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Abstract

Over 20 years of theoretical studies and practical applications have enabled 
some Wood Plastic Composites (WPCs) to achieve outstanding durability, 
stability, and performance. Originated from secondary raw materials, such 
as selected wood and plastic scraps, WPCs contribute to resource conserva-
tion by reducing the demand for virgin materials and facilitating the recov-
ery of plastic and wood waste, offering significant environmental benefits. 
At the end of their service life, WPCs can be milled and extruded multiple 
times to form new profiles with the same properties as the originals. This 
complete recyclability and renewability make WPCs an exemplary model 
of circularity. This study proposes new approaches to optimize the use of 
WPC components in buildings, with the dual objective of improving envi-
ronmental performance and reducing life cycle costs.
Environmental data for WPC components were obtained from environmen-
tal product declarations (EPDs) and from an Italian company that controls 
the process of production, design and installation of WPC elements and 
façade components. A specific case study focuses on replacing WPC facade 
cladding with new components, recycling the material from the dismantled 
elements and reintroducing it into production for reuse in other facades. The 
dismantled components are sent to the factory to be shredded and extruded 
into new profiles. A production waste collection system is also introduced as 
part of the strategy, promoting a closed cycle of material before and during 
construction. The eco-design approach is examined with reference to façade 
and floor panel systems made with WPC elements. The results indicate that 
the proposed strategies enable greater cost savings and a lower environmen-
tal impact compared to conventional WPC recycling practices.

Keywords

Wood Plastic Composite, Circular economy, Recycling, Sustainability, 
Life Cycle Assessment.

This contribution has been peer-reviewed.
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THE USE OF WPC COMPONENTS 
IN BUILDINGS: A CIRCULARITY 
PERSPECTIVE

DOI: 10.30682/tema110022

Sara Lanzoni, Luca Guardigli

1. INTRODUCTION: MAIN PROPERTIES  
OF WOOD PLASTIC COMPOSITES

The Wood Plastic Composite (WPC) is a material made 
by blending wood fibers or wood flour with a plastic 
matrix. The wood components in WPCs typically come 
from by-products of the mechanical wood processing 

industry, sourced from conifers, hardwoods or oth-
er cellulose-based fiber fillers. The plastic or polymer 
used in WPC is often recycled or waste material, which 
can be thermoplastic, such as polypropylene or poly-
ethylene, or thermosetting, like phenolic resin or urea 
formaldehyde. The use of plastic waste as feed-stock to 
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new sources of supply, resulting in a very long service 
span. Some studies showed that WPC made from sec-
ondary materials is both ecologically and technically su-
perior [6].

The process of effectively combining wood flour 
and plastic in WPCs involves a specialized mixing and 
treatment technique, ensuring the desired properties of 
the composite. The first critical step in WPC produc-
tion is preparing the raw materials: dry and uniformly 
sized wood flour, plastic materials and additives. Cou-
pling agents play a crucial role in enhancing adhesion 
between the plastic (polymeric phase) and the wood (fi-
brous phase). These agents often include block or graft 
copolymers that have an affinity for both materials. The 
actual production phase – for a one-step line, is extru-
sion, where the mixture is fed into an extruder, heated 
to the melting point of the plastic polymers, and trans-
formed into a viscous mass. During extrusion, the mass 
is compressed and pushed through a die to form the de-
sired shape. The extruded material is then cooled and cut 
into final products like boards or other profiles.

The source and type of raw materials, whether vir-
gin or recycled, have a significant impact on the strength 
and durability of WPCs. Additionally, the filler-to-poly-
mer ratio and the method used to mix the primary com-
ponents, along with production techniques and process 
conditions, are key factors that influence the suitability 
of WPC products for their intended applications [7]. The 
size and moisture content of the wood particles also af-
fect bond quality – particles that are too large or contain 
excess moisture can weaken the final product. The ratio 
of wood flour to plastic must be optimized: too much 
wood flour reduces flexibility, while too much plastic di-
minishes mechanical strength. 

