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Introduction
Despite the growing importance of polymer 
recycling in the transition to a circular economy, 
recycling enterprises in many European 
countries still face significant technological, 
regulatory, and economic barriers that limit their 
efficiency and competitiveness. Understanding 
these constraints is essential for improving 
waste management systems and strengthening 
the role of secondary raw materials in the 
European market.

The Bulgarian recycling industry plays a 
key role in shaping the country’s environmental 
policy and fulfilling its obligations to the 
European Union in waste management. As 
European countries transition to a circular 
economy model, the need to increase the 
efficiency of collection, sorting, and resource 

reuse is growing, placing new demands on 
recycling companies (Zhikeyev et al., 2024). 
In waste management, discrepancies between 
regulatory expectations and actual system 
capacity lead to uneven collection, poor 
sorting quality, and resource losses. Todorova 
et al. (2025) showed that even cities with 
similar characteristics achieve very different 
recycling outcomes due to variations in separate 
collection, data accuracy, public participation, 
and technological readiness. Complementary 
findings by Pozzetto and Leoni (2025) indicate 
that weak infrastructure, low citizen engagement, 
high transport costs, and limited incentives 
for modernisation reduce material recovery 
efficiency and hinder recycling companies’ 
performance.
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This study aimed to identify the key constraints that hinder the efficiency 
and operational sustainability of waste recycling enterprises. The research 
used analytical and comparative approaches to assess production dynamics, 
price indicators, and infrastructure barriers. The results showed significant 
volatility in the primary polymer market: In 2023, prices for base polymers 
reached EUR 1,350–1,400 per ton, while in 2020 they were around EUR 
900–950. In 2025, prices for secondary materials often matched or exceeded 
those of primary raw materials: Recycled high-density polyethene reached 
EUR 1,170 per ton, recycled low-density polyethene up to EUR 1,380, and 
recycled polypropylene up to EUR 1,200. The study found a significant gap 
between the official recycling rate and actual figures: Individual communities 
provided only 0–10% of the actual recycling, while the official figure was 
50.6%. The study also revealed a lack of national criteria for end-of-waste 
status, complicating the export of secondary polymers and increasing business 
costs. The practical significance of the study is that its results make it possible 
to identify specific regulatory, infrastructure, and economic barriers, the 
elimination of which will improve the quality of secondary polymers, reduce 
costs for enterprises, and ensure the competitiveness of Bulgarian recyclers in 
the European Union market.
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Growing waste volumes, uneven collection, 
and varying recycling performance across 
regions lead to unstable resource flows, differing 
enterprise efficiency, and unequal access to 
infrastructure. Blagoev and Karev (2024) 
addressed these issues by studying the territorial 
distribution of enterprises and key economic 
indicators of recycling companies in the South-
Central region of Bulgaria. The authors found 
significant differences between individual 
activities: a decrease in the number of waste 
collection companies, a sharp increase in waste 
processing structures, significant fluctuations in 
turnover, a decrease in investment in long-term 
assets, and different employment dynamics, 
with collection in decline while recycling 
operations grow. Resnick (2024) investigated 
how waste collection and recycling practices 
are organisedorganised in urban environments, 
focusing on the interaction between official 
environmental initiatives and the activities of 
informal collectors. The author showed that 
Zero Waste programmes rely heavily on the 
work of people who ensure resource recovery, 
yet remain excluded from official decisions and 
face prejudice, unstable access to materials, and 
spatial constraints.

Insufficient integration of sustainable 
practices into corporate governance and low 
employee awareness of sustainable development 
principles create a situation in which companies 
struggle to transition to more environmentally 
friendly models. The issue of implementing such 
approaches was studied by Dimitrov (2023), 
who, based on a survey of Bulgarian enterprises, 
showed that even certified companies 
demonstrate varying levels of readiness for 
sustainable transformations, are characterised 
by limited internal coordination, uneven 
requirements for suppliers, and insufficient 
staff participation in the implementation of 
environmental initiatives.

Low public awareness of circular economy 
principles and uneven participation across 
consumer groups in resource reuse processes 
mean the potential to transition to more 
efficient waste management models is only 

partially realised (Mikhno et al., 2023). A study 
by Pantcheva (2023) showed that although 
a significant part of Bulgarian consumers 
demonstrate environmentally friendly attitudes, 
most lack information, lack infrastructure for 
separate collection, and lack adequate incentives 
for sustainable behavioural change. The author 
showed that greater environmental responsibility 
increases readiness for sustainable choices and 
participation in recycling. At the same time, 
income plays little role, and women are more 
inclined to environmental actions than men.

Bulgaria is experiencing increasing 
difficulties in implementing the National 
Recovery and Sustainability Plan, which 
complicates the modernisation of industrial 
practices and the digital transformation of 
enterprises. Christova-Balkanska (2024) 
thoroughly investigated the consequences of an 
unstable economic environment, low investment 
efficiency, delays in project implementation, 
poorly formulated evaluation indicators, and the 
risk of irrational use of financial resources. The 
work also emphasises the impact of the energy 
crisis, inflationary pressure, and structural 
imbalances that hinder enterprise development 
and slow the implementation of strategic 
reforms. The growing volume of solid waste and 
the limited effectiveness of current management 
instruments indicate that implementing circular 
economy principles requires rethinking 
organisational, technological, and regulatory 
practices (Burlakovs et al., 2020). Rodrigues 
et al. (2024) showed that recycling outcomes 
depend on reliable statistical data, process 
structuring, reducing mixed waste, and public 
participation, while inconsistent measurement 
methods and the lack of integrated assessment 
tools hinder accurate decision-making.

Further research is needed to determine 
how changes in the organisation of separate 
collection, the state of infrastructure, price 
fluctuations, fraction contamination, investment 
and personnel factors, behavioural aspects, 
and the role of informal collectors affect the 
efficiency of recycling systems and the ability 
of companies to implement circular approaches. 
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This study aimed to identify the main 
factors limiting the performance of waste 
recycling enterprises. The research objectives 
were to analyse the dynamics of the secondary 
polymer market in the European Economic Area 
and to assess price fluctuations for primary and 
secondary polymers.

Materials and Methods
This study was of a theoretical and practical 
nature and covered the time frame of 2020–
2025, while the period 2026–2031 was analysed 
through forward-looking assessment of planned 
regulatory changes, capacity expansion targets 
and expected market conditions defined in 
European Union (EU) strategic documents. 
The theoretical part was based on Eelager et 
al. (2025), which provided a methodological 
basis for interpreting the role of circular models 
in polymer processing and identifying the key 
principles underlying the effective functioning 
of the secondary raw materials market.

