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Environmental sustainability in the context of circular economy in 
waste treatment 

The world's population is growing at an exponential rate, and for that, agricultural industry plays an important role to produce food for all these people. Agricultural 
output will increase by 60% due to food demand in 2050. This situation puts enormous pressure on natural resources, and due to this, the environment is in crisis. 
At the same time, the waste generation is increasing, and if not properly treated, it can harm the ecosystem on land, rivers, and oceans. The circular economy 
concept came to solve this problem, with the idea of repurposing waste into new valuable products. This strategy assists in minimizing waste disposal that is not 
suitable, hence reducing water, air, and soil pollution, biodiversity loss, and health issues such as disease spread. In this context, the present review aims to present 
the most common waste generated along the food production chain, and the interesting processes for converting them into valuable products. This review brings 
an overview of possibilities to apply the circular economy concept to reach sustainable goals. 
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Sustentabilidade ambiental no contexto da economia circular no 
tratamento de resíduos 

A população mundial cresce exponencialmente e, para isso, a agroindústria tem um papel importante na produção de alimentos para essa população. A produção 
agrícola aumentará 60% até 2050 devido à demanda de alimentos. Esta situação coloca uma enorme pressão sobre os recursos naturais e, por isso, o meio ambiente 
está em crise. Ao mesmo tempo, a geração de resíduos está aumentando e, se não forem devidamente tratados, pode prejudicar o ecossistema terrestre, fluvial 
e oceânico. O conceito de economia circular veio para resolver esse problema, com a ideia de reaproveitar resíduos em novos produtos. Essa estratégia ajuda a 
minimizar o descarte inadequado de resíduos, reduzindo assim a poluição da água, do ar e do solo, a perda de biodiversidade e problemas de saúde, como a 
disseminação de doenças. Nesse contexto, a presente revisão visa apresentar os resíduos mais comuns gerados ao longo da cadeia produtiva de alimentos e os 
processos interessantes para convertê-los em produtos valiosos. Esta revisão traz uma visão geral das possibilidades de aplicação do conceito de economia circular 
para atingir metas sustentáveis. 

Palavras-chave: Sustentabilidade; Economia circular; Meio ambiente; Economia de lixo. 
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INTRODUCTION 
 

The world's population is growing at an exponential rate, as are consumption rates, and in this 

scenario the agricultural industry plays an important role in the economic growth. Overall agricultural output, 

including crops and animals, will increase by 60% due to food demand in 2050 (TIMSINA, 2018). Notably, this 

is driven by increased demand for animal protein, with some predictions indicating that milk output will need 

to expand by 63 % and meat production by 76 % to supply the demand (ALEXANDRATOS et al., 2012). 

Livestock production and aquaculture have been increasing around 2.5 and 5.8 % per year, respectively; and 

both, production and demand for animal source of foods are expected to rise further (HILBORN et al., 2018).  

This situation puts enormous pressure on natural resources, and due to this, the environment is in 

crisis. The degradation of ecosystems, the loss of biodiversity, the climate changes, are examples supporting 

the Earth's inability to sustain life, putting ecological services at risk. Recognizing the environmental crisis is 

urgent and necessary (TREGIDGA et al., 2022). At the same time, the waste generation is increasing, and if 

not properly treated, it can harm the ecosystem on land, rivers, and oceans (HOFFMAN et al., 2022). 

According to FAO, approximately 1/3 of all food produced became residues, such as by-products and waste, 

amounting to over 1.3 billion tons globally each year1. Simultaneously, cities around the world produce more 

than 2.0 billion tons of waste each year, with 3.40 billion tons estimated by 2050, half of which is organic 

waste2. 

