


Wealth from agricultural waste of Rice and Sugarcane residues for environmental sustainability: A review

 
ABSTRACT
This review paper discusses significant problem of agricultural waste management, especially the by-products produces through farming systems such as rice and sugarcane cultivation. This is because both these crops find a place among the most produced globally, thereby causing a significant proportion of agricultural waste which leads to environmental issues like pollution and exhaustion of resources. This paper reviewed the types and amount of wastes generated from rice and sugarcane processing (Straw, husks, bagasse and leaves). In this we assess the consequences of these wastes to the environment and delve into select management strategies that can be used to reduce their significance. Attention is given to innovative methods that encourage the recycling and reuse of these by-products. One potential approach is to utilize composting, bioconversion for biofuels. In addition, the paper presents best practice in successful case studies and ways that farmers can deploy these strategies to improve economic viability while supporting environmental sustainability. 
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1. INTRODUCTION
Agriculture is the foundation of many economies across the world, providing food, raw materials, and job opportunities. Agricultural waste is defined as the by-products and leftovers produced by farming operations such as crop cultivation, animal raising, and forestry. Crop remnants (Stalks, leaves, and husks), animal dung, wasted or spoilt products, and unused harvest crop portions are all examples of waste. Agricultural waste, whether organic or inorganic, frequently presents environmental concerns if not adequately managed, ultimately resulting in pollution and resource inefficiency. Crop residue is generated in India on a yearly basis in the range of 500-550 million tonnes. Uttar Pradesh accounts for 60 million tonnes, comes after Punjab (51 million tonnes) then Maharashtra (45 million tonnes). Cereals yield the maximum agricultural waste (351 million tones), next to fibres (66 million tones), oilseeds (29 million tones), pulses (13 million tones), and sugarcane (12 million tones). Cereal crops such as wheat, corn and maize contributes 70% while rice contributes about 34%. Wheat ranked at second with 22% of crop residue (MoA, 2012). Proper agricultural waste management and recycling may help in improving soil health, minimise pollution, and promote efficient farming methods (UNEP, 2011). Rice, wheat and sugarcane wastes are enormous, posing a significant waste management challenge. If not appropriately handled, this will result in environmental damage, health risks, and economic losses. Agricultural waste management has emerged as a critical component in the worldwide push for sustainability. With rising demand to reduce carbon footprints and maximise resource efficiency, it is critical to develop and execute solutions for managing agricultural crop wastes. Wheat, rice, and sugarcane are among the most widely grown crops in the world, and they contribute significantly to agricultural waste. Rice and wheat are staple grains that are widely grown around the world. Cultivation entails vast volumes of straw and husks, which are generally left unused or burned in open areas, leading to environmental pollution and resulting in greenhouse gas emissions (Jain et al., 2014). Sugarcane is another significant crop grown in the tropics and subtropics, and it produces massive volumes of bagasse and press mud, byproducts that present both a burden and an opportunity for waste treatment. The waste is produced in the form of stalks and seed husk. Traditionally, they were left in the field to decompose or burnt, but this method is rapidly becoming seen as unsustainable. The improper handling of waste from agriculture not just degrades the environment, but it also wastes potential resources that could be used for a variety of beneficial purposes. 
Several methods and approaches were developed to improve agricultural waste management, including composting, bioenergy generation, the manufacture of biochar, and the use of leftovers in bio-composites. Each of these processes has distinct advantages and disadvantages, depending on waste qualities and local variables. For example, while producing bioenergy from garbage is very efficient, it necessitates significant upfront expenditures and infrastructure construction. Composting is one of the oldest methods of agriculture waste management, converting organic leftovers into nutrient-rich fertiliser. The strategy lowers waste while enhancing soil fertility and carbon sequestration. Composting requires adequate management to be effective and sustainable in terms of emission control and nutrient balance. Another intriguing research path is the creation of bio-char - a kind of charcoal that is utilised as a soil supplement (Zhang et al., 2021). The utilisation of agricultural leftovers in bio-composites and other industrial uses is also becoming more common. Crop leftovers are used to create bio