
№ 5 (419) ТЕХНОЛОГИЯ ТЕКСТИЛЬНОЙ ПРОМЫШЛЕННОСТИ 2025 328 

УДК 338.45:677 

DOI 10.47367/0021-3497_2025_5_328 
 

CIRCULAR ECONOMY REGULATIONS AND THEIR INFLUENCE  

ON TEXTILE RECYCLING INNOVATIONS 

 

ПРАВИЛА ЦИКЛИЧЕСКОЙ ЭКОНОМИКИ И ИХ ВЛИЯНИЕ  

НА ИННОВАЦИИ В ПЕРЕРАБОТКЕ ТЕКСТИЛЯ 

 
A.S.A. ABRAHEEM 1, R.H. KAMBASH 2, А. MAMATOVA 3, A.T. HAWAS 4, J.M. BRIEG 5 

 

А.С.А. АБРАХИМ 1, Р.Х. КАМБАШ 2, А. МАМАТОВА 3, А.Т. ХАВАС 4, Дж. М. БРИГ5 

 

(1Al-Turath University, Baghdad, Iraq,  
2Al-Mansour University College, Baghdad, Iraq, 

3Osh State University, Osh, Kyrgyzstan, 
4Al-Rafidain University College, Baghdad, Iraq, 

5Madenat Alelem University College, Baghdad, Iraq) 

 

(1Университет Аль-Турат, Багдад, Ирак, 
2Университетский колледж Аль-Мансура, Багдад, Ирак, 

3Ошский государственный университет, Ош, Кыргызстан, 
4Университетский колледж Аль-Рафидаин, Багдад, Ирак, 

5Университетский колледж Маденат Алелем, Багдад, Ирак) 

 

Email: adel.subhe@uoturath.edu.iq 

 

The article investigates the role of regulations in shaping innovation and 

adoption patterns in textile waste recycling at various levels: regionally and globally. 

Through the use of an integrated methodology which couples policy analysis, 

innovation indicators, material testing, economic analysis, and scalability 

considerations, the study provides near-exhaustive overview on the relationship 

between regulatory fragility and recycling performances. Key results indicate 

stronger regulations, effective enforcement, and stronger regional interest lead to 

higher compliance and to higher degree of innovation activation. Furthermore, 

enhancements in quality parameter, viz. tensile strength, fiber purity, and chemical 

stability, were in close congruence with stringent regulatory environments. 

Economic assessments showed that systems of collection and recycling would be 

more viable in regions where the circular economy is more integrated at an 

institutional level. The findings provide evidence that the implementation of circular 

economy policies, enforced by regulations and facilitated by technological 

development, can indeed drive the development of textile recycling systems.  

 

В статье исследуется роль нормативного регулирования и правоприме-

нения на внедрение инноваций в сфере переработки текстильных отходов 

на региональном и глобальном уровнях. Авторы использовали комплексную 

методологию, объединяющую анализ характеристик политики, инноваций, 

свойств материалов, экономической эффективности, для выявления взаи-

мосвязи между показателями нормативного регулирования и эффективно-

сти переработки. Ключевые результаты показывают, что нормативное ре-

гулирование, эффективное правоприменение и высокий региональный инте-

рес приводят к более строгому соблюдению требований и более высокой сте-

пени активации инноваций в области переработки отходов. Более того, па-

раметры качества, такие как прочность на разрыв, чистота волокна и хи-

мическая стабильность, тесно согласуются с требованиями регулирования. 
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Экономические оценки показали, что системы сбора и переработки будут 

более жизнеспособными в регионах, где экономика замкнутого цикла более 

интегрирована на институциональном уровне. Результаты свидетель-

ствуют о том, что реализация политики циклической экономики, подкреп-

лённой нормативными актами и поддерживаемой технологическим разви-

тием, действительно может стимулировать развитие систем перера-

ботки текстильных изделий.  

 

Keywords: circular economy; textile recycling; regulatory compliance; 

innovation activation; material quality; economic sustainability; scalability 
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Introduction  

Textile waste has emerged as a major 

problem in the broader context of waste 

management worldwide, driven by the linear 

production and consumption scheme 

governing the industry for decades. This linear 

way has resulted in the landfilling of quantities 

of waste that cannot be managed, loss of non-

renewable resources and environmental 

deterioration - all of which has put excessive 

strain on ecosystems and waste management 

systems globally. With these critical issues in 

mind, a model of the circular economy 

becomes an attractive framework as a means 

of addressing the inadequacies of the linear 

model with a view to minimizing waste, 

conserving resources and promoting an 

alternative industrial model which is 

sustainable [1, 6]. 

