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The growing need for sustainable energy generation has sparked interest in exploring alternative
biogas sources. In recent years, insects have emerged as a promising substitute for traditional
feedstocks in biogas production due to their high protein and lipid content, rapid growth rate, and
low environmental impact. This literature review aims to provide an overview of the advances in
insect employment for sustainable energy generation. It presents a comprehensive analysis of the
existing literature, highlighting the potential of insects as viable and renewable biogas sources,
the challenges associated with insect rearing and processing, and the technological innovations in
optimizing their utilization. The review also discusses the economic viability and environmental
benefits of employing insects in biogas production and future research directions in this emerging
field. The nutrient content of fermentable or biodegradable organic materials will serve as an
ingredient in the production of biogas/biomethane. Nutrient-rich insect frass will eliminate the
need for co-digestion with another feedstock, as previously examined. Currently, insect waste is
not a familiar feedstock for biogas production, as its first utilization dates back to 2018, when
177-225 mL/g TS of biomethane was realized.

Copyright: © 2023 Abdulhalim Musa Abubakar, Dégninou Houndedjihou, Rashid Shamsuddin, Archana
B Kasinath, Bukar Lawan and Nasir Musa Haruna. This article is an open-access article distributed under the

terms and conditions of the Creative Commons Attribution (CC BY 4.0) license.

1. Introduction

Hitherto, hundreds of biodegradable matters have been explored for centuries to address energy def-

icits, with much significance attached to the possible reduction/elimination of greenhouse gas emissions
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via the anaerobic digestion technique. Erstwhile exploitation of these fermentable materials is still and all,
not limited to sustainable energy and cleaner energy production alternative alone, but a major strategy to
manage them when they eventually become waste. This is in addition to new feedstock discoveries such as
fish wastes, placenta, urine, blood, pharmaceutical waste, press mud, mushroom, and insect breeding waste.
In 2018, the first research on biogas generation from silkworm residue was carried out, which set the stage
for future work [1]. Moreover, the efficacy of high-quantity bioenergy production using biogas lies in the
ability of the feedstock taken to yield a considerable amount of gas that can be converted. Elissen, et al. [2]
confirm that mono-digestion of insect frass (facces from insects’ larvae) will produce an enormous amount
of methane/biogas.

Energy, fat, vitamins, minerals, and proteins required by anaerobic microorganisms to convert bio-
degradable materials to biogas are also inherent in insects [3, 4]. Common examples that can be obtained
in large numbers are houseflies, mealworms, crickets, termites, black soldier flies, grasshoppers, locusts,
ants, cockroaches, and honey bees [5, 6]. According to literature, more than 75% of all animal species
humans are familiar with are insects (> 1 million species) — out of which >2100 are edible (especially in
Asia) [3]. Their roles in the eco-system are pollinating flowers, biological control, fertilizer production,
food waste recycling, bioconversion of organic materials (e.g., faecal sludge), and some plastics [6-8]. Spe-
cifically, polypropylene, polystyrene, polylactic butadiene-styrene elastomer (SBR) rubber, polyethylene,
and polyurethane can be consumed by Tenebrio molitor insect [9]. However, biowaste conversion using
insects is considered more environmentally friendly than composting [5]. Insects also can destroy planted
crops and stored grains. Apart from insecticides, about 3000 existing essential oils (biopesticides) have
reportedly been utilized to control pests feeding on stored farm produce [10].

The increasing global demand for sustainable energy sources and the need to address environmental
concerns have led to exploring alternative feedstocks for biogas production. Biogas, a renewable energy
source primarily composed of methane (CH4) and carbon dioxide (CO>), is traditionally produced from
organic materials such as agricultural residues, food waste, and sewage sludge. However, the availability
and sustainability of these conventional feedstocks have become major concerns, necessitating the search
for novel and sustainable alternatives. The primary objective of this literature review is to analyze and

consolidate the existing research on the utilization of insects as a substitute biogas source for sustainable
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energy generation. By examining the scientific literature and relevant studies, this review provides a com-
prehensive overview of the advances, challenges, economic viability, environmental benefits, and prospects
of employing insects in biogas production processes. This literature review focuses on recent studies con-
ducted between 2010 and 2023, encompassing the latest field developments. The review covers various
topics related to insects as biogas feedstock, including their nutritional composition, rapid growth, and
reproduction, environmental benefits, challenges in rearing and processing, technological innovations, eco-
nomic viability, market potential, environmental sustainability, and future research directions. The review
structure follows a logical progression, highlighting key aspects and providing insights into the potential of

insects as sustainable biogas sources.

