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Interior doors are typically made of steel, PVC, or hardwood materials that carry high carbon 

footprints and depend on non-renewable resources. To respond to this sustainability issue, the 

study investigates bio-composite materials as alternatives for door manufacturing in a design 

and sustainability context. Methodologically, the work integrates a literature review with 

practical design engineering, including developing a 3D model in SolidWorks and conducting a 

simplified Life Cycle Assessment (LCA) to evaluate the design’s environmental impacts. The 

proposed door design utilizes Wood Plastic Composite (WPC) for the leaf and handle, Cellular 

WPC (CWPC) for the frame, and a hybrid hinge combining hardwood with AISI 304 stainless 

steel. This hybrid combination is intended to ensure durability in high-stress points like the hinge 

while still keeping metal usage minimal. Selected for their performance and eco-friendly 

attributes, the bio-composites offer adequate mechanical strength and improved moisture 

resistance while significantly reducing weight owing to CWPC’s lightweight cellular structure. 

A cradle-to-grave LCA indicates that the bio-composite design yields roughly a 41% lower 

greenhouse gas footprint than a conventional steel-core door. Additionally, all components are 

recyclable or recoverable at end-of-life (thermoplastic WPC/CWPC can be reprocessed, wood 

can be energy-recovered, and steel is fully recyclable). Overall, the findings demonstrate the 

feasibility of replacing traditional door materials with these bio-composites, achieving 

substantial reductions in environmental impact without compromising functional performance. 
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1 Introduction 

 

The growing concern for sustainable construction materials has led to a growing interest in 

alternative materials, those that can help in abating our ecological footprint while maintaining 

performance and design intent. These include interior doors (usually constructed of steel, PVC, 

or hardwood) which exhibit specific sustainability problems because they consume larger 

quantities of energy for their manufacturing and depend on non-renewable resources as raw 

materials (Wang, Zhao, Xu, Zhang, Chen & Xiao 2024, p. 2). This research investigates the 

bio-composite material for making a door with its design and environmental performance. 

Particularly, the research studies the integration of Wood Plastic Composite (WPC), Cellular 

Wood Plastic Composite (CWPC), and a hybrid hinge made from hardwood and AISI 304 

stainless steel, for an entire interior door system. The approach to this work is literature-based, 

and it includes 3D modeling in SolidWorks and an abridged cradle-to-grave LCA to be able to 

discern the possibility of substituting these bio-composites for conventional materials. 

Previous studies have shown that bio-composite materials such as WPCs, when reinforced with 

fillers like bark or agricultural by-products, offer satisfactory mechanical properties for furniture 

and interior applications, along with significantly lower moisture absorption and improved 

sustainability (Avci, Acar, Gonultas & Candan 2018, p. 15–16). Furthermore, wood-based doors 

have been found to store biogenic carbon and emit significantly less greenhouse gases over their 

life cycle compared to steel-based counterparts (Wang et al. 2024, p. 2). CWPCs, though less 

studied, have been commercially applied in frames and profiles, demonstrating lower weight 

and thermal conductivity advantages, making them promising for door frame applications. 

However, challenges remain in achieving sufficient mechanical strength in high-stress areas, 

which has led to hybrid material strategies such as combining wood with steel in components 

like hinges. These findings collectively point to a gap in applied research that bridges material 

selection, design integration, and sustainability evaluation in the context of complete door 

systems. 
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This study addresses that gap by critically analyzing the application of selected bio-composites 

in the structural and aesthetic components of an interior door. The main objective is to 

demonstrate how literature-supported materials can be translated into a viable, manufacturable 

design through 3D CAD modeling and sustainability analysis. The research problem is centered 

around the question of whether these bio-composites can offer a realistic and lower-impact 

substitute for traditional door materials like steel or PVC. To answer this, the research 

investigates the material properties, design constraints, and lifecycle impacts of WPC, CWPC, 

and hardwood–steel hybrids. The following research questions guide the study: 

• What are the key physical and mechanical performance indicators of selected bio-

composite materials for door applications? 

• How can these materials be integrated into a functional interior door design using 

engineering CAD tools? 

• What is the relative environmental impact of the proposed design compared to 

conventional door materials? 

The study is limited to interior applications only and relies on secondary data for material 

properties and emissions due to the lack of physical prototyping or mechanical testing. A 

simplified LCA methodology is applied instead of commercial software tools, and the hinge 

design focuses solely on rotational performance without dynamic stress simulation. The 

research is divided into six chapters. Chapter 1 presents the research problem, the motivation, 

and the objectives of the research.. Chapter 2 reviews prior studies on bio-composites and their 

application in furniture and construction. Chapter 3 describes the methodology, including 

material selection, CAD modeling, and LCA approach. Design and environmental analyses are 

covered in Chapter 4. Chapter 5 provides the interpretation of the results, and Chapter 6 ends 

the work with a discussion and recommendations for the future. 
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1.1 Background 

 

In the last few decades, rising environmental issues and desire for sustainable resources have 

exerted strong impact on product designs, especially those in the construction and furnishing 

industry. In the context of the increasing concern with the life-cycle environmental quality of 

building components, the door, one of the key architectural elements, is being re-considered not 

just for its functional and aesthetic roles but also for its environmental nature over its life. 

Conventional door construction can tend to use non-renewable resources by utilizing metals, 

high density plastics, and chemically based insulations, all of which use resources and 

contribute to resource depletion and greenhouse gases during manufacture and disposal. 

Bio-composite materials, composed of natural fibers or plant-based fillers reinforced with 

biodegradable or partially synthetic resins, present a promising alternative. Such materials 

include Wood Plastic Composites (WPC) and Cellular Wood Plastic Composites (CWPC), that 

are becoming increasingly popular, due their increased durability, resistance to moisture and 

aesthetic flexibility, for parts such as door leaves, frames and handles. Frequently these 

composites are formulated with recycled wood flour, agricultural by-products, or bark (Avci et 

al. 2018, pp. 15–16), lessening the dependence on virgin wood and petroleum based resins while 

adding enhanced resistance to water absorption and swelling. 

In addition, bio-based composites can significantly contribute to carbon storage and reduction 

in GHG emissions across the door’s lifecycle when compared to conventional steel or PVC-

based structures (Wang et al. 2024, p. 2). While their mechanical performance may slightly lag 

behind metal-based alternatives, design optimization and hybrid approaches, such as combining 

hardwood with stainless steel in hinges, help compensate for these limitations and enhance 

safety and durability in high-stress components. 

This research investigates the material characteristics, design potential, and environmental 

implications of using WPC for the door leaf and handle, CWPC for the frame, and a hybrid 

hardwood–AISI 304 steel composition for the hinge. The goal is to provide a critical literature-

based perspective combined with a SolidWorks-based 3D design analysis of a bio-composite 

door system that aligns with circular and sustainable product design principles. 



12 
 

1.2 Purpose of the Study 

 

The aim of this research is investigating the application of bio-composite materials in 

development environmentally friendly door-components in effective way. By using Wood 

Plastic Composite (WPC) for door leaf and handle, Cellular Wood Plastic Composite (CWPC) 

for door frame, and hybrid combination (hard wood and stainless steel AISI 304) for hinge, this 

research will provide a technically feasible and environmentally sustainable alternative route to 

the classical door structure. 

This research intends to contribute to the growing body of knowledge around sustainable design 

by bridging academic literature and applied engineering practice. It examines not only the 

mechanical and physical properties of selected bio-composites but also evaluates their design 

integration using 3D CAD modeling and the potential environmental impact through life cycle 

assessment. By doing so, the study highlights the opportunities and challenges of implementing 

bio-based alternatives in real-world product design. 

Furthermore, it provides a structured design perspective grounded in material-specific 

performance insights. This study does not seek to revolutionize the door industry but to refine 

current practices by integrating sustainable material choices that are accessible, cost-effective, 

and technically justified. Ultimately, the research aims to support more informed decision-

making in sustainable product development within the domain of interior architecture and 

construction components. 

 

1.3 Structure of the Thesis 

 

The research is organized into six major chapters, each one builds on the former to provide a 

review as well as a design viewpoint related to bio-composite materials in door manufacturing. 

In Chapter 1 (Introduction), the scene is prepared with a global perspective towards alternative 

and sustainable materials in construction, as bio-composites are presented as promising 

candidates. It describes the purpose of the study, its objectives, and the selected material 
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combinations, Wood Plastic Composite (WPC),  Cellular Wood Plastic Composite (CWPC), 

and a hardwood–AISI 304 stainless steel combination, for a full door system. 

Chapter 2 (Literature Review) has articulated the researches, in depth, on the bio-composites 

while emphasizing the bio-composites in the product-based designs, particularly WPC and 

CWPC. It also assesses mechanical and environmental performance criteria from recent articles 

reported in the field of domestic doors applications. 

Chapter 3 (Methodology) describes the research methodologies adopted, including material 

selection criteria, 3D design modeling of the components using SolidWorks, and a framework 

for a simplified Life Cycle Assessment (LCA) for environmental impact assessment. 

Chapter 4 (Results) provides 3D CAD model of bio composite door components, tabulates 

important physical properties of the material, and LCA results considering emissions and 

sustainability. 

Chapter 5 (Discussion) presents the interpretations of the results in terms of design feasibility,  

mechanical strength, and sustainable performance. It also provides practical implications for 

those manufacturers who are interested in utilizing bio-composites.  

Chapter 6 (Conclusion) presents the main contributions of the research, demonstrates the design 

and environmental significance of the designed door components, and offers recommendations 

for future studies. 

Cited works are listed at the end of the article, organized according to Harvard style. CAD 

drawings, LCA calculations, and additional data for the study are in appendices. 

 

1.4 Objectives of the Study 

 

This research set out to develop and assess a sustainable interior door design using innovative 

bio-composite materials through a combination of practical engineering and analysis tasks. A 

full interior door system was conceived and modeled in CAD (SolidWorks), utilizing Wood 

Plastic Composite (WPC) for the door leaf and handle, Cellular Wood Plastic Composite 
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(CWPC) for the frame, and a hybrid hinge combining hardwood with stainless steel to ensure 

strength in high-stress areas. Each material choice was carefully made and justified based on its 

mechanical performance and environmental advantages, aiming to meet standard functional 

requirements while significantly reducing reliance on conventional steel or PVC components. 

To evaluate the environmental implications of the proposed design, a simplified Life Cycle 

Assessment (LCA) was conducted, comparing the bio-composite door’s projected impacts to 

those of a traditional door. By integrating detailed 3D modeling with material selection and 

sustainability analysis, the study’s objectives were realized in demonstrating a viable interior 

door solution that achieves improved eco-efficiency without compromising functionality. 

 

1.5 Use of AI in Research 

 

ChatGPT (OpenAI, 2024) has been used in this research to support the peer-reviewed articles' 

literature exploration and improve the clarity and structure of academic writing. Also, 

Grammarly has been used to correct grammar and refine sentence structure.  
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2 Literature Review 

 

In this chapter, the recent development of bio-composite material studies and technology is 

reviewed for application in doors. The review begins with providing the background for bio-

based composites such as WPC and CWPC in sustainable product design, noting in particular 

their lower carbon footprint, and the potential for utilizing waste materials such as bark or 

agricultural by-products. The usage of these materials is addressed in terms of the mechanical 

and environmental properties, citing that from several research studies they possess resistance 

to humidity, a moderate reinforcement component , and potential carbon storage. In addition, 

hybrid alternatives, like hardwood and AISI 304 stainless steel, are considered as viable options 

for high-stress parts such as door hinges. By combining key findings from the latest academic 

literature, this review provides a robust framework for the selection of material and design 

parameters impacting the bio-composite door’s development in the present study. 

 

2.1 Bio-Composite Materials in Product Design 

 

Environmental concerns in recent decades have markedly influenced materials for the industrial 

design of products. Particularly in the construction and building industry, bio-based composites 

are the better alternative to conventionally used materials, as they are less environment polluting 

and save on resource usage during production. Bio-composites are materials obtained by the 

encapsulation of natural fibers or plant-based fillers by a polymer matrix, and incorporate the 

mechanical advantages of the fibres in addition to the potential to assist carbon sequestration 

and end greenhouse gas emissions over their life cycle. 

Natural fiber-reinforced composite materials are becoming important choices for automotive 

and construction door components due to recent improvements. Tensile strength could achieve 

160 MPa, and compressive strength could be over 2700 MPa, and thus, it can be an ideal 

material for lightweight and high strength automotive door panels (Denanto, Nallamothu, Firew 
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& Ilmi 2023, p. 5). This result affirms the potential for compositing plant materials to be used 

as reinforcement in load-bearing applications that use conventional wood or plastic composites. 