The circular economy is designed to 

preserve the value of products, materials, and 

resources for as long as possible, referring to 

the closure of production and consumption 

loops. Within the textile sector, an orientation 

toward circular economy has been widely 

discussed to address the environmental load of 

the sector [7, 9]. Textile production is 

particularly notorious for its high resource 

intensity and large pollution footprints, ranging 

from water use in cotton farming to chemical 

emissions in dyeing. The increasing 

environmental impact of the textile industry, 

together with the rising level of consumers’ 

awareness and legislative pressure, has 

generated interest in alternative recycling 

processes and in the sustainable production [2]. 

Textile recycling technologies, including 

fiber-to-fiber recycling, enzymatic processing, 

and mechanical recycling, have a huge 

potential for the conversion of post-consumer 

and post-industrial textile waste into valuable 

raw materials. But the feasibility of adopting 

these innovations depends largely on the 

existence of enabling legislation. A response 

of measures and regulations to drive 

recycling, decrease landfills waste, and 

promote sustainability is beginning to be 

established by governments, industry 

associations and international organizations. 

These measures typically feature schemes for 

extended producer responsibility, mandatory 

recycling targets, and financial rewards for 

companies that implement environmentally 

friendly technologies. Circular economy 

regulations also have an important role to play 

in accelerating adoption of advanced recycling 

based on setting clear requirements and targets 

to achieve across all industry players in 

moving towards a more sustainable textile 

system [3]. 

Setting the standard aside from the reasons 

already given, circular economy directives are 

a driver of innovation. What’s more, the 

implementation of some strict recycling targets 

and resource recovery requirements forces 

businesses to look for more economic, 

efficient, environmentally-friendly means of 

dealing with end-of-life textiles [8]. This 
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regulatory context fosters cooperation among 

industrial actors, i.e. manufacturers, recyclers 

and researchers, aimed to develop eco-

innovation in the field of recycling processes. 

Consequently, the interaction of regulation and 

market-based incentives contributed to 

enormous progress in recycling textiles, from 

close-loop recycling solutions to high quality 

secondary raw materials [12]. In addition, 

these advances have larger implications 

beyond waste, such as decrease in emissions of 

greenhouse gases, better use of resources, and 

growth of the local and international 

economies [4]. 

Researchers reviewed the adoption 

mechanisms of several strategies to achieve the 

objectives of circular economy, such as the 

deployment of closed-loop systems, 

innovative fiber separation technologies, and 

the up scaling processes of mechanical and 

chemical recycling [10]. Such initiatives 

demonstrate how technological advancements 

can turn textile waste into valuable feedstock, 

reducing dependence on virgin resources and 

decreasing the environmental impact of the 

sector [11]. 

There are challenges, however, in the 

adoption of circular economy concepts and 

recycling innovations. There are several 

technical, economic and logistical challenges 

faced by textile recycling industry preventing 

the process to grow. Take the heterogeneous 

nature of textile waste, which include natural 

and synthetic fibers, blended materials, and 

contaminated fabrics, for example, that 

complicates recycling. And the financial 

feasibility of recycling can also depend on 

stable markets for recycled materials, which 

can be vulnerable to shifts in demand, quality 

problems and competition from less 

expensive virgin materials. Such challenges 

require a multi-pronged solution which 

includes sustained research and development, 

infrastructure investment and international 

harmonization for standardization and 

consistent regulation [5]. 

The rivalry in the market also plays a role 

in the success of circular economy 

interventions. Economic viability of recycling 

can be determined by the availability and 

quality of recycled products, level of demand 

for recycled raw materials, and relative cost of 

recycled vs. virgin fibers. In recent decades, 

several studies have focused on market 

incentives, PPIs, as well as consumer 

awareness campaigns as main drivers to 

address economic barriers and enhance the 

business case of circular textile solutions. 

These approaches are expected to accelerate 

steps towards a circular textile’s economy by 

inspiring collaboration between different 

stakeholders and enhancing the transparency 

of supply chains [13]. 

This article investigates how circular 

economy regulations interact with textile 

recycling innovation, in particular the way in 

which policy affects the emergence and 

adoption of advanced recycling technologies.  