Therefore, effective bonding of wood dust and plastic 
materials in WPCs results from a combination of mate-
rial selection, coupling agents, process conditions, and 
additives. This bonding is essential for achieving the de-
sired qualities of WPC. Precise control of extrusion con-
ditions, including temperature and pressure, is necessary 
to ensure uniform mixing and a solid bond between the 
components [8].

It was possible to explore the topics in depth thanks to 
the multi-year cooperation with an Italian manufacturing 

produce wood plastic composites is a promising strat-
egy for reusing plastic waste [1]. Thermoplastic poly-
mers typically constitute 30-70% of the WPC’s mass, 
whereas the wood filler – commonly 40-mesh sawmill 
residue – represents 30-70% [2]. WPC products contain 
approximately 5-10% additives to optimize the manu-
facturing process and improve both appearance and du-
rability.

The primary polymer matrices used in WPCs include 
high-density polyethylene (HDPE), low-density poly-
ethylene (LDPE), polypropylene (PP), and polyvinyl 
chloride (PVC). Some products have introduced nylon 
as a polymer matrix [3]. Polymer additives used in the 
production of WPCs include lubricants, colorants, light 
stabilizers, antioxidants, and coupling agents. Certain 
additives, or combinations of them, may contribute to 
the slowing down of the degradation process. General-
ly, polymers and their additives are far less susceptible 
to biological attacks compared to wood; however, like 
wood, polymers are still prone to weathering from ultra-
violet (UV) light and oxidation [2].

More expensive than softwood, but comparable with 
naturally durable, as hardwood or treated wood, WPCs 
are being used with increasing frequency in construction. 
One of the main reasons is that the initial costs are offset 
by the low maintenance costs, which make these mate-
rials actually cost-effective – if not irreplaceable – com-
pared to equivalent wood products. Indeed, WPCs do not 
require painting or additional treatments throughout their 
lifespan, but closely resemble natural wood. Surveys in-
dicate that they are highly regarded for their environ-
mental friendliness, and there is a general perception that 
they require little to no maintenance [4]. The versatility, 
durability and low maintenance of WPCs make them a 
popular choice for a variety of applications, particularly 
outdoor use [5]. Ongoing innovation within the indus-
try is driving the development of new products with en-
hanced features like UV resistance, moisture resistance, 
fire resistance and improved aesthetics.

Beyond all this, the issue of product recycling is im-
portant. According to current standards, WPC products 
can be shredded and re-extruded multiple times without 
losing their physical and mechanical properties. This al-
lows for extensive reuse of the material without needing 
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means that there remains a risk of purchasing subpar 
products at favorable prices [15].

This article aims to suggest new strategies for the 
optimization of the use of WPC products in the build-
ing sector, with the purpose of enhancing environmental 
qualities and reducing costs during the life cycle. The 
study starts with the impact assessment of the products, 
to finally define some methodologies that can lead to the 
building process optimization.

2. LIFE CYCLE ASSESSMENT OF WPC 
PRODUCTS: A METHODOLOGICAL 
APPROACH

Since 2010, there has been a growing emphasis on 
sustainability and recycling: WPC, made from re-
cycled wood and plastic materials, is regarded as an 
eco-friendly option [16]. In order to consolidate eco-
nomic success, manufacturers try to demonstrate a 
lower environmental impact than alternative products. 
This necessary information is obtained through a com-
parative Life Cycle Assessment (LCA) [17]. In fact, 
combining LCA and eco-design in the early stages of 
product development can reveal opportunities for im-
provement that might otherwise go unnoticed [18]. The 
integration of ex ante LCA into the development pro-
cess supports sustainable product development and en-
hances environmental product performance to its full-
est potential [19]. An LCA for WPC products involves 
evaluating the environmental impact from raw material 
extraction to production, usage, and end-of-life dispos-
al or recycling (Fig. 1).

