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ABSTRACT 

The paper explores the impact and durability of virgin HDPE nets filled with stones as an innovative 
approach to erosion prevention in aquatic environments. The first product manufactured from 100% 
recycled PET, known as filter units, was developed by the Japanese company Kyowa (1987), introducing 
the idea of using mesh-filled units for stabilising maritime structures.  Due  to  their  adaptability  and 
eco-friendly design, these rPET units have been used widely in projects all over the world for more than 
thirty years. But given the growing need for materials with better tensile strength, resistance to abrasion, 
and longer lifespans, we look at a newly founded HDPE variation that is 100% virgin which was created by 
Internationale Geotextil GmbH. Although the structural architecture is similar, this updated version offers 
better durability and a lower risk of microplastic contamination. 
Although rPET has become more and more popular because to its capacity to minimise waste and align 
with the principles of the circular economy, studies indicate that it may face challenges in long-term 
durability due to degradation during recycling processes (Bhattarai et al., 2023). vHDPE provides a strong 
alternative for projects requiring greater durability, particularly in high-abrasion, UV-exposed, and 
ecologically sensitive scenarios. While rPET is a an excellent choice for projects that focus on resource 
conservation and recycled materials, vHDPE can be used for situations where durability over time is crucial. 
Virgin HDPE's excellent durability make sure long-term performance while minimising ecological impact 
because both materials support sustainability. Recent studies have shown that recycled polymers, 
including recycled HDPE, tend to degrade in comparison to virgin materials (Petrović et al., 2022). 
The application of vHDPE nets filled with stones exemplifies a hybrid engineering approach, blending 
incumbent engineering techniques with bioengineering principles to offer both structural integrity and 
environmental enhancement, as demonstrated by recent studies on coastal protection (Slee et al., 2023). 
In addition to its ability to resist abrasion and UV exposure, the interstitial spaces in the mesh support 
aquatic and terrestrial ecosystems, promoting natural sediment accumulation and providing habitats for 
marine and land-based life. Figure 1 is an example of combining hard engineering choices and 
bioengineering methods encouraging the development of more durable and ecofriendly infrastructure, 
especially in the areas of ecosystem restoration, riverbank and coastal protection. These hybrid alternative 
solutions to vHDPE reveal a balance between durability, strength, and environmental responsibility 
connecting modern-day demands for solid basis and environmental stewardship. 

Fig. 1. hybrid engineering approach on Yearls Weir river bank, Workington; Cumbria, N.W. England (CBEC-Salix) 

As a result, vHDPE nets filled with stones provide a future erosion control solution which addresses both 
the needs of infrastructure durability and environmental enhancement. While recycled resins are frequently 
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avoided in these high-stress applications, vHDPE provides the necessary advantage for environments 
prone to high stress and abrasion. The development of vHDPE nets filled with stones represents an 
important step in geosynthetic engineering and environmental restoration, meeting the growing demand for 
sustainable infrastructure. 
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1 INTRODUCTION 

Erosion control is an important part of 
sustainable environmental management especially 
in coastal and riverbank ecosystems. Traditionally, 
materials such as rPET, polypropylene, and nylon 
have been utilised for erosion control structures. 
However, differences in their resistance to 
abrasion, hydrolysis, UV exposure, and overall 
durability significantly influence their long-term 
performance. 

The concept of mesh-filled units for erosion 
control was first introduced in 1987 by the 
Japanese company Kyowa, which developed units 
made from 100% recycled PET to stabilise 
maritime structures. Over the past three decades, 
rPET units have been widely adopted globally due 
to their adaptability and eco-friendly design. 
However, recent studies have shown that recycled 
polymers face durability challenges, including 
strength degradation and increased microplastic 
release over time (Bhattarai et al., 2023). In 
response to these limitations, Internationale 
Geotextil GmbH developed a virgin HDPE variant 
with enhanced abrasion resistance, structural 
stability, and reduced risk of microplastic 
contamination, making it more suitable for 
high-stress aquatic environments. 