Methodology 

The research design was organized into 

five interconnected categories: Policy 

Analysis, Innovation Metrics, Material 

Testing, Economic Evaluation, and Scalability 

Assessment. Each category involved 

structured data collection, advanced modeling, 

and complex quantitative frameworks to 

ensure comprehensive coverage and academic 

robustness [1, 2, 4…6, 12, 14]. 

In the Policy Analysis category, the study 

systematically reviewed legislative 

frameworks promoting textile recycling, 

including Extended Producer Responsibility 

(EPR) initiatives and circular economy 

regulations [6, 11, 15]. Regional regulatory 

data were collected from the European Union, 

North America, Southeast Asia, East Asia, and 

Sub-Saharan Africa. 

A Normalized Compliance Index (Cᵢ) was 

formulated to quantify the relative regulatory 

environment intensity: 

 

𝐶𝑖 =
∑ (𝑅𝑗×𝑊𝑗)𝑛

𝑗=1

𝑛
  ,            (1) 

 

where 𝐶𝑖 Compliance Index for region 𝑖, 𝑅𝑗  

regulation strength for dimension 𝑗 (scale 0–1), 

𝑊𝑗  weight factor reflecting regional economic 

influence, 𝑛 number of regulatory dimensions 

considered. 

Moreover, to capture enforcement rigor, an 

Enforcement-Adjusted Compliance Index 

(ECᵢ) was calculated: 
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𝐸𝐶𝑖 = (
∑ (𝑅𝑗×𝑊𝑗×𝐸𝑗)𝑛

𝑗=1

𝑛
),            (2) 

 

where 𝐸𝑗represents enforcement effectiveness 

of each regulation (scale 0–1) [11, 15]. 

This structure enabled a multi-criteria 

assessment of regulatory environments' 

influence on innovation and compliance trends 

[1, 3, 5]. 

To analyze the degree of innovation 

catalyzed by circular economy regulations, 

data on patent filings, scientific publications, 

and industry-reported technology adoptions 

were collected [2, 16, 17]. 

The innovation stimulation was modeled 

through a Cumulative Innovation Activation 

Function (CIAF): 

 

𝐶𝐼𝐴𝐹 (𝑡) = ∫ (𝜆 ⋅ 𝑃(𝑡) ⋅ 𝑒−𝛿(𝑡−𝑡0))𝑑𝑡
𝑡

𝑡0
  ,  (3) 

 

where 𝑃(𝑡) innovation outputs 

(patents/publications) at time 𝑡, 𝜆 innovation 

sensitivity coefficient linked to regulatory 

intensity, 𝛿 innovation decay rate over time 

without regulatory reinforcement, 𝑡0 

regulatory intervention time. 

This integral formulation allowed the 

assessment of regulatory impact on sustaining 

long-term innovation momentum [12, 13, 16]. 

Innovation data were gathered from global 

patent databases and Scopus-indexed journals 

covering sustainable textiles and recycling 

technologies [2, 17]. 

Material testing focused on evaluating 

mechanical, physical, and chemical properties 

of recycled textiles under different regulatory 

scenarios [5, 18, 19]. Key parameters included 

tensile strength (MPa), fiber purity (%), and 

chemical stability. A Composite Material 

Quality Index (MQI) was derived as: 

 

𝑀𝑄𝐼 = √(𝑇𝑆 × 𝐹𝑃 × 𝐶𝑆𝐼)3
 ,      (4) 

 

where 𝑇𝑆 normalized tensile strength, 𝐹𝑃 fiber 

purity percentage normalized (0–1 scale), 𝐶𝑆𝐼 

chemical stability index. 

Testing adhered to ISO 2062:2021 for 

tensile strength and ASTM D629-20 for fiber 

content measurement [1, 5, 19]. 

The economic feasibility of recycling 

technologies was evaluated through primary 

cost and benefit data collection across regions 

[20]. 

The economic modeling employed a 

Normalized Circular Economic Value (CEV): 

 

𝐶𝐸𝑉 =
𝑅𝑚−𝐶𝑖

𝑅𝑚
  ,                    (5) 

 

where 𝑅𝑚  revenue generated from material 

sales and subsidies, and 𝐶𝑖 total recycling 

implementation cost. 