The United Nations, in its report on the Sustainable Development Goals (SDGs) for 2030, declares 

and defines 17 priority goals to end poverty, protect the planet, and ensure all people have peace and 

prosperity (SACHS, 2012). These global goals offer up potential approaches for innovation, and the need of 

rethinking the traditional scientific methodologies in order to accept a more holistic view of all society 

sectors. Actually, the inspiration for innovation might come from a variety of sources. Innovation might be 

gradual, such as incrementally optimizing a transformation chain, or result from scientific breakthroughs 

generating new technologies for market. Scientists' responsibility in organic waste and wastewater 

management is no longer only to decrease and reduce waste and by-products, but to optimize resource 

recovery in a safe and sustainable manner (BAKAN et al., 2022).  

In this context, connect the prospect of encouraging environmental benefits, sustainable economic 

growth, and production with added value, all while creating jobs, could reach all three sustainability pillars 

(social, economic, and environment) simultaneously (SCHÖGGL et al., 2020). Recognizing this, scientists, 

policymakers, and managers have attempted to discover ways to manage these wastes, such as converting 

them into reusable resources or valuable products (BHUVANESHWARI et al., 2019). Likewise, the shift to a 

more circular economy is expected to contribute to multiple SDGs, most notably SDG 12 on sustainable 

production and consumption patterns, but also SDGs 6, 7, 8, and 13 on water, energy, economic 

development, and climate change, respectively (GENG et al., 2019; SCHROEDER et al., 2019). 

 
1 Food losses and waste in the context of sustainable food systems. A report by the High Level Panel of Experts on Food Security and Nutrition of the 
Committee on World Food Security. Https://Www.Fao.Org/3/I3901e/I3901e.Pdf. 
2 The World Bank. What a waste 2.0: global snapshot of solid waste management to 2050. https://Datatopics.Worldbank.Org/What-a-Waste/  
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METHODOLOGY  
 
What is a circular economy concept? 
 

Before describing the circular economy concept, it is important to know that the traditional linear 

system uses resources, converts them into products, and disposes of wastes elsewhere, with little regard for 

the natural organic and inorganic matter breakdown cycles (BAKAN et al., 2022). The linear manufacturing 

concept, often known as linear economy, is one of the causes of huge waste disposal (BHUVANESHWARI et 

al., 2019), mostly attributed to the fragmentation of the production chain in different areas, which makes 

life-cycle methods and circular economy implementation more challenging (MASI et al., 2017). 

The circular economy concept dates back to 1966 and has gained popularity in recent years (REIKE et 

al., 2018). The idea of repurposing waste into new valuable products has generated growing interest in the 

circular economy. This strategy assists in minimizing waste disposal that is not suitable, hence reducing water, 

air, and soil pollution, biodiversity loss, and health issues such as disease spread (RAJEEV, 2021). Korhonen 

et al. (2018) expose us to the pillars of sustainability that characterize a circular economy: society, 

environment, and economy. Synergy among these pillars would help us to identify a solution for transitioning 

to a circular economy. In certain cases, just one or two of the pillars are addressed; nonetheless, a balance 

must be established between all three pillars within the concept of circular economy (KORHONEN et al., 

2018). Thus, when it comes to establishing circular economies and the business models that go along with 

them, the pillars of sustainability are recognized as the golden thread (HOFFMAN et al., 2022).  

The purpose of the circular economy is to maintain materials in use for as long as possible, while 

preventing waste dissipation and pollution emissions to the environment. Circular economy initiatives look 

for more sustainable processes by making better use of resources, resulting in lower emissions of pollutants 

and waste generation. It also intends to advance the products’ life by postponing the end-of-life phase (reuse, 

repair, or remanufacture), reduce the usage of virgin resources and the amount of exploitation (LONDOÑO 

et al., 2021). Waste generation that cannot be avoided should be repurposed through recycling, reuse, 

conversion, and other approaches. Thus, a circular economy concept primarily is: waste streams are 

converted into value-added products such as food, feed, bio-based products, and biofuel (GHERGHEL et al., 

2019).  

In this context, the present review aims to present the most common waste generated along the 

food production chain, and the interesting processes for converting them into valuable products. This review 

brings an overview of possibilities to apply the circular economy concept to reach sustainable goals.  