The forward-looking assessment for the 
period 2026–2031 is based on several key 
assumptions. First, it assumes the gradual 
implementation of European regulatory 
instruments such as the Packaging and Packaging 
Waste Regulation (PPWR), the Ecodesign for 
Sustainable Products Regulation (ESPR), and 
the Digital Waste Shipment System (DIWASS). 
Second, the analysis assumes continued 
growth in demand for recycled polymers 
driven by regulatory requirements for recycled 
content in packaging and increasing corporate 
sustainability commitments. Third, the scenarios 
assume gradual modernisation of sorting and 
recycling infrastructure in EU member states, 
supported by public investment and extended 
producer responsibility mechanisms. While 
regulatory implementation is highly probable 
given the legally binding nature of EU directives, 
the pace of infrastructure modernisation and 
market adaptation may vary across countries. 
Therefore, the projections for 2026–2031 should 
be interpreted as scenario-based estimates rather 
than precise forecasts.

To analyse the dynamics of secondary 
polymer development in the EU during 
2023–2024, the method of trend analysis and 
comparative analysis based on data was used 
(Expert Market Research, 2025; Independent 
Commodity Intelligence Services, 2025). 
The analysis examined changes in processing 
volumes, geographical concentration of 
capacity, fraction purity levels and supply-
demand ratios in the High-density Polyethylene 
(HDPE), Low-density Polyethylene (LDPE), 
Linear Low-density Polyethylene (LLDPE), 
and Polypropylene (PP) markets. This allowed 
tracing the structural changes that occurred 
under the influence of regulatory requirements 
and technological constraints.

The study of trade in secondary materials 
within the EU and exports to Turkey, the United 
Kingdom, India, Egypt, and Switzerland used 
interregional comparative analysis based on 
Eurostat data (2025). The analysis covered 
key trade indicators, including export volumes 
(tons), import-export balance, and changes in the 
geographical structure of flows. This approach 
made it possible to reflect the role of external 
markets in the sale of secondary polymer raw 
materials, identify dominant export destinations, 
and assess the EU’s strategic dependence on 
third countries.

Cross-border transportation and 
implementation of the Digital Waste Shipment 
System (DIWASS) (DIWASS Implementing 
Regulation, 2025) were studied using regulatory 
analysis. The regulatory analysis showed how 
the digitalisation of processes affected the 
transparency of logistics chains, the speed 
of administrative clearance, and the ability 
to control the movement of secondary raw 
materials in real time. A retrospective assessment 
of the preparatory procedures for the full launch 
of DIWASS in 2026 was also included in this 
block.

The dynamics of virgin polymer price 
indicators in 2020–2025 were studied using 
calculative and comparative analysis based 
on prices of commodity plastics (Oriordan et 
al., 2025). The analysis relied on market price 
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ranges (EUR/ton) for HDPE, LDPE, LLDPE, 
and PP, reflecting the variability of market 
quotations for the main virgin polymer grades in 
Europe. This made it possible to determine how 
fluctuations within these price intervals affected 
the competitiveness of the secondary polymer 
market, as well as to assess the conditions 
under which secondary materials became more 
economically profitable.

The problems of the functioning of recycling 
enterprises in the EU countries, including 
changes in prices for recycled (r)HDPE, rLDPE, 
rLLDPE and rPP, were investigated using the 
case-study method based on Oriordan et al. 
(2025) and R. Ren (2025). The case analysis 
made it possible to determine which market 
conditions favoured secondary polymers over 
virgin analogues in price and which factors 
(contamination, lack of clean raw materials, lack 
of quality flows) drove increases in recyclate 
cost.

Regulatory requirements European 
Parliament and Council Directive No. 94/62/
EC “On Packaging and Packaging Waste” 
(1994), Regulation (EU) No. 2024/1781 of 
the European Parliament and of the Council 
“On Establishing a Framework for the Setting 
of Ecodesign Requirements for Sustainable 
Products” (2024), Digital Product Passport 
(DPP) (Buzeti & Tian, 2025) and End-of-
Waste (EoW) criteria (European Commission, 
2025) were investigated using the method of 
comparative legal analysis based on the sources. 
Comparing the requirements of Germany, 
France, Italy, the Netherlands, and Bulgaria 
helped identify regulatory fragmentation and 
clarify how different approaches to impurity 
limits, certification procedures, and EoW-status 
criteria affected cross-border trade in polymer 
materials. The selection of the analysed EU 
countries was based on several criteria, including 
their significant role in the European recycling 
market, the diversity of regulatory approaches 
to polymer recycling, and the availability of 
reliable statistical and analytical data. Germany, 
France, Italy, and the Netherlands represent 
countries with advanced recycling systems and 

strict regulatory standards, while Bulgaria was 
selected to illustrate the challenges faced by 
emerging recycling markets within the EU.

The study investigated the functioning 
of Bulgarian polymer processors using 
infrastructure and institutional analysis based on 
data from Todorović (2025), as well as regulatory 
analysis based on the Bulgarian EPR (2025). 
The study assessed the collection and sorting 
infrastructure, the distribution of capacities 
between urban and rural communities, the risks 
of contamination of flows, and the difficulties 
of applying EU-level regulatory requirements 
to national practice. Particular attention was 
paid to the lack of national EoW criteria and 
the dependence on administrative interpretation 
of Regulation (EU) No. 2024/1157 of the 
European Parliament and of the Council “On 
Shipments of Waste” (2024) across different 
regions of Bulgaria. The final methodological 
step involved constructing a matrix of strategic 
adaptation pathways for Bulgaria, generated 
using the structural logic modelling method 
based on Hsu et al. (2020) and Paliova (2024). 
The aim was to identify the steps Bulgaria needs 
to meet the requirements of the PPWR, ESPR, 
EoW, and DIWASS in the period 2026–2031.

Results
Functioning of the Secondary Polymers 
Market in the European Economic Area
The circular economy is based on preserving 
the value of resources, minimising waste, and 
returning materials to production cycles through 
reuse, recovery, and recycling. In contrast to 
the linear model, in which material flows end at 
the disposal stage, the circular approach creates 
closed loops that extend product life cycles and 
reduce dependence on virgin raw materials. 
In the polymers sector, this means the need 
for high-quality separate collection, ensuring 
the purity of polymer fractions, the ability 
of companies to work with different types of 
plastics—primarily HDPE, LDPE, LLDPE, and 
PP—and the presence of a stable and predictable 
market for secondary materials (Eelager et al., 
2025). 
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The practical importance of the circular 
economy in polymer recycling is increasing in 
2025, driven by regulatory changes in the EU. 
The introduction of the European Parliament 
and Council Directive No. 94/62/EC (1994) 
has significantly increased the targets for the 
use of secondary raw materials in packaging, 
especially for HDPE and PP. To meet these 
requirements, the European Union needs to 
expand its solid polymer recycling capacity 
by at least two million tons by 2030 and an 
additional 5.7 million tons by 2040, underlining 
the strategic role of recycled plastics in the 
transition to a circular economy. At the same 
time, regulatory efforts aim to improve the 
quality of secondary raw materials, develop 
advanced sorting technologies, increase waste 
collection, and control imports of low-quality 
materials (Independent Commodity Intelligence 
Services, 2025). 