The main key stages of LCA for WPCs can be sum-
marized as follows:

•	 Raw Material Extraction (stage A1): wooden 
components are typically sourced from wood pro-
cessing byproducts such as sawdust or wood flour, 
which reduce waste in the timber industry; plastic 
components are recycled, reducing dependence on 
virgin fossil-based plastics;

•	 Transportation (stage A2): the transport of raw 
materials to the manufacturing site is evaluated in 
terms of fuel consumption and emissions;

company. To assess the impact of recycled polyethylene 
(PE) on durability, multiple Oxidation Induction Tests 
(OIT) on WPC samples were conducted. This test helps 
estimate the lifespan of the extrusion batch from which 
the samples originate [9].

In 2021, Novowood®, the WPC under study, obtained 
ReMade in Italy® certification [10], which attests to the 
Italian origin of the product and the percentage of re-
cycled material it contains, a minimum of 81.5%, as 
declared by the manufacturer [11]. The certification an-
alyzed the production process of the composite and ver-
ified the traceability of recycled PE and recycled wood 
flour from the global market. The remaining 18.5% con-
sisted of calcium carbonate and additives, which cannot 
come from recycling. The use of recycled content led to 
a decrease in energy consumption of 4.27 kWh/kg and 
to a CO2 emission reduction of 0.59 kgCO2eq/kg in stag-
es A1-A3 of EN 15978, compared to a product without 
recycled material. The brand also guaranteed the confor-
mity of the product with the CAM (Criteri Ambientali 
Minimi – Minimum Environmental Criteria) of the Ital-
ian Ministry of the Environment [12, 13].

On the regulatory front, challenges arise because 
composites often do not fit neatly into existing regula-
tions that specify material categories. Due to the vari-
ability in compositions, it may be necessary to interpret 
or adapt legislation on a case-by-case basis. In Europe, 
several regulations and standards currently govern 
WPCs, addressing various aspects such as safety, du-
rability, mechanical properties, and fire resistance. The 
EN 15534 series [14] provides specifications and test 
methods for wood-based and plastic composites, cov-
ering mechanical properties, durability, weathering, and 
fire resistance. While these regulations establish a foun-
dation for ensuring the quality and safety of these ma-
terials, they have limitations in areas such as coverage, 
long-term durability, environmental sustainability, and 
adaptability to technological advancements. Regular 
updates and the incorporation of more specific guide-
lines could enhance the relevance and effectiveness of 
these regulations in a rapidly evolving market. In the 
past decade, WPC has achieved greater product and 
market stability. Nevertheless, the absence of standard-
ized references for classifying and qualifying products 
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•	 End-of-Life (stages C1-C4): WPCs can be dis-
mantled (C1), transported to the factory (C2), 
shredded and re-extruded multiple times (C3) 
without significant loss of physical or mechanical 
properties, making them suitable for recycling and 
extending product life. If WPCs are not recycled, 
their disposal impact in phase C4 (e.g., in landfills 
or incineration) has to be analyzed;

•	 Benefits and Loads Beyond the System Boundary 
(stage D, optional): the potential benefits of recy-
cling the WPC product after its use phase, such as 
reducing the demand for virgin materials in new 
products or reducing waste, are rarely considered.

Some Environmental Product Declarations (EPD) are 
available online, providing a transparent, standardized 
assessment of the environmental impacts of a WPC over 
its entire life cycle. These documents follow the interna-
tional standards ISO 14025 [21] and EN 15804+A2 [22], 
and offer information for stakeholders, including man-
ufacturers, designers, and consumers. The Environmen-

•	 Manufacturing (stage A3): the energy consumed 
during the blending of wood and plastic, as well 
as during extrusion and molding processes, is as-
sessed; the environmental impact of using various 
additives (e.g., stabilizers, colorants, coupling 
agents) to improve product performance is con-
sidered;

•	 Transportation (stage A4): the distribution of fin-
ished WPC products to consumers is evaluated in 
terms of fuel consumption and emissions;

•	 Installation (stage A5): the environmental im-
pacts resulting from the installation of the prod-
uct, such as energy use for tools or equipment, 
are evaluated;

•	 Use Stage (stages B1-B7): WPCs generally have a 
lifespan of at least 20 years, with low maintenance 
requirements, reducing the need for resources over 
time (e.g., the need for paints or protective treat-
ments). The ability of WPCs to reduce energy us-
age in buildings through applications like thermal 
insulation or shading systems is also examined;

Fig. 1. Assessment system boundary, per EN 15978 and ISO 21930 [20]. Source: © 2025, Authors.
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small impact reported for phase C3, compared to the 
other companies.