 
THEORETICAL DISCUSSION 
 
Type of wastes and transformation into valuable products 
 

Table 1 presents the most used biomass transformed into valuable products. A variety of organic 

compounds are originated from plants and animals that feed on plants, such as wood wastes, animal manure 

(cattle, poultry, swine), food waste, aquatic plants and algae biomass (macro- and microalgae), and municipal 
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organic waste (DESSIE et al., 2020). Waste from biomasses are recognized as an excellent alternative for 

cleaner and sustainable reuses, due to their lack of competition with food.  

 
Table 1: Variety and estimated amount of wastes with potential to be reused for the generation of valuable products.  

Biomass 
Estimation  
(million t year-1) 

Reference 

Rice straw 731.3 

Sarkar et al. (2012) 
Wheat straw 354.3 
Corn straw 203.6 
Bagasse 174.2 
Lignocellulose 200 Bhowmick et al. (2018) 
Industrial waste 9176.7 Song et al. (2015) 
Food waste 931 United Nations Environment Programme, (2021)3 
Algae 32.6 Araújo et al. (2021) 
Industrial wood production waste 715 Tripathi et al. (2019) 
Animal waste 3120 Berendes et al. (2018) 

 
Lignocellulose 
 

Plant biomass waste is composed mainly of cellulose, hemicellulose and lignin (CHANDRA et al., 

2012). Lignocellulosic biomass is composed of crop residues such stalks, straw and husk, originating from 

maize, wheat, rice and sugarcane (CHANDRA et al., 2012). This biomass has abundant availability and 

applicability, can be used as a raw material for biofuels production, or animal feed, composting, production 

of bio-energy, mushroom cultivation (MONFORTI et al., 2013), microcapsules to pharmaceuticals, biosensors 

and biopolymers (GARLAPATI et al., 2020).  

The most difficult barrier in the use of this biomass is that lignin is resistant to degradation by 

fermentation (PÉREZ et al., 2002). To solve this problem, researchers have worked on pretreatment 

techniques based on mechanical, chemical, physico-chemical and biological processes, aiming to increase the 

surface contact area and porosity of materials (BRUNI et al., 2010). Wan et al. (2011), reported the 

pretreatment of corn over by the fungi Ceriporiopsis subvermispora during an 18-days process, where the 

lignin content was degraded up to 31.59%, and the glucose yield was 56.50%. Fungal pretreatment, using 

Cyathus stercoreus, was also used to enzymatic degradation of rice straw (YAMAGISHI et al., 2011). The 

authors reported that a 25-day pretreatment process led to a fivefold increase in enzymatic saccharification 

yield, compared to untreated control samples. Pleurotus ostreatus, a white-root mushroom, was cultivated 

on lignocellulosic material (rice straw) as a pretreatment step, followed by lignocellulosic biomass use for 

biogas production. The results showed that rice straw pretreated with these fungi produced 263 L kg-1 volatile 

solids of methane, compared to 120 L kg-1 produced by the untreated biomass (MUSTAFA et al., 2017).  

Different microorganisms could perform the conversion of monomeric sugars, from pretreated 

biomass, into biofuels (ethanol) and bioproducts. The fermentation to ethanol production, using 

lignocellulosic biomass, is frequent reported as a consequence of metabolic activity of bacteria such as 

Escherichia coli, Zymomonas mobilis and Clostridium phytofermentans; yeasts such as Saccharomyces 

cerevisiae and Pichia stipitis (AMORE et al., 2012; TODHANAKASEM et al., 2020; VERMA et al., 2010). The 

degradation of cellulose by fungi and bacteria occurs by the production of cellulase enzymes. These enzymes 

 
3 United Nations Environment Programm. Food Waste Index Report 2021. https://Wedocs.Unep.Org/20.500.11822/35280  
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comprise about 20% of the global enzyme market (SARSAIYA et al., 2019), being useful in paper recycling and 

cotton processing, for example. However, the main barrier nowadays is the manufacturing price, impulsing 

the research for new organisms to produce cellulase with greater efficiency (SARSAIYA et al., 2019).  