The development of the secondary polymer 
market is showing significant dynamics: In 
2023, 13.3 million tons of HDPE and PP entered 
the European market, and 14.64 million tons in 
2024, with Spain, Germany, and Italy providing 
half of the solid HDPE recycling capacity, and 
PP recycling was concentrated in Germany, the 
Benelux countries and Spain. The LDPE and 
LLDPE segments are projected to grow between 
2025 and 2031. However, growth is constrained 
by limited domestic recycling capacity and the 
introduction of new export bans, including a 
ban on the export of Recycled Low-density 
Polyethylene (R-LDPE) to non-Organisation 
for Economic Cooperation and Development 
(OECD) countries (from November 2026) 
(Expert Market Research, 2025).

The importance of circular approaches 
varies across polymer types. The HDPE 
market is growing rapidly, driven by increasing 
demand for rHDPE from the construction 
sector and packaging manufacturers responding 
to regulatory requirements and consumer 
expectations. Companies are investing heavily 
in technologies to produce bottles and containers 
with high recycled-material content. LDPE and 
LLDPE are increasingly needed for flexible 

packaging, but their market is experiencing 
instability due to export restrictions and 
insufficient recycling in Europe. PP shows high 
potential for closed-loop recycling, but faces 
difficulties in producing food-grade recycled PP, 
which requires improved sorting and recycling 
of mixed streams. The quality of recycled 
PP remains a key challenge, as high-tech 
applications require clean and stable recycled 
raw materials (High-density polyethylene, 
2025).

However, despite market growth, the 
structure of the European recycling system 
faces serious challenges. Recycling capacity is 
growing more slowly than demand for recycled 
polymers; some companies risk bankruptcy 
due to high costs and falling margins; and 
technological limitations in sorting and material 
contamination remain significant barriers. The 
EU currently uses less than 10% of recycled 
plastics in new products, indicating limited 
integration of circular principles in practice. 
The geographical concentration of recycling 
capacity—primarily in Spain, Germany, Italy, 
and the Benelux countries—creates uneven 
access to markets, complicates cross-border 
flows, and determines the pace of development 
of other countries within the European Economic 
Area (Amadei et al., 2025).

The movement of secondary raw materials 
in the European space in 2025 is shaped by a 
complex system of internal flows, active trade 
relations, and strict regulatory requirements 
aimed at expanding circular models. The volume 
of trade in secondary materials within the EU 
and between the countries of the European 
Economic Area (EEA) is growing, which allows 
reducing dependence on primary raw materials 
and supporting production chains in the context 
of the transition to a circular economy. In 2023, 
the total volume of trade in secondary materials 
within the EU reached about 40 million tons. In 
2024, the main external export destinations were 
Turkey (12.3 million tons), the United Kingdom 
(3.8 million tons), India (3.1 million tons), Egypt 
(1.8 million tons), and Switzerland (1.6 million 
tons) (Eurostat, 2025). Domestic flows include 
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active recycling of metals, paper, polymers, 
and construction waste, but secondary markets 
remain uneven and fragmented. The main 
barriers to the movement of materials remain 
the lack of harmonised technical requirements, 
varying levels of trust in the quality of secondary 
raw materials and limited data transparency, 
which complicates effective decision-making 
and creates additional transaction costs for 
market participants (European Environment 
Agency, 2023).

Logistical factors significantly determine 
the intensity and direction of secondary raw 
material flows across Europe. Processing 
and sorting capacities, infrastructure quality, 
warehouse availability, and the ability to quickly 
clean materials determine the cost and speed 
of material flows (Radkevich & Shipilova, 
2019). Regulatory procedures play an important 
role, as cross-border transport requires 
classification, documentation, and compliance 
with environmental standards. From 2026, the 
implementation of the DIWASS digital system 
(DIWASS Implementing Regulation, 2025) will 
completely change procedures for registering 
intra-EU shipments, ensuring transparency and 
traceability while reducing the administrative 
burden. Within logistics, the importance of 
“digital product passports” and systems for 
tracking the purity and origin of the material 
is growing, becoming necessary elements to 
meet the European Parliament and Council 
Directive No. 94/62/EC (1994) requirements for 
transparency and quality of recycled polymers. 
Economic factors—fluctuations in the prices 
of primary resources, energy resources, and 
logistics costs—create regional disparities and 
influence where material flows are directed 
(Skorokhod et al., 1994).

The export and import of polymer waste 
in Europe is increasingly regulated by the 
WSR, which makes movements dependent 
on the status of the country—a member of the 
OECD or not (Dinzhos et al., 2020). Trade with 
OECD countries is available, but requires prior 
written approval, detailed documentation, and 
proof of environmental compliance. Exports 
to non-OECD countries are permitted only 

until November 2026, after verification of 
their ability to ensure environmentally safe 
recycling, and will be prohibited thereafter 
until at least 2029. These requirements reduce 
Europe’s dependence on external markets and 
direct secondary polymers to the EU’s domestic 
markets, stimulating the development of local 
recycling capacities (Tudball, 2025).

The example of Bulgaria shows how 
national specificities reinforce common 
European barriers. The country faces difficulties 
in selling secondary plastics due to insufficient 
implementation of EU directives, uneven 
quality of collection and sorting, limited 
infrastructure, and difficulties in obtaining 
documents confirming the quality and status 
of secondary raw materials. The most acute 
problem is the inability to export some polymer 
fractions without granting them “end-of-waste” 
status, while there is no common EU-level 
criterion for determining when a material ceases 
to be considered waste. This creates significant 
disparities between countries and complicates 
the movement of secondary raw materials in the 
EU internal market (Bulgaria EPR, 2025). 

The introduction of a ban on R-LDPE 
exports to non-OECD countries from November 
2026 will further change the structure of flows: 
Significant volumes of this raw material will 
remain within the EU, which will, on the one 
hand, increase the availability of the material, 
and on the other hand, put pressure on processing 
capacities and require investments in additional 
cleaning, sorting, and granulation lines. This 
will strengthen the internal circulation of 
secondary raw materials but will also increase 
companies’ requirements for quality and 
economic sustainability (Tudball, 2025). 

In 2020–2025, the primary polymer market 
in Europe was characterised by high volatility 
due to the impact of the energy crisis, rising 
petrochemical raw material costs, geopolitical 
risks, and changes in EU regulatory requirements 
within the framework of the transition to a 
circular economy. The largest price peaks were 
observed in 2022–2023, when the cost of basic 
polymers (HDPE, LDPE, LLDPE, PP) reached 
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five-year highs. In 2024–2025, prices began 
to decline, but remained higher than pre-crisis 
levels in 2020. This dynamic directly affects 
the profitability of processing enterprises, as 
secondary polymers compete with primary 
polymers in price and market demand (Table 1).

Analysis of price dynamics shows that 
in 2020–2025, primary polymers in Europe 
fluctuated significantly, reaching both historical 
highs and lows. The lowest prices were recorded 
in 2020: HDPE and PP fluctuated within ~900 
EUR/t, and LDPE and LLDPE ~900–950 
EUR/t. The highest indicators were observed 
in 2023, when HDPE and PP increased to 
~1,350–1,400 EUR/t, and LDPE and LLDPE to 
~1,200 EUR/t. In 2024–2025, prices decreased 
somewhat, but never returned to 2020 levels. 
Such fluctuations directly affect the economic 
efficiency of polymer recycling. During periods 
of high primary-material prices, the secondary 
polymer market becomes more competitive, 
while declines in primary-material costs make 
recycling less profitable. 