The functional unit of Silvadec (France) [25] is a 
planking/deck board (wood flour and HDPE) with di-
mensions 138/180 mm x 23 mm x 4000 mm, designed 
to last for 25 years: data are determined according to this 
dimension and reduced to 1 m2 of product.

The NewTechWood company (China) [26] has a 
global geographical scope. NewTechWood wood plastic 
composite combines the proven strength of high-den-
sity, recycled PE plastic and wood/bamboo fibers with 
an outer shell of polymer that completely encapsulates 
the board in an impermeable layer of protection from 
weather, sun, water, scuffs and scrapes. The recycled PE 
polymer content is 37.9%, the natural fiber is 55.7%, the 
lubricant is 1.9% and the maleic anhydride is 4.5%. The 
transportation mainly takes place in Chinese regions, and 
distances may vary significantly. A 25-year RSL is as-
sumed for the declared products.

All the companies use recycled plastic and wood at 
the beginning of the process in different combinations 
(A1-A3); LCA data, according to EN 15804, include a 
minimum of 95% of total inflows (mass and energy) per 
module. Unfortunately, transportation stages (A2, A4) are 
quite variable between different manufacturers and with-
in the same companies. Typically, the recycled PE comes 
from the recycled material processors and is transported 
by road to the WPC producers, with widely varying dis-
tances between them, where it is mixed with wood flour. 
Data relating to impacts during the use stage (B1-B7) are 
generally not considered, with the exception of the main-
tenance phase (B2), for which the reported impact is less 
than 1% of that for phases A1-A3. Therefore, the declared 
duration of service life of 20 or 25 years does not generate 
significant differences in the results.

The WPC products reported in the EPDs concern ex-
truded elements for external flooring, which constitute a 
large share of the market, but the impact values can be 
reasonably extended to similar WPC products applied to 
façades or other parts of buildings. The main impacts of 
the products during stages A and C are compared in Ta-
ble 1. The EPD data are normalized by considering 1 kg 
of WPC, applied on the façade or laid as flooring, as the 
functional unit.

tal Impact Categories include Global Warming Potential 
(GWP), Ozone Depletion Potential (ODP), Acidification 
Potential (AP), Eutrophication Potential (EP), Photo-
chemical Ozone Creation Potential (POCP), and Abiot-
ic Depletion Potential (ADP). Comparing the EDPs of 
WPCs is complex as the materials may differ in type, 
percentage and the amount of recycled content. On top of 
that, the compositions are covered by a certain secrecy. 
Besides, the production processes can be significantly 
different. To analyze and compare the EPDs of WPCs, 
four companies were selected with materials supplied, 
produced and exported all over the world, including Eu-
rope. Recycled raw materials may come from China to 
be used in European factories.

Regarding the Redwoods company (China) [23], 
the UN CPC code of their EPD product is 36910, Floor 
coverings of plastics, in rolls or the form of tiles and 
wall or ceiling coverings of plastics. The geographical 
scope is China for modules A1-A3 (product stage), and 
mainly France, Russia, India, Canada and Denmark for 
modules A4/A5/B2/C/D. The declared unit is 1 t WPC 
sold overseas, and its installation accessories with a ref-
erence service life (RSL) of 20 years. The main raw ma-
terials for producing WPC (A1-A3) are wood powder 
and plastic powder ground from waste, calcium pow-
der, HDPE, compatibilizer and inorganic pigment. The 
transport of raw materials (module A2) is considered, 
with EURO5 category diesel vehicles in different lorry 
sizes and small electric trucks. The WPCs for export are 
transported to ports (Shanghai and Ningbo, China) first, 
EURO5 category large diesel vehicle is chosen. Then, 
WPCs are transported from ports to various destination 
regions.