Among the cellulosic materials that could be reused in the circular economy context, the pineapple 

waste has been the focus of research. During the fruit processing, the waste generated corresponds to 60% 

of the original weight (SARANGI et al., 2022). This waste is composed of peel, core, crown end and pomace, 

which can be transformed into bioethanol, butanol, hydrogen and methane (SARANGI et al., 2022).  

Another good example of lignocellulosic waste reuse is the production of mushrooms that are 

saprophytic fungi, with cosmopolitan distribution and easily cultivated on lignocellulosic biomass. Mushroom 

species are cultivated for commercial purposes related to culinary and medicinal use (BALAN et al., 2022). 

Shankar et al. (2022) reported the use of multiple agriculture biomass for the cultivation of Ganoderma 

lucidum, a basidiomycetous fungus, aiming enzymes production, biomass degradation and ethanol 

generation. The fungi produced an average of 5087.48 ± 81.44 U g-1 of laccase, while degraded 49.16% of the 

lignin from the biomass. The degraded biomass was saccharified by Aspergillus flavus and Trichoderma 

citrinoviride, and then fermented using Saccharomyces cerevisiae, that generated 6.24 ± 0.14 g L-1 ethanol 

with an average yield of 89.11%. The studies highlight the positive association between biological processes 

and the production of enzymes, which represent an important market field.  

 
Animal manure for bioenergy and byproduct 
 

Based on the water content and material handling characteristics, the diverse range of organic wastes 

generated by animal processing is often classed as either liquid waste (wastewater) or solid waste. These 

characteristics frequently influence the choice of waste management and alternative treatments. 

Wastewater can present high organic content and, in certain cases, a high nutrient content. The wastewater 

is generated during the cleaning procedures of animal building, pens, processing areas, and equipment, and 

is frequently directed to wastewater treatment facilities. Several activities and processes in the livestock 

industry cannot be eliminated without having a major impact on production and/or animal health. Manure 

production, for example, is an inevitable result of animal production. However, waste minimization has been 

widely practiced (RAMIREZ et al., 2021). 

A variety of processes has been established to convert animal waste manure into electrical energy in 

order to mitigate pollution and gain value from all that animal waste (SORATHIYA et al., 2014). Using 

microorganisms (anaerobic digestion), animal manure can be digested and converted to biogas such as 

methane, which is used to power turbine boilers that generate both electricity and heat (O’CONNOR et al., 

2021). Furthermore, value-added bioproducts such as volatile fatty acids can be produced during the 

anaerobic digestion process (SEKOAI et al., 2021). 

Brazilian energy potential using animal manure and sewage from cattle, chicken, sheep, swine, 

buffalo and horse, was estimated in different regions. As a result, the Midwest, North, South, Southeast, and 

Northeast areas presented a potential of 20.582; 13.731; 11.327; 10.296; and 8.793 TWh year-1, respectively 
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(OLIVEIRA et al., 2020). In China, the energy potential from swine, dairy, beef, layer, and broiler manures was 

investigated. The annual potential of thermal energy, syngas, and methane production from the five varieties 

of animal manures, were estimated to be 4400.63 TJ, 983.40 109 m3, and 188.89 109 m3, respectively (SHEN 

et al., 2015). In 2030, the European Union's energy potential from manure, grass, and straw was estimated 

to range from 1.2 ˣ 103 to 2.3 ˣ 103 PJ y-1. France, Germany, and the United Kingdom were estimated to have 

the biggest energy potential, amounting to 300 - 540 PJ y-1, 250 - 400 PJ y-1, and 90-220 PJ y-1, respectively 

(MEYER et al., 2018). There are an estimated 8,113 dairy farms and swine operations in the United States 

with a total energy-generating capacity of 15,838,413 MWh year-1 (USEPA, 2018). 

