.13 Experts emphasize that building coordi-
nated collection and fiber-to-fiber recycling systems is essential 
for realizing the full potential of biodegradable textiles.10,11

�   Sorting Technology
Image sorting technology analyzes objects' inherent visual 

features, such as shape, texture, and color, and it has achieved 
high precision in waste sorting. The process has four stag-
es: recognition, tagging, detection, and segmentation. By 
automatically extracting thousands of tiny visual features 
from pictures, machines can pick up small differences that 
are beyond human capabilities.17 When paired with Support 
Vector Machine (SVM) and Convolutional Neural Network 
(CNN) algorithms, classification accuracy can reach up to 
94.8% for SVM and 83% for CNN.18 These models can sort 
metals, paper, glass, plastics, waste, cardboard, and fabric in 
real time on high-speed conveyor belts. Continuous training 
with annotated new images enhances their ability to increase 
performance over time, which makes them very adaptable to 
diverse waste compositions.19 For textile sorting specifically, 
hyperspectral/NIR data in combination with ML algorithms 
correctly identify fiber types, conveying the potential to sort 
large-scale automated fabric.20 Another deep learning model, 
trained on more than 28 recyclable classes, obtained 83.11% 

accuracy and 0.63 mean average precision (mAP) on detection 
tasks.19 Using near-infrared (NIR) multi-spectral sensors and 
machine learning, Convolutional Neural Networks (CNNs) 
have achieved a mean classification accuracy of 72.5% in plas-
tics, with a peak accuracy of 83.5% for PS plastic and 66% for 
PET.21 These results illustrate that image-based recognition is 
capable of sorting massive waste streams efficiently and accu-
rately.

Radio-Frequency Identification (RFID) is another technol-
ogy that can be integrated with image recognition to further 
increase sorting efficiency. This technology uses radio waves to 
automatically identify and track objects through tags embedded 
with electronic data. RFID improves recycling efficiency since 
it identifies material composition, reduces sorting time, and 
avoids contamination from non-recyclables.22 In closed-loop 
systems, RFID reduces CO₂ emissions and water consump-
tion by 99%, chemical use by 88%, and energy demand by 53% 
compared to original material production.22 It can help extend 
garment life through digital care labeling, further lowering an-
other 5–10% of carbon, water, and waste footprints.22

Beyond its environmental advantages, RFID addresses 
issues such as forced labor and counterfeiting, supports sec-
ondary resale channels, creates employment for 35–50 workers 
per plant, and has the potential to save over $175 million each 
year by eliminating landfill diversion.22

NIR spectroscopy offers another capability to waste man-
agement systems. It is a non-destructive method that measures 
how near-infrared radiation interacts with molecular bonds to 
identify materials such as polyester, cotton, wool, cashmere, 
nylon, and blends with accuracy.15 It is highly accurate for 
identifying complex fiber blends when combined with statis-
tical programs such as Principal Component Analysis (PCA) 
and Partial Least Squares (PLS).20 NIR spectrometers are 
compact, modular, affordable, and environmentally friendly, 
making them suitable for large-scale recycling facilities. When 
combined with visual spectroscopy (VIS) or attenuated total 
reflectance (ATR), they can even detect multilayered or pig-
mented materials that otherwise would go undetected.15

These technologies are even more effective when support-
ed by policy and collaboration across industry. The United 
Kingdom's Waste & Resources Action Programme (WRAP) 
delivers an example through the Textiles 2030 program, which 
aims for a 50% decrease in carbon emissions and a 30% de-
crease in the water footprint of clothes by 2030 compared to 
2019 levels.28 The program promotes circular design, extend-
ed product life, and higher fiber-to-fiber recycling. Over 110 
organizations, representing 62% of UK clothing sales, have al-
ready joined the effort.

Members have documented a 12% per-tonne carbon foot-
print decrease and 4% water footprint decrease since 2019, 
conserving 1.1 million tonnes of CO₂ and 385 million cubic 
meters of water in 2022 alone.28

�   Methodology
This study investigates some of the current relationships 

between government expenditure, public waste trends, and in-
novative textile waste recovery programs in Europe. Using data 
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collected from WRAP and EUROSTATS public databases, 
regression and correlation analyses were conducted using 
JASP (2024, Version 0.95.1) [Computer software].

