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Obijective: In recent decades, rural areas have faced challenges that threaten their survival,
making them increasingly reliant on innovation and new methods. Consequently, rural
development is now more closely tied to entrepreneurship and tourism. Combining these
two activities to create sustainable products is a practical approach that can support rural
growth, raise awareness of sustainability and reduce environmental impact. This paper
introduces the production and application of mycelium bio-composites as a means of
revitalizing rural areas.

Method: This paper is a review study based on open-access sources that examines the
properties, production methods, advantages, and limitations of mycelium bio-composites.
It also evaluates their potential to promote rural tourism and entrepreneurship, and
highlights their applicability in sustainable development initiatives.

Results: Research into mycelium bio-composites is relatively new. While many of their
potential applications remain unexplored and some challenges remain unresolved, existing
studies have provided valuable data on material properties, production processes and
commercial applications, such as in packaging, insulation panels, wall and floor tiles and
furniture. Examining rural entrepreneurship, tourism and agriculture, timber and
mushroom cultivation highlights the potential of using mycelium-based bio-composites for
sustainable rural development.

Conclusions: Mycelium bio-composites are highly promising materials that possess
properties similar to polystyrene foam, MDF boards and particle boards in their basic form.
The main advantages are the use of renewable raw materials, low energy consumption
during production and the absence of environmentally harmful substances such as plastics
and synthetic adhesives. However, challenges such as consumer acceptance, variability in
material properties due to their biological nature and the need for standardized production
guidelines remain.
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Introduction

Over the past few centuries, the industrialisation of materials has undergone three major
revolutions: the steam engine in the 187(th) century; the rise of electricity and mass
production in the late 19”(th) century; and digital technologies in the mid-207(th) century. A
potential fourth industrial revolution, which reintegrates biological processes into industry,
may be right ahead of us. The current linear resource-use model (‘take, make, consume,
dispose’) is unsustainable and leads to issues such as resource depletion, climate change and
desertification.

Growing environmental concerns have shifted material research towards renewable
resources. One promising approach is to use waste from various industries to produce
sustainable materials. The Cradle-to-Cradle design model promotes regenerative product
development that considers the full life cycle and environmental impact of products.
Similarly, the circular economy emphasizes restorative systems in which resources circulate
through biological and technical processes.

Mycelium-based bio-composites are an emerging class of low-cost, eco-friendly materials
that are gaining attention for their potential in sustainable construction. These composites are
produced using low-energy biological growth processes involving fungal mycelium and
lignocellulosic waste, such as agricultural residues. Despite being in the early stages of
research, they show promise due to their thermal and insulating properties. There are ongoing
efforts to improve their mechanical characteristics and standardize production.

This study explores ways of using available capacities in rural areas to produce sustainable
mycelium-based composites, thereby aligning material innovation with rural
entrepreneurship. Given their connection to agriculture and wood by-products, producing
these composites could create jobs, reduce migration and promote rural development.

This research investigates the material properties and influencing factors of producing
mycelium bio-composites, as well as providing measurable data on key performance
indicators for practical applications.

Method

This review-based study was conducted over a period of approximately two years.
Information was systematically gathered and analyzed from reputable open-access sources
using the keyword 'mycelium composites'. The research provides a categorized overview of
the definition, production methods, advantages, disadvantages, and physical properties of
mycelium-based composites. The aim is to establish an initial scientific framework for
individuals interested in bio-based materials. Additionally, the study explores the potential
role of entrepreneurship and tourism in rural areas, examining the feasibility of mycelium
composite production as a strategy for sustainable rural development. The study not only
addresses the physical characteristics of mycelium composites, but also investigates their
practical applications and the feasibility of implementing them in real-world settings.
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Results

Over the past decade, research on mycelium-based materials has accelerated significantly,
resulting in the development of various materials that have been tested using different
techniques. Mycelium composites are lighter than most wood products and can compete with
synthetic foams in terms of weight. They have tensile and bending strengths similar to those
of polystyrene foam, but are weaker than polyurethane and wood in their initial state.
However, they offer a significant fire safety advantage over synthetic foams, establishing
them as a viable alternative for insulation materials. They also perform well acoustically
compared to untreated foams and woods. Their biodegradability enhances their potential to
replace polystyrene in specific applications, thereby aligning with sustainable material
strategies aimed at reducing environmental pollution. The production of natural polymers
requires minimal energy, and the resulting bio-composites fully support these eco-friendly
principles.

These composites offer comparable insulation properties and improved fire safety while
having a minimal environmental impact compared to products such as polystyrene foam and
certain types of industrial wood.

While mycelium-based composites have certain limitations, this study suggests that their
potential in conjunction with rural entrepreneurship, tourism, and the agricultural, wood, and
mushroom cultivation industries presents a promising outlook. Simple production methods
allow waste materials and by-products to be transformed into valuable, biodegradable
products through natural fungal growth. These materials decompose naturally in compost
within months at the end of their life cycle. This process offers a positive vision for the use of
mycelium-based bio-composites in sustainable rural development, where low-cost agricultural
waste, such as wheat husks, can be used as feedstock to create an expanding value chain for
affordable materials.

Conclusions

Research on mycelium-based bio-composites is still in its infancy, with many of their
potential applications yet to be explored and many challenges still to be resolved. This
highlights the importance of further production and accurate testing for a broader range of
applications, particularly in the construction industry. Previous studies have provided valuable
insights into the properties of these composites and the key steps in their production. They
have also shown that these composites can be tailored by selecting appropriate substrates and
fungal species and by controlling growth and post-growth conditions. This enables them to be
used for specific purposes. However, the process is complex due to the numerous variables
involved, including the characteristics of the raw materials, the fungal species and the growth
parameters. Despite these issues, simpler methods for small-scale production exist, offering
potential for sustainable development through bio-based products and the circular economy.
In summary, mycelium-based bio-composites have great potential. They have properties
similar to those of polystyrene foam and MDF, but the advantage of using renewable
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materials, low energy consumption and no harmful additives. The main drawbacks are high
water absorption, weak mechanical properties and instability in their initial form. Addressing
these issues through tailored processing methods is essential for improving their performance
and suitability for specific applications.
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