In anaerobic co-digestion with poultry manure, lignocellulosic biomasses (rice straw, maize cob, 

peanut shell, sawdust, coffee husk, and sugarcane bagasse) were investigated for methane generation. The 

results indicated that maize cob and poultry manure produced the highest volume of methane (126.02 Nm3 

CH4 ton residue-1) and the total amount of volatile fatty acids produced varied from 80 to 1391. 16 mg L−1 

(PARANHOS et al., 2020). Anaerobic co-digestion of sweet sorghum stalks, cheese whey, and cow manure 

resulted in approximately 0.52 mol H2 mol-1 of biogas and 3250 N mL of biogas, as well as the major 

fermentation volatile fatty acids acetic (7.8 g L-1), propionic (2.2 g L-1), and butyric (10.1 g L-1) (DAREIOTI et 

al., 2021). 

In recent years, the Arabian Peninsula has converted animal manure into a valuable resource. Camel 

manure has been used to produce energy for cement factories. In 2018, 6,000 camels produced more than 

90,718 tons of manure, which were transformed into fuel, reducing the amount of fuel required by the 

cement factory (CAMPRA et al., 2021). Furthermore, 1.68 Mtpa of crop residues and 25.52 Mtpa of animal 

manure could be utilized for bioenergy in these nations (WELFLE et al., 2021). Besides, biomethane 

production of dromedary manure ranged between 129 and 160 mL CH4 gVS-1, and the observed calorific 

values of dromedary manure were between 12.18 and 13.60 MJ kg-1 (SHANABLEH et al., 2021). All these 

studies show the huge potential of reuse of animal manure to decrease the pressure of natural energy 

sources.  

 
Using insects and annelids as animal feed 
 

Insects are progressively playing a part in a process known as bioconversion. Bioconversion is the 

process of transforming previously devalued organic materials, such as animal manure, harvest waste, food 

processing wastes, and other byproducts, into valuable resources that may be reused. In instance, the black 

soldier fly (Diptera: Stratiomyidae) can effectively convert a variety of organic materials into insect biomass 

(SIDDIQUI et al., 2022). They are pest-free and may be grown and harvested without the use of special 

facilities (LOPES et al., 2022). Furthermore, the frass produced by black soldier fly larvae is one of the 

process's key outputs, which may substitute traditional N fertilizers, reducing the global warming potential 

associated with the usage of conventional N fertilizer (SALOMONE et al., 2017).  

Black soldier flies larvae have been reported to feed on a wide range of organic materials such as 

food waste (FISCHER et al., 2021; LALANDER et al., 2019), rice straw (LIU et al., 2021), distillers' grains 
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(WEBSTER et al., 2016), animal offal (ST-HILAIRE et al., 2007), animal manure (AWASTHI et al., 2020). 

Furthermore, black soldier flies are well-known for their ability to lower the mass and nutrient of swine and 

poultry manure, consequently promoting farm sanitation, pest fly population reduction, and nutrient 

pollution during runoff episodes (MAZZA et al., 2020; PARODI et al., 2021). 

The biochemical content of black soldier fly larvae changes depending on the substrate used. Despite 

this, values generally indicate the black soldier fly larvae as a rich source of proteins and lipids, with 40.8 ± 

3.8 % protein and 28.6 ± 8.6 % lipids (WANG et al., 2017). The black soldier fly biomass could be converted 

into valuable ingredients, as well as be a sustainable animal feed. Thus, feed produced from black soldier fly 

biomass are already considered to be an alternative to feed animals, including fish, swine, poultry and 

alligator (FONSECA et al., 2017; BODRI et al., 2007; MAURER et al., 2016). Protein replacement in fish diets 

by black soldier fly larvae and prepupae has been reported and is a promising alternative in the production 

of a range of fish species (channel catfish, blue tilapia, hybrid tilapia, rainbow trout, atlantic salmon, turbot, 

and yellow catfish) (FONSECA et al., 2017). For poultry feed black soldier flies have been utilized as a partial 

substitute for maize or soy-based diets. In instance, addition (50%) or entire replacement of soybean meal in 

the diets for egg production, showed no influence on hen health or performance, and had minimal or no 

effect on the eggs (MAURER et al., 2016). Black soldier fly supplementation in dietary broiler quails (Coturnix 

coturnix japonica) had no effect on breast meat sensory characteristics, oxidative level, or cholesterol profile; 

and it increased the meat's amino acid content, resulting in higher nutritional value (CULLERE et al., 2018). 