The emergence of hybrid engineering 
solutions—blending structural integrity with 
ecological benefits—has led to the growing interest 
in using 100% virgin HDPE (vHDPE) nets filled 
with stones. This paper evaluates vHDPE as an 
alternative to rPET-based filter units, focusing on 
both its technical performance and ecological 
contributions. 

2 HYBRID ENGINEERING AND ECOLOGICAL 
BENEFITS 

Hybrid engineering combines structural and 
ecological restoration approaches to achieve 
erosion control and habitat creation. A notable 
example is the integration of salt marsh terraces 
into sea wall repairs, which enhance coastal 
defence by dissipating wave energy and fostering 
new habitats for both aquatic and terrestrial 
species. (Slee et al., 2023) These terraces utilise 
natural sediment accumulation processes to 
promote biodiversity and ecosystem resilience, like 

the function of mesh-filled units in the Yearls Weir 
project. 

 

 
 
Fig. 2. Salt marsh terraces integration (Slee et al., 2023) 
 

This approach merges bioengineering 
principles with structural solutions, enhancing 
sediment retention, vegetation growth, and aquatic 
habitat creation. Unlike purely engineered methods, 
hybrid strategies stabilize ecosystems by 
incorporating natural elements. The Yearls Weir 
project exemplifies this, where vHDPE mesh 
structures improved both infrastructure resilience 
and ecological regeneration. 

Observations from the project revealed that 
vHDPE mesh-filled units promoted sediment 
retention and vegetation colonization, helping to 
stabilize riverbanks and mitigate erosion. The 
mesh’s permeability allowed fine sediment 
deposition while maintaining structural integrity, 
contributing to the development of aquatic habitats 
and supporting ecosystem restoration and 
biodiversity. 

By integrating these hybrid engineering 
strategies, future erosion control and habitat 
creation efforts can better balance structural 
stability with ecological sustainability. 
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2.1 Sediment Accumulation and Habitat 
Creation  

One of the key ecological benefits of mesh-filled 
units is their ability to trap sediment and promote 
natural deposition processes. Studies on similar 
hybrid approaches indicate that interstitial spaces 
within the air gap structure of the units encourage 
sediment capture, stabilise riverbanks, and provide 
essential habitats for aquatic organisms. By 
supporting diverse microbial communities, these 
systems contribute to improved water quality and 
nutrient cycling. 

Moreover, these sediment traps help to buffer 
against high-flow events, reducing erosion during 
peak water discharge periods. Observations from 
field applications have shown that the captured 
sediments create a foundation for native 
vegetation growth, which further stabilises the 
landscape and promotes habitat diversity. In turn, 
this process supports the development of resilient 
ecosystems, ensuring both short-term erosion 
control and long-term ecological restoration. 

 

 
 
Fig. 3. Natural sediment accumulation processes on 
terraces (Slee et al., 2023) 
 
2.2 Integration of Vegetation and Structural 
Stability 

Hybrid engineering stabilizes erosion-prone 
areas by combining engineered structures with 
enhanced natural ecological functions. A 
prominent example is the incorporation of salt 
marsh terraces into sea wall repairs, which both 

dissipate wave energy and create habitats. This 
approach maintains coastal defence functions 
while simultaneously promoting ecosystem 
regeneration and biodiversity. 

A key feature of hybrid designs, such as 
mesh-filled units, is their capacity to support 
vegetation growth, which is essential for long-term 
erosion control. The open structure of these units 
allows for root penetration and soil stabilization, 
creating a synergistic balance between mechanical 
durability and ecological resilience. Field 
observations from the Yearls Weir project 
confirmed that vegetation established more 
effectively in areas where mesh-filled units were 
used. The interstitial spaces within the mesh 
provided both mechanical protection and biological 
support, enabling the roots to anchor sediments, 
reduce surface runoff velocity, and enhance soil 
cohesion. This integration fosters natural 
stabilization of riverbanks and shorelines. 