2. Insects as Biogas Feedstock

Insects are rich in proteins, lipids, and other essential nutrients, making them a valuable alternative
to conventional feedstocks for biogas production. Different insect species exhibit variations in their nutri-
tional profiles, providing opportunities for tailored biogas production based on specific requirements and
objectives. One of the key advantages of using insects as biogas feedstock is their rapid growth rate and
high reproductive capacity. Insects have short life cycles and efficient conversion rates, enabling a contin-
uous and sustainable biomass supply for biogas production. The utilization of insects in biogas production
offers several environmental benefits. Insects can reduce organic waste, mitigate greenhouse gas emissions,
and alleviate pressure on landfill sites. Additionally, insects require less land, water, and resources than

conventional feedstocks, making them more environmentally sustainable.

2.1. Challenges in Insect Rearing and Processing

Selecting suitable insect species for biogas production involves considering factors such as nutritional
content, growth rate, substrate preferences, and compatibility with the biogas production process. Various
insect species, including black soldier fly (Hermetia illucens), mealworm (Tenebrio molitor), and cricket
(Acheta domesticus), have shown promise in this regard. Efficient mass-rearing techniques are crucial for
successfully integrating insects in biogas production. The development of scalable and cost-effective meth-
ods for insect rearing, including artificial diets, breeding systems, and optimal environmental conditions,

poses challenges that require further research and optimization. The harvesting and processing of insects
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for biogas production involve various techniques, such as separation, drying, and fractionation. Each step
presents its own challenges, including energy consumption, scalability, and the preservation of nutrient
content. Addressing quality control and safety issues is crucial to guarantee the suitability of insects for
biogas production. Factors such as contaminants, pathogens, and pesticide residues in the insect biomass
must be carefully monitored and managed to maintain the integrity of the biogas production process and

ensure the safety of the resulting biogas.

2.2. Technological Innovations in Insect Utilization

Pretreatment techniques play a vital role in enhancing insect biomass's digestibility and biogas yield.
Mechanical, thermal, chemical, and biological pretreatment methods have been investigated to break down
the complex structure of insects and improve their biodegradability. Various anaerobic digestion processes,
including batch, continuous, and two-stage systems, have been explored for biogas production from insect
biomass. Optimizing process parameters such as temperature, retention time, pH, and substrate concentra-
tion can enhance methane production and overall process efficiency. Co-digestion, combining different
feedstocks, offers opportunities to optimize biogas production using insects. By co-digesting insect biomass
with other organic materials, such as crop residues or food waste, synergistic effects can be achieved, im-
proving biogas yield and nutrient recycling. The concept of insect biorefineries, where multiple valuable
products are extracted from insects, is gaining traction. Biorefinery approaches aim to utilize biomass for
biogas production and other valuable components such as proteins, lipids, chitin, and bioactive compounds,

thereby maximizing insect-based systems' economic value and sustainability.

2.3. Viability of Biogas Production from Insect Frass

Availability and sustainability are not issues during biogas realization from insects, as they are found
in all terrestrial habitats in the world and all climate zones [6]. Sampling as a monitoring technique can be
used to determine the geographical spread of pests, especially in a continent like Europe, where its industry
is multiplying [3, 11, 12]. Modes of its rearing include commercial big scale, large laboratory or small
commercial scale and small laboratory scale as categorized by Halloran, et al. [6]. Lochynska and Frankow-
ski [1] reported that, small-scale farmers may produce 250-300 kg of silkworm waste. Remains from fried

grasshopper preparation for consumption in North-Eastern Nigeria is produced in large amount and might
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be an untapped bioenergy resource. Normally, insect breeding, spawns wastes (insect faeces mixed with
feed remains) whose methane potential is identical to yields from manures, sewage sludge, and fruit and
vegetable wastes [3].

Notably, under mesophilic conditions, silkworm waste generates 489.24 m3/Mg TS of biogas, while
silkworm excreta generates 331.97 m3/Mg TS of biogas, according to a study conducted by Lochynska and
Frankowski [1]. Black soldier fly larvae (Hermetia illucens), Tenebrio molitor, and Gryllus spp. Breeding
wastes at initial pH of 7+0.2 and 37+1°C has a biomethane potential of 177, 212, and 225 mL/g TS, respec-
tively as reported by Bulak, et al. [3] after its experimentation in a 500 mL bioreactor. In another experiment
carried out by Wedwitschka, et al. [13], anaerobic digestion of Hermetia illucens yielded 167+£15 mL/gVS
of specific methane. Once more, a high yield of biogas can be expected from Hermetia illucens, as exem-
plified in a study conducted by Yu, et al. [14], Win, et al. [15] and Zheng, et al. [16]. Correspondingly,
according to Hol, et al. [17], adding Hermetia illucens larvae frass to cattle slurry biodigester will not lead
to an increase in biogas production, but replacing cattle slurry with insect frass was observed to increase

the volume of biogas generated.