Vermicomposting, which comes from the Latin term vermis for earthworm (EDWARDS et al., 1988), 

is a bioconversion process that incorporates the collaborative action of earthworms and mesophilic 

microorganisms to convert organic wastes into valuable products known as vermicompost. These 

associations have been studied for straw, husk, leaves, stalks, weeds, animal manure, dairy wastes, food 

processing wastes, organic fraction of municipal solid waste, bagasse, digestate from biogas plants (KAUR, 

2020; ZHOU et al., 2022), where earthworms assimilate organic waste, reducing its volume by 40-60%. 

Each earthworm weighs 0.5 - 0.6 g, consumes waste proportional to its weight, and generates a cast 

that is approximately 50 % of the waste it consumes in a day (YATOO et al., 2020). Earthworms are classified 

into two types: burrowing and non-burrowing and there are around 3,600 different species. Red earthworm 

species, such as Eisenia foetida, are the most efficient in composting (PATWA et al., 2020). Vermicompost is 

the result of the complete bioconversion. Vermicompost is high in micro- and macronutrients such as 

nitrogen, phosphorus, potassium, calcium, magnesium, zinc, boron and others. As well as, beneficial soil 

microorganisms, including nitrogen-fixing and phosphate-solubilizing bacterial, plant growth promoters and 

hormones (auxins, gibberellins, and cytokinins), and can thus be used as an organic fertilizer for plants 

(YATOO et al., 2020). 

Non-traditional protein sources, such as earthworm, have received attention as an alternative 

protein source due to nutritional characteristics similar to fish meal. Several earthworm species have been 

investigated for use in fish feed production. For example, Eisenia fetida has significant quantities of lipids and 

protein that are comparable to those found in fish meals and fit the nutritional demands of various fish 
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species (MUSYOKA et al., 2019). Protein derived from Eisenia fetida is shown to be more economically 

feasible than chicken gut and soybean waste in the production of fish. The results demonstrated that the 

earthworm powder-based fish feed composition has a high protein content and could be a viable option in 

the catfish aquaculture industry (ZAKARIA et al., 2012). 

Additionally, earthworms are a natural protein source for hens, and currently there is no conflict 

between human and animal consumption (GUNYA et al., 2019; SOLOMON et al., 2019). Thus, earthworm 

meal has the potential to serve as a significant protein source in broiler chicken diets (ZANG et al., 2018). For 

example, earthworm meal from Eudrilus eugeniae is an excellent alternative for fish meal in the diet of broiler 

chickens due to it improves carcass features, digestive organs, and overall meat quality. Also, increasing the 

amount of earthworm meal in the diet enhanced the meat and sensory ratings (NALUNGA et al., 2021). 

 
Food wastes and value-added materials 
 

Food waste represents social and economic problems, and nowadays, an environmental disaster. The 

pressure for food production strongly increases, while 1.3 billion tons of food produced for human 

consumption are wasted; and it is estimated that the food waste generation will increase one-third each year 

by 2030 (RIOS et al., 2020; SKAGGS et al., 2018). Food waste management is also part of the 17 Sustainable 

Development Goals, aiming to reduce the losses of food along the production and supply chains.  

Conrad et al. (2018) reported that in the USA, each person wasted 26% of daily food during the 2007-

2014 period, representing 422 g person/day. The majority (39%) of waste was composed of fruits and 

vegetables, followed by dairy products (17%), meat (14%), and grains (12%). The authors highlighted that, 

contrary to the traditional thought that higher quality diets (composed of fruits and vegetables) are better 

for the environment due to the fact that vegetable production requires less land use, this production chain 

uses higher volumes of pesticides, and the vegetables are the most discharged food type. In this sense, the 

authors highlight that diet quality improvement and decrease in food waste generation are actions that need 

to occur simultaneously, where the consumption of fruits and vegetables should increase, but with less waste 

(CONRAD et al., 2018).  