About the Wimex company (Denmark) [24], their 
products mainly focus on outdoor usage (decking/fenc-
ing). The declared functional unit is 1 kg, and the ref-
erence service life is 20 years. The product process is 
not geographically specified and clearly expressed in 
all phases, but the main manufacturer’s address is in 
China. Regarding waste processing for reuse, recovery 
and/or recycling (C3), it is assumed that 100% of prod-
ucts are collected at the demolition site. Losses in the 
sorting process are assumed to be very small and not 
considered in the assessment. This aspect justifies the 



Vol. 11, No. 2 (2025)
TEMA: Technologies  Engineering  Materials  Architecture

120

e-ISSN 2421-4574

reports a value of 1.44 kgCO2eq/kg for WPC, which is in 
line with the values of the selected EPDs, which have an 
average GWP fossil of 1.12 kgCO2eq/kg.

The transport phases (A2, A4) have a certain impact, 
caused by the large distances between the supplier and 
the factory, and from the factory to the site; however, this 
aspect is underestimated in the EPDs. Furthermore, data 
do not always take into account the amount of hazardous 
waste generated during production (A1, A3) and, at the 
end of life, general waste from manufacturing, use, and 
disposal phases (stages C1-C3) and the amount of the 
product that can be recycled at the end of its use (stage 
D). This aspect is also not very detailed in the documents.

Overall, the EPD data on the other impact factors 
demonstrate how these impacts are linked to the plas-
tic component. The use stage (B1-B7) of the life cycle 
is not evaluated as it is considered that these products 
do not actually require maintenance during the reference 
period, except for possible mechanical breakages, which 

Table 1 shows that the biggest impact is generated 
in stages A1-A3 of raw material supply, but also testi-
fies to a significant variation in GWP values among the 
various manufacturers, due to the variability of plastics, 
processes and initial recycled content. The fossil GWP 
represents the carbon footprint of the product, and it is 
the most important indicator; the mean value of 1.126 
kgCO2eq/kg among the 4 companies is contained, thanks 
to the presence of recycled wood and recycled plastics. 
From the Inventory of Carbon and Energy (ICE) database 
[31], the average value of the carbon footprint of timber, 
excluding carbon storage, is equal to 0.493 kgCO2eq/kg 
(stages A1-A3, cradle-to-gate); this means that the im-
pact value of WPC is 2.3 times higher than that of wood. 
Considering that from the ICE database, the carbon foot-
print is 1.93 kgCO2eq/kg for HDPE, 2.08 kgCO2eq/kg 
for LDPE, 3.43 kgCO2eq/kg for PP, and 3.10 kgCO2eq/
kg for PVC, the recycled parts allow the carbon footprint 
of WPCs to be brought closer to that of wood. The ICE 

Tab. 1. Normalized Environmental Impacts (EI), collected from the EPDs of the following companies: RW=Redwoods (27); WM=Wimex (28); 
SD=Silvadec (29); NTW=NewTechWood (30). © 2025, Authors.
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ments resulting from production errors, cuts, assemblies, 
in the factory or on site, and extrusions that have reached 
the end of use (not necessarily the end of life), can al-
ways be re-introduced into the production cycle (Fig. 2).

Therefore, the research project aims to imagine a pro-
cess of WPC production, building component design, 
maintenance and recycling that can further reduce im-
pacts from the outset if the system boundary is not repre-
sented by the generic WPC element, but by the building 
and the element together, where the building is intended 
as a WPC accumulation and storage place. In the context 
of plastic recycling, the circular economy of the building 
and its components not only reduces the environmental 
impact of plastics but also offers economic advantages, 
such as resource conservation and job creation in recy-
cling and reuse industries. 