Data was extracted from online databases and organized in 
an Excel sheet. The WRAP database was used to analyze the 
companies that were engaged in the processing of textiles in 
various life stages and levels of material damage. Companies 
engaged in the WRAP initiative were filtered based on the 
feedstock they processed. Only companies receiving post-in-
dustrial textiles, pre-consumer textiles, reusable post-consumer 
textiles, non-reusable post-consumer textiles, workwear, hospi-
tality, or duvets/pillows were included. Information on output 
composition, output technology, current processing capacity, 
and geographical location was extracted to an Excel file, and 
descriptive statistics were used to classify the concentration of 
each of these variables in their respective countries. Eurostat’s 
data from 2022 provided the size of each country, population, 
total waste, waste sent to disposal operations, environmental 
expenditure (euros and %GDP), total landfill facilities, house-
hold waste, recycled waste, plastic waste, and textile waste.

�   Results 
The WRAP database housed reports from 128 European 

companies engaged in textile sorting and recycling. Filtering 
by feedstock type allowed 43 companies to be analyzed. None 
of the companies included currently host websites document-
ing statistical information regarding their current processing 
engagements; however, a few listed their current processing 
capacity. This data was excluded due to the inconsistency of 
reporting.

The WRAP database included 22 countries, with the UK 
(n=17), Italy (n=8), and the Netherlands (n=8) having the 
highest number of WRAP textile waste processing facilities 
(see Figure 1). The most frequently reported WRAP facility 
output technology was reusable textiles (n=20), followed by 
sorted textiles for open-loop recycling (n=18), and non-textiles 
(n=17) (see Figure 2). Of the countries engaged in advanced 
output technology, Denmark-based facilities engaged in the 
highest diversity of technological operations, with an average 
of 77% (SD: 27%) of the companies engaging in each type 
of output technology. Italy, Turkey, and Finland reported the 
lowest density of technological adoption with 35% (SD: 10%, 
n=8), 5% (SD: 16%, n=2), and 0% (SD: 0%, n=1). Ireland was 
excluded from the analysis due to a lack of companies engag-
ing in textile waste processing.
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Table 1: This figure demonstrates the number of WRAP-associated facilities 
present in each reporting European country.

Table 2: This figure shows the availability of output technology in each 
country’s total WRAP facility population.

Figure 1: This figure demonstrates the number of companies advertising 
advanced recycling output technology.
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Pearson correlation revealed no association between the 
percentage of GDP spent on environmentalism and the per-
centage of textile waste that is recycled annually (Figure 2a, r: 
-0.057, p: 0.827). It also failed to show any significant associa-
tion between textile waste and absolute spending value (Figure 
2b, r: 0.223, p: 0.390). A similar lack of association was ob-
served when analyzing the percentage of textile waste recycled 
in comparison to government expenditure specifically allocated 
toward waste management initiatives (Figure 3a, Figure 3b). 
The reported number of recycling facilities and recycling fa-
cilities per capita demonstrated no significant association with 
the percentage of textile waste recycled in each country (Figure 
4a and Figure 4b)

(A)

(B)

The mean population of countries included in this study was 
2.62x10^7 (SD: 2.86 x 10^7). The mean total waste per coun-
try was 9.30x10^7 tonnes (SD: 9.5x10^7). The mean recycled 
waste per country was 4201.87 tonnes (SD: 5997.0). The tex-
tile waste (in tonnes) mean was 123,037.60, and the median 
was 26,441.5 with a standard deviation of 137,501.75. The 
mean number of recycling facilities per country was 1623.76 
(SD: 2158.74). The mean percentage of GDP allocated to-
wards national environmentalism efforts was 74% (SD: 29%). 
The mean percentage of GDP allocated towards environmen-
talist efforts in the waste management sector was 29% (SD: 
0.24).

(A)

(B)
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Table 3: This table summarizes country-level EUROSTAT data gathered 
from the 21 included countries. Environmental expenditure represents 
the proportion of a country’s GDP that is spent on environmental 
protection, pollution abatement, protection of biodiversity and landscape, 
research and development, etc. Waste Management Environmentalism 
Expenditure represents the proportion of a country’s GDP allocated toward 
environmentalism efforts in the waste management sector specifically.

Figure 2a: This figure shows a non-significant weakly negative correlation 
between the percentage of total textile waste that is recycled and the percentage 
of each country's GDP spent on environmentalism (environmental protection, 
pollution abatement, protection of biodiversity and landscape, research and 
development, etc.).

Figure 3a: This figure shows the correlation between the percentage of 
total textile waste recycled and the percentage of GDP allocated to waste 
management and environmentalism efforts. There was a non-significant, 
weakly negative association (r: -0.145, p: 0.579).

Figure 3b: This figure shows the correlation between the percentage of 
total textile waste recycled and the absolute sum of GDP allocated to waste 
management and environmentalism efforts. There was a non-significant, 
weakly positive association (r: 0.148, p: 0.572).