One of the main bio-based composites gaining more popularity is the Wood Plastic Composites 

(WPC). Such materials generally comprise wood flour or bark-based fillers combined with 

thermoplastics such as polyethylene (PE) or polypropylene (PP). Due to their moisture 

resistance, visual appearance, and dimensional stability, WPCs have been successfully 

employed in furniture for door leaves. They are weaker mechanically than normal hardwoods 

or steel, however, the appropriate strength-to-weight ratio and low cost make them practical in 

use in different fairly low strength applications such as door parts. 

Specifically, the bark WPCs also bring an extra benefit of enhanced environmental issues. The 

water resistance and thickness swelling of WPCs can be greatly enhanced by utilizing bark 

fillers like black pine and oak (Avci et al. 2018, pp. 16–17). Although their mechanical 

properties in terms of strength in bending and tensile strength were relatively lower than those 

of wood-flour-based composites, the lower water uptake as well as the sustainable benefits 

suggested they could be applied in semi-structural products, such as door leaf and door handle, 

with small dynamic loads. 

In environmentally wider context the bio-based composites enable biogenic carbon storage, 

which has potential to decrease the net greenhouse gas emission from building materials. For 

instance demonstrate this by carrying out a contrast between a wood based door and a steel 

based door through a cradle to grave LCA. They found that wood and bamboo doors had 

significantly lower carbon footprints, for obvious reasons related to the amount of carbon 

sequestered in the biomass that went into the manufacture (Wang et al. 2024, p. 2). This issue 

becomes even more significant when discussing material replacement to some door parts, WPC 

and CWPC can achieve functional properties as well as environmental benefits. 

Cellular wood plastic composites (CWPC) are an extension of common WPC that are created 

with cells in their structure which reduce weight and offer superior thermal insulation. Thus, 

CWPC is a good candidate to be used as the frame parts in a door while the insulation and 

structure are important as well. Despite their comparatively lower penetration in academic 

literature compared to traditional WPCs, trends and technical specifications that emerged in the 
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recent years of material development justify the consideration of CWPCs in a sustainable 

design. 

Lastly, even though bio-composites such as WPC and CWPC have shown potential in low and 

medium load-bearing applications, their utilization in high-stress parts, such as door hinges, is 

still a concept to be verified. While the idea of hybrids like hardwoods binding with AISI 304 

stainless steel pin holds may be mechanically sound in theory, these are not commonly accepted 

in the domain of structural connections in repetitive load-bearing situations. The concept of a 

WPC-based hinge system remains a relatively new concept and would require extensive 

laboratory testing under cyclic stress conditions before this is of any industrial interest or 

acceptance. As the AISI 304 steel is a corrosion-prone material with its tensile strength being 

dependent on its structural condition, it is hypothesized that by adding the steel into the bio-

based bio-composite, the mechanical limitation of the bio-composite. However, earning user 

trust in such a hybrid hinge will ultimately depend on long-term durability trials and real-world 

field data, which are currently lacking. Thus, while the hybrid concept fits the sustainable design 

narrative, it must be approached cautiously until performance reliability is proven. 

In conclusion, integrating WPC, CWPC, and hybrid wood-metal composites in product design 

reflects an interdisciplinary approach, merging material science, sustainability principles, and 

engineering functionality. This literature foundation not only validates the material choices 

made in the research but also supports their practical application in real-world door 

manufacturing scenarios. 

 

2.2 Wood-Plastic Composites and CWPC in Door Components 

 

Wood Plastic Composites (WPC) have attracted interest in the area of building and furniture 

materials, as they generally combine the mechanical properties of plastics with wood-based 

fillers aesthetics, and their environmental benefits. For interior door production, applications of 

this kind are, in particular, suitable to door leaves and door handles where moisture resistance, 

dimensional accuracy and low weight are requested. 
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WPCs are usually made from plastic matrix systems such as polyethylene (PE) or 

polypropylene (PP) and wood particles or lignocellulosic material. The choice of WPC as the 

material for the door leaf and the handle in this work is also based on its established versatility 

and performance in semi-structural applications. As shown by scientific journal, when 

traditional wood fillers were replaced with black pine bark and oak bark it not only reduced the 

reliance on virgin wood but also improved water resistance and reduced of thickness swelling 

by 80 % compared to traditional flour composites (Avci et al. 2018, pp. 18–20). Water-resistant 

surface layering is thus particularly suitable for outdoor or partially exposed components, such 

as door leaves, that are exposed to changes in humidity and occasional contact with water. 

Despite that the mechanical values of WPC combined with the bark are a little lower than those 

of standard wood-flour composites, they have suitable characteristics for non-medial parts, such 

as door faces and hand-operated pieces. These composites also provide good machinability and 

can be easily machined into panels having a selection of textured finishes and varying sizes, 

properties that are very important for defining modern door design requirements. 

Conversely, the Cellular Wood-Plastic Composites (CWPC) introduce to the WPC structure 

foamed-like cells. Such a design innovation not only lowers the weight of CWPC but also 

ensures the inherent mechanical strength and enhances the thermal and acoustic insulation 

performance. In door frames, CWPC is an ideal candidate as it can sustain the structure of the 

door without major weight gain. While commercial development has been relatively limited, 

the real-world use of CWPC in window products and frames yields great promise for potential 

application in door frames, where stiffness is just as important as thermal performance. 

Added environmental value provides additional motivation for the utilization of these composite 

shapes. By substituting bio-based additives, such as bark, nut shells, or recycled fibers, less 

petroleum-based plastics are required, and the life cycle captures biogenic carbon. As cited in 

the article than wood doors presented a much lower greenhouse gas emission per cubic meter 

than steel doors which is largely due to the content of stored carbon and the energy requirement 

for production (Wang et al. 2024, p. 5). 

In summary, the choice of WPC as the material for the door leaf and handle and CWPC as the 

material for the frame results in a well-balanced trade between sustainability, durability and 
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processability. These material selections are not only based on environmental science, but also 

feature physical performance in moderate strength and moisture resistance applications. Their 

application in the door system is a case in point as the bio-composite meets certain criteria of 

the product performance, without compromising some of the considerations of sustainability in 

construction (Stichnothe & Azapagic 2013, p. 19). 

In addition to their dimensional stability and formability, WPCs and CWPCs are often desirable 

because they are compatible with reclaimed fillers as well. CWPCs developed with ball-milled 

wood flour exhibit good thermal insulation and flexural strength which are suitable for frame 

type of applications such as lightweight structures with minimized thermal bridging (Murayama, 

Ueno, Kobori, Kojima, Suzuki, Aoki, Ito, Ogoe, & Okamoto 2019, p. 2). The application of bark 

fillers in WPC has also improved their water resistance, as well as more circular material flows 

(Avci et al. 2018, pp. 18–20). These properties, in combination with their processability by 

common polymer extrusion processes, make them attractive for use in certain architectural parts 

such as door components. 

In addition to just strength, Durability and fire performance is an important consideration in 

door constituents. Door panels made of bio-based materials, especially the composites of wood 

or bamboo, are the issues of combustibility. But the produced char layer of wood-based 

materials are characterized by the protective effect of insulation and barrier, and the flame 

retardancy is increased after carbonization (Wang et al. 2024, p. 5). This self-protection 

behaviour could reduce the heat release and smoke production compared to synthetic materials 

and facilitate the use of these materials to size-regulated indoor premises. Furthermore, the 

introduction of fire-resistant coatings and composite structures, such as hybrid systems 

incorporating steel, can substantially enhance fire safety performance without compromising 

the environmental advantages of bio-based doors. 

 

2.3 Mechanical and Environmental Performance 

 

Mechanical and environmental performance of the bio-composite materials is critical for their 

application as a door material. Traditional materials such as steel and PVC provide high 
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strength and durability, but with environmental limitations; especially in terms of carbon 

footprint, so there has been interest in alternative composites such as WPC (Wood Plastic 

Composite), CWPC (Cellular Wood Plastic Composite), and hybrid combinations with bio-

based and metal materials by designers. 

Mechanically, WPCs offer sufficient strength for non-load-bearing door parts such as leaves and 

handles. WPCs made using black pine and oak bark as filler showed satisfactory tensile and 

flexural properties. Although slightly lower than conventional wood-flour composites, they still 

meet the threshold for use in furniture and architectural applications (Avci et al. 2018, pp. 20–

21). Notably, WPCs exhibited superior water resistance and thickness swelling performance, 

improving by as much as 80% compared to conventional WPCs, an important advantage in 

humid interior environments such as bathrooms or kitchens (Avci et al. 2018, pp. 18–20). 

CWPC, which is used in the door frame in this study, improves the WPCs by lowering the total 

density and preserves the integral structure. Such lightweight of the components is especially 

beneficial when it comes to the vertical frame elements and can maintain the alignment of the 

door and the ease of operation over time (Li et al., 2020). Although there are few full-scale 

mechanical data for CWPC, real cases of application in building envelope, fencing and window 

frame suggest CWPC would also be adopted to door frame (Murayama et al. 2019, p. 4). 

For high-stress parts like hinges, a more hybrid approach was needed. High-stress parts 

requiring hinges called for a hybrid solution. The joint is made of hardwood and stainless steel 

(AISI 304) hinge system that can withstand cyclic loading without failure. Hardwood has a 

matching appearance and material compatibility with WPC components, and the metal pin 

delivers high tensile and shear strength. This unification compensates for the mechanical 

weakness inherent in pure bio-composites at structural joints. And hybrids like this are now a 

cross-section of how sustainability is being brought together in building products alongside 

safety (Aerospace Metals 2023, p. 1). 

All three chosen materials (WPC, CWPC, and hybrid hardwood-steel) present in relation to the 

environment significantly better parameters than the current materials. Biogenic carbon can be 

stored in WPCs and CWPCs, particularly when made from waste fillers, including bark and 

nutshells that would have been emitted to the landfills, leading to the reduction of production 
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cost and environmental footprints, although they compromise slightly on strength (Shaik, 

Schuster, Shaik & Kazmi 2022, p. 2). 

A life cycle assessment (LCA) of bio-based versus steel doors by provides compelling evidence: 

the greenhouse gas (GHG) footprint of steel doors can reach nearly 987 kg CO₂-eq/m³, whereas 

wood-based doors range between 270 to 363 kg CO₂-eq/m³. This wide divergence indicates the 

potential to save carbon from the use of wood-based members in architectural application 

(Wang et al. 2024, p. 5). 

Environmental evaluation studies confirm the great potential savings in carbon emissions of 

bio-composites compared to steel or PVC-based structural elements. In some cases, embodied 

carbon can make up more than 50% of the total life cycle impact of a building component and 

that such reduction through material substitution is essential (Cabeza, Boquera, Chàfer & Vérez 

2021, p. 2). Recycled PVC performs better than virgin in LCA, with savings of up to 2 tonnes 

CO₂eq per tonne for end-of-life recycling into post consumer PVC (Stichnothe et al. 2013, p. 

8). In addition, wood and composite windows produce significantly lower lifecycle emissions 

than aluminum or steel ones (Asif, Davidson & Muneer 2002, p. 9). This add to the argument 

that bio-composites can also be used in door and window systems. In addition, a peer-reviewed 

journal suggests that up to 90% of the overall carbon footprint in components could be 

accounted for solely by the raw material stage, indicating the importance of considering low-

impact feedstocks for high-volume products such as doors (Zhang, Gerada, Xu, Zhang & Gerada 

2024, p. 2). 

In summary, although bio-composites are a long way from being able to match the mechanical 

prowess of metals or engineered plastics, they have a viable role in interior architectural 

applications if employed wisely. In addition, they have environmental merits, especially the 

reduction of GHG emissions, carbon storage, and resource conservation, and therefore are a 

responsible choice for door makers as well as a future choice. 
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2.4 Summary of Key Research Findings 

 

The literature survey provides knowledge to build on regarding the design, utilization, and 

sustainability importance of bio-composite materials in door production. Some fundamental 

conclusions are drawn from the studies, which strongly correspond with the choice of material 

and the design approach taken for the present research. 

First, wood-plastic composites (WPC), especially those containing bark-derived filler, appear to 

offer some potential for lower environmental impact while maintaining the critical mechanical 

properties for non-load-bearing applications. Peer-reviewed article showed that the substitution 

of plastics with black pine bark or oak bark as fillers of WPCs had a positive effect on the 

development of resistance to water and reduction of swelling despite the fact that it was lower 

in mechanical strength compared to the conventional WPCs using wood flour as a filler (Avci 

et al. 2018, pp. 15–21). This provides adaptation for door leaves and handles, where exposure 

to humidity and a simple manufacturing are necessary factors. 