3. Discussion

Based on the reviewed research, the following topics need to be carefully examined:

3.1. Economic Viability and Market Potential

The economic viability of insect-based biogas production depends on various factors, including in-
sect-rearing costs, biomass conversion efficiency, market demand for biogas, and policy support. Cost anal-
yses and economic feasibility studies are necessary to assess the competitiveness of insect-based systems
compared to conventional feedstocks. Public perception, regulatory frameworks, and developing a sustain-
able insect supply chain influence the market potential for insect-based biogas production. Identifying niche
markets, exploring co-products, and establishing collaborations among stakeholders can contribute to the
commercialization and scalability of insect-based biogas systems. Effective policy support and regulatory
frameworks play a crucial role in facilitating the adoption of insect-based biogas production. Policy incen-
tives, research funding, waste management regulations, and sustainability certifications can provide the

necessary impetus for the development and growth of the insect-based biogas industry.
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3.2. Environmental Sustainability

Using insects in biogas production reduces organic waste, diverting it from landfills and minimizing
methane emissions, a potent greenhouse gas. This waste-to-energy approach aligns with circular economy
principles and promotes a more sustainable waste management system. Compared to conventional feed-
stocks, insects have a smaller ecological footprint due to their lower water and land requirements. Insect-
based biogas production offers opportunities for resource-efficient systems, particularly in regions with
limited water availability or land constraints. Insects possess the potential to facilitate a circular economy
approach by converting organic waste into valuable biogas and co-products. Extracting proteins, lipids,
chitin, and other valuable compounds from insects can contribute to developing a sustainable and resource-
efficient bio-economy. By integrating insects into biogas production, valuable resources can be recovered,

creating opportunities to produce animal feed, fertilizers, pharmaceuticals, and other high-value products.
4. Future Research Directions

Research focusing on the genetic improvement of insect species used as biogas feedstocks can en-
hance their growth rate, nutrient composition, and resistance to diseases and environmental stressors. Ge-
netic selection, breeding programs, and genetic engineering techniques offer potential avenues for devel-
oping optimized insect strains for biogas production. Further research is needed to optimize insect rearing
and processing techniques for higher biomass yields, improved cost-effectiveness, and enhanced nutrient
retention. This includes exploring automated and scalable systems, identifying efficient and sustainable
insect diets, and optimizing processing methods to minimize energy consumption and maximize resource
recovery. Investigating the integration of insects into broader waste management systems is crucial. This
involves assessing the compatibility of insect-based biogas production with existing waste treatment infra-
structure and waste collection logistics and understanding the potential synergies and trade-offs between
different waste management approaches. Comprehensive life cycle assessment (LCA) studies are needed
to evaluate the environmental impacts of insect-based biogas production systems compared to conventional
feedstocks. LCA can provide insights into resource use, energy consumption, greenhouse gas emissions,
and other environmental indicators, enabling informed decision-making and policy development.

By conducting a thorough literature review, this paper aims to provide researchers, policymakers, and

industry stakeholders with an up-to-date understanding of the advancements, challenges, and opportunities
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associated with employing insects as a substitute biogas source. The integration of insects in the biogas
production can contribute significantly to sustainable energy generation, waste management, and the tran-
sition to a more circular economy. Further research and collaboration are essential to unlock the full poten-

tial of insects as a valuable resource for the renewable energy sector.

5. Conclusions

Insect waste utilization for sustainable energy generation through biogas production is gradually
gaining recognition. Currently, Tenebrio molitor, Gryllus spp., silkworm waste, and Hermetia illucens,
remain the few insects targeted previously for biogas/bioenergy generation, per the scope of the literature
consulted. The study also demonstrates that insects, particularly black soldier fly larvae, have great potential
as a sustainable material for biogas production. The results demonstrate that, despite appearing to be a
challenging endeavor, attention must be devoted to breeding or rearing specific or various types of insects
nature has provided to provide a significant number of feedstock for bioenergy generation. Unlike some
feedstocks that must be co-digested to supplement missing nutrients for microorganisms’ consumption,
insect frass contains all the required nutrients. Future work might be interested in harnessing wastes from
around 2100 edible insect species to supplement or use solely as an alternative bioenergy source.
Insects have emerged as a promising substitute biogas source for sustainable energy generation. Their high
nutritional content, rapid growth rate, and low environmental impact make them an attractive alternative to
conventional feedstocks. However, several challenges remain, including insect species selection, mass-
rearing techniques, harvesting and processing methods, quality control, and safety considerations.
Technological innovations, such as pretreatment methods and biorefinery concepts, offer opportunities to
optimize insect utilization [18]. The economic viability and market potential of insect-based biogas
production depend on factors such as cost-effectiveness, market opportunities, and policy support.

Furthermore, the environmental sustainability of insect-based systems contributes to organic waste
reduction, resource efficiency, and the transition to a circular economy. Future research directions should
focus on genetic enhancement, optimization of rearing and processing techniques, integration in waste
management systems, and comprehensive environmental assessments. By addressing these challenges and
advancing research in this field, insects can play a significant role in future sustainable energy generation

and waste management systems.
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