Experimentation is applied in this study to con-
struction systems based on WPC elements. The study 
involved collaboration with the production company, 
which allowed for the analysis of coordination actions 
between the manufacturer, component designers and 
installers. The elements and their application in some 

may result from design errors and assembly defects. Un-
like WPC, equivalent wood products require ongoing 
maintenance, as they must be protected from the ele-
ments with treatments and paints. This aspect is certainly 
crucial in making WPCs competitive not only from the 
point of view of impact, but also of costs in a life cycle 
logic.

3. STRATEGIES FOR PRODUCT 
OPTIMIZATION AND CIRCULARITY, 
DISCUSSION AND RESULTS

Adopting circular economy principles to buildings al-
lows societies to promote more sustainable plastic man-
agement, addressing both environmental and economic 
issues through effective recycling and reuse practices 
[32]. This study wants to promote the complete circu-
larity of the WPC product at every stage, from the pro-
duction phase to the end of life. Circularity can be un-
derstood not only from a product perspective but also by 
considering the context of the building and its elements. 
Any crumb of the material, whether it be off-cuts or ele-

Fig. 2. Circularity of WPC elements in the context of buildings. Novowood’s current production, certified ReMade in Italy®, uses 18.5% virgin ma-
terials and 81.5% recycled materials. As part of the REMAKE project, 20% of the total, equal to 24.5% of the recycled portion (81.5%), can consist 
of used WPC. © 2025, Authors.
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installation in buildings, mainly outdoors. The fixing of 
these panels to the main structure almost always occurs 
through the use of metal elements, in order to guaran-
tee complete assembly and disassembly of the systems. 
Clearly, the sizes of the components made for individ-
ual buildings affect the reuse of the elements in other 
buildings.

Figures 3, 4 and 5 show the component arrangements 
of façade panels to rationalize assembly/disassembly and 
installation on the existing structure. In fact, in these cas-
es, WPC is employed in complex panels and it is com-
bined with other metal elements that have different pro-
files and properties. Therefore, it is important to balance 
the initial costs of all materials of the system, optimize 
installation and dismantling processes and minimize 
maintenance requirements.

In the case of façade cladding using boards, a sub-
structure consisting of an extruded aluminium open 
omega section profile, doweled to the substrate using 
suitable fasteners, can be used. The type of profile al-

sample buildings were then analyzed. Leaving aside 
flooring, WPC elements are part of more complex build-
ing components designed to fulfil their functions and 
connect to the main structure. Functions include shading 
facades, protection and general cladding of the building 
envelope, and the creation of ventilated or thermally in-
sulated walls.

Extruded WPC elements generally have reduced di-
mensions in thickness and width, with variable lengths, 
which characterizes them as linear elements that re-
produce natural wood elements. Typically, extrusions 
reproduce boards with varying thicknesses between 
20-30 mm or box elements with sizes ranging, on av-
erage, from 20 mm x 20 mm to 200 mm x 200 mm. 
Thicknesses and sizes are produced as required for 
flooring or facade applications, always following com-
mercial sizes, however. It is rare for elements, in terms 
of section, to be produced custom-made. The combina-
tion of these individual elements generates ventilated 
façade systems or sunshades or pavement systems for 

Fig. 3. Façade cladding panel pre-assembling scheme (left) and an installation example (right). © 2025, Iperwood®.
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Fig. 4. Façade cladding panel assembling and support scheme (left) and an installation example (right). © 2025, Iperwood®.

Fig. 5. Façade cladding panels schemes: (left) with an empty space between panels and the existing structure, for ventilation and (right) with 
insulation. © 2025, Iperwood®.

lows direct attachment to the structure without the need 
for pre-drilling, and the attachment of the WPC boards 
to the side wings, using stainless steel clips, the sys-

tem proves practical and fast. The omega profile can 
be replaced by L-shaped profiles spaced from the wall 
support to allow the insertion of thermal insulation or 
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The material studied, Novowood®, is produced in It-
aly and consists of 50-70% wood flour, 25-35% HDPE, 
and 10-15% additives. In Table 2 are shown some tech-
nical specifications taken from the manufacturer’s pub-
lished data sheets. 