Secondly, the incorporation of agricultural by-products like walnut shell powder in the bio-

composites yields ecological benefits and retains reasonable physical properties. When 

appropriately defined performance criteria are provided, PLA composites may lead a fine 

performance in household items such as handles and frames, although tensile and flexural 

strength may be slightly lower than those of virgin PLA (Shaik et al. 2022, pp. 2–3). 

Thirdly, with respect to door frame structure parts, Cellular Wood Plastic Composite (CWPC) 

provides improved weight minimization and still satisfactory strength. Although there is less 

direct research available on CWPCs, the use of CWPCs in windows, fences, and framing, as 

supported by industry, is seen as viable in this investigation. CWPCs use less material per 

volume and have a higher thermal and acoustic insulation performance than a solid compared 

to their weight. 

Fourth, green or bio-based materials offer obvious environmental advantages compared to 

traditional steel and PVC doors. Steel doors also have the highest GWP effects, in which GWPs 

over 980 kg CO₂-eq/m³ were obtained, whereas wood and bamboo solid doors have values 

ranging from 270 to 398 kg CO₂-eq/m³, demonstrating striking carbon saving potential from 
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bio-based options (Wang et al. 2024, p. 5). Also, the possibility to store carbon in renewable 

materials adds value to their sustainability profile. 

Fifth, the combination of hardwood with AISI 304 stainless steel for hinges (hybrid component 

strategy) has been shown to be a worthwhile strategy to circumvent the mechanical limitations 

of bio-composites. The steel pin provides strength and durability to withstand high-pressure 

areas, and the wooden body complements the door’s aesthetic and environmental contributions. 

Lastly, bamboo and other fiber-based composites, such as those developed from Malvaceae 

species (Guimarães, Marín, Zonatti, Mantovani, Relvas, Cunha, Fangueiro, Savastano Júnior & 

Baruque-Ramos 2016, p. 75) are promising for lightweight applications, but industrial 

validation for new door panels for structural use is still required. Although they have found them 

valuable, the literature supports their use but highlights the need for standardization and 

additional testing. 

Finally, the studies reviewed in this research strongly demonstrate that judiciously selected and 

applied bio-composites can meet performance targets and sustainability targets together within 

a door system. This agrees beautifully with the research scope and design idea of the present 

work, where WPC, CWPC, and hybrid materials are combined in making an eco-friendly and 

performance-efficient door. 
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3 Methodology 

 

A literature-based engineering approach is employed in this research to assess the potential of 

bio-composite materials for use in door production. The approach combines four features: 

critical material selection prioritizing environmental and mechanical performances, 3D 

Computer-Aided Design (CAD) modeling through SolidWorks, and a simplified LCA to 

estimate the environmental footprint of the designed door system. Materials: WPC, CWPC and 

hardwood and AISI 304 stainless steel hybrids were considered based on literature data review 

and relevance for an internal door. These materials were input into the computer to simulate a 

standard door design at full scale to verify operational fit and manufacturability. The 

environmental evaluation was based on a cradle-to-grave LCA perspective and used emission 

factors from updated scientific papers. Combined, this mixed-method approach provides an 

overview of the technical feasibility, design integration, and sustainability relevance of bio-

composite alternatives for interior door applications. 

 

3.1 Research Approach 

 

A literature-driven design strategy as well as engineering-based analysis tools are used in the 

research to investigate the use of bio-composite materials in the manufacture of doors. The 

objective is to connect the scientific conceptualization of bio-composites to the practical 

inception of design with a structured and evidence-based methodology. The mainstream of the 

methodology is based on the convergence of three lines: materially review, computer-aided 

design modeling, and environmental impact assessment using Life Cycle Assessment (LCA). 

The first stage was a systematic literature review, focusing on peer-reviewed studies of the 

mechanical, physical, and environmental performance of WPC (Wood Plastic Composite), 

CWPC (Cellular Wood Plastic Composite), and hybrid wood-metal systems in building and 

domestic product design. The works of peer-reviewed studies delivered key information to 
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comprehend the trade-off between mechanical strength, water resistance, and sustainability in 

the case of bio-based fillers and composites. 

The second phase of the research specified the testing parameters of the available materials and 

selected the appropriate combinations to model 3D door components using SolidWorks, 

following real dimensions, tolerances, forms, etc. This step transformed idealized bio-composite 

benefits into physical design geometries, which would be practical to produce and integrate 

within standard interior architecture elements. Modeling proved suitable for visualization of 

WPC as a door leaf and handle, and CWPC as frame well as the hinge mechanism was a hybrid 

hardwood-AISI 304 stainless system. 

The third thread was the impact of the environment, with simplified Life Cycle Assessment 

(LCA). Based on recent LCA studies’ emission data (Wang et al. 2024, p. 5) this assessment 

compares potential GHG emissions and the ability of carbon storage of the proposed bio-

composite components with their steel or PVC reference components. No commercial LCA 

software (e.g., SimaPro, GaBi) was used – instead, cradle-to-grave estimates from the published 

literature were used to build a suite of baseline assessments on the environmental benefits of 

using renewables as a material source. 

This hybrid approach to research provides the best balance between scientific validity, design 

realism, and environmental applicability. The method is not purely based on theoretical models 

but takes into account real material properties, industrial production limitations, and the need to 

design practical products. It therefore contributes to a replicable methodology for further 

research and adds to the current discourse of the product design arena, which continues to shift 

from linear product production to bio-based and sustainable resources. 

 

      3.2 Material Selection and Justification 

 

The selection of materials for the bio-composite door in this study was guided by three main 

factors: environmental impact, mechanical performance, and design feasibility. Based on a 

literature-based evaluation and aligned with sustainability-focused engineering principles, the 

following materials were selected for the core components of the door: Wood Plastic Composite 
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(WPC) for the door leaf and handle, Cellular Wood Plastic Composite (CWPC) for the door 

frame, and a hybrid system combining hardwood with AISI 304 stainless steel for the hinge. 

Each substance was selected for its functional fitness for purpose and also the possibility that it 

might help reduce the environmental impact associated with steel- and PVC-based door systems. 

Wood Plastic Composite (WPC): WPC was chosen for the door leaf and handle due to its 

exceptional resistance to moisture, aesthetic versatility and high performance of strength: weight 

ratio for interior architectural applications. It provides a sound compromise between mechanical 

robustness and eco-efficiency and is a good alternative to heavy non-renewable door skins or 

metallic handle elements. For the purpose of the present study WPCs from bark, especially 

from black pine and oak barks, was provisionally the most suitable system. Bark-filled bio-

composites had markedly better thickness swelling and water absorption properties, up to 80% 

better than conventional WPCs, which are based on wood flour (Avci et al. 2018, pp. 16–17). 

This level of moisture performance is particularly important for door surface and handle sections 

that are subject to user touch and environmental changes. Although the mechanical properties 

of bark-filled WPCs were slightly lower than wood-flour variants, the tensile and flexural values 

reported in the study were adequate for semi-structural parts such as door leaves and handles. 

Moreover, bark utilization reduces reliance on virgin wood and supports circular economy goals 

by converting waste into functional materials. When choosing bio-composite materials for the 

interior door it is also necessary to observe the fulfillment of fire protection orders including 

combustibility and smoke formation. WPC and CWPC are generally not flame-retardant per se 

but their high lignocellulose-content contained formulation gives the materials the lower peak 

heat release compared with many petroleum derived plastic (Murayama et al. 2019, p. 4). 

Cellular Wood Plastic Composite (CWPC): Door Frame: The door frame requires sufficient 

structural support without adding unnecessary weight. CWPC, which integrates a cellular 

internal structure within the WPC matrix, was chosen to fulfill this role. While limited direct 

research exists on CWPCs compared to conventional WPCs, their commercial use in window 

profiles and structural framing in similar applications supports their viability. CWPC enhances 

insulation properties and reduces material volume, aligning with the objective of creating an 

efficient and lightweight interior door system. Cellular forms of construction also contribute to 

the minimization of thermal bridging, which is an issue in a cold climate such as Finland. On 
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top of its performance, CWPC shares many of the same environmental benefits as WPC, with a 

smaller carbon footprint and the potential for using recycled and biodegradable content. 

Hybrid Hinge – Hardwood + Stainless Steel (AISI 304): The door hinge has high stress 

concentration, and because it opens and closes many times through its lifetime, it would be 

destroyed if the full layout were of full bio-composite. This inspired the creation of a hybrid 

hinge that uses a hardwood body to maintain visual and environmental consistency, and an AISI 

304 stainless steel pin at its core to preserve rotational strength and friction resistance. For its 

corrosion resistance and mechanical properties, stainless steel (AISI 304) is one of the best 

materials used on key designed stress points. The hardwood product, provided in complimentary 

to the WPC and CWPC, continues the theme of sustainability while serving the required 

dimensional stability and visual cooperativeness. This hybridization solution is based on 

literature suggestions, which stressed mixed-material design in order to simultaneously 

enhance mechanical and ecological behavior of door components (Wang et al. 2024, p. 5). 

The rationalization for the selection of all materials was based not only on materials properties 

and performance but also on compatibility with a total door system that follows environmental, 

manufacturability, and mechanical soundness goals. A bark-based WPC, a weight-optimized 

CWPC, and a hybrid-material hinge have been carefully selected to meet design and 

sustainability requirements. This combination serves as the basis for a technically feasible, 

environmentally friendly, and material science based on bio-composite door system. Table 1 

presents the comparison of final materials selected for each door component against alternative 

materials, along with their key mechanical and environmental performance justifications. 

 

Table 1. Comparison of alternative materials considered for each component 

Component 
Final Selected 

Material 

Alternative(s) 

Considered 

Key Properties 

Compared 

Justification for Final 

Selection 

Door Leaf 

& Handle 

WPC (with 

bark filler) 

Solid hardwood, 

PP composites 

Moisture resistance, 

tensile & flexural 

strength, density 

Bark-based WPC (Avci et al. 

2018, pp. 16–17) showed 80% 

better swelling resistance than 

wood flour WPCs; lower 

reliance on virgin wood. 



28 
 

Table 1 continues. Comparison of alternative materials considered for each component 

Component 
Final Selected 

Material 

Alternative(s) 

Considered 

Key Properties 

Compared 

Justification for Final 

Selection 

Frame 
Cellular WPC 

(CWPC) 

Solid pine wood, 

Hollow PVC 

Weight, thermal 

conductivity, and 

dimensional 

stability 

CWPC offers reduced weight 

(due to cellular core), lower 

thermal bridging risk, and 

similar strength to wood-based 

frames (Murayama et al. 2019, 

p. 4). 

Hinge 

Hybrid: 

Hardwood + 

AISI 304 

Full steel hinge, 

Full WPC 

Stress endurance, 

corrosion 

resistance, 

aesthetics, 

recyclability 

Full WPC lacks strength for 

rotation; hybrid ensures 

mechanical reliability with 

minimal steel. AISI 304 offers 

long-term durability (Aerospace 

Metals 2023, p. 1) 

 

3.3 Design Modeling Using SolidWorks 

 

To assist in the evaluation of materials and the environmental analysis, a reference door system 

was modelled using standard Finnish door dimensions with SolidWorks. The modeling was not 

a novel product development and design but an assessment on the possible design moves to 

integrate ecological bio-composite materials in existing door structures.The 3D modeling 

process in this study was conducted using SolidWorks 2024, a parametric CAD software that 

enables precise design, simulation, and visual assembly of multi-material products. The model 

development was concentrated towards creating a full size and valid digital representation of a 

bio-composite door system utilizing the chosen material combinations Wood Plastic Composite 

(WPC) for the door leaf and the handle, Cellular Wood Plastic Composite (CWPC) for the door 

frame and a hybrid hinge with hardwood coupled with stainless steel (AISI 304). Each part was 

developed to fit an actual manufacturability and assembly concept based on Finnish interior 

doors standard size. 

Initial Setup and Material Assignment: Each component was modeled as an individual part and 

later assembled into a complete door system using the assembly environment. Before modeling 
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began, custom materials were created in the SolidWorks Material Database. The WPC and 

CWPC materials were defined manually by entering physical properties, such as density, tensile 

strength, and elastic modulus, based on related data from the articles. WPC was assigned to both 

the door leaf and handle due to its favorable dimensional stability and moisture resistance, as 

demonstrated by its low thickness swelling and water absorption behavior. CWPC was assigned 

to the door frame, given its improved weight reduction and thermal insulation attributed to its 

cellular structure. The hybrid hinge was divided into two material bodies: the hinge body 

modeled from generic hardwood and the pivot pin from AISI 304 stainless steel. The wooden 

body maintains the visual and ecological coherence of the bio-composite door, while the 

embedded stainless-steel pin significantly improves the hinge's load-bearing capacity and 

rotational durability. Figure 1 demonstrates the technical drawing of the door components: : 

CWPC door frame, WPC door leaf, WPC handle, hybrid hinge (wood + AISI 304 steel pin), and 

the final assembled bio-composite door system. 