To complement this, a Lifecycle Financial 

Sustainability Ratio (LFSR) was formulated: 

 

𝐿𝐹𝑆𝑅 =
∑ (

𝑅𝑆𝑡
(1+𝑟)𝑡)𝑇

𝑡=0

∑ (
𝐼𝐶𝑡

(1+𝑟)𝑡)𝑇
𝑡=0

  ,             (6) 

 

where 𝑅𝑆𝑡 recycling savings at time 𝑡, 𝐼𝐶𝑡 

implementation costs at time 𝑡, 𝑟 discount 

rate, 𝑇 total evaluation period. 

This discounted cash flow approach 

ensured accurate long-term cost-efficiency 

assessments [18, 19]. 

Scalability analysis aimed to predict the 

replicability of recycling innovations across 

larger production scales [4, 5]. 

A Production-Adjusted Scalability Index 

(PSI) was constructed as: 

 

𝑃𝑆𝐼 =
𝑃𝑅×𝑅𝐸

𝐸𝐶
  ,                 (7) 

 

where 𝑃𝑅 is production rate (tons/month), 𝑅𝐸 

recycling efficiency (% recovered material), 

𝐸𝐶 normalized energy consumption 

(kWh/ton). 

The data were collected from technical 

feasibility reports, pilot project documentation, 

and energy audits conducted across 

representative recycling facilities [17, 23]. 

Results 

The calculation of the adjusted compliance 

index (Fig. 1 - Enforcement-Adjusted 

Compliance Index Across Regions) provides a 

multidimensional view of how regulations are 

not only designed but actually implemented 

across different regions.  
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Fig. 1  

 

Figure 1 show that the European Union has 

the highest value of the adjusted compliance 

index (1.026) and it may be a result that the 

regulation, regional influence and enforcement 

factor in the EU are closely connected and 

work closely. East Asia is very near it, with an 

index of 0.963 indicating effective 

enforcement and soundly regulated envi-

ronment. N America and S. Asia have 

moderate unweighted compliance scores 

which may be due to less stringent regulation 

or enforcement efficacy. Sub-Sahara Africa 

has a low compliance index of 0.455, 

indicative of low regulatory regimes and weak 

enforcement capacities that may impact on 

textile recyclable enterprise initiatives. 

Evaluating the innovation response to 

regulatory stimuli (Figure 1 - Innovation 

Activation Metrics Across Regions) involves 

measuring patent filings and research outputs 

over time and assessing cumulative activation 

trends.  

 

 
Fig. 2 

 

The data in Figure 2 illustrate that East Asia 

achieved the highest cumulative innovation 

activation, recording a CIAF value of 253.1, 

followed by North America at 176.5 and the 

European Union at 168.2. Southeast Asia and 

Sub-Saharan Africa showed lower cumulative 

activation scores, indicating less sustained 

innovation momentum. This pattern suggests 

that strong regulations combined with 

effective enforcement, as seen in East Asia and 

the European Union, not only increase initial 

patent and publication outputs but also foster 

ongoing innovation cycles critical to textile 

recycling advancement. 
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The highly recyclable results are crucial to 

in the pursuit of textile circularity. Quality of 

the material was determined by taking tensile 

strength, fiber purity and chemical stability 

and then the values were normalized and 

graded into a quality index (Figure 3 - 

Composite Material Quality Metrics Across 

Regions).  

 

 
Fig. 3  

 

As shown in Fig. 3, East Asia has the 

highest MQI with a score of 0.931, indicating 

that recycled materials in East Asia 

demonstrate better tensile strength, fiber 

purity, and chemical stability. The European 

Union and North America recorded a MQI of 

0.897 and 0.867 respectively. Values from 

Southeast Asia and Sub-Saharan Africa were a 

little below these, which perhaps indicates that 

recycled fibers from the region are less 

adequate for high quality textile applications.  

The economics of technological 

innovations in textile recycling were assessed 

based on lifecycle savings as compared to 

implementation costs (Figure 4 - Lifecycle 

Financial Sustainability Ratios Across 

Regions). The Lifecycle Financial 

Sustainability Ratio (LFSR) is the financial 

attractiveness of recycling technologies over 

time, taking into consideration the time value 

of money and operating conditions.  

 

 
Fig. 4  

 

It is clear from Figure 4 that East Asia 

recorded the highest LFSR (1.51) suggesting 

strong robustness of long-term financial 

capability of textile recycling activities. The 

EU also exhibited good sustainability with an 

LFSR of 1.39. North America had a positive, 
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but somewhat lower, ratio of 1.22. In contrast, 

a LFSR value< 1 was recorded in South East 

Asia and Sub-Saharan Africa, suggesting 

possible economic inefficiencies or limitations 

for expanding recycling schemes. These 

findings illustrate that the scale of financial 

viability of recycling ecosystems results from 

the intersection of strong policy environ-

ments, technology maturity, and market 

drivers. 