For comparison, secondary markets recorded 
the following ranges: rHDPE (EUR 930–1,170), 
rLDPE (EUR 920–1,380), rLLDPE (EUR 
850–1,300), and rPP (EUR 990–1,200). Thus, 
minimum prices were sometimes similar, but 
maximum levels for secondary polymers often 
exceeded those of their primary counterparts, 
especially in the packaging materials segment. 
Therefore, the gap between price peaks and 
troughs is a key factor in recycling companies’ 
ability to adapt to market conditions and remain 
economically viable.

The likelihood that secondary polymer 
prices will remain competitive relative to 
virgin polymers depends on several structural 
factors, including regulatory requirements for 
recycled content, market demand for sustainable 
materials, and technological improvements in 
recycling processes. EU policies promoting 
circular economy principles are expected 
to support stable demand for high-quality 
recyclates. However, fluctuations in energy costs, 
global petrochemical prices, and the availability 
of clean waste streams may influence the future 
competitiveness of secondary materials.

A possible market scenario should also 
consider situations where the price of virgin 
polymers falls below the price of secondary 
materials. In such conditions, recycling 
enterprises may face reduced competitiveness, 
as manufacturers may prefer cheaper primary 
raw materials. This situation may lead to lower 
demand for recyclates, pressure on recycling 
margins, and potential underutilisation of 
recycling capacities. Therefore, maintaining the 
economic viability of recycling in such scenarios 
may require regulatory instruments, including 
minimum recycled content requirements, 
financial incentives, and strengthened extended 
producer responsibility mechanisms.

Practical Difficulties of Processing Companies 
in Europe and the European Union
In 2020–2025, Europe saw a significant increase 
in the cost of secondary polymers HDPE, LDPE, 
LLDPE and PP compared to virgin raw materials, 
which put significant pressure on the business 

Table 1: Price ranges for virgin HDPE, LDPE, LLDPE, and PP in Europe in 2020–2025 (EUR/ton)

Year HDPE LDPE LLDPE PP
2020 ~900–1,000 ~900–950 ~900–950 ~900–1,000
2021 ~1,000–1,100 ~950–1,050 ~950–1,050 ~1,000–1,100
2022 ~1,100–1,300 ~1,000–1,150 ~1,000–1,150 ~1,100–1,300
2023 ~1,200–1,350 ~1,050–1,200 ~1,050–1,200 ~1,200–1,400
2024 ~1,206–1,339 ~980–1,050 ~940–1,047 ~900–1,200
2025 ~930–1,100 ~920–1,011 ~941–1,047 ~939–1,095

Source: Compiled by authors based on prices of commodity plastics (2025)
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models of recycling companies. In 2025, 
rHDPE prices in Germany ranged between EUR 
1,060–1,170 per ton, while rLDPE increased 
by 6.8% in the packaging segment, reaching 
USD 1,350–1,380 (≈EUR 1,250–1,280) per 
ton; in some EU countries, they remained in 
the range of EUR 920–1,050. rLLDPE showed 
even greater variability, ranging from EUR 850 
to EUR 1,300 depending on purity, availability, 
and regional demand. rPP prices in the second 
half of 2025 were EUR 990–1,200, supported by 
high energy costs and regulatory requirements, 
including carbon adjustment mechanisms 
(Polymer Prices, 2025; Ren, 2025).

During the period under review, secondary 
polymers were recorded as costing more than 
virgin polymers. In 2025, high-quality rPP and 
rHDPE grades in Europe and the USA increased 
in price by GBP 30–50/ton, exceeding the cost 
of virgin raw materials due to a shortage of 
high-quality recyclates and increasing demand 
for durable materials (Russell, 2025). The 
largest price gaps were observed for recycled 
Polyethylene Terephthalate (rPET) and rHDPE: 
In April 2025, rPET exceeded the cost of virgin 
PET by EUR 686 per ton, and rHDPE by EUR 
542. This is due to the limited availability 
of high-quality waste, increased sorting 
requirements and a sharp increase in demand 
from the packaging industry, which must meet 
the PPWR targets for the share of recycled 
materials (Oriordan et al., 2025). 

The secondary polymer market in Europe 
is developing amid significant regulatory 
heterogeneity, exacerbated by the lack of 
uniform end-of-waste criteria and differences 
in national quality standards. The entry into 
force of the PPWR in February 2025 and the 
phase-in of its requirements from 2026 form a 
single framework for packaging design and the 
mandatory share of recycled materials.

The regulation stipulates that by 2030, 
packaging must be suitable for reuse or high-
quality recycling have minimised void space, 
be free from prohibited substances (in particular 
heavy metals and per- and Polyfluoroalkyl 
Substances [PFAS]), and receive harmonised 

labelling for consumers. The requirements 
for recycled content include 30% recycled 
content for PET packaging, 10% for other 
contact packaging, and 35% for all other plastic 
packaging, with further increases until 2040. 
Although these requirements are pan-European, 
their implementation across countries shows 
significant fragmentation of standards. The lack 
of EU-harmonised EoW criteria for polymers 
contributes to national regulatory approaches 
that differ significantly. 

Germany sets extremely high requirements 
for the purity, traceability, and quality of 
recycled polymers, effectively equating the 
final parameters with those of virgin materials. 
France applies similarly stringent criteria, 
especially for materials that may come into 
contact with food products, and requires official 
EoW certification. Italy has introduced detailed 
tests for chemical purity and full compliance 
with environmental standards. At the same time, 
the Netherlands focuses on pollution control 
and precise traceability of material flows within 
closed recycling cycles (De Serio & Mossa, 
2016). Against this background, Bulgaria 
has a less detailed and more flexible system 
of requirements for the purity of secondary 
polymers, which on the one hand simplifies 
domestic recycling, but on the other hand 
creates problems during export, as materials do 
not always meet the requirements of countries 
with stricter standards. 

Regulatory fragmentation directly 
complicates the movement of secondary 
polymers within the single market. In some 
countries, the material is recognised as a 
product, while in neighbouring countries it 
remains legally considered waste, triggering the 
requirements of the Waste Shipment Regulation 
and leading to additional procedures, inspections, 
and costs (Skakov et al., 2025). Differences in 
purity criteria, requirements for morphological 
analysis, certification, and evidence of 
traceability lead to delivery delays, duplicated 
documentation, and higher logistics costs. In 
Bulgaria, these regulatory discrepancies are 
particularly noticeable: Local companies face 
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difficulties having their materials recognised 
as non-waste in Western European countries, 
leading to export delays, lower profitability, and 
shrinking sales markets (European Commission, 
2025).