Considering this, food waste has been studied as valuable biomass for energy (biogas, biofuels) and 

resource (biofertilizers) recovery through biological processes such as anaerobic digestion, composting and 

fermentation (MA et al., 2019). Food waste has been studied for the production of enzymes such as 

glucoamylase, cellulase, protease, xylanase and lipase (MA et al., 2019).  

Another food waste of special concern is the fish manufacturing waste. This waste is a rich material, 

composed of proteins and oil (CALDEIRA et al., 2020). These compounds can be reused in the fish production 

chain, once that the fish diet needs protein and oil, which is normally supplemented by other fishes of lower 

interest (RACIOPPO et al., 2021). The fish waste has been studied as an alternative to bioplastic production, 

due to special characteristics such as elasticity, plasticity, and an efficient oxygen barrier (URANGA et al., 

2018). Enzymes can be extracted from fish waste to be applied on food processing, cosmetic, textiles 

industries, being a cheaper alternative to obtain these substances (OLIVEIRA et al., 2019).  
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The meat industry generates huge amounts of meat waste, which can vary depending on the animal 

species (JAYATHILAKAN et al., 2012). Beef lung, pork lung, deboned chicken meat can be used for protein 

production, while poultry feathers and swine hair can be used for keratin production (MALDONADO et al., 

2022; PRECZESKI et al., 2020). Collagen can be obtained from the tissue of bovines, and applied to the food 

and cosmetic industry (NOORZAI et al., 2020).  

The main waste generated in the dairy industry is whey protein, where studies have been conducted 

aiming to obtain a valuable source of oligosaccharides and production of kefiran, a water-soluble 

exopolysaccharide (BARILE et al., 2009; CHEIRSILP et al., 2011). Eggshell waste is a considerable residue that 

has been studied as soil additive to improve the agronomic properties of soil, as biochar for the removal of 

pollutants from water, fertilizer, animal food, and production of calcium oxide used in biodiesel fabrication 

(OLIVEIRA et al., 2013; WEI et al., 2009). 

 
Aquatic plants and algae 
 

Microalgae, which include eukaryotic algae and cyanobacteria (photosynthetic bacteria), have shown 

to be an environmentally beneficial and sustainable alternative to the energy-intensive and traditional 

biological treatment techniques that are often used currently (MOHSENPOUR et al., 2021). Apart from being 

a renewable resource of biomass, the use of micro-algae in wastewater treatment is a cost-effective and 

viable way of CO2 biofixation (ALMOMANI et al., 2019). Microalgae use nitrogen and phosphorus, among 

other compounds present in wastewater, for their growth, resulting in reduced concentrations of these 

compounds in the water (PAW et al., 2019). 

The utilization of microalgae presents an innovative step for wastewater treatment since it provides 

tertiary treatment while also producing potentially valuable biomass that can be utilized for a variety of 

applications, including bioenergy, nutraceuticals, aqua-feed and fertilizer. Different microalgae species on a 

variety of wastewater types, including municipal, agricultural, animal manure, and industrial effluents, with 

different treatment efficacy and microalgae growth efficiencies (SALAMA et al., 2017). When cultivated with 

dairy effluent as a nutrient medium, Chlamydomonas biomass was used for simultaneous wastewater 

treatment and biofuel generation, yielding lipid productivity of 87.5 mg L-1 day-1. The C14:0, C16:0, C16:1, 

C18:0, C18:2, and C18:3 fatty acid chains reported were promising for biofuel synthesis (ARORA et al., 2016). 

Microalgae biomass also serves as a potential source of biomethane. Since microalgae biomass has 

little lignin and cellulose, it can be rapidly converted into biogas by digestion (HARUN et al., 2011). 