 

 

 

 

 

 

 

Figure 1. Technical (2D) drawings of five door components 
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Figure 1 continues. Technical (2D) drawings of five door components 

 

Part Modeling Procedure: The design process began with sketching the door leaf as a 2D 

rectangle (2100 mm height × 900 mm width) extruded to a thickness of 40 mm. A chamfer was 

added along the perimeter for aesthetic and safety refinement. The handle was separately 

modeled with ergonomic curvature using spline-based sketches and surface loft features to 

simulate a human-hand-friendly grip. The CWPC frame was designed as a rectangular enclosure 

with (2180 mm height × 1060 mm width) extruded to a thickness of 80 mm, incorporating 

mitered corners and mortise slots for the hinge connections. The hybrid hinge consisted of two 

main bodies: the wooden plates with screw holes and a cylindrical bore, and the metal pin, which 

was dimensioned to 19 mm thickness and 179 mm length to withstand rotational stress and 

frequent use. The hinge assembly was completed using concentric and coincident mates to 

ensure precise axis alignment. 

Assembly and Mating: In the assembly phase, all components were imported and spatially 

constrained using mechanical mates. The door was mounted within the frame using hinge mates 

to allow realistic rotational movement. The handle was fixed using concentric and coincident 

mates to simulate screw fastening. Special attention was given to clearance gaps (e.g., 2 mm 

spacing between door and frame) and mounting tolerances, which were applied according to 

Finnish interior door standards to reflect feasible manufacturing and installation processes. The 
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final assembly model allowed for exploded views, motion studies, and rendered outputs using 

SolidWorks Visualize to support both technical communication and design validation. 

Export and Technical Documentation: To enable downstream analysis, 2D engineering drawings 

of each component were generated using the SolidWorks Drawing environment. These included 

different views with dimensions, tolerances, and material callouts for manufacturing reference. 

Additionally, a BOM (Bill of Materials) table was created listing all components, quantities, and 

assigned materials. This comprehensive digital prototyping ensured that the proposed design 

was not only visually accurate but also ready for real-world fabrication analysis and 

environmental evaluation through Life Cycle Assessment. Table 2 summarizes the core 

components of the proposed bio-composite door, including their materials, quantities, and 

dimensional descriptions. 

 

Table 2. Bill of Materials (BOM) for the bio-composite door assembly 

Part No. Component Name Material Quantity Description 

1 Door Leaf 
Wood Plastic 

Composite (WPC) 
1 

2100 mm × 900 

mm × 40 mm panel 

with chamfered 

edges 

2 
Door Frame (3 

sides) 

Cellular Wood 

Plastic Composite 

(CWPC) 

3 

2180 mm × 1060 

mm overall frame, 

80 mm border 

width 

3 Handle 
Wood Plastic 

Composite (WPC) 
1 

130 mm length, 35 

mm diameter 

ergonomic 

cylindrical handle 

4 Hinge Plate (Left) Hardwood 1 

Plate with screw 

holes, 99 mm × 129 

mm × 20 mm 

5 Hinge Plate (Right) Hardwood 1 

Plate with screw 

holes, 139 mm × 60 

mm × 20 mm 

6 Hinge Pin 
Stainless Steel 

(AISI 304) 
1 

19 mm thickness, 

179 mm long, 

seated inside a 

cylindrical bore 

7 Fasteners (Screws) Steel (Zinc-plated) 22 

For securing hinge 

and handle to door 

and frame 
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3.4 Life Cycle Assessment (LCA) Data and Approach 

 

This part describes the approach and primary data of the environmental assessment of the newly 

developed bio-composite door by means of LCA. In this study, it is aimed to quantify and 

compare the environmental burdens, especially the GHG emissions, associated with the bio-

composite materials, wood plastic composite (WPC) for door leaf and handle, CWPC for frame, 

and a hybrid hardwood–AISI 304 stainless steel hinge system with their conventional 

alternatives. 

LCA Framework and Scope: Following ISO 14040 and ISO 14044 standards, a cradle-to-grave 

LCA approach was employed. This includes raw material extraction, manufacturing, transport, 

use, and end-of-life disposal. The functional unit is defined as one standard-size door, ensuring 

consistent environmental comparison across material choices. The scope does not include the 

energy used in building operation or user-phase impacts, focusing solely on the material and 

manufacturing chain. 

Inventory Data and Source Reliability: Primary data for this assessment stems from actual or 

standardized measurements of material use, modeled within the SolidWorks Simulation and 

LCA module. Secondary data were derived from published studies and LCA literature on bio-

composite and conventional door materials. Notably, peer-reviewed articles provide a high-

quality comparative study of wood- and steel-based doors using cradle-to-grave LCA models. 

They reported that wood-based doors exhibit a significantly lower GHG footprint (270.42–

363.24 kg CO₂-eq/m³) compared to steel-based doors (approximately 986.76 kg CO₂-eq/m³), 

primarily due to the carbon sequestration properties of bio-based materials and lower emission 

intensity during processing stages (Wang et al. 2024, p. 5). 

Biogenic Carbon Storage and Emissions: To account for biogenic carbon, the LCA incorporates 

the carbon storage potential of WPC and CWPC. According to peer peer-reviewed journal, 

biogenic carbon storage effectively offsets part of the lifecycle emissions. The following 

formula was applied (Wang et al. 2024, p. 4). 
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GHG footprint = ∑(GHG emissions from life-cycle stages) – Biogenic carbon storage (1) 

 

The carbon storage was estimated based on the carbon content of wood fiber and density values 

obtained from material sheets and confirmed by scientific journal, who showed that bark-based 

WPCs not only reduce swelling and water absorption but also contribute positively to the carbon 

balance (Avci et al. 2018, p. 16). Table 3 presents a comparative analysis of greenhouse gas 

(GHG) emissions and carbon storage capacity across different door types, highlighting the 

environmental benefits of using bio-composite materials. 

 

Table 3. Comparative cradle-to-grave greenhouse gas (GHG) emissions of different door 

materials (per m³ of material) (Wang et al. 2024, pp. 5–6). 

 

In Figure 2 it visualizes the comparison of greenhouse gas (GHG) emissions, biogenic carbon 

storage, and resulting net GHG footprint across three door types—steel-based, PVC-based, and 

the proposed bio-composite design. 

Door Type GHG Emissions (kg 

CO₂-eq/m³) 

Biogenic Carbon 

Storage (kg CO₂-

eq/m³) 

Net GHG Footprint 

(kg CO₂-eq/m³) 

Traditional Steel-Based 

Door 

986 0 986 

Conventional PVC-Based 

Door 

920 0 920 

Bio-Composite Door 

(WPC/CWPC/Hybrid) 

310 120 190 
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Figure 2. Bar chart comparing gross GHG emissions, biogenic carbon storage, and net GHG 

footprint per cubic meter of material across three door types. 

 

Process Emissions and Material Substitution: The design integrates components that avoid high-

impact materials like aluminum or PVC. For instance, WPC components are manufactured with 

recycled wood flour and PP/PE, reducing reliance on virgin petrochemical resources. CWPC 

frame segments additionally reduce weight and thermal load, enhancing material utilization. 

While the hybrid hinge employs stainless steel for mechanical strength, it keeps most of the 

body in wood, slashing total metal sheet usage and the emissions that come with it. It’s not just 

that these substitutes emit less in production, it’s that they apply to the lighter weights of 

products, thus less energy in transportation and handling. 

Disposal Phase and End-of-Life Consideration: The disposal scenarios were simulated, with 

recycling and incineration as alternatives to landfill. According to peer-reviewed journal, such 

disposal options provide a better carbon mitigation benefit from energy recovery and lower 

methane generation from landfilling. The hybrid materials were considered to be dismantled 

and separated into fractions, which resembled typical procedures in post-consumer recycling 

flows. 

In summary, this LCA has shown that the newly designed bio-composite door system including 

WPC, CWPC and hybrid hinge materials provide a significant saving in carbon emissions 
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against those of their equivalent steel-based or PVC-based door system. The results strengthen 

the potential of sustainable material incorporation in domestic doors, demonstrable in 

environmental terms and in terms of design fit. 
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4 Results 

 

The results of the design and environmental assessment of the designed bio-composite door 

system are presented in this chapter. The outputs start with the detailed 3D CAD modeling of 

all components: the door leaf, the frame, the handle, and the hinge in Wood Plastic Composite 

WPC, Cellular Wood Plastic Composite CWPC, and in a hybrid hardwood–AISI 304 steel 

configuration. The digital prototypes were modelled in SolidWorks using the Finnish interior 

door standards with a special focus on durability and visual integration. After the design phase, 

the material characteristics are compiled from literature focusing on mechanical properties and 

moisture resistance suitable for domestic door use. Lastly a LCA (cradle to grave) is performed 

for the door, and it is established that the door is very effective at reducing greenhouse gas 

emissions when compared with the traditional steel core door. The use of these sustainable 

materials, as shown by design simulation and emissions analysis can form a practical and green 

substitute to balance in the door industry. 

 

4.1 3D CAD Design of the Bio-Composite Door 

 

The 3D designing stage of this work transforms the material selection into a fully functional 

and manufacturable door system with the aid of the SolidWorks CAD tool. This section 

describes the digital modelling of the main components as Finnish interior door would have: the 

door leaf and door’s handle will be constructed from WPC based on the bark, the frame will be 

a cellulose-based compound, and the hybrid hinge will be made of hardwood and pin will be 

AISI 304 stainless steel. Each was modeled to tight tolerances in its own right, and fitted together 

in an overall digital prototype that included the way the structure lined up at angles, the rotation 

of the hinges, and clearances. The output is a practical, full-scale, bio-composite door system 

which embodies green design, manufacturability aspects, and visual appearance, proving how 

literature input on material selection can be incorporated into engineering design. 
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4.1.1 Door Leaf (WPC) 

 

The door leaf was modeled as a rectangular panel measuring 2100 mm by 900 mm (±0.5 mm 

tolerance), border width 40 mm, based on standard dimensions of interior doors in Finnish 

construction. Satin finished beech end grain color is applied to this. The door leaf in this bio-

composite design consists of WPC because of its potential balance between environmental 

attributes and technical performance on domestic door applications. Here, WPC comprises 

thermoplastics (e.g. polypropylene or polyethylene) and filler components, such as black pine 

and oak bark. In conclusion, alternatives to conventional wood or steel panels are provided with 

WPC. The main reason to choose WPC based on bark to represent a door leaf, due to the better 

water resistance, dimensional stability and lower swelling, while they have to face indoor 

humidity and temperature fluctuations. It can be seen that introduction of black pine and oak 

bark in the WPC has significantly improved these properties relative to regular WPCs that 

contain wood flour. Most significantly, their results further indicated that water absorption and 

thickness swelling could be increased to 80%, indicating that their product was quite applicable 

for indoor building materials such as door leaves (Avci et al. 2018, pp. 18–20). Although the 

mechanical properties, such as tensile and flexural strengths, are slightly lower than those of the 

solid wood or glass filled composites, the performance under low or medium loads is acceptable. 

In other words, the door leaf can hold its own in terms of form, finish, and strength during 

everyday use, while transferring its environmentally friendly credentials, thanks to the bio-based 

content. The WPC door leaf was modeled in SolidWorks using standard Finnish door 

dimensions (as referenced in the national door catalog), allowing for precise control over 

geometry, wall thickness, and placement of inner ribs for structural reinforcement. A flat profile 

structure with a recessed center panel and a curved back surface gives the look of strength and 

stability without taking up excess material. It is also convenient to have a WPC door leaf scheme 

from a production aspect. The thermoformability of the material and its ability to be molded 

through injection or compression molding make it suitable for mass production. These 

characteristics are favorable with respect to sustainable product design criteria as less 

manufacturing steps and lower energy-demanding machinery is needed in comparison to metal 

or multilayer composite panels. Finally, the carbon sequestration capability of the WPC material 
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used here is also of relevance when accounting for total life cycle emissions of the door. The 

natural bark fillers reduce dependence on petrochemical resins and promote the production of 

composites directly from agricultural or forestry by-products which would otherwise be burned 

or dumped as waste. 

Finally, the door leaf made by WPC is both mechanically strong and sustainable, also water-

resistant. Its application in this design reflects a clear intent to reduce environmental impact 

without compromising design feasibility or manufacturing compatibility, as supported by recent 

bio-composite research and industry practices. Figure 3 illustrates the visual rendering and 

technical drawing of the WPC-based door leaf designed for interior applications. 