Together, these disparities undermine the 
competitiveness of the European recycling 
industry. Companies face higher costs to adapt 
their processes to different national standards, 
uncertainty about market access, and investors 
postpone modernisation projects because 
of the lack of predictable regulatory logic. 
Market fragmentation also increases the EU’s 
dependence on imports of cheaper polymers 
from less regulated jurisdictions, which reduces 
the share of domestic production of secondary 
materials. This is why the European Commission 
(2025) and the Joint Research Centre (2025) are 
preparing common European EoW criteria for 
polymers, designed to reduce administrative 
barriers, ensure trade stability, and create a level 
playing field for all market participants. 

Regulatory fragmentation in the 
European Union significantly weakens the 
competitiveness of the recycling industry and 
complicates cross-border trade in secondary 
polymer materials. The “detailed regulation + 
fragmented implementation” model results in 
secondary raw materials falling under different 
requirements depending on the Member State, 
despite a common European legal area. This 
creates significant barriers for businesses, 
especially small and medium-sized ones, which 
face inconsistent rules, additional costs, and 
unpredictable administrative procedures (David 
et al., 2025). 

The most problematic countries for the 
export and import of secondary polymers remain 
Germany, Spain, and Belgium, where high 
domestic environmental standards are combined 
with strict application of national control 
procedures. Germany has some of the strictest 
standards regarding polymer purity, impurity 
content, and compliance of recycled materials 
with packaging legislation. France and the 
Netherlands also have increased requirements 
for certification and testing, while Bulgaria has a 

more flexible approach but limited technological 
and infrastructural capabilities, making it 
difficult to achieve standards acceptable to 
Western European markets.

As a result, the same batch of polymers 
can be considered “secondary raw material” 
in one country and “waste” in another, 
automatically triggering the procedures of the 
Waste Transboundary Movement Regulation 
and increasing the risks of delays, fines, and 
additional inspections (Pierri et al., 2024). A key 
regulatory barrier is the requirement for material 
traceability, which has been strengthened with 
the adoption of Regulation (EU) No. 2024/1781 
of the European Parliament and of the Council 
(2024), which introduces the DPP. The DPP 
requires each batch of polymers to have a unique 
digital identifier containing complete data 
on composition, the proportion of secondary 
raw materials, the presence of hazardous 
impurities, environmental performance, and 
recommendations for final disposal. Such 
passports require integration with national 
registries, customs databases, and control 
systems, which vary between countries and 
increase the administrative burden. Blockchain, 
IoT, and digital labelling are intended to 
increase transparency, but for many companies 
this means a significant increase in the costs of 
digitalisation and supply-chain auditing (Buzeti 
& Tian, 2025). 

Regulatory differences are exacerbated 
by different purity criteria and requirements 
for achieving EoW status. Germany, France, 
and the Netherlands set high purity thresholds 
for recycled polymers, effectively equating 
them to virgin materials, while Bulgaria and 
some other South-eastern European countries 
allow higher impurity levels due to limited 
technological capabilities. The lack of a single 
EoW criterion for plastics at the EU level creates 
legal uncertainty: Companies must re-certify 
for each cross-border movement, and different 
interpretations of the material’s status at customs 
create risks of shipments being stopped or 
reclassified as “waste”. The issue of impurities 
is particularly complex: The more than 13,000 
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compounds used as additives in plastics—from 
PFAS to phthalates, Ultraviolet (UV) stabilisers 
and brominated flame retardants—often make 
it impossible to achieve the purity required 
for high-quality recyclates to enter the market 
(Independent Commodity Intelligence Services, 
2025).

Sorting and bringing polymers to a level 
sufficient for EoW remains one of the biggest 
challenges. Many waste streams are mixed, 
contain impurities, multilayer structures, or food 
contamination, which dramatically reduces the 
quality of the secondary raw materials (Chernets 
et al., 2008). Inconsistent separate collection 
systems, insufficient infrastructure, and varying 
output-stream quality mean that a significant part 
of plastic waste never reaches the recycling stage 
(Paton et al., 2005a, 2005b). Even with optical 
sorting, Artificial Intelligence (AI) markers, 
or near-infrared technologies, many small and 
medium-sized enterprises cannot invest in such 
systems, widening the gap between countries 
with developed infrastructure and those with 
weaker capabilities (European Chemical Regions 
Network, 2025). The European Parliament and 
Council Directive No. 94/62/EC (1994) further 
affects classification and traceability by setting 
mandatory quotas for secondary raw-material 
content and requirements for packaging design. 
PPWR mandates that packaging be designed for 
recyclability on a large scale, with performance 
grades (A to D) assessing actual recyclability. 
From 2030, only packaging with performance 
grade A or B (≥ 80%–95% recyclable) can be 
placed on the EU market. This classification 
determines whether materials qualify for 
recycling streams, affecting how recyclates are 
classified and accepted.

The increasing regulatory pressure 
is particularly noticeable “up the chain”, 
as manufacturers and processors become 
increasingly demanding of suppliers under 
the influence of internal quality management 
procedures. Companies are forced to implement 
continuous process improvement, which is the 
basis of ISO 9001:2015 (2015), starting from 
the collection and pre-sorting stages. In this 

context, the role of material purity control, 
accurate polymer classification, complete 
batch documentation, and the implementation 
of digital tools (digital product passports, 
labelling, blockchain-based proof of origin) 
is increasing. At the same time, the operating 
environment is becoming more complicated in 
terms of occupational safety (Radkevich et al., 
2022). The processing industry uses dangerous 
equipment, which requires constant external 
auditing and closer attention to the condition 
of production sites. Even with compliance with 
occupational safety requirements, “blind spots” 
often arise that are revealed during third-party 
inspections. Investments in safer early stages of 
the process can reduce overall risks and long-
term costs. 

The greatest uncertainty arises in cross-
border transportation. The Regulation (EU) 
No. 2024/1157 of the European Parliament and 
of the Council (2024) is interpreted differently 
not only between countries, but sometimes 
even between regions of the same country. 
Errors in preparing transport documents often 
lead to long delays, fines, additional checks, or 
even temporary withdrawal of documentation. 
Individual cases are complicated because the list 
of “hazardous materials” can change, and goods 
that did not pose a risk can suddenly fall into 
stricter categories. This forces exporters and 
importers to constantly monitor changes and 
participate in specialised seminars (Kehayova & 
Anastasova, 2024). 

The lack of clarity of standards and guidance 
documents also creates significant difficulties. 
Regulatory texts contain numerous cross-
references, which give rise to contradictory 
interpretations and complicate the practical 
implementation of the rules. Even environmental 
protection specialists or risk management 
sometimes make mistakes in determining the 
necessary procedures, which forces companies 
to involve external experts to coordinate actions 
and avoid regulatory violations. At the same time, 
the industry faces systemic problems typical 
of most European markets: Contamination of 
secondary raw materials, insufficient investment 
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in infrastructure, uneven access to modern 
sorting technologies, variability of demand for 
secondary polymers, price instability, and low 
margins of certain types of processing (Tastemir 
et al., 2025). A significant problem remains the 
consumer factor—confusion in sorting rules, 
low level of awareness, inappropriate behaviour, 
widespread contamination, and greenwashing 
phenomena.