Figure 2b: This figure shows the correlation between the percentage of total 
textile waste recycled and the total amount spent by each country’s government 
on environmental initiatives in millions of euros. There was a non-significant, 
weakly positive association (r: 0.223, p: 0.390).
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Additionally, fibre sorting for fibre-to-fibre recycling 
demonstrated a positive, though marginally non-significant, 
correlation with textile recycling rates (Pearson r = 0.419, p 
= .084; Spearman ρ = 0.438, p = .069). Other output catego-
ries, such as cleaned textiles, reusable textiles, and shredded/
cut textiles, were not significantly associated with national re-
cycling rates (all p > .20).

(A)

(B)
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Figure 4a: This figure shows the correlation between the percentage of 
total textile waste recycled and the number of recycling facilities. The level of 
association was negligible (r: -4.535x10^-4, p: 0.999).

Figure 4b: This figure shows the correlation between the percentage of total 
textile waste recycled and the number of recycling facilities per capita. There 
was a non-significant, weakly negative association (r:-0.130, p: 0.608).

Table 4: Correlation analyses between textile and plastic waste streams 
yielded mixed findings. National textile and plastic recycling rates were 
not significantly related (Pearson r = –0.336, p = .203), indicating limited 
association in recycling performance across material categories. However, a 
significant positive association was observed between total textile and plastic 
waste generation (Spearman ρ = 0.591, p = .011), validating the assumption 
that countries producing greater volumes of textile waste also tend to produce 
more plastic waste. This suggests that although waste generation patterns are 
linked across materials, the recycling systems and infrastructure may differ 
between textiles and plastics.

Table 5: Correlations between expenditure measures and recycled waste 
volumes showed that total spending levels were strongly linked with outcomes, 
whereas relative (%GDP) spending showed no relationship. Specifically, 
total environmental expenditure in millions demonstrated a robust positive 
correlation with recycled waste (Pearson r = 0.736, p = .002; Spearman ρ = 
0.879, p < .001). Waste-management-specific expenditure also correlated 
significantly with recycled waste (Pearson r = 0.546, p = .035; Spearman ρ = 
0.757, p = .002). In contrast, expenditure as a percentage of GDP showed no 
significant associations (all p > .40). These results indicate that the amount 
of financial investment plays a greater role than proportional budget share in 
predicting recycling performance.

Table 6: Correlation analyses were conducted to examine the association 
between national textile recycling rates and company-level output types. A 
significant positive correlation was observed between % textile waste recycled 
and the proportion of companies producing disassembled textiles for fibre-to-
fibre recycling (Pearson r = 0.484, p = .042; Spearman ρ = 0.495, p = .037). 
This suggests that countries with higher textile recycling rates are more likely 
to have companies engaged in advanced fibre-to-fibre disassembly practices.
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Together, these findings indicate that system outcomes (na-
tional recycling rates) are more closely aligned with advanced 
company behaviors than infrastructure availability (facilities 
per capita). This underscores that investment in facilities alone 
may be insufficient without parallel improvements in reclaim 
processes and market alignment toward fibre-to-fibre recy-
cling.

�   Discussion 
The statistical analyses in this study are based primarily 

on simple correlations, which reveal associations but do not 
establish causality. Future work incorporating controlled exper-
iments or multivariate analyses could help clarify the direction 
and strength of these effects. Since GDP expenditures and tex-
tile recycling were not correlated, it suggests that allocating a 
higher percentage of GDP to environmental efforts may not 
be enough to reduce the impact of textile waste in the current 
European infrastructure.23 There is a slight positive trend sug-
gesting that countries with larger raw budgets may recycle a 
bit more, but the lack of significance shows that budgets alone 
may not be the key. Wealthier countries may spend more, but if 
recycling systems or consumer behaviors don’t change, results 
won’t follow.24

The future focus should combine financial investment with 
public education and a strong textile-recycling infrastructure.25

When considering the concentration of recycling facili-
ties and textile recycling efficiency, these analyses imply that 
building more facilities doesn’t guarantee better recycling rates. 
Facilities may be underutilized, inaccessible, or not designed 
for textiles.26 Optimization of existing systems and equipping 
them with textile-specific technology and supply chains may 
have a greater impact.10

The finding that disassembled fibre-to-fibre outputs are pos-
itively correlated with national textile recycling rates highlights 
the critical role of advanced processing capacity in driving 

system-level performance.11,26 Disassembly is a higher-order 
stage of fibre-to-fibre recycling, requiring both technical ex-
pertise and investment in infrastructure, and its association 
with greater recycling outcomes suggests that countries ca-
pable of supporting these processes also have stronger overall 
waste-management ecosystems. This aligns with the principle 
that end-of-life textile recovery is most effective when support-
ed by specialized infrastructure rather than broad expenditure 
alone.9