The scaling of textile recycling techno-

logies is heavily contingent on balancing 

production growth with resource utilization 

efficiencies. The Synthesis-Adjusted Scale 

Index (Figure 5 - Production-Adjusted 

Scalability Metrics Across Regions) offers a 

mega-integrated image of production capacity 

in terms of energy consumption and recycling 

effectiveness. Larger PSI means it has better 

scalability potential and also meet mandatory 

environmental sustainability standard which is 

essential for recycling solutions deployed in 

the world. 

 

 
Fig. 5  

 

Figure 5 provides the data showing that 

East Asia is at the forefront in production-

normalized scalability with a PSI value of 

200, being capable of sustaining high recycling 

efficiency and energy efficiency in large 

amounts. The European Union and North 

America also present solid scalability values, 

also underlining their role as pioneering 

regions in terms of industrial scale textile 

recycling. Southeast Asia and Sub-Saharan 

Africa have shown significant gains, despite 

lower scalability indices, implying that 

technical constraints and energy efficiency 

issues continue to prevent the full industrial 

deployment of recycling technologies. 

Discussion 

The results demonstrate that strict 

regulatory regimes can be drivers of 

compliance as well as of advanced recycling 

technology advancement. That the results 

parallel experience in other sectors where 

policy has incentivized innovation [14]. 

Previous research in waste management 

broadly [17] has identified the potential of 

regulation to stimulate innovation, but this 

study estimates the magnitude of that effect in 

the textile sector. Stronger enforcement 

mechanisms were associated with relative 

innovation growth rates of consistently higher 

in regions. This progression implies that 

compliance, combined with positive drivers 

and clear objectives, can act as a powerful 

mechanism for technological development. 

These findings are in harmony with generic 

aspects for other sectors, but do emphasize that 

the consideration for the context-complexity of 

textile recyclable materials has a vital role in 

these approaches. 

Regarding the enhancement in material 

quality, this research emphasizes the role of 

policies in which regulation play in making 

quality recycled fibers meets high standards. A 

similar trend has been supported by earlier 

studies of plastics and paper recycling 
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industries, which have found that increased 

regulation is associated with higher quality 

outputs [15]. 

The results demonstrate the potential to 

achieve significant economic gains when 

balanced regulation, market incentives are in 

place. That’s reflected in a way in which textile 

recycling mirrors outcomes seen before in 

different industries, that is that regulatory-

driven innovation tends to deliver financial 

savings over the long term [21]. The novelty 

of this study is that cost recording was linked 

to regional regulatory framework, providing 

greater granularity in the interpretation of how 

economic feasibility change under different 

regulatory contexts. 

Despite these similarities, unique 

challenges to textile recycling are also 

recognized in the study. The intricacies of fiber 

mixtures, variability in material origins, and 

minute scale of the worldwide textile business 

introduce challenges not found in the other 

recycling streams. These difficulties, 

combined with disparities in regional 

enforcement and technical preparedness, make 

the one-size-fits-all standard problematic. 

Although earlier research [22] provide general 

ideas for how regulatory success can be 

accomplished, this study shows that localized 

approaches and specific incentives are 

required for meaningful success in textile 

recycling. By way of identifying these industry 

relevant concerns, this dialogue deepens the 

realization of how the circular economy 

legislation works in practice. 

Conclusion 

The study demonstrated that the economic 

sustainability of textile recycling was strongly 

dependent on the regulatory maturity and on 

technology availability / integration. Higher 

lifecycle financial sustainability ratios were 

found in areas with embedded circular 

economy strategies in national economic 

policies, which, in turn, allowed recycling 

interventions to bring savings throughout time 

and stabilize financially. Also, the capacity to 

scale recycling technologies cost effectively, 

without outsized expansion in resource usage, 

was identified as the key differentiator. Robust 

scalability resulted from a balance between 

production capacity, energy efficiency and 

material recovery rates and demonstrated the 

potential to enable industrial-scale circularity 

in textiles. 

The article offers a synthesized view of 

how organized regulatory settings impact on 

all key aspects of textile recycling's innovative 

process. It would also support the idea that 

such laws should not only set recycling targets 

but also require mechanisms for 

implementation, technological innovation, 

financial incentives, and industrial pathways.  
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