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Abstract

Biomass, derived from biological materials, such as plant residues, animal waste, and agricultural by-
products, plays a pivotal role in ecological systems, including those involving insects. Insects interact
with biomass at multiple levels, serving as decomposers, pollinators, and converters of organic matter
into valuable resources. The integration of biomass into insect ecology and farming has garnered
significant attention for its potential in sustainable agriculture, waste management, and biotechnology.
This review highlights the importance of biomass in insect farming, particularly its role as a feedstock
for mass-rearing economically significant species, such as black soldier flies (Hermetia illucens) and
mealworms (Tenebrio molitor). These insects efficiently convert agricultural residues, food waste, and
other biomass into high-protein feed for animals and biofertilizers, contributing to circular economy
models. Furthermore, the decomposition of biomass by insects enhances soil quality and nutrient
cycling, underscoring their ecological importance. Biomass also serves as a resource for insects in
natural ecosystems. For instance, termites and wood-boring beetles break down woody biomass,
facilitating the recycling of carbon and nutrients. Pollinators rely on biomass-derived nectar and pollen
plants, crucial for maintaining biodiversity and agricultural productivity. The potential of insect-driven
biomass conversion is not limited to ecological services but extends to industrial applications.
Emerging technologies are leveraging insects to produce biofuels and biopolymers, offering innovative
solutions to global energy and material demands. Despite these advancements, challenges persist,
including optimizing biomass processing for insect consumption, managing environmental impacts, and
addressing scalability concerns in industrial applications. The review identifies opportunities for
integrating biomass management with insect farming to enhance sustainability across food, energy, and
agricultural sectors. Biomass is a critical resource in insect-related applications, spanning ecology,
farming, and biotechnology. By harnessing the synergistic relationship between insects and biomass,
we can address pressing environmental and economic challenges, fostering a more sustainable future.
This review provides insights into the current practices, benefits, and future directions of biomass
utilization in insect systems, encouraging interdisciplinary research and innovation in this field.
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has led to innovative uses of biomass in insect farming and ecological systems. Agricultural residues,
animal waste, and other organic by-products are now being utilized as feed for insects like black soldier
flies and mealworms. These insects convert biomass into high-value products, such as protein-rich
animal feed, biofertilizers, and industrial raw materials, promoting circular economies and reducing
environmental impact [4, 5].

This article explores the multifaceted relationship between biomass and insects, focusing on natural
ecosystems, sustainable insect farming, and industrial applications [6]. By examining the role of
biomass in insect ecology, its utilization in farming systems, and its potential in biotechnology, the paper
aims to highlight the untapped opportunities and challenges associated with integrating biomass and
insect-based systems for sustainable development.

BIOMASS AND INSECT ECOLOGY

Biomass, encompassing plant residues, animal waste, and organic detritus, is integral to insect
survival and ecosystem balance. Many insects, such as termites and dung beetles, rely on biomass as a
primary food source, aiding in decomposition and nutrient recycling [7, 8]. Others, like certain beetles
and larvae, use it as a habitat for reproduction and growth. The availability and diversity of biomass
significantly influence insect population dynamics, fostering biodiversity by supporting various trophic
levels. This abundance creates niche opportunities, enabling the coexistence of species and maintaining
ecological stability [9].

APPLICATIONS FOR INSECT FARMING

Biomass serves as a valuable feedstock in insect farming, transforming agricultural residues, food
waste, and other organic by-products into high-quality protein and biofertilizers. Insects, such as black
soldier fly larvae (BSFL) and mealworms are particularly effective in converting diverse biomass types
into nutrient-rich outputs, making them sustainable options for animal feed and soil enrichment. The
ability of these insects to thrive on low-cost organic matter enhances the feasibility of insect farming as
a scalable solution for waste management and resource recovery [10, 11].

Insects also play a pivotal role in biomass decomposition and nutrient recycling within ecosystems.
Termites and certain beetles are natural decomposers, breaking down plant residues and animal waste
into simpler compounds that enrich soil fertility [12, 13]. This natural process not only supports
agricultural productivity but also contributes to carbon cycling and ecosystem resilience, demonstrating
the ecological importance of insects in managing biomass efficiently.