Material and market barriers include the 
complex chemical composition of polymers, 
the presence of hazardous additives, laminated 
structures, poor traceability of the material 
history, degradation of properties during reuse, 
and competition between mechanical and 
chemical recycling (Bulatov, 2025). The large 
differences in the quality of secondary raw 
materials between EU and EEA countries create 
obstacles to assigning “End-of-Waste” status, 
which further complicates trade in secondary 
polymers. Despite this, the industry is moving 
toward a 100% reuse model due to increasing 
consumption, resource depletion, and the need 
to reduce the EU’s dependence on imported 
raw materials (Kehayova & Anastasova, 
2024). Improving standards, implementing 
design-oriented solutions, expanding the use 
of innovative digital tools, developing sorting 
infrastructure, and the emergence of chemical 
recycling as a complement to mechanical 
recycling create the prerequisites for improving 
the quality of secondary polymers and 
harmonising the market in the future.

Features of Bulgarian Polymer Processors 
under EU Regulatory Requirements
Several infrastructural, technological, 
and regulatory factors shape the national 
conditions for Bulgarian recycling enterprises 
and determine the availability of high-
quality secondary raw materials, compliance 
with European requirements, and industry 
competitiveness. The infrastructure for the 
collection, sorting, and pre-treatment of plastic 
waste in Bulgaria has basic elements mainly in 
cities, where separate collection systems and 
a number of sorting stations focused on the 

separation of PET, Polyethylene (PE) and PP 
operate. In urban centres, mechanical sorting 
lines and advanced enterprises such as Integra 
Plastics AD operate, while in rural communities, 
much plastic waste ends up in mixed streams 
due to a lack of infrastructure and low levels 
of public participation. This creates significant 
regional disparities, as shown by cases where 
individual communities report recycling rates 
of 0–10%, while official averages are around 
50.6% (Todorović, 2025).

Bulgaria has an insufficient number 
of sorting stations and Material Recovery 
Facilities (MRFs), and the available capacity is 
often limited to basic mechanical technologies 
with minimal use of Near-infrared (NIR) or 
AI sorting. Manual sorting continues to play 
a significant role, limiting the ability to obtain 
high-purity secondary materials. Container 
coverage for separate collection remains low: 
Estimates suggest the number of containers 
should be increased by 2.5–3 times to match the 
actual volume of waste. An additional constraint 
is the import of plastic waste, which in many 
cases is more financially advantageous than 
processing domestic flows (Zero Waste Europe, 
2025).

The problems of infrastructural inadequacy 
are exacerbated by regulatory barriers. Bulgarian 
legislation is based on the Waste Management 
Act (2012), which implements the requirements 
of Directive No. 2008/98/EC of the European 
Parliament and of the Council “On Waste 
and Repealing Certain Directives” (2008), 
as well as provisions on extended producer 
responsibility. However, the country does not 
have its own national EoW criteria for plastics, 
which creates difficulties in entering the EU 
markets, where significantly stricter standards 
apply,  in particular in Germany, France, and the 
Netherlands. The uneven interpretation of the 
norms adds additional difficulties during cross-
border movement: The requirements of the 
European EVOA Regulation can be interpreted 
differently even within the same country, leading 
to delays and the risk of fines in the event of the 
slightest inaccuracies in the documentation.
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Growing regulatory pressure is increasing 
requirements across the entire secondary-
materials supply chain. European manufacturers 
are becoming increasingly demanding regarding 
polymer quality and increasingly require the 
implementation of continuous improvement 
systems in accordance with ISO 9001:2015 
(2015). Bulgarian companies must strengthen 
process management and ensure higher standards 
of cleanliness, traceability, and occupational 
safety. A separate problem remains the constant 
danger of working with sorting and processing 
equipment; even with occupational health and 
safety procedures in place, the need for audits 
and external controls remains high (Pak et al., 
2001, 2018). 

At the same time, regulatory texts are often 
overly complex and overloaded with cross-
references, increasing the risk of incorrect 
implementation. Situations where even 
consultants misinterpret the norms are typical, 
which affects the accuracy of risk assessment 
and investment planning. Increasing regulatory 
complexity is also a significant driver of rising 
financial costs for businesses: From 2025, 
Bulgaria will introduce a new product levy on 
plastic packaging (approximately EUR1.20/kg), 
along with fines for failing to meet recycling 
targets and reporting requirements. Producer 
Responsibility Organisations (RLOG, 2024) 
must post significant bank guarantees, which 
limits the system’s financial flexibility and 
increases barriers to entry.

Additional challenges include 
contamination of plastic streams, the complexity 
of processing multilayer materials, the presence 
of hazardous impurities (PFAS, phthalates, dyes, 
and UV stabilisers), low traceability of chemical 
composition, and a constant shortage of high-
purity raw materials (Mossa, 2006). Under 
these conditions, Bulgaria cannot yet ensure 
the production of high-grade or food-grade 
secondary polymers on a scale comparable to 
advanced EU countries. In general, Bulgarian 
processors’ operating conditions are shaped by 
a combination of infrastructural inadequacy, 
unstable regulatory interpretations, increasing 

pressure from European requirements, high 
compliance costs, and increased competition 
from more developed EU markets. The progress 
towards 100% material reuse, declared in 
Europe, is difficult to implement under the 
current conditions, which makes it necessary to 
invest in modern sorting technologies, strengthen 
the Extended Producer Responsibility (EPR) 
system, increase transparency, and modernise 
the infrastructure at the national level (Bulgaria 
ERP, 2025).

Bulgaria’s adaptation to European 
environmental and technical standards in 
polymer recycling requires comprehensive 
modernisation of infrastructure, management 
processes, and regulatory mechanisms. Current 
differences between national systems and EU 
requirements complicate the production of 
high-quality secondary polymers, limit export 
opportunities, and increase processor costs. To 
address these challenges systematically, national 
policies must be harmonised with European 
criteria for polymer purity, traceability, and 
safety. Table 2 reflects Bulgaria’s structured 
adaptation directions by systematising the 
key barriers, necessary changes, and expected 
results of harmonisation.

The analysis of the strategic adaptation 
pathways presented in Table 2 demonstrated 
that Bulgaria’s successful integration into the 
European secondary polymers market depends 
on systemic, multi-layered reforms that address 
both structural weaknesses and regulatory 
inconsistencies. The country’s current position-
characterised by fragmented infrastructure, 
uneven enforcement, and limited technological 
capacity-creates substantial barriers to meeting 
the high-purity, high-traceability, and safety 
standards expected under EU legislation such 
as PPWR, ESPR, REACH, and the forthcoming 
harmonised EU-wide End-of-Waste criteria for 
plastics.

