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Abstract 

Modern civilization is facing an unprecedented solid waste crisis. From 

overflowing landfills to floating islands of plastic, the global waste 

problem threatens ecosystems, human health and sustainability. Amid 

these challenges, nature offers a humble yet powerfulally insects. Often 

overlooked as pests, insects are actually nature’s finest decomposers, 

capable of transforming waste into valuable resources. This article 

explores how insects can contribute to solid waste management through 

biological decomposition, nutrient recycling and waste valorisation. From 

black soldier fly larvae digesting food scraps to wax moth caterpillars 

breaking down plastic, these “tiny recyclers” are redefining the way we 

think about waste.  

Keywords: Insect bioconversion, black soldier fly, biodegradation, 

circular economy, sustainable waste management. 

Introduction 

Every day, the world produces mountains of 

waste more than 2 billion tonnes of it annually 

(Kaza	et	al.,	2018). Much of this waste ends up in 

landfills or open dumps, where it pollutes soil, 

water and air. Urbanization, population growth 

and changing consumption patterns have made 

waste management one of humanity’s greatest 

environmental challenges. 

Traditional methods like landfilling and 

incineration are no longer sufficient. Landfills 

occupy vast tracts of land and emit methane, a 

greenhouse gas over 25 times more potent than 

carbon dioxide. Incineration, on the other hand, 

releases toxic gases and requires high energy 

inputs. Composting and anaerobic digestion offer 

better alternatives, but they often demand costly 

infrastructure and controlled conditions that are 

difficult to maintain, especially in developing 

regions (Lohri et	al., 2017). 

Yet, nature has always had its own way of dealing 

with organic waste. Long before humen-built 

cities, insects were quietly managing the planet’s 

decomposition process. By feeding on decaying 

matter, they recycle nutrients back into the 

ecosystem, maintaining the balance of life. What 

if we could harness their natural abilities to help 

us manage the waste crisis? 

Nature’s	Recyclers:	Why	Insects	Matter	

Insects	as	Ecological	Waste	Workers	

Insects are indispensable players in the grand 

cycle of life. Their ecological roles include 

pollination, predation and most importantly 

decomposition. Saprophagous insects, those that 

feed on decaying organic matter, help transform 

waste into nutrients. Their digestive systems 

harbour complex communities of 

microorganisms capable of breaking down 

materials that are otherwise resistant to decay. 

This natural ability makes them ideal candidates 

for sustainable waste management. Unlike 

industrial composting systems, insect-based 

processes are low-cost, energy-efficient and 

adaptable to local conditions. They turn waste 

into valuable outputs such as protein feed, 

compost and biofuels products that can drive a 

circular economy and create livelihood 

opportunities. 

The	Scale	of	the	Waste	Problem	

Globally, solid waste generation is expected to 

soar to 3.40 billion tonnes by 2050 if current 

trends continue (Kaza	 et	 al.,	 2018). More than 

half of this waste is organic, consisting of food 

scraps, crop residues and other biodegradable 

materials exactly the kind of waste insects can 

thrive on. Harnessing insect bioconversion thus 

represents not only an ecological solution but 

also a socio-economic opportunity, especially for 

low- and middle-income nations. 
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The	 Black	 Soldier	 Fly:	 Turning	 Waste	 into	

Wealth	

Among all insects studied for waste 

management, the black soldier fly (Hermetia	

illucens) stands out as a star performer. Its larvae 

consume almost any organic matter from food 

waste to animal manure and reduce waste 

volume by up to 70%. Within days, they 

transform waste into two valuable products: 

nutrient-rich biomass and organic fertilizer. 

The larvae are high in protein (40–45%) and fat 

(30–35%), making them excellent feed for 

poultry and fish. The residue left behind, called 

frass, enriches soil health when used as compost. 

This dual benefit waste reduction and resource 

recovery makes black soldier fly farming a model 

of circular bioeconomy (Lohri et	 al., 2017). 

Moreover, BSF farming can be established in 

small community setups, creating jobs and 

supporting food security. 

The	 Humble	 Housefly:	 From	 Nuisance	 to	

Nutrient	Converter	

Often despised for their association with filth, 

houseflies (Musca	 domestica) have a surprising 

redeeming quality their larvae can efficiently 

convert organic waste into protein-rich biomass. 

