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Abstract 
In recent years, the Black Soldier Fly (Hermetia illucens) has attracted considerable interest 

due to its impressive ability to transform organic waste into valuable resources. This article 

comprehensively explores the ecological significance and technological applications of 

Hermetia illucens in organic waste processing. We delve into the biology of BSF, their 

feeding habits, environmental benefits, and the innovative techniques employed to optimize 

their potential in waste management. Additionally, we discuss challenges and future 

prospects associated with integrating BSF into sustainable waste treatment strategies. 
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Introduction 
The escalating global waste crisis calls for innovative and sustainable solutions to manage 

organic waste effectively. Black Soldier Fly Hermetia illucens larvae (BSFL) have emerged 

as promising candidates for organic waste processing due to their voracious appetite for a 

wide range of organic materials, including food scraps, agricultural residues, and manure. 

Their ability to convert organic waste into nutrient-rich biomass, known as frass, has attracted 

attention from researchers, policymakers, and entrepreneurs alike. Several research 

investigations have emphasized the suitability of black soldier larvae as the optimal choice 

for organic waste processing (Kinasih et al., 2018; Lalander et al., 2019; Mahmood et al., 

2021).  This article aims to elucidate the multifaceted roles of BSFL in waste management 

and highlight their potential as eco-friendly alternatives to traditional waste treatment 

methods. 

Ecology and Biology of Black Soldier Fly 
Black Soldier Flies (BSF), native to tropical and subtropical regions, undergo a life cycle 

comprising four stages: egg, larva, pupa, and adult. The larval stage, which spans 

approximately 14 days under optimal conditions, is characterized by rapid growth and 

efficient nutrient assimilation. The larvae exhibit detritivores feeding behavior, consuming 

decaying organic matter while facilitating nutrient cycling in natural ecosystems. Their 

adaptability to a diverse range of organic substrates and ability to thrive in various 

environmental conditions make them invaluable contributors to nutrient recycling processes. 

Organic Waste Processing 
BSFL have garnered attention for their unparalleled efficiency in converting organic waste 

into biomass through a process known as bioconversion. The larvae exhibit a voracious 
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appetite for decomposing organic materials, leading to their effective utilization in reducing 

various waste streams, including livestock (chicken, cow, swine, etc.) manure, human 

excreta, poultry slaughterhouse waste, mill by-products, food waste, fruits, vegetable waste, 

and palm oil industry waste (Palm Kernel Expeller) (Beskin et al., 2018; Lalander et al., 

2019; Raksasat et al., 2021).When provided with suitable substrates, BSFL rapidly consume 

organic matter, metabolize nutrients, and excrete digested residues in the form of frass. This 

frass, rich in nitrogen, phosphorus, and other essential nutrients, serves as an excellent soil 

amendment and fertilizer, promoting plant growth and enhancing soil fertility. Moreover, 

BSFL bioconversion mitigates the emission of greenhouse gases associated with traditional 

waste treatment methods, thereby contributing to climate change mitigation efforts. 

Conversion capacity 
The rate of bioconversion is influenced by numerous factors, including feed composition 

(such as levels of digestible nutrients, pH, and moisture content) and feeding frequencies 

(Banks et al., 2014). Additionally, the density of larvae (per volume of conversion unit) and 

the feeding regimen (comprising type, quantity, frequency, and nutritional composition) exert 

significant effects on the organic waste conversion process (Banks et al., 2014; Dortmans et 

al., 2021). The optimal moisture content of food for BSFL typically falls within the range of 

70–80%, with the lower threshold likely ranging between 40 and 55% (Bortolini et al., 2020; 

Dortmans et al., 2021; Ermolaev et al., 2019; Furman et al., 1959). Furthermore, the 

availability of digestible carbon and a high protein content significantly contribute to the 

biomass yield value (Dortmans et al., 2021; Lalander et al., 2019). Gold et al. (2020a) 

elaborated that in addition to the pH and moisture content of the substrate provided to BSFL, 

the nutrient composition of the substrate (such as protein, non-fiber carbohydrate (NFC), 

fiber (cellulose & lignin, hemicellulose), lipids, protein: NFC ratio, and caloric content) also 

impacts the efficacy of waste treatment and larval biomass production. 

Decreased carbon footprint 
The bioconversion process involving BSFL demonstrates a reduced Global Warming 

Potential (GWP) in comparison to the protein sources from soybean meal or lipids sourced 

from rapeseed (Li et al., 2011; Pimentel et al., 2004). Substituting nitrogen fertilizer with 

compost produced from larval frass and replacing soybean meal with BSF protein (dried BSF 

or BSF meal) could potentially result in a decreased carbon footprint (Salomone et al., 2017). 

Safe for human health 
The operation of a Black Soldier Fly (BSF) facility poses minimal hazards to human health in 

comparison to other fly species (Dortmans et al., 2021). BSF adults have a brief lifespan and 

do not feed, as they possess redundant mouthparts (Axtell and Arends, 1990; Dortmans et al., 

2021; Sheppard et al., 2002). BSF adults typically avoid human habitats and food sources, 

relying primarily on energy stored in the fat body during the larval stage (Sheppard et al., 

2002; van Huis et al., 2013; van Huis et al., 2020). As of now, there are no reported instances 

of BSF serving as vectors for diseases (van Huis et al., 2020). 

Technological Applications and Innovations 
Advancements in BSFL rearing techniques and waste processing technologies have 

facilitated their integration into various waste management systems. Commercial-scale BSFL 

facilities employ controlled rearing environments and automated feeding systems to optimize 

larval growth and maximize biomass production. Additionally, emerging technologies such 

as modular insect bioreactors and integrated aquaponic systems leverage the synergistic 

interactions between BSFL and other organisms to enhance waste treatment efficiency and 

resource recovery. These innovative approaches hold promise for scalable and cost-effective 

organic waste management solutions in diverse settings. 
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Challenges and Future Directions 
Despite the numerous benefits associated with BSFL-based waste processing, several 

challenges remain to be addressed. Concerns regarding the safety of using BSFL-derived 

products in agriculture and animal feed applications necessitate comprehensive risk 

assessments and regulatory frameworks. Furthermore, scaling up BSFL production to meet 

the growing demand for sustainable waste management solutions requires addressing 

logistical constraints and optimizing resource utilization efficiency. Future research 

endeavors should focus on refining rearing techniques, exploring novel feed-stocks, and 

assessing the environmental impacts of BSFL-based waste treatment systems to realize their 

full potential as integral components of circular economy initiatives. 

Conclusion 
Black Soldier Fly Larvae (Hermetia illucens) offer a compelling solution to the pressing 

challenges posed by organic waste accumulation and disposal. Their innate ability to 

efficiently convert organic waste into valuable resources, coupled with advancements in 

rearing techniques and waste processing technologies, positions BSFL as key players in 

sustainable waste management strategies. By harnessing the ecological and technological 

potential of BSFL, we can mitigate environmental pollution, conserve natural resources, and 

foster the transition towards a circular economy paradigm. 