A key element of Bulgaria’s adaptation 
involves transforming its waste management 
ecosystem from a predominantly low-efficiency 
model into a technologically advanced, quality-
assured recycling chain. Modernisation of 
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Table 2: Strategic pathways for Bulgaria’s adaptation to EU requirements for secondary polymers

Key Challenge 
for Bulgaria EU Requirement/Standard Required Change 

in Bulgaria Expected Outcome

Low quality of input 
waste streams

High purity standards 
for polymers under EoW 
criteria

Introduction of 
mandatory pre-washing 
and advanced cleaning 
systems

Reduced contamination 
and stable recyclate 
quality

Limited technological 
capacity in sorting 
facilities

Adoption of NIR, AI, 
and digital watermarking 
technologies

National modernisation 
programme for MRFs 
supported by EU funds

Higher precision in 
polymer segregation

Weak control over 
chemical additives 
and legacy substances

Registration, Evaluation, 
Authorisation, and 
Restriction of Chemicals 
(REACH) standards for 
PFAS, phthalates, UV 
stabilisers and other 
hazardous chemicals

Establishment of 
accredited laboratories 
for polymer composition 
analysis

Verified chemical 
safety of secondary raw 
materials

Strong regional 
disparities in waste 
infrastructure

EU requirement for 
universal access to separate 
collection

Expansion of collection 
points in small 
municipalities

More uniform feedstock 
quality across regions

Low market 
transparency

Traceability principles under 
ESPR and DPP

Development of 
a national digital 
monitoring system for 
polymer flows

Transparent and 
verifiable waste-to-
product chain

Inefficiency of EPR 
schemes

Reformed EPR rules under 
PPWR (from 2026)

Revision of fee 
structures, elimination 
of free-riders, mandatory 
audits of PROs

Increased financial 
capacity of the recycling 
system

High logistical costs EU model of cost-efficient 
waste transportation

Optimisation of 
transport routes, creation 
of regional waste-sorting 
hubs

Lower processing 
costs and improved 
competitiveness

Weak regulatory 
enforcement

EU trend toward harmonised 
inspection and control

Strengthening 
inspections and 
independent audits

More stable and 
predictable recyclate 
market

Low public 
participation in sorting

EU requirement for 
minimum household 
engagement

Awareness campaigns 
and improved 
convenience of 
collection services

Cleaner and higher-
quality input materials

Competition from 
waste incineration

EU preference for recycling 
over energy recovery

Limiting incentives for 
WtE and prioritising 
mechanical recycling

Increased volumes of 
plastics diverted to 
recycling

Source: Compiled by authors based on Hsu et al. (2021), Paliova (2024), and Bulgaria ERP (2025)
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sorting facilities through large-scale deployment 
of NIR and AI-driven systems, combined with 
the introduction of digital product passports, 
will enable Bulgaria to meet the strict purity and 
traceability requirements that define circular-
economy markets in Western Europe. Equally 
critical is establishing accredited laboratories 
capable of monitoring chemical composition 
and identifying hazardous legacy substances. 
In this area, Bulgaria currently lags far behind 
countries such as Germany and the Netherlands. 

However, the large-scale introduction of 
NIR and AI-based sorting technologies may 
be constrained by financial, technological 
and human resource limitations faced by 
many Bulgarian recycling enterprises. Small 
and medium-sized companies often lack the 
investment capacity and specialised technical 
staff required to implement advanced sorting 
systems. Therefore, the modernisation of sorting 
facilities should be considered as a gradual 
process supported by targeted public funding, 
training programmes, and cooperation with 
European technology providers.

Furthermore, harmonising Bulgaria’s 
Extended Producer Responsibility (EPR) model 
with EU requirements is crucial to building 
a financially sustainable recycling sector. By 
eliminating free-riders, strengthening producer 
audits, and aligning fee modulation with 
recyclability performance, Bulgaria can secure 
stable funding for infrastructure development 
and reduce dependency on imported waste 
streams. Expansion of separate collection 
coverage, especially in rural municipalities, will 
further improve the availability and purity of 
recyclable plastics, enabling recyclers to meet 
high-value market standards. Digitalisation 
plays a particularly strategic role. A national 
system for tracking polymer flows—from 
collection to final recyclate—would not only 
improve regulatory compliance but also increase 
market confidence and attract investment from 
European manufacturers seeking certified, 
traceable secondary materials.

Finally, aligning Bulgaria’s policy 
framework with EU priorities, particularly the 
shift away from incineration and toward high-
quality mechanical and chemical recycling, will 
strengthen the long-term competitiveness of the 
domestic recycling industry. By implementing 
these reforms, Bulgaria can overcome regulatory 
and infrastructural constraints, reduce market 
fragmentation, increase the supply of high-
quality recyclates, and fully align with evolving 
EU single-market standards for secondary raw 
materials.

The practical implementation of these 
modernisation measures depends on the 
availability of financial resources, qualified 
personnel, and institutional capacity. While 
EU structural funds and green transition 
programmes may support technological 
upgrades, limited investment capacity and a 
shortage of specialised technical staff may 
slow the modernisation of sorting facilities 
in Bulgaria. Therefore, implementing these 
measures requires phased investment strategies, 
targeted training programmes, and stronger 
cooperation between government institutions, 
industry, and academic organisations.

Discussion
Waste management challenges remain among 
the most challenging for modern economies, 
encompassing interconnected environmental, 
technological, and institutional dimensions. The 
development of circular models depends not 
only on the availability of effective technologies, 
but also on how well regulatory requirements 
are aligned, whether market mechanisms can 
ensure stable flows of secondary raw materials, 
and whether incentives exist to modernise 
production. A comparison of this study with the 
work of Li et al. (2024) showed that although both 
works analysed problems in waste management, 
they revealed them in different dimensions. 
This study, by contrast, revealed the problem 
through an economic-regulatory lens, focusing 
not on toxic impacts but on market organisation, 
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institutional fragmentation, and the lack of 
controlled flows of raw materials. Despite the 
difference in focus, both works agreed that any 
recycling system cannot be effective without 
clear infrastructure and formalised control.

A further connection appeared in a 
comparison with Singh and Walker (2024). 
The authors shifted the discussion to the global 
level: They criticised the international system 
of plastic management, highlighted the lack 
of coordination among regulators, and noted 
the insufficiency of technological solutions on 
a global scale. This study partly echoed these 
findings but was limited to analysing the specific 
regional context and institutional barriers that 
shaped the inefficiency of the recycling system 
at the local level. A similar logic emerged 
in the comparison with Li et al. (2024): the 
authors also emphasised systemic gaps but 
focused on toxicological risks, while this study 
outlined primarily economic, organisational, 
and technological barriers. In both cases, the 
issue was the inconsistency of mechanisms and 
the lack of a coherent policy, but in different 
projections—ecological and institutional.

A comparison with Krasnikova et al. 
(2025) revealed another layer on market risks. 
Krasnikova et al. (2025) emphasised the pan-
European production and logistical challenges, 
while this study detailed specific national barriers 
that hindered the development of the Bulgarian 
processing segment. The study by Song et al. 
(2021) logically continued this discussion, as 
it focused on the physical and technological 
aspects such as complex polymer structures, 
impurities, and low quality of streams. This 
study combined these observations with an 
analysis of the infrastructural and regulatory 
reasons underlying the low technological 
performance. Similarly, Hou et al. (2025) 
discussed the inefficiency of resource systems 
within the coal industry, which allowed us to 
see a broader phenomenon: Technological and 
managerial gaps inherent in different sectors. 
This study demonstrated a similar logic, but 
in the polymer sphere and in the context of 
regulatory fragmentation.