BIOMASS IN BIOTECHNOLOGY AND INDUSTRY

Insects, when fed on biomass, contribute significantly to the production of biofuels, biofertilizers,
and other industrially relevant bioproducts. Black soldier fly larvae (BSFL), for instance, are efficient
converters of organic waste into protein-rich biomass and lipid extracts, which can be processed into
biodiesel. Similarly, the frass (insect excreta) produced during insect farming serves as an excellent
organic fertilizer, enriching soil fertility while reducing reliance on synthetic inputs [14, 15]. These
applications highlight the potential of insect-based systems to transform waste streams into valuable
products, aligning with sustainable industrial practices.

The integration of biomass into sustainable practices is a key innovation in circular economies. By
leveraging insect farming, agricultural residues, and organic waste can be effectively recycled, reducing
environmental pollution while producing high-value outputs. This approach not only addresses the
challenges of waste management but also supports sustainable food systems by providing low-cost, eco-
friendly alternatives to traditional animal feeds and fertilizers. The synergy between biomass utilization
and insect farming underscores a transformative strategy for achieving environmental and economic
sustainability [16, 17].
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CHALLENGES AND OPPORTUNITIES

The use of biomass in insect-related applications faces several technical and ecological hurdles. One
major challenge is the variability in biomass quality, which can impact the efficiency of insect growth
and product yields. Factors, such as moisture content, nutrient composition, and contamination by
chemicals or pathogens complicate the standardization of feedstock for insect farming. Transportation
and storage of biomass, given its bulky and perishable nature, add logistical complexities and cost
constraints to the supply chain [18, 19].

Ecologically, large-scale insect farming and biomass utilization raise concerns about biodiversity and
waste management. Overexploitation of biomass sources, such as agricultural residues, could
potentially disrupt natural ecosystems that depend on these resources. Additionally, the environmental
impact of scaling insect-based systems — such as greenhouse gas emissions, water usage, and land
requirements — must be critically assessed to ensure that these innovations remain sustainable [20, 21].

Opportunities

Despite these challenges, the potential for integrating biomass and insects into sustainable practices
is immense. Research into optimizing insect farming technologies, such as developing cost-effective
and automated systems for biomass processing and insect harvesting, can address technical
inefficiencies. Advancements in biotechnology, such as genetic modification and microbiome
engineering, could enhance insect performance and their ability to process diverse biomass sources [22,
23].

Future directions should focus on establishing standardized guidelines for biomass feedstock,
improving insect farming infrastructure, and integrating these systems into existing agricultural and
industrial frameworks. Expanding collaborations between researchers, policymakers, and industry
stakeholders will be critical to unlocking the full potential of biomass-insect systems. By addressing
these challenges and capitalizing on opportunities, insect-based biomass applications could play a
pivotal role in global sustainability efforts, contributing to circular economies and resilient food systems
[24].

CONCLUSIONS AND RECOMMENDATIONS

Biomass plays a crucial role in insect ecology and farming, serving as a foundation for nutrient
cycling, biodiversity maintenance, and sustainable industrial practices. By leveraging insects’ natural
ability to process and convert biomass, we can address pressing environmental challenges, such as waste
management, resource recovery, and food security. The integration of biomass into insect-based systems
highlights a promising pathway toward circular economies and eco-friendly production models,
reinforcing the importance of this synergy for ecological and industrial sustainability.

To advance this field, researchers and practitioners should focus on the following actionable steps:

1. Standardize Biomass Feedstock: Develop guidelines for the quality and composition of biomass
used in insect farming to ensure efficiency and safety.

2. Enhance Technologies: Invest in cost-effective and scalable technologies for biomass processing,
insect farming, and product recovery.

3. Promote Research: Encourage studies on optimizing insect species for specific biomass types
and improving their efficiency through biotechnology and microbiome engineering.

4. Adopt Sustainable Practices: Integrate biomass-insect systems into agricultural and industrial
processes, emphasizing waste reduction and resource efficiency.

5. Foster Collaboration: Build partnerships among academia, industry, and policymakers to align
research, regulations, and market opportunities.

6. FEducate Stakeholders: Raise awareness among farmers, businesses, and the public about the
ecological and economic benefits of biomass insect integration.
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