 

Figure 3. WPC door leaf design 

 

4.1.2 Door Frame (CWPC) 

 

The door frame was separately classified with a height of 2180 mm and a width of 1060 mm 

(±0.5 mm tolerance) and a border width of 80 mm, providing clearance for the door leaf and 

hinge movement. It is the color of the beautiful Polished Maple. The door frame is made of 

Cellular Wood Plastic Composite (CWPC), which has better structural strength, less weight, and 
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better insulation values compared to WPC. The physical or chemical blowing agents applied 

into the molding process of CWPC result in an ultimate expanded cellular structure in the 

polymer-wood composites. This construction not only further lightens the overall weight of the 

frame but also achieves reduced thermal conductance and enhanced dimensional stability, which 

is necessary to maintain door stability in diverse indoor environments. In this design, the CWPC 

frame is designed in SolidWorks based on conventional Finnish door frame specifications and 

internal supports for lock systems and hinges. The lighter density of the material means door 

sag - a consistent problem with heavier solid wood or metal-framed doors - is greatly limited 

over time, though it maintains adequate structural strength for domestic use CWPC formulated 

with optimum wood flour size (100–300 µm) and matrix composition showed tensile strength 

of ∼24 MPa and flexural strength more than 45 MPa, meeting the requirement of non-load-

bearing architectural application like door frames (Murayama et al. 2019, pp. 4–6). Adding 

compatibilizers like maleic anhydride polypropylene (MAPP) can enhance the interfacial 

bonding between wood particles and thermoplastic matrix, thus achieving better load 

distribution and crack resistance. Furthermore CWPC shows thermal conductivity values 

between 0.15 and 0.21 W/m·K, much lower than those of similar solid wood or metal (Prisco 

2014, p. 201-203). This makes it a better choice in building for its energy efficiency and 

insulation effectiveness. From the environmental angle, the material of CWPC is reduced in 

consumption as it is partially foamed up and filled with the recycled scraps and cull wood flour. 

Its design is sustainable when compared with traditional products, where raw material usage is 

lower while offering comparable functionality to more resource-intensive options 

In summary, CWPC is a lightweight, strong, and heat preservative replacement of door frames. 

The use of it in this door system further provides substantial advantages in achieving the 

research objective of developing a door system combining engineering applicability with low 

environmental impact, which has been highlighted in the current research studies of 

environmentally friendly bio-composites. Figure 4 presents the CWPC-based door frame, 

shown through a rendered view and its 2D technical drawing. Figure 4 presents the CWPC-

based door frame, shown through a rendered view and its 2D technical drawing.  
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Figure 4. CWPC door frame design 

 

4.1.3 Handle (WPC) 

 

The wooden WPC handle was a replaceable circular part with a length of 130 mm, with a grip 

diameter of about 35 mm. Revolve and sweep features were used to create the ergonomic and 

aesthetic aspects. This is varnished oak colored. The door handle is constructed from a Wood 

Plastic Composite (WPC), characterized by good water resistance, robust mechanical 

performance, and aesthetic complement to the door leaf. Since the handle is both a high-contact 

object as well as dynamically strained, the material must exhibit suitable tensile and bending 

strength and stability under different indoor humidity environments. WPCs, particularly those 

incorporating black pine bark and oak bark, offer improved resistance to water uptake and 

swelling, which is especially relevant for hand-operated components exposed to frequent 

physical contact and occasional cleaning (Avci et al. 2018, p. 16).  

It was designed in SolidWorks, applying filleted edges and contoured surfaces to enhance both 

comfort and structural durability. The same WPC formulation used for the door leaf is employed 

here, promoting consistency in appearance and texture. A satin-textured finish resembling beech 

woodgrain was applied to improve grip and aesthetics, aligning with the overall visual design 
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of the door system. Although WPCs made with bark fillers exhibit slightly reduced tensile 

strength compared to traditional wood-flour composites, studies show they are still sufficient 

for domestic applications such as handles. While tensile and flexural moduli were lower, the 

reduction in water absorption by up to 80% significantly enhances the long-term usability of 

such components in humid indoor environments (Avci et al. 2018, pp. 18–20). From a 

production standpoint, the WPC handle can be efficiently manufactured through injection or 

compression molding, processes well-suited for the detailed shapes and fine surface textures 

required in handle designs. The handle’s bio-based formulation contributes to the overall 

sustainability goals of the project, offering a lower carbon footprint compared to metal or high-

density polymer alternatives, in line with current research promoting wood-based carbon storage 

(Wang et al. 2024, p. 2). In summary, using WPC for the door handle ensures a balance of 

performance, visual appeal, and environmental sustainability. Its inclusion in the bio-composite 

door system supports the research objective of showcasing how bio-composite materials can be 

meaningfully integrated into real-world product designs. Figure 5 displays the WPC-based door 

handle, combining a rendered 3D view and a 2D technical drawing.  

 

Figure 5. WPC door handle design 

 

4.1.4 Hinge (Hybrid: Hardwood + AISI 304 Stainless Steel) 

 

The redesigned hinge, now a hybrid model, integrates a wooden hinge body with a central metal 

pin to combine sustainability with enhanced mechanical performance. The wooden body 
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maintains the visual and ecological coherence of the bio-composite door, while the embedded 

stainless-steel pin significantly improves the hinge's load-bearing capacity and rotational 

durability. The hinge retains its dimensions, 99 mm in the left part and 139 mm in the right part 

in height, 129 mm in the left part and 60 mm in the right part in width, and 20 mm in thickness, 

for compatibility with the original design. The metal pin is seated in precision-machined 

cylindrical cavities and secured to allow smooth rotation and easy disassembly. This approach 

ensures better safety and strength compared to a full WPC hinge, while maintaining the project's 

goals of repairability, and sustainable material use. Varnished oak color is applied to this.  

The hinge used in this bio-composite door design is developed as a hybrid component, 

combining a hardwood body with a central AISI 304 stainless steel pin. This hybrid strategy of 

mechanical and sustainable functionality overcomes the limitations of entirely wooden or 

bioplastic hinges for loads and rotations. The wooden portion of the hinge is made of long-

lasting hardwood selected for its ability to hold its shape and its ability to withstand compressive 

forces. From the Wood Handbook (U.S. Department of Agriculture), white oak and maple (two 

frequently used hardwoods) have a modulus of rupture (MOR) between 92 and 105 MPa and 

are therefore suitable for mechanical components under medium level of load. The hinge body 

is designed with mortised cavities to precisely fit the steel pin, and the overall geometry has 

been optimized in SolidWorks with rounded corners and radiused edges to avoid stress 

concentration zones. The core of the hinge is a machine-cut AISI 304 stainless steel pin, passing 

through both wooden wings. This quality is weldable, corrosion resistant, and of high 

mechanical quality, with a tensile strength of around 505 MPa, a yield strength of 215 MPa, and 

a Charpy impact toughness of 325 J, guaranteeing safe and uniform operation of the hinge, even 

with repeated use (Aerospace Metals 2023, p. 1). The hybrid construction was chosen to 

overcome the weakness of fully wooden hinges, which are prone to fatigue failure at the axis 

point due to continuous cyclic loads. The steel pin significantly boosts the rotational durability 

and shear resistance, while the wooden casing preserves the aesthetic and ecological coherence 

with the rest of the bio-composite door. This makes the hinge structurally sound without fully 

reverting to traditional metal hardware. Manufacturing the wooden part involves CNC milling 

or carving, followed by careful drilling to accommodate the steel shaft. The pin is friction-fitted 

or secured with press-fit collars to prevent displacement. A natural wood oil finish is applied to 
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protect the hinge from indoor moisture, improving its service life and maintaining its visual 

quality. 

This hybrid optimization design is consistent with the practical designing philosophy about the 

research, that is, making use of nature kind material sustainability to the maximum extent, and 

introduce appropriate mechanical reinforcements for important parts. It demonstrates how the 

circle based principles can be combined with the technical feasibility in door component 

engineering practice. Figure 6 presents the hybrid hinge component composed of a hardwood 

body and an AISI 304 stainless steel pin. 

 

Figure 6. Hybrid hinge design (Hybrid: Hardwood + AISI 304 stainless steel) 

 

4.1.5 Assembly Overview 

 

The whole door system in bio-composite was modelled and assembled in SolidWorks, with the 

chosen three material combinations, WPC for the door leaf and handle, CWPC for the frame 

and a hinge of hardwood and AISI 304 stainless steel mixture. The unique original fit of each 

element based on a common rule of Finnish standard measurements and principles guaranteeing 

the compatibility of the composite structure. The door leaf serves as the central panel. It has a 

measurement of 2100 mm × 900 mm with a thickness of 40 mm. It was designed with a subtle 

central recess and smoothed edge transitions to optimize both aesthetics and structural rigidity. 

The CWPC frame has a measurement of 2180 mm × 1060 mm with a thickness of 80 mm, was 
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integrated around the leaf to provide structural support and hold the locking mechanisms. Its 

strength and durable yet lightweight metallic construction will ensure an even distribution of 

stress throughout the case when it is in use. The WPC handle provided, which is also attached 

using a backplate system into the wooden door leaf, is secured robustly without damaging the 

overall integrity of the composite. Its ergonomic curve was designed with the user in mind and 

was in line with Finnish accessibility norms. The hybrid hinge was assembled with an 

accurately bored housing for the AISI 304 steel pin that passed through two wooden wings. 

This setup improves rotational robustness and load carrying capability, overcoming a 

significant limitation present in pure wooden hinges.. This configuration ensures enhanced 

rotational durability and load-bearing capacity, resolving a critical limitation observed in fully 

wooden hinges. The assembly process in SolidWorks involved mate constraints between each 

component to simulate realistic functional behavior, such as door opening radius, rotation limit, 

and hinge torque. Clearance tolerances were introduced around the frame and leaf edges (±0.5 

mm) to account for thermal expansion, moisture-induced dimensional shifts, and ease of 

manufacturing. Overall, this assembled model serves as a fully functional door system with clear 

evidence of material coherence, structural stability, and sustainable sourcing. It aligns with the 

research goal of designing an environmentally considerate alternative to conventional doors, 

without sacrificing essential technical performance. Figure 7 illustrates the final door assembly 

integrating all biocomposite components: the WPC door leaf and handle, CWPC frame, and 

hybrid hardwood–steel hinge. 

 

 

 



45 
 

 

Figure 7. Final door assembly 

 

Table 4 summarizes the key dimensional specifications and functional notes for the complete 

bio-composite door system, including door, frame, handle, and hinge components. These 

dimensions reflect standard Finnish interior door proportions and were selected to optimize 

manufacturability, ergonomics, and repairability. 

 

Table 4. Key dimensions and design notes for bio-composite door 

Feature Dimension (mm) Notes 

Door Height 2100 mm 
Standard height for 

interior/exterior doors 

Door Width 900 mm Common residential width 

Door Thickness 40 mm Fits repairable construction logic 

Frame Height 2180 mm 
Allows clearance for installation 

and swing function 

Frame Width 1060 mm 
Accommodates door leaf and 

sealing tolerances 

Frame Border Width 80 mm Around each panel 
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Table 4 continues. Key dimensions and design notes for bio-composite door 

Feature Dimension (mm) Notes 

Handle Height from Floor 1078 mm Ergonomic standard 

Handle Length 130 mm (L) Wooden handle (WPC) 

Hinge Height 99(L)/139(R) mm 

Matches standard door hardware 

proportions and balances vertical 

load 

Hinge Width 129(L)/60(R) mm 
Ensures stable lateral anchoring 

for bio-composite door systems. 

Hinge Thickness 20 mm 

Optimized for strength and 

durability while maintaining 

repairability. 

 

4.2 Material Properties and Specifications 

 

This section outlines the verified physical and mechanical properties of the materials selected 

for the newly designed bio-composite interior door. The door assembly consists of: 

1. Wood Plastic Composite (WPC) for the door leaf and handle 

2. Cellular Wood Plastic Composite (CWPC) for the door frame 

3. Hybrid of Hardwood and AISI 304 Stainless Steel for the hinge 

All values have been carefully selected from peer-reviewed scientific sources and technical 

datasheets to ensure academic credibility and allow for cross-verification. 

Wood Plastic Composite (WPC) – Used in Door Leaf and Handle: Wood Plastic Composites 

(WPCs) are hybrid materials typically composed of thermoplastics like polypropylene (PP) or 

polyethylene (PE) combined with lignocellulosic fillers such as wood flour, bark, or agricultural 

by-products. For this study, the reference WPC includes black pine bark and oak bark as fillers. 

Table 5 presents the mechanical and physical properties of bark-based Wood Plastic Composite 

(WPC) using a polypropylene (PP) matrix (Avci et al. 2018, pp. 18–21). 
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Table 5.  Mechanical and physical properties of bark-based WPC (PP matrix with bark fillers) 

(Avci et al. 2018, pp. 18–21). 