Gradually, the discussion moved to a 
more strategic level which is a comparison 
with Bleischwitz et al. (2022). There, the 
analysis covered the global architecture of the 
circular economy, while this study showed how 
these global structural imbalances manifested 
themselves at the level of an individual 
European country. Against this background, the 
work of Nguyen et al. (2025) complemented 
the comparative picture: The authors described 
imbalances in waste trade between EU 
countries, while this study recorded how these 
transnational disparities materialised in the form 
of local barriers, which from the lack of end-
of-waste criteria to price pressure on secondary 
materials.

A comparative analysis of this study with 
the work of Deng et al. (2024) showed that 
both works. However, they converged on 
one key observation: Market fluctuations and 
regulatory instability became one of the main 
factors undermining the sustainability of the 
recycling system. In Deng et al. (2024), this 
was manifested through macroeconomic shocks 
that reduced investment activity and effectively 
“froze” the development of secondary markets. 
This study revealed this problem from another 
side: Not only economic shocks, but also the 
blurring of norms, the lack of quality flows, and 
a significant gap between declared and actual 
recycling indicators created an environment 
in which the effective functioning of polymer 
recycling became unlikely.

Continuing the topic of regulatory 
instability, a comparison with Sobrino-García 
(2024) expanded the discussion to management 
decisions. Sobrino-García (2024) showed 
that even within a single country, Spain, the 
effectiveness of the waste management system 
depended on local administrations’ ability to 
implement national and European legislation 
correctly. In this context, the work demonstrated 
how legal inaccuracies, weak control, or 
insufficient integration of municipal regulations 
with EU requirements directly affected practical 
results. This study extended this view to the level 
of international asymmetry: The fragmentation 
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of regulators in Bulgaria and the lack of 
unified End-of-Waste criteria also demotivated 
the industry, not at the local level, but at the 
interstate level. Thus, it was a common problem 
specifically the imbalance of the regulatory field, 
but with a different focus: Legal-administrative 
in Sobrino-García and institutional-market in 
this study.

Comparison with the work of Lallana 
et al. (2024) deepened this topic, showing 
that regulatory fragmentation is not only an 
administrative problem, but also a strategic 
barrier to the functioning of European extended 
producer responsibility systems. Lallana et al. 
(2024) highlighted the uneven conditions faced 
by countries with different levels of political and 
technological capacity. This study illustrated 
how such an asymmetry translated into specific 
Bulgarian realities: Difficulties exporting 
secondary raw materials, dependence on low-
profit local markets, and a lack of incentives for 
modernisation. Although the emphases differed, 
both works shared the idea that without uniform 
rules of the game, implementing a circular 
economy remains more conceptual than real.

Compared to del P Pablo-Romero et al. 
(2024), this logic was complemented by another 
dimension: The connection between regulatory 
changes and their energy and environmental 
consequences. The authors showed that waste 
management policies can significantly affect 
emissions, the burden on energy systems and 
the resilience of communities. This study did not 
focus directly on energy aspects. However, the 
parallel was obvious: In both polymer recycling 
and general waste management reforms, a 
lack of clarity and logical interaction between 
regulations led to weak practical results. This 
is the commonality in principle, while the 
difference lies in the subject matter focus. 

Comparison with the studies by Anwar 
et al. (2024) and Shahid et al. (2024) allowed 
the discussion to move from the regulatory to 
the technological level. Anwar et al. (2024) 
emphasised the energy and technological 
challenges of metallurgical recycling, while 
Shahid et al. presented a similar picture for 

multilayer plastics: Technical unsuitability of 
the material, high process energy intensity, and 
a lack of viable methods for layer separation. 
This study, in turn, showed that even where 
technologies formally exist, their effectiveness 
is limited by low-quality flows, market 
fragmentation, and lack of incentives for 
investment. That is, all three works converged 
on one thing, which technological solutions only 
make sense in an environment that supports 
them economically and institutionally.

The comparative review demonstrated 
that despite the diversity of approaches—
from toxicological and environmental to 
technological, economic, and regulatory—all 
the analysed studies converged on one key point: 
Systemic policy incoherence and institutional 
fragmentation remained the main barriers to 
effective waste recycling. Taken together, the 
analysis confirmed that technological solutions 
alone are not enough to form a viable recycling 
model. A holistic institutional architecture is 
needed that can ensure transparency, stability, 
and integration of all elements of the system.

Conclusions
The study provides an analytical assessment of 
the systemic barriers that hinder the efficiency 
of processing enterprises in Europe and, in 
particular, in Bulgaria during the period 2020–
2025, based on comparative and secondary data 
analysis. The results indicate that price volatility, 
uneven infrastructure provision, a fragmented 
regulatory field, and significant logistical 
constraints shape the secondary polymer market. 
The increase in prices for primary polymers in 
2022–2023, when HDPE and PP reached 1,350–
1,400 EUR/t, and LDPE and LLDPE were about 
1,200 EUR/t, increased the competitiveness of 
secondary raw materials. 

However, in 2024–2025, despite a partial 
decrease in the cost of primary products, prices 
for secondary materials often remained the same 
or even higher: rHDPE cost up to 1,170 EUR/t, 
rLDPE up to 1,380 EUR/t, rLLDPE up to 1,300 
EUR/t, and rPP up to 1,200 EUR/t. Combined 
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with high stream-purity requirements, the 
dominance of mixed fractions, and rising sorting 
costs, this puts significant pressure on processors’ 
economic sustainability. The European market 
in 2023–2024 demonstrated high volumes of 
secondary raw materials turnover (up to 40 
million tons per year), and the main external 
export destinations such as Turkey (12.3 million 
tons), the United Kingdom (3.8 million tons), 
and India (3.1 million tons), confirmed the EU’s 
strategic dependence on third countries. 

The introduction of DIWASS in 2026 should 
reduce administrative barriers, but it will also 
make it more difficult to comply with traceability 
and digital documentation requirements. The 
lack of unified “End-of-Waste” criteria has 
become one of the most significant barriers 
in the recycling industry. The high standards 
of Germany, France, and the Netherlands 
effectively equate the quality of secondary raw 
materials with that of primary raw materials, 
while Bulgaria has more flexible requirements, 
making it impossible to export a significant share 
of its products. This is especially critical given 
the country’s structural infrastructural weakness: 
Real recycling rates in some communities are 
only 0–10%, while the official rate is 50.6%, 
and the lack of sorting stations and limited use 
of NIR technologies create low-quality input 
flows. The study is limited because it relies only 
on analytical and comparative data, without 
direct measurements of polymer-stream quality 
at enterprises. Future research should conduct 
empirical assessments of fraction purity, test 
the technological efficiency of sorting lines, 
and analyse the impact of harmonised “End-of-
Waste” criteria on the possibility of exporting 
secondary polymers.
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