They thrive on manure, kitchen waste and other 

organic residues, decomposing them while 

producing larvae suitable for animal feed. 

However, their use requires strict hygiene 

management to prevent pathogen transmission, 

making them suitable mainly for controlled 

industrial or semi-industrial systems. 

The	 Wax	 Moth:	 A	 Hope	 Against	 Plastic	

Pollution	

One of the most intriguing discoveries in recent 

years came from Bombelli et	 al. (2017), who 

found that caterpillars of the wax moth (Galleria	

mellonella) can degrade polyethylene one of the 

world’s most persistent plastics. Within hours, 

these larvae can chew holes in polyethylene bags, 

breaking down the plastic’s chemical structure 

through enzymatic action. The discovery has 

opened an exciting field of research into insect-

based biodegradation of synthetic materials, 

offering a glimmer of hope for tackling plastic 

waste pollution. 

Termites:	Masters	of	Cellulose	Breakdown	

Termites are nature’s engineers when it comes to 

decomposing wood and plant residues. Their 

success lies in their gut symbiosis with bacteria 

and protozoa, which allow them to digest 

cellulose a feat that most animals cannot 

accomplish. Hussein, (2014) described the 

extraordinary efficiency of termites in processing 

lignocellulosic waste, emphasizing their potential 

in managing agricultural residues and organic 

solid waste. Learning from termite digestion 

could inspire new technologies in biofuel 

production and waste recycling. 

Environmental	and	Social	Benefits	

Closing	 the	 Loop:	 Insects	 in	 a	 Circular	

Economy	

Insect-based waste management epitomizes the 

circular economy a system where waste is not 

discarded but reintroduced into the production 

cycle. The larvae from insect bioconversion serve 

as animal feed, replacing resource-intensive feed 

ingredients like soybean meal and fishmeal. This 

not only reduces waste but also mitigates 

deforestation and overfishing. Meanwhile, frass 

and other residues become organic fertilizers 

that restore soil fertility. 

A	Solution	for	Developing	Nations	

As Lohri et	al. (2017) highlighted, many low- and 

middle-income countries lack adequate waste 

management infrastructure. In these contexts, 

insect-based systems offer a low-cost and locally 

adaptable alternative. They require minimal 

energy, water and land, making them suitable for 

urban and rural communities alike. Such 

approaches can empower local entrepreneurs, 

generate employment and improve sanitation 

while contributing to food and feed security. 

Environmental	Impact	

Compared with landfilling or composting, insect-

mediated waste treatment produces significantly 

fewer greenhouse gas emissions. It also reduces 

the burden on municipal waste systems, 

minimizes odors and improves environmental 

hygiene. Moreover, insects like Galleria	mellonella 

could help address one of the most persistent 

forms of pollution plastic waste which traditional 

methods fail to handle effectively (Bombelli et	al., 

2017). 

Challenges	and	the	Road	Ahead	

While promising, insect-based waste 

management is still in its early stages of global 

adoption. The main challenges include public 

perception, biosecurity concerns and a lack of 

clear regulatory frameworks. There is also a need 

for large-scale research on safety standards, 

automation and optimization of insect rearing 

systems. 

Future research could focus on understanding 

the enzymes involved in insect digestion, 

particularly those that degrade plastics or 

lignocellulosic materials. Bioengineering these 

enzymes could revolutionize waste recycling and 

bioenergy production. Equally important is 

public awareness reimagining insects not as 

pests but as partners in sustainability. 
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Conclusion 

Insects, though small, hold enormous potential in 

addressing one of humanity’s largest 

environmental problems waste. Their natural 

capacity to break down organic matter, recycle 

nutrients and even degrade plastics makes them 

indispensable allies in building a sustainable 

future. Whether it’s black soldier fly larvae 

reducing food waste, termites breaking down 

wood, or wax moths tackling plastic pollution, 

these “tiny cleaners” offer scalable, affordable 

and eco-friendly solutions. 

As Kaza et	al. (2018) warns, global waste is set to 

increase dramatically in the coming decades. We 

must rethink waste not as a burden, but as a 

resource and insects may be the key to unlocking 

that transformation. In embracing these little 

recyclers, we align with nature’s own time-tested 

wisdom: nothing in life truly goes to waste. 
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