Scenedesmus spp. biomass cultivated in swine wastewater under different conditions, generated 

biomethane yields ranging from 44 LN CH4 (kg biomass)-1 to 103.5 LN CHN (kg biomass)-1 (PERAZZOLI et al., 

2016). A comparative evaluation of biogas generation from algal wastes (residues after oil extraction from 

Chlorella minutissima) and algal wastes (Ulva lactuca from coastal regions) was conducted. As a result, U. 

lactuca waste generated 342.59 cm3 CH4 g-1 VS biogas, almost the same obtained from waste from oil 

extraction, that was 341.43 cm3 CH4 g−1VS (KOÇER et al., 2018).  

Microalgae can synthesize essential and non-essential amino acids, which can then be processed for 
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human and animal nutrition (KOYANDE et al., 2019). In a recent study, microalgae were efficient to remove 

ammonia-N and P (100%) from swine wastewaters and presented high amino acids content (up to 59.6 % dry 

weight); from the 11 essential amino acids identified, the most abundant were lysine, leucine, threonine, 

methionine, and tryptophan (MICHELON et al., 2022). Besides, 25 bioactive peptides were found in the 

microalgae biomass, with possible multiple bio functionalities including anticancer, antioxidant, anti-

amnestic, antithrombotic, immunomodulating, neuropeptide, hypolipidemic, anti-inflammatory and 

hypotensive (MICHELON et al., 2022). 

 Similarly to microalgae, the aquatic plants' use (phytoremediation), also is considered an eco-

friendly process and advantageous technique for substances contaminants (CAMPOS et al., 2019). This 

approximately 300-year-old process is used effectively in wastewater treatment (CAROLIN et al., 2017), and 

different plant species were evaluated and identified for their ability to remove contaminants from 

wastewaters (PRASAD, 2007). Plants grow during the treatment phase, as a result of nutrition intake to 

eliminate contaminants (KADIR et al., 2020). There have been studies on the use of plant biomass as a 

substitute or supplemental animal feed, such as broiler chicken (JOYSOWAL et al., 2018), goat (SAMANTA et 

al., 1995), cattle (INDULEKHA et al., 2019), and buffalo (SINGH et al., 2017) production. 

Biofuel produced from macrophytes biomass such as bioethanol, biohydrogen, biogas, and biodiesel 

have been studied. The conversion from Eichhornia crassipes and Pistia stratiotes (free-floating aquatic plant) 

produced 0.14-0.17 g ethanol g-1 biomass (SODA et al., 2013). The biohydrogen production from macrophyte 

biomass wastes (Azolla sp.) was 2.2 mol hydrogen mol glucose-1, indicating that this is a viable alternative 

feedstock (MIRANDA et al., 2016). Aquatic plant biomass was also converted into biogas via anaerobic 

digestion and presented yields ranging from 0.89 to 2.33 mL biogas g biomass-1 (MOELLER et al., 2018). 

Eichhornia crassipes biomass was applied to produce biodiesel and resulted in a maximum yield of 63.6 mg 

biodiesel g biomass-1 via transesterification (SHANAB et al., 2018). Also, biochar can be produced from 

aquatic plant biomass; several aquatic plants were reported to produce biochar with yields ranging from 120 

to 420 mg biochar g biomass-1 (KURNIAWAN et al., 2021).  

 
CONCLUSIONS 
 

This review showed a variety of possibilities to reuse wastes, from different sources, and transform 

them into valuable products. These processes are in accordance with the circular economy concept, and can 

be applied all around the world to promote sustainable practices. For the future, the researcher will help to 

fill the gaps existent, and permit the successful implementation of real scale systems.  

In this sense, it is important to highlight that under the umbrella of sustainability there are thousands 

of actions to preserve the environment, to increase the economy creating financial opportunities, to improve 

life quality and human development. The 17 SDGs are interlinked, and their implementation are the key 

points to achieve a better future for the next generations. However, the efforts need to be integrated among 

the scientists, politicians and population. Sustainability just will be a reality if all of us work together.  
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