 

 
 
Fig. 4. Vegetation established on mesh-filled units. 
Workington; Cumbria, N.W. England (CBEC-Salix) 
 

In addition to supporting vegetation, mesh-filled 
units play a critical role in modulating water flow 
dynamics to prevent erosion. By evenly distributing 
hydraulic forces and reducing flow velocity, they 
minimize shear stress on vulnerable landscapes, 
mitigating scouring and sediment loss. Field 
studies at Yearls Weir demonstrated that these 
units created a more stable hydrodynamic 
environment, protecting the area from further 
degradation. Furthermore, their ability to retain 
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sediment reinforces both structural stability and 
ecological regeneration. 

These hybrid strategies exemplify how 
engineered and natural solutions can work in 
tandem to provide sustainable, long-term erosion 
control across diverse environments. 

3 MATERIAL PERFORMANCE AND 
DURABILITY 

The durability of vHDPE nets was assessed 
through comparative analysis against PET/rPET in 
high-abrasion and high-stress environments. 
Three key factors influencing long-term material 
viability were examined: abrasion resistance, 
hydrolysis degradation, and microplastics 
generation. 
 

3.1 Abrasion Resistance 
Kiwa GmbH conducted an abrasion test on rock 

bag grids made from vHDPE and rPET, following 
the ISO 22182:2020-06 standard. The test 
involved rotating a drum with larger stones (40/80 
mm), 24 litres of water, and a speed of 4 rotations 
per minute for 40,000 rounds. Samples were 
examined every 5,000 rounds for weight loss and 
structural damage. Results showed that vHDPE 
exhibited less than 2% material degradation, 
whereas rPET experienced up to 10.5% 
degradation. These findings underscore the 
reliability of vHDPE for long-term applications in 
high-energy environments such as riverbanks and 
coastal zones. 
 

 
Fig. 5. Comparison of samples after 40000 rounds of 
abrasion with stone and water - Test report no. 
1.1/16004/0655.0.1-2024e, Kiwa GmbH. (2024) 
 

While this test provides valuable comparative 
data, it is assumed to be more severe than real-life 
conditions, where abrasion would be minimal due 
to limited movement of the mesh-filled. The results 
are intended for material comparison under 
controlled conditions rather than direct prediction 
of real-world performance. 

3.2 Hydrolytic Stability 
Hydrolysis tests conducted at IIT Bombay 

exposed vHDPE and rPET samples to 90°C, 
100°C, and 120°C for 8 days to simulate 
accelerated degradation. The tests found that 
rPET underwent significant degradation, whereas 
vHDPE remained structurally intact. This indicates 
that vHDPE resists hydrolytic breakdown, 
maintaining its mechanical integrity in 
high-moisture environments. 

 

 
Fig. 6. Accelerated hydrolysis of the products - Department 
of Chemical Engineering, IIT Bombay (2024) 

 
The differences in degradation patterns 

between HDPE and PET/rPET emphasise the role 
of hydrolysis in breaking down condensation 
polymers like PET into microplastic particles and 
by-products like terephthalic acid. 
3.3 Microplastic Reduction 

Microplastic release studies were conducted 
following the ISO 4484-2 standard at Testex AG, 
Switzerland. 

 
  

Fig. 7. Microplastic Release from rPET and HDPE Based 
on ISO 4484-2 Standard - Test Report 
ZH500.248816.1- 21, Application Microplastic Testing, 
TESTEX (2024) 
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The results showed that rPET released over 

250% more microplastic particles than vHDPE. 
The lower microplastic generation of vHDPE is 
attributed to its superior abrasion resistance and 
hydrolytic stability, which minimise fragmentation. 
This reinforces the role of vHDPE in reducing 
long-term environmental contamination from 
microplastic pollution in aquatic ecosystems. 

Many studies have reported that while recycling 
the rPET the crystallinity is lowered and the 
polymer can be degraded lead to higher abrasion, 
higher degradation due to hydrolysis and UV 
exposure. This suggests that rPET may contribute 
more to microplastic pollution in real-life 
applications, emphasizing the need for further 
assessment of material behaviour in environmental 
degradation scenarios. (Petrović et al., 2022) 
(Bhattarai, B., et al, 2023) 

4 SUSTAINABILITY OF VIRGIN HDPE IN 
EROSION CONTROL 

Sustainability in erosion control products 
includes not simply material selection but 
additionally the product's long-term performance, 
durability, and overall environmental impact. Virgin 
HDPE provides a highly durable solution that 
minimizes the need for frequent replacements, 
reducing resource consumption over time. Studies 
have shown that virgin HDPE exhibits superior 
mechanical strength, chemical resistance, and 
structural stability, ensuring long-lasting 
performance in high-stress environments. 
 