The material includes varying amounts of recycled 
content and may also incorporate recycled WPC from 
its end-of-life cycle, depending on the final application 
of the product. The material adheres to the limits estab-
lished by the Italian CAM and ensures traceability of the 
recycled components [34].

For this reason, the company developed two pro-
grams to increase the amount of recycled product, trying 
to maintain the same physical and mechanical perfor-
mances. 

A first optimization strategy, represented by the RE-
MAKE Project, consists of the free recovery process 
of composite wood waste from the construction site 
(stage A5) (Fig. 6). Thanks to their special formulation, 
these scraps can be reused by the same manufacturing 
company after being shredded and re-extruded, to cre-
ate new products, thus contributing to the reduction of 
CO2 in all the A stages, but mostly in the transportation 
stages, up to 50%. It is essential to raise awareness and 
educate both participants in the production chain and 
end consumers on the importance of recycling these 
materials [35].

Moreover, the company identified a second optimi-
zation strategy, where construction systems installed in 
past years are dismantled from the buildings and reused 

ventilation if left empty. In the case of vertical sun-
shades, it is possible to obtain pre-assembled panels by 
means of suitable screws and aluminium substructures 
of tubular type with a square or rectangular cross-sec-
tion. Another more complex type of system allows the 
use of WPC profiles arranged horizontally (Fig. 4). The 
aluminium profiles are designed to generate interlocks 
between them and then be secured by mechanical screw 
connections.

Besides, developing durable WPC cladding contin-
ues to be a significant challenge for the industry. High 
values of modulus of rupture (MOR) and Young’s mod-
ulus (MOE) are essential for the engineering design of 
WPC façades, as these parameters effectively indicate 
the aging of the cladding. Weathering typically reduc-
es MOE more than MOR, with UV radiation being a 
greater threat than freeze-thaw cycles. To minimize re-
ductions in MOR and MOE, it is advisable to use PE in 
extruded panels with a low content of large hardwood 
fibers [33].

The strategies proposed here for product reuse and 
recycling come after twenty years of experimentation, 
practical applications and continuous research since 
the creation of the first composite products. The many 
years of collaboration with a manufacturing company, in 
fact, have made it possible to follow the development of 
WPC products and production techniques, which have 
obtained high physical-mechanical characteristics and 
durability such as to allowing the material to be com-
pletely recyclable at the end of its cycle.

Tab. 2. Technical specifications, from Novowood®. © 2025, Iperwood®.
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data, it is possible to estimate the GWP fossil that can be 
saved, following the second strategy. If we consider to 
save 50% of the GWP fossil of phases A1-A3 avoiding 
part of raw material supply, transport and manufacturing, 
and if we take the mean value of 1.12 kgCO2eq/kg cal-
culated before (see Chapter 2), we have: 40,000 [kg] x 
1.12/2 [kgCO2eq/kg] = approximately 22.4 tCO2 equiva-
lent for the entire building.

The introduction of these product recycling actions 
during the production and installation phase, as well as 

in other planned operations. This process regards a se-
ries of stores of a well-known sport brand (Fig. 7). These 
are the data of the pilot project, which was analyzed: 
dismantling of approximately 200 m2 of façade/store 
cladding, equal to approximately 4000 kg of composite 
material. The façade systems have a weight of approx-
imately 20 kg/m2 (excluding aluminium supports, only 
WPC). The replacement project involves intervention on 
10-12 stores/year, which corresponds to the collection 
of approximately 40 t of composite material. Given this 

Fig. 6. (From left to right) Big bag containing the site scraps; Shredded WPC; Shredding machine. © 2025, Iperwood®.