Property Value Range Unit Notes 

Density 0.91 – 1.04 g/cm³ Depends on filler loading 

Tensile Strength 15.2 – 18.5 MPa Lower than virgin wood 

but sufficient for panels 

Modulus of Rupture 

(Flexural Strength) 

26.8 – 30.1 MPa Adequate for low-load 

structural applications 

Modulus of Elasticity 

(Flexural) 

1.52 – 1.86 GPa Indicates moderate 

stiffness 

Water Absorption (24 

hrs) 

2.1 – 4.5 % Enhanced moisture 

resistance with bark 

Thickness Swelling (24 

hrs) 

1.7 – 3.9 % Better than wood-flour-

filled WPC 

 

These results confirm the suitability of bark-filled WPC for door leaf and handle applications 

due to its good dimensional stability and mechanical integrity under indoor conditions. 

Cellular Wood Plastic Composite (CWPC) – Used in Door Frame: CCWPC is similar to WPC 

with added foam extrusion. And it can become lighter in weight but less in mechanical strength. 

Based on data from peer-reviewed articles, CWPC is suitable for structural framing with 

enhanced insulating properties. Table 6 lists the mechanical and thermal properties of Cellular 

Wood Plastic Composite (CWPC) formulated with ball-milled wood flour.  

 

Table 6. Properties of CWPC formed with ball-milled wood flour (Murayama et al. 2019, p. 6-

7). 

Property Value Range Unit Notes 

Density 0.75 – 0.85 g/cm³ Lighter than solid WPC 

due to foam structure 

Tensile Strength 11.5 – 14.3 MPa Sufficient for static door 

frame applications 

Modulus of Rupture 

(Flexural) 

20.1 – 25.2 MPa Moderate load-bearing 

ability 

Modulus of Elasticity 

(Flexural) 

1.3 – 1.6 GPa Reflects cellular internal 

architecture 

Water Absorption (24 

hrs) 

3.2 – 4.9 % Slightly higher due to 

increased porosity 

Thermal Conductivity 0.142 – 0.164 W/m·K Lower values indicate 

good insulation 
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These values demonstrate that CWPC offers an optimal balance of structural support and 

reduced thermal bridging for interior frames. 

Hybrid Hinge – Hardwood Body with AISI 304 Stainless Steel Pin: Because of concerns for 

the mechanical durability of full-WPC hinges, a hardwood construction with a stainless-steel 

pin was chosen. In combination, they provide improved safety and rotational strength with a 

cosmetic bio-composite appearance. Table 7 summarizes the mechanical properties of 

hardwood used in the hinge body, with white oak used as the reference species. 

 

Table 7. Hardwood properties (e.g., White Oak) (Ross 2010, p. 12–2). 

Property Value Unit Notes 

Density ~0.68 g/cm³ White oak reference 

Modulus of Elasticity ~12.3 GPa High stiffness for 

structural uses 

Modulus of Rupture ~104.8 MPa Excellent load resistance 

 

Table 8 presents the mechanical characteristics of AISI 304 stainless steel used for the hinge 

pin. The material was selected for its superior tensile strength, yield reliability, and elastic 

rigidity, which contribute to long-term durability and safe rotational performance. 

 

Table 8. AISI 304 stainless steel properties (Aerospace Metals 2023, p. 1). 

Property Value Unit Notes 

Density 8.0 g/cm³ High-density core 

Tensile Strength 

(Ultimate) 

505 MPa Resists shear and cyclic 

stress 

Yield Strength 215 MPa At 0.2% offset 

Modulus of Elasticity 193 – 200 GPa High rigidity 

 

The wooden hinge body contributes to sustainability and appearance, while the steel pin ensures 

durability, smooth rotation, and mechanical safety. Table 9 consolidates the key mechanical and 

physical properties of all materials used in the bio-composite door components.  
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Table 9. Summary of selected material properties for bio-composite door components 

Component Material Density 

(g/cm³) 

Tensile 

Strength 

(MPa) 

Flexural 

Strength 

(MPa) 

Modulus of 

Elasticity 

(GPa) 

Door 

Leaf/Handle 

WPC (bark-

based) 

0.91 – 1.04 15.2 – 18.5 26.8 – 30.1 1.52 – 1.86 

Door Frame CWPC 0.75 – 0.85 11.5 – 14.3 20.1 – 25.2 1.3 – 1.6 

Hinge (Body) Hardwood 

(White Oak) 

~0.68 ~100 ~105 ~12.3 

Hinge (Pin) AISI 304 

Stainless Steel 

8.0 505 ,  193 – 200 

 

4.3 Environmental Findings from LCA 

 

To evaluate the environmental impact of the proposed bio-composite door, a cradle-to-grave 

Life Cycle Assessment (LCA) was carried out. The LCA was conducted on the full-scale design 

using quantified data from CAD-based mass estimations and literature-derived emission factors. 

It included emissions from raw material extraction, manufacturing, and end-of-life treatment of 

each of the three main components: the WPC-based door leaf and handle, CWPC door frame, 

and the hybrid hinge composed of hardwood and stainless steel (AISI 304). The findings are 

benchmarked against conventional steel-based doors, known for high emissions during 

production. 

GHG Footprint (Conventional vs. Bio-composite Door): Steel-based doors are known to have a 

high greenhouse gas (GHG) footprint, ranging from 983.8 to 986.76 kg CO₂-eq/m³, primarily 

due to the energy-intensive processes involved in steel production and the absence of carbon 

storage (Wang et al. 2024, p. 5). For a door with approximately 0.072 m³ volume, this equates 

to around 70.9 kg CO₂-eq per door. In contrast, the bio-composite door components show 

significantly reduced emissions: 

WPC (used for door leaf and handle): With a total mass of 38.95 kg and an emission factor of 

0.72 kg CO₂-eq/kg, the combined emissions are 28.04 kg CO₂-eq. This material benefits from 

the use of bark fillers such as black pine and oak, which lower water uptake and decrease 

reliance on virgin polymers. 
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1. CWPC (used for the frame): With a mass of 21.25 kg and a GHG factor of 0.60 kg CO₂-

eq/kg, the resulting emissions are 12.75 kg CO₂-eq. 

2. Hybrid Hinge (Hardwood + AISI 304 Steel): With a total mass of 0.69 kg (composed of 

80% hardwood and 20% stainless steel), the calculated greenhouse gas emissions 

amount to 1.10 kg CO₂-eq. This includes 0.36 kg CO₂-eq/kg × 0.552 kg = 0.25 kg CO₂-

eq from hardwood and 6.15 kg CO₂-eq/kg × 0.138 kg = 0.85 kg CO₂-eq from AISI 304 

steel. The weighted average GHG factor for the hybrid composition is 1.59 kg CO₂-

eq/kg, applied uniformly over the hinge mass. 

These updated values result in a total carbon footprint of 41.89 kg CO₂-eq per bio-composite 

door, which corresponds to a reduction of approximately 41% when compared to a conventional 

steel-core door of similar dimensions. Figure 8 visualizes the greenhouse gas (GHG) emissions 

contribution of each component in the proposed bio-composite door system.  

 

 

 

 

 

 

 

 

Figure 8. Component-wise GHG emissions of the bio-composite door system (WPC, CWPC, 

and Hybrid Hinge) 
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Lifecycle and End-of-Life Considerations: Beyond raw material impacts, the LCA also 

considers product lifespan, recyclability, and waste management options. All selected materials 

offer favorable post-use recovery options: 

1. WPC and CWPC are thermoplastics, allowing for re-melting and re-processing. 

2. Hardwood components can be safely combusted with energy recovery. 

3. AISI 304 stainless steel is fully recyclable with well-established material loops. 

In contrast to landfilling, strategies such as incineration with energy recovery and mechanical 

recycling are preferable due to their lower net emissions. 

Environmental Implications: This LCA shows that shifting toward door production made by 

bio-composite could have an important impact on the environment without losing performance. 

More specifically, the 29.01 kg CO₂-eq per unit (or ~41%) reduction of emissions, is a 

significant and practical step toward sustainable product design in the door and construction 

industry. 

These findings also reinforce the argument that bio-based composites, when optimally designed 

and selectively combined with minimal metal usage, can deliver both technical reliability and 

carbon footprint reduction, in line with broader climate action objectives in material selection 

and circular product development. 
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5 Discussion 

 

This chapter discusses the design results, the performance of materials, and the environmental 

results of the bio-composite door system and links them to implications for sustainable product 

development. The combination of Wood Plastic Composite (WPC), Cellular Wood Plastic 

Composite (CWPC) and a hybrid hardwood –AISI 304 stainless steel joint showed that 

sustainable resources can be used to efficiently substitute conventional materials while ensuring 

performances and structural behaviour. Results from the Life Cycle Assessment (LCA) 

validated that a ~41% reduction in greenhouse gas emissions was attained compared to a 

traditional steel-core door further underlining the environmental significance of the material 

choices. Furthermore, the design was evaluated to be implementable into a mass production 

process, and the detail component analysis indicated that repairability and recyclability were 

possible. Although some small limitations still exist, especially for the full mechanical 

performance of CWPC and hinge integration, the results are promising for practical use and 

industrial acceptance in the sustainable door manufacturing. 

 

5.1 Design Implications and Performance Insights 

 

The utilization of bio-composites in the new door design provides obvious design implications 

and also performance results against the conventional door. The combining of Wood Plastic 

Composite (WPC), Cellular Wood Plastic Composite (CWPC) and a hybrid hardwood–AISI 

304 stainless steel hinge, showcases how sustainable materials can meet both functional and 

environmental needs in architectural applications. 

Door Leaf and Handle – WPC: The WPC used in the door leaf and handle achieves a well-

balanced performance in interior conditions. With a tensile strength of 15.2–18.5 MPa and 

flexural strength of 26.8–30.1 MPa, it is sufficient for the non-load-bearing roles typical of door 

surfaces and handles. Its water absorption (2.1–4.5%) and thickness swelling (1.7–3.9%) values 

confirm dimensional stability under fluctuating humidity. This resistance to moisture is 
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particularly important for private households in which the door is sometimes operated with wet 

hands, or may come into contact with cleaning agents or moist air. CAD design handle with a 

shaped grip and skinny profile are utilized to provide the ability to grip with minimal 

restrictions. The use of black pine and oak bark as filler enhances sustainability by incorporating 

low-value agricultural residues into a functional product. 

Door Frame – CWPC: The CWPC frame performs as a structural boundary that supports the 

leaf while enhancing energy efficiency. Its reduced density (0.75–0.85 g/cm³) and adequate 

tensile (11.5–14.3 MPa) and flexural (20.1–25.2 MPa) strengths (Murayama et al. 2019, p. 6-

7), make it suitable for vertical framing while minimizing total mass. The lower thermal 

conductivity (0.142–0.164 W/m·K) enhances insulation compared to conventional materials 

like steel or solid wood. This option minimizes load on the hinges and helps prevent warping, 

allowing doors to remain aligned over time. The door frame’s cellular internal structure also 

supports energy conservation goals, aligning with sustainable design priorities. 

Hinge – Hybrid of Hardwood and AISI 304 Stainless Steel: The hybrid hinge addresses the 

mechanical stress points of the door through the strategic pairing of materials. The hardwood 

body provides stiffness and aesthetic integration, while the embedded AISI 304 stainless steel 

pin ensures structural integrity under rotation and cyclic loading. With 505 MPa tensile strength 

and 193–200 GPa modulus of elasticity, the steel pin compensates for the fatigue limitations of 

wood under repetitive motion (Aerospace Metals 2023, p. 1). The hardwood component (e.g., 

white oak), with a modulus of rupture of ~104.8 MPa (Ross et al. 2010, p. 12–2), supports the 

casing structure, contributing to the overall bio-based material content while retaining strength. 

This component exemplifies how hybridization can extend the viability of bio-composites in 

mechanical joints without fully relying on metals. 

Mass and Structural Balance: From the assembled CAD model and calculated densities, the total 

mass of the bio-composite door is 60.89 kg, distributed across its parts. This mass supports 

durability without overburdening installation systems or hinges. The materials were chosen for 

their mechanical adequacy and compatibility with molding, extrusion, or CNC fabrication 

processes, as outlined in the SolidWorks modeling procedures. 
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Environmental Performance: The environmental implications are significant. The total GHG 

emission for the bio-composite door is 41.89 kg CO₂-eq, a ~41% reduction Compared to the 

70.9 kg CO₂-eq emitted by a standard steel-core fire door with equivalent volume, calculated 

using the cradle-to-grave GHG footprint of approximately 986.76 kg CO₂-eq/m³ (Wang et al. 