The marginal association with fibre sorting reinforces this 
pattern: preliminary sorting is necessary but insufficient, while 
true system gains are realized when companies engage in 
deeper processing that closes the loop back into high-quality 
fibres.10,11 In contrast, the lack of association for categories such 
as reusable textiles or shredded textiles reflects the limits of 
downcycling and low-value pathways, which, while beneficial 
in the short term, do not fundamentally alter circularity met-
rics.25

These results suggest that policy frameworks should pri-
oritize scaling advanced fibre-to-fibre capabilities, not just 
collection or basic sorting, if recycling targets are to be mean-
ingfully increased. For biodegradable textiles specifically, this 
has two implications. First, without integration into disassem-
bly and fibre-to-fibre loops, biodegradable products risk being 
relegated to landfill or compost streams where their environ-
mental potential is lost.14 Second, investment in reclaim systems 
that combine sorting with advanced disassembly ensures that 
biodegradable textiles can serve as a true complement to circu-
lar recycling systems, rather than a fallback disposal option.9,10

The WRAP and Eurostat databases are used in this study 
that provide valuable insight into textile waste management 
trends; however, several limitations should be noted. The 
WRAP database primarily includes European facilities and 
companies that voluntarily participate in sustainability initia-
tives, which may not represent all countries or smaller private 
operations. This suggests that the dataset could overrepresent 
technologically advanced or well-funded regions and under-
represent low-income or non-EU countries, which limits the 
generalizability of the findings. The database was developed 
through the United Kingdom Waste and Resources Action 
Programme to promote circular economy practices, and com-
pany participation is self-reported rather than independently 
verified.

The inclusion criteria for this analysis required companies 
to process post-industrial textiles, pre-consumer textiles, or 
reusable and non-reusable post-consumer textiles. Howev-
er, inconsistencies in reporting quality led to the exclusion of 
the incomplete records. Although Eurostat provides compre-
hensive data, it relies on national self-reporting and varying 
definitions of recycled waste, which can introduce inconsisten-
cy between countries.

Several descriptive statistics in Table 3 show substantial 
variability, including a mean population of 2.62 × 10⁷ with a 
standard deviation of 2.86 × 10⁷. This reflects the major dif-
ferences in country size and waste management capacity. The 
variability does not indicate miscalculation but instead the 
diverse nature of the sample, which may introduce errors in 
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Table 7: In contrast, analyses using recycling facilities per capita as the 
independent variable revealed no significant correlations with any company-
level output categories (all p > .35; Table 5). Neither Pearson nor Spearman 
coefficients indicated meaningful associations, suggesting that the sheer 
density of facilities is not a strong predictor of advanced output adoption.
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correlation analyses and reduce the accuracy of cross-country 
comparisons. Future research should normalize results by pop-
ulation size or GDP and use weighted regression or multilevel 
models to reduce variability and improve interpretive accuracy.

�   Conclusion 
The difference becomes clear by looking at the global trends. 

It is estimated that 75% of the world’s textile waste ends up in 
landfills, 25% is reused or recycled (frequently in downgraded 
forms), and less than 1% is regenerated into new apparel.

The European Union generates 16 million metric tons of 
fashion waste every year, with only 26% being recycled or 
reused and 70% being sent to landfilling or burning. China, 
which produces 65% of garments and 31% of man-made fibers, 
disposes of about 45% of its annual production. In 2017, this 
represented nearly 26 million metric tons of textile waste sent 
to landfills, while only 3.5 million metric tons were recycled 
or reused. The United States generates nearly 17 million met-
ric tons a year, 85% of which is sent to the landfill, which is 
equivalent to 5% of municipal solid waste and 29.3 kilograms 
of clothing landfilled per capita a year. Canada adds around 
500,000 tons to the landfill per year, with individuals disposing 
of 30 to 55 pounds of clothes to the landfill per year. In Van-
couver, textiles are equal to 5% of municipal landfill waste.

These statistics suggest that even with advanced technology 
and well-organized programs, current systems cannot control 
the volume of waste generated. Although around 95% of all the 
textiles thrown away can be recycled in theory, infrastructure 
constraints and user habits mean that the majority are sent to 
landfills. Synthetic fibers can take decades to decompose, re-
leasing microplastics, which leads to long-term contamination. 
Biodegradable materials, therefore, become an essential supple-
ment to recycling. When reuse and recycling are not feasible, 
biodegradable textiles can decompose naturally, reducing their 
environmental footprint and forming an essential part of the 
solution to reverse the increasing waste caused by fast fashion.
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