Fig. 7. Left: store façade. Right: façade cladding systems disassembled and brought to the factory to be disassembled and shredded. © 2025, 
Iperwood®.
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and resource conservation. Considering the drawbacks 
and the future challenges, LCA has identified that WPCs 
can be sustainable, but the manufacturing process, espe-
cially extrusion, can be energy-intensive.

The study has shown, in addition, that circularity el-
ements can be introduced during the process of produc-
tion, product design, sales, installation and maintenance 
that further reduce the impacts found in LCA analyses. 
To improve WPC sustainability and reduce its carbon 
footprint, it is important to act on its formula in order to 
elongate its End of Life, use electricity from renewable 
sources and re-employ all WPC elements produced and 
placed on the market. Every new recycling cycle rep-
resents a reduction of environmental impact. Eco-design 
also plays a key role in the process of improving sus-
tainability as it approaches product design by prioritizing 
sustainability, with the aim of minimizing environmental 
impacts throughout a product’s life cycle. This includes 
material selection, production, usage, and end-of-life 
disposal. WPCs play a crucial role in eco-design by of-
fering a sustainable alternative to pure plastics and tradi-
tional wood. Their durability, recyclability, and efficient 
material use contribute to reducing environmental im-
pact. However, innovation is still needed in recyclability 
and biodegradability to maximize their eco-friendly po-
tential. Eco-design and circular economy in architecture 
mean all the following aspects: design for disassembly in 
order to ensure that buildings can be deconstructed and 
materials reused; adaptive reuse for converting old struc-
tures into new functional spaces instead of demolishing 
them; cradle-to-cradle approach by choosing materials 
that can be endlessly recycled without degradation.

The project proposes new sources of recycled WPC 
that do not only come from the plastic and wood mar-
ket, but can remain in a circular manner within the con-
text of the building itself. On the one hand, WPC can 
provide a stimulus for new architectural solutions, but 
it can also be designed as a material in such a way that 
it can be recycled and reused in the future for multiple 
purposes. Buildings can be designed as storage systems 
for recycled plastics and wood (WPC) and thus as real 
mines from which to draw components of the same type. 
In this sense, WPC is indeed a very similar material to 
wood, also from the point of view of accumulating en-

during the component replacement phase after an initial 
life cycle, should lead to reducing the impacts (all stages). 

From a sustainability perspective, the evaluation ex-
tends beyond the production cycle. Assessing the dura-
bility and recyclability of this composite is essential for 
minimizing post-use waste. Additionally, the costs of 
producing and implementing recycled plastic compos-
ites in construction directly influence their broader adop-
tion as energy-efficient materials [35]. 

The percentages calculated in this study reach 20%, 
considering the complete product life cycle. The decisive 
factor is that recycling involves the entire material, in-
cluding both plastic and wood components and additives. 
From this point of view, the manufacturer could develop 
an EPD that also takes into account the reduction phase 
during the product life cycle analysis. A minor impact 
in terms of cost reduction has been calculated, which is 
only a few percentage points and highly variable.

4. CONCLUSIONS

LCA demonstrates that WPCs are a promising solution 
for sustainable construction and consumer products. 
Their ability to incorporate recycled materials, reduce 
waste, and offer long-lasting performance makes them 
competitive in terms of both environmental impact and 
cost.

The variability in raw material sources (virgin vs. re-
cycled and different quality of the recycled) can affect 
the mechanical properties and longevity of WPCs. One 
aspect to be considered is that not all WPCs are effec-
tively recycled, and some may still end up in landfills, 
especially in regions lacking recycling infrastructure. 
However, this is not the case treated in this article.

Continuous innovation in manufacturing process-
es, design solutions and recycling methods can further 
enhance their sustainability profile. The use of recycled 
materials (both plastic and wood) reduces the reliance on 
virgin resources and supports the principles of a circular 
economy. 

WPCs often have a lower carbon footprint compared 
to traditional wood products, especially when made from 
secondary materials. WPCs can be repeatedly recycled at 
the end of their life cycle, contributing to waste reduction 
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