2024, p. 5). This reduction is attributed to: the use of renewable fillers such as bark and oak in 

WPC, the lighter CWPC frame reducing material demand, and the limited but effective inclusion 

of stainless steel in the hinge only where functionally necessary. Additionally, all major 

components are recyclable or re-processable, supporting circular end-of-life strategies and 

minimizing landfill waste. 

The following points summarize the key functional, manufacturing, and sustainability 

implications of the proposed bio-composite door design. 

1. Functionality: Each selected material fulfills its mechanical role- WPC for moderate 

load-bearing surfaces, CWPC for stable framing, and hybrid for rotational durability. 

2. Manufacturability: All parts were designed with standard manufacturing techniques in 

mind, using parameters validated through SolidWorks design simulations. 

3. Sustainability: Emission savings, use of waste-derived fillers, and carbon storage 

potential reflect environmental relevance supported by literature. 

4. Performance: While not as strong as steel in absolute terms, the selected bio-composites 

meet the required thresholds for interior applications without performance compromise. 

In conclusion, the designed bio-composite door showcases how sustainable materials can be 

effectively implemented in product design. The use of bark-enhanced WPC, foam-structured 

CWPC, and a smartly hybridized hinge system together form a technically viable, 

environmentally responsive alternative to traditional door manufacturing practices 
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5.2 LCA Interpretation and Sustainability Relevance 

 

The Life Cycle Assessment (LCA) results confirm the strong environmental advantages of using 

bio-composite materials in door manufacturing. Based on cradle-to-grave analysis, the newly 

developed door, constructed using WPC for the leaf and handle, CWPC for the frame, and a 

hybrid hardwood–AISI 304 steel hinge, achieves a significantly lower carbon footprint 

compared to a standard steel-core alternative. 

Total Emissions and Component Breakdown 

The total greenhouse gas (GHG) emissions from one complete bio-composite door were 

calculated to be 41.89 kg CO₂-equivalent. This result was derived by summing emissions from 

each component, based on mass estimations from the SolidWorks CAD model and material-

specific emission factors sourced from peer-reviewed literature and datasheets. Table 10 

presents the total greenhouse gas (GHG) emissions associated with the full bio-composite door 

assembly. 

 

Table 10. Total GHG emissions by component in the bio-composite door assembly 

Component Mass (kg) GHG Factor Emissions (kg CO₂-eq) 

WPC (Leaf+Handle) 38.95 0.72 28.04 

CWPC (Frame) 21.25 0.60 12.75 

Hybrid Hinge 0.69 1.59  1.10 

TOTAL 60.89 ,  41.89 kg CO₂-eq 

 

WPC Emissions = 38.95 kg×0.72 = 28.04 kg CO₂-eq                             (2)                                           

CWPC Emissions = 21.25 kg×0.60 = 12.75 kg CO₂-eq                           (3) 

 

Hybrid Hinge (80% Wood, 20% Steel) Emissions: 

 

     Total mass = 0.69 kg        (4) 



56 
 

Hardwood (80%) = 0.552 kg → 0.552 × 0.45 = 0.25 kg CO₂-eq                    (5) 

Steel (20%) = 0.138 kg → 0.138 × 6.15 = 0.85 kg CO₂-eq                        (6) 

Total GHG (hinges) = 0.25 + 0.85 = 1.10 kg CO₂-eq                            (7) 

 

These values confirm that the WPC section accounts for the largest share of emissions, primarily 

due to its higher mass. Nonetheless, the use of bark fillers (black pine and oak) significantly 

offsets emissions by replacing virgin wood or polymers with agricultural by-products. 

Comparison with Conventional Steel-Based Doors: Based on peer peer-reviewed journal, the 

emission factor for conventional steel-based doors is approximately 986 kg CO₂-eq/m³ (Wang 

et al. 2024, p. 5). Given the volume of the designed door is approximately 0.072 m³, the 

equivalent GHG emission would be: 

 

Approximate dimensions (from CAD model) = 2.0 m × 0.9 m × 0.04 m = 0.072 m³    (8) 

Steel Door Emissions = 0.072 m³ × 986 kg CO₂-eq/m³ ≈ 70.9 kg CO₂-eq             (9) 

 

Comparing this to the 41.89 kg CO₂-eq for the bio-composite door shows an absolute reduction 

of: 

ΔGHG = 70.9 – 41.89 = 29.01 kg CO₂-eq                                      (10) 

% Reduction = (29.01/70.9) × 100 ≈ 41%                                    (11) 

 

This confirms a ~41% reduction in total GHG emissions for the bio-composite alternative. 

Biogenic Carbon Storage Consideration:  In addition to emissions avoidance, bio-based 

components like WPC and CWPC contribute to carbon sequestration during the material’s 

growth phase. Assuming that carbon remains stored over the product’s lifecycle (as landfilling 

or incineration with recovery is used), this effect further reduces net emissions. Based on 

literature, a sequestration value of approximately 120 kg CO₂-eq/m³ can be assigned to the bio-

based portion (Wang et al. 2024, p. 3). Applied to the door volume: 
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 Biogenic Storage = 0.072 m³ × 120 kg CO₂-eq/m³ = 8.64 kg CO₂-eq                     (12) 

 

This further strengthens the environmental profile of the door, even though this carbon credit is 

not deducted in the gross GWP figure of 41.89 kg CO₂-eq for conservative reporting. 

End-of-Life and Circular Benefits: Each component exhibits end-of-life advantages. 

1. WPC and CWPC: The Thermoplastic nature allows for reprocessing or incineration with 

energy recovery. 

2. Hardwood: Can be safely incinerated or composted under industrial conditions. 

3. AISI 304 Steel: Fully recyclable with high material recovery rates. 

Unlike composite steel or PVC doors, which are often discarded in landfills due to poor 

separability, this design supports circularity via a disassemblable hybrid hinge and recyclable 

thermoplastics. 

Sustainability Interpretation: The reduced emissions, combined with carbon storage and post-

use recyclability, confirm that the proposed bio-composite design offers a viable low-carbon 

alternative to conventional steel-core doors. The LCA results validate the research aim by 

demonstrating that sustainability goals can be met without compromising function, aesthetics, 

or manufacturability. In real-world terms, adopting this bio-composite system in place of 

traditional steel could save 29.01 kg CO₂-eq per unit, equivalent to the emissions from burning 

approximately 12 liters of gasoline, a meaningful reduction at scale. 

 

5.3 Relevance for Industrial Adoption 

 

The use of bio-composite material, like Wood Plastic Composite (WPC), Cellular Wood Plastic 

Composite (CWPC) and hybrid hardwood–AISI 304 stainless steel hinges, can provide a 

technically and environmentally feasible solution to door manufacturers who are in search of 

alternative materials to steel or PVC in order to make doors construction. Based on the material 

data, LCA outcomes, and component-specific findings discussed in the Results section, the 
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industrial relevance of this design rests on three pillars: performance feasibility, environmental 

gain, and production compatibility. 

Material Performance Compatibility with Industry Needs: All of the specified materials has 

shown a good mechanical response for a domestic application as the door. Being a material with 

a tensile strength of 15.2–18.5 MPa and a flexural strength of 26.8–30.1 MPa, WPC is capable 

of satisfying the basic needs (door panels and handles) of semi-structural components. It also 

imparts moisture resistance and low swelling property (Avci et al. 2018, pp. 20–21), and 

therefore, dimensional stability in changing humidity conditions, an important feature for indoor 

applications. in the door frame, a suitable decreased density (0.75~0.85 g/cm³) has been at the 

same time maintained above 20 MPa of flexure strength, which is within the structural 

requirement as a door frame. The reduced weight eases installation and lowers stress on hinge 

components during long-term use. Hybrid Hinges of white oak and AISI 304 stainless steel 

allow for the necessary rotative longevity of the well-utilized mechanical joint, uniting 

environmental soundness and high-performance criteria. The AISI 304 pin with tensile strength 

505 MPa, yield strength 215 MPa (ASM Datasheet) contributes to the reliability of the structure 

under cyclic loading. These material performances suggest that manufacturers can safely move 

to bio-based materials for products for indoor doors, without sacrificing the mechanical 

requirements. 

Environmental Performance as a Market Differentiator: Environmental data from the LCA 

model highlight a substantial benefit for industrial producers aiming to meet carbon reduction 

targets or eco-labeling requirements. The total GHG footprint of 41.89 kg CO₂-eq per bio-

composite door, down from 70.9 kg CO₂-eq for a steel-core door, represents a 41% reduction in 

emissions, even before accounting for biogenic carbon storage. This makes the bio-composite 

option especially attractive in regions or sectors prioritizing low-carbon construction. 

Furthermore, the ability to use recycled bark fillers and thermoplastics in WPC and CWPC 

reduces virgin resource demand, aligning with emerging sustainability mandates in public 

procurement and green building certifications. Industrial adoption of these materials can, 

therefore, serve both environmental compliance and brand positioning goals in sustainability-

focused markets. 
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Manufacturing and Lifecycle Advantages: The components were designed to accommodate 

standard manufacturing methods such as extrusion, compression molding, and CNC machining. 

These are widely accessible within current furniture and construction manufacturing setups. The 

use of SolidWorks-based modeling also enables easy translation of designs into CAM systems 

for prototyping and scaling production. Additionally, the door’s total mass (60.89 kg) remains 

manageable for logistics and installation, comparable to existing market options. Importantly, 

each material supports established end-of-life strategies: WPC and CWPC are thermoplastics 

and reprocessable; hardwood can be combusted for energy; and stainless steel is fully recyclable. 

This lifecycle adaptability reinforces the design’s industrial practicality, offering long-term cost 

benefits in waste management and material recovery. 

In summary, the integration of WPC, CWPC, and hybrid hinge materials into door production 

meets essential industry criteria for performance, environmental sustainability, and production 

feasibility. The results presented in this research confirm that such a material transition does not 

require dramatic retooling or loss of functional quality. Rather, it enables the gradual 

replacement of high-impact materials with responsible alternatives, positioning manufacturers 

to meet both regulatory and consumer expectations in a carbon-constrained future. 

 

5.4 Study Limitations and Considerations 

 

This study fulfilled its primary aim of developing and assessing a sustainable interior door using 

bio-composite materials. However, a few limitations frame the scope and interpretation of the 

findings. The material selection process was based on a literature-based engineering rationale 

and 3D modeling, not on physical prototyping or laboratory testing. Consequently, while the 

presented mechanical and physical property values are suitable for design feasibility, their real-

world performance remains to be experimentally validated. 

Another important consideration is the use of secondary data for environmental analysis. 

Although a full-scale cradle-to-grave Life Cycle Assessment (LCA) was carried out using 

established emission factors, certain assumptions were necessary due to the lack of commercial 

LCA software tools or localized manufacturing data. These assumptions were kept within 
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practical boundaries, but they may not capture region-specific production impacts or material 

supply chain variations. 

In terms of digital modeling, all components were designed using SolidWorks following Finnish 

interior door dimensions and tolerances. This allowed precise visualization and ensured 

component compatibility within a typical interior door assembly. However, since physical 

fabrication was not conducted, potential issues such as material behavior during assembly, joint 

tolerances under real stress, or long-term wear were not evaluated in practice. 

Furthermore, the hybrid hinge system, while logically combining strength and sustainability, 

was not subjected to dynamic simulation or physical fatigue testing. Its rotational performance 

and durability are estimated based on dimensional design and material properties, not field 

operation. Similarly, the simplified treatment of end-of-life scenarios in the environmental 

assessment does not account for real-world collection, sorting, or recycling challenges. 

Despite these limitations, the findings are internally consistent, technically justified, and offer a 

clear basis for future research and industrial experimentation. The design demonstrates a valid 

alternative to traditional steel- or PVC-based doors, with potential for significant environmental 

benefits. Future studies could expand on this by incorporating experimental material testing, 

region-specific LCA data, or prototyping to verify functional performance under practical 

conditions. 

 

5.5 Summary of Contributions 

 

This research has demonstrated the feasibility and environmental relevance of applying bio-

composite materials in interior door manufacturing. Through the integration of Wood Plastic 

Composite (WPC) for the door leaf and handle, Cellular Wood Plastic Composite (CWPC) for 

the door frame, and a hybrid hinge system combining hardwood and AISI 304 stainless steel, 

the study offers a literature-informed and technically grounded design proposal. The selected 

materials were justified through peer-reviewed mechanical and environmental data, modeled 
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using SolidWorks, and evaluated with a simplified cradle-to-grave Life Cycle Assessment 

(LCA). 

Key contributions include: 

• A detailed material selection framework that aligns mechanical adequacy with 

environmental sustainability. 

• CAD-based modeling of a complete door system with accurate dimensions, tolerances, 

and assembly compatibility based on Finnish standards. 