 
 
Fig. 8. Recapitulation Table: Comparison of Virgin and 
Recycled Materials (S.Charati-G.Fidon 2024) 
 

Although recycled PET and HDPE significantly 
reduce environmental impacts such as global 
warming potential, acidification, eutrophication, 
and smog, the use of virgin HDPE in erosion 
control applications ensures the consistent quality, 
durability, and performance required in natural 
environments. The production of virgin plastics is 

intricately tied to the broader petrochemical 
industry, meaning that even with reduced demand 
for virgin materials, their production will continue 
as part of the refining process. Additionally, the 
thermodynamic limitations of recycling mean that 
some amount of virgin material is always 
necessary to maintain the minimal structural 
integrity of plastic products, especially in 
demanding applications like erosion control. For 
these reasons, the choice to use 100% virgin 
HDPE ensures that these products provide the 
long-term reliability needed to protect natural 
environments from erosion while also addressing 
the limitations of recycled materials in terms of 
quality and performance. 

By maintaining consistent quality and 
performance, virgin HDPE ensures effective 
erosion control with minimal environmental 
disruption, aligning with long-term sustainability 
goals.  

4.1 Real-World Application: Yearls Weir Project  
The Yearls Weir project, carried out by Salix 

River and Wetland Services, aimed to mitigate 
erosion along the River Derwent in Cumbria, 
England. Severe erosion and degradation of the 
riverbank were threatening both the local 
ecosystem and infrastructure. By implementing 
vHDPE mesh-filled units in combination with 
vegetated soft engineering techniques, the project 
successfully stabilised the riverbank while 
enhancing natural regeneration. 
 

 
 
Fig. 9. Ongoing reinstatement works on Yearls Weir river 
bank, Workington; Cumbria, N.W. England (CBEC-Salix) 
 

The hybrid approach incorporated 
bioengineering methods, such as the planting of 
native riparian vegetation, alongside the vHDPE 
mesh units, which provided mechanical protection 
and structural support. This integration led to 
improved sediment retention, reduced flow velocity, 
and the creation of new aquatic habitats. Within a 
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short period, field observations noted significant 
vegetation establishment, helping to reduce 
ongoing erosion risks and improve biodiversity. 

This case study reinforces the broader 
conclusions of the paper by demonstrating how 
vHDPE solutions can provide both ecological and 
structural benefits in real-world settings. The 
success at Yearls Weir highlights the potential for 
sustainable infrastructure development through 
hybrid engineering strategies.  

5 CONCLUSION 
This study found that virgin HDPE outperformed 

recycled PET in terms of abrasion resistance, 
hydrolytic stability and microplastic reduction. 
Laboratory tests confirmed that vHDPE degrades 
minimally under high-stress conditions, making it a 
durable material for long-term erosion control. 

Field observations from the Yearls Weir project 
validated these findings, emphasising improved 
sediment retention, vegetation establishment, and 
erosion control. This real-world case study 
demonstrated the effectiveness of hybrid 
engineering, in which vHDPE mesh units and 
vegetated soft engineering techniques 
collaborated to stabilise riverbanks and promote 
biodiversity. 

While recycled materials may reduce some 
environmental impacts in the short term, this study 
emphasises the importance of durability and 
structural integrity in erosion control applications. 
The longer lifespan of virgin HDPE reduces the 
need for replacements, thereby reducing 

cumulative environmental disruption and resource 
consumption. 
In conclusion, virgin HDPE provides consistent 
quality and long-term performance, making it an 
important material in modern hybrid engineering 
strategies aimed at both ecological restoration and 
infrastructure protection. 
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