• A component-wise LCA comparison that quantified a 41% reduction in GHG emissions 

compared to conventional steel-core doors. 

• Hybrid hinge innovation that balances sustainability with mechanical performance for 

critical load-bearing components. 

Altogether, the study presents a cohesive solution that bridges academic insight with applied 

engineering in sustainable product design. 

 

5.6 Design and Environmental Implications 

 

The design implications of this research highlight that carefully selected bio-composites can 

fulfill essential functional requirements in domestic door applications. The use of bark-based 

WPC and CWPC supports moisture resistance, thermal insulation, and structural performance 

appropriate for interior settings. The hybrid hinge configuration exemplifies how combining 

bio-based and metal components in a strategic manner can overcome the strength limitations 

typically associated with fully natural materials. 

From the environmental aspect, the results show that the conversion from traditional materials 

to bio-composites leads to remarkable decreases in the CO2-eq emissions. The total GHG 

emissions associated with the bio-composite door were calculated at 41.89 kg CO₂-eq, in 

contrast to 70.9 kg CO₂-eq for a steel-core door of the same volume, primarily due to reduced 

processing energy and the biogenic carbon storage of renewable fillers. In addition, each 
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material in the proposed design can be recycled, energy recovered, or composted to increase 

product lifecycle circularity 

These findings will serve to bolster larger sustainable design efforts and serve as an example for 

industry adoption in applications where aesthetics, moderate mechanical load and indoor 

exposure are important. 
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6 Conclusion 

 

This research set out to design and evaluate a sustainable interior door system using bio-

composite materials, and the outcomes indicate that this goal was met through a structured, 

literature-supported engineering process. By integrating Wood Plastic Composite (WPC) for the 

door leaf and handle, Cellular Wood Plastic Composite (CWPC) for the frame, and a hybrid 

hinge combining hardwood and stainless steel, the study offers a practical example of how 

environmentally responsible materials can replace conventional options such as steel and PVC 

without compromising essential functionality or manufacturability. 

The design development, carried out through SolidWorks modeling, demonstrated that these 

bio-composites meet key mechanical and dimensional requirements for interior door 

components. Additionally, a simplified Life Cycle Assessment (LCA) suggested that the 

proposed door design could reduce greenhouse gas emissions by approximately 41% compared 

to a conventional steel-core alternative. These findings illustrate the potential of thoughtful 

material selection to contribute to more sustainable construction products. 

In practical terms, the door was modeled to standard dimensions using materials compatible 

with existing fabrication techniques, implying that wider adoption of such designs could be 

feasible within current manufacturing frameworks. This positions the study not only as a design 

exercise but also as a reference point for industry transition toward more sustainable material 

choices. 

Nonetheless, the research was limited by the absence of physical prototyping and reliance on 

secondary data. Without real-world testing, the performance of critical components, particularly 

the hybrid hinge, under continuous use remains uncertain. The environmental assessment also 

used generalized emission values and did not consider regional variables, making the reported 

reduction in emissions a promising but approximate figure rather than an exact measure. 

Future work could address these gaps through empirical testing of the door system, long-term 

durability assessments, and more detailed environmental analyses based on site-specific 

manufacturing data. Additional exploration into alternative bio-composite formulations or 
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recycled inputs could further enhance both the technical and environmental performance of 

similar designs. Extending these principles to other architectural components, such as window 

frames or partition systems, may also broaden the application of this research. 

Overall, the outcomes point to a viable path for integrating sustainability into everyday building 

elements through material innovation and design adaptation. The work brings together concepts 

from engineering, material-oriented design, and environmental analysis in a way that can inform 

both future academic research and practical industry developments. 
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Appendix 1. SolidWorks 2D Technical Drawings 

 

This appendix provides the 2D technical drawings generated in SolidWorks 2024 for each 

individual component of the bio-composite door system. The drawings are presented using 

front, side, and isometric views, and include dimensional specifications and manufacturing 

tolerances. All parts were modeled to ensure structural alignment, ergonomic function, and 

sustainable material use. 

Front, side, and isometric views of the door leaf component made from Wood Plastic Composite 

(WPC). 

• Dimensions: 2100 mm height × 900 mm width × 40 mm thickness 

• Tolerance: ±0.5 mm 

• Features: Recessed panels and smoothed edge detailing for improved aesthetics and 

rigidity. 
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Orthographic projections of the frame, modeled from Cellular Wood Plastic Composite 

(CWPC). 

• Dimensions: 2180 mm height × 1060 mm width × 80 mm thickness 

• Tolerance: ±0.5 mm 

• Configuration: Three-sided frame with mitered corners and mounting clearances. 

 

 

 

 

 

 

 

 

 

Technical drawing of the cylindrical handle with ergonomic form. 

• Length: 130 mm, Diameter: 35 mm 

• Material: Bark-based WPC 

• Viewpoints show attachment surface and curvature design for hand grip comfort. 
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Detailed drawing of the hybrid hinge design, featuring split hardwood plates and a central 

stainless-steel pin. 

• Left Plate: 99 mm height × 129 mm width × 20 mm thickness 

• Right Plate: 139 mm height × 60 mm width × 20 mm thickness 

• Central Pin: Fully embedded AISI 304 stainless steel for rotational support (178×40×20) 

• Tolerance: Precision fit for mechanical durability and disassembly 
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Integrated drawing showing full assembly with hinge, frame, leaf, and handle. 

• Overall assembly dimensions: 2180 mm (frame height) × 1060 mm (frame width) 

• Leaf-to-frame clearance included (2 mm) 

• Mounting and fitting tolerances reflect real-world manufacturability. 

 

 

 

 

 

 

 

 

 

 



 
 

Appendix 2. Summary of Material Property Data Sources

 

Material 
Property 

Type 
Source Citation (Harvard) Notes 

WPC 

(Bark-

based) 

Density, 

Tensile, 

Swelling 

Avci, E., Acar, M., Gonultas, O. & Candan, Z. 2018. 

Manufacturing Biocomposites Using Black Pine Bark and Oak 

Bark. BioResources, 13(1), pp. 15–26. Available at: 

https://bioresources.cnr.ncsu.edu/resources/manufacturing-

biocomposites-using-black-pine-bark-and-oak-bark/  

Estimated 

from 

experimental 

figures and 

tables 

CWPC 

Flexural 

Strength, 

Thermal 

Conductivity 

1. Murayama, K., Ueno, T., Kobori, H., Kojima, Y., Suzuki, S., 

Aoki, K., Ito, H., Ogoe, S. & Okamoto, M. 2019. Mechanical 

properties of wood/plastic composites formed using wood flour 

produced by wet ball-milling under various milling times and 

drying methods. Journal of Wood Science, 65(5). 

https://doi.org/10.1186/s10086-019-1788-2  

2. Prisco, U., 2014. Thermal conductivity of flat-pressed wood 

plastic composites at different temperatures and filler content. 

Science and Engineering of Composite Materials, 21(2), pp.197–

204. https://doi.org/10.1515/secm-2013-0013 

Combined 

data from 

mechanical 

and thermal 

studies 

AISI 304 

Steel 

GHG Factor, 

Yield 

Strength 

Zhang, X., Gerada, D., Xu, Z., Zhang, F. & Gerada, C., 2024. A 

review of carbon emissions from electrical machine materials. 

Electronics, 13(9), p.1714. Available at: 

https://doi.org/10.3390/electronics13091714 

GHG from 

external LCA 

literature, 

properties 

from the 

datasheet 

Hardwood 

(White 

Oak) 

Modulus of 

Rupture 

Ross, R.J. (ed.) 2010. Mechanical Properties of Wood-Based 

Composite Materials. In: Wood Handbook: Wood as an 

Engineering Material, Centennial ed. Madison, WI: United States 

Department of Agriculture, Forest Service, Forest Products 

Laboratory. General Technical Report FPL–GTR–190, Chapter 

12, pp. 12–1–12–10. 

MOR derived 

from Table 

12–1 
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Appendix 3. Life Cycle Assessment (LCA) calculations 

 

Objective of the Calculation 

The goal of this Life Cycle Assessment is to calculate the cradle-to-grave Global Warming 

Potential (GWP) of a single interior bio-composite door constructed using: 

• WPC (wood plastic composite) for the door leaf and handle, 

• CWPC (cellular wood plastic composite) for the frame, and 

• A hybrid of hardwood + AISI 304 stainless steel for the hinge. 

The total emission is compared with a standard steel-core or PVC-based door, as identified in 

(Wang et al. 2024, p. 5). 

 

Functional Unit 

• One standard interior bio-composite door 

• Approximate dimensions (from CAD model): 2.0 m × 0.9 m × 0.04 m = 0.072 m³ 

• Assumed service life: 30 years 

• System boundary: Cradle-to-Grave 

 

Mass Breakdown of Door Components (based on 4.1 Results Section) 

 

Component Material Volume (m³) Density (kg/m³) Estimated Mass 

(kg) 

Door Leaf WPC (bark-based) 0.04 950 38.00 

Handle WPC 0.001 950 0.95 

Door Frame CWPC 0.025 850 21.25 

Hinges (x2) 80% Hardwood + 

20% AISI 304 

0.00066 1,050 (avg) 0.69 

Total ,  ,  ,  60.89 kg 
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Densities are from peer-reviewed sources discussed in the research. 

 

GHG Emission Factors Used (Cradle-to-Grave) 

 

Material Type GHG Factor (kg CO₂-eq/kg) Source 

WPC (bark-based) 0.72 (est.) (Hou et al. 2024, p. 1) 

CWPC 0.60 (est.) (Cabeza et al. 2021, p. 25-26) 

Hardwood 0.45 (est.) (Cabeza et al. 2021, p. 25-26) 

AISI 304 Steel 6.15 (Zhang et al. 2024, p. 20) 

 

Detailed Component Emission Calculations 

WPC (Door Leaf + Handle) 

 

Mass = 38.00 + 0.95 = 38.95 kg                                            (13) 

GHG = 38.95 × 0.72 = 28.04 kg CO₂-eq                                     (14) 

 

CWPC (Door Frame) 

 

Mass = 21.25 kg 

GHG = 21.25 × 0.60 = 12.75 kg CO₂-eq                                    (15) 

 

Hybrid Hinge (80% Wood, 20% Steel) 

Total mass = 0.69 kg 

Hardwood (80%) = 0.552 kg → 0.552 × 0.45 = 0.25 kg CO₂-eq                 (16) 

Steel (20%) = 0.138 kg → 0.138 × 6.15 = 0.85 kg CO₂-eq                       (17) 
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Total GHG (hinges) = 0.25 + 0.85 = 1.10 kg CO₂-eq                           (18) 

 

Total Life Cycle Emissions for the Bio-composite Door 

 

Benchmarking with Conventional Steel-Based Door 

From a scientific journal (Wang et al. 2024, p. 5): 

Steel-based door emissions ≈ 986.76 kg CO₂-eq/m³ (approximately) 

Assuming door volume = 0.072 m³ 

Steel door emissions = 0.072 × 986 ≈ 70.9 kg CO₂-eq/door                       (19) 

 

Final Environmental Benefit 

 

Notes and Assumptions 

• All emissions are calculated on a per kg basis for cradle-to-grave boundaries. 

• Component weights are estimated from SolidWorks designs and standard door 

dimensions. 

• Data were normalized and verified against sources from peer-reviewed LCA studies and 

scientific materials data.

Component Mass (kg) GHG Factor Emissions (kg CO₂-eq) 

WPC (Leaf+Handle) 38.95 0.72 28.04 

CWPC (Frame) 21.25 0.60 12.75 

Hybrid Hinge 0.69 1.59  1.10 

TOTAL 60.89 ,  41.89 kg CO₂-eq 

Type GHG Emissions (kg CO₂-eq/door) 

Bio-composite Door 41.89 

Steel-Based Door 70.9 

Reduction 29.01 kg 

% Reduction ~41% 



 
 

Appendix 4. Bill of Materials (BOM) 

 

Tabulated list of all components with quantities, dimensions, and materials. 

Part No. Component Material Quantity Description 

1 Door Leaf Wood Plastic Composite 

(WPC) 

1 2100 × 900 × 40 mm panel 

2 Frame (3 sides) Cellular WPC (CWPC) 3 2180 × 1060 mm total, 80 

mm wide 

3 Handle Wood Plastic Composite 

(WPC) 

1 130 mm long, 35 mm 

diameter 

4 Hinge Plate (L) Hardwood 1 99 × 129 × 20 mm 

5 Hinge Plate (R) Hardwood 1 139 × 60 × 20 mm 

6 Hinge Pin Stainless Steel (AISI 304) 1 19 mm diameter, 179 mm 

long 

7 Fasteners Steel (Zinc-plated) 22 Screws for mounting hinge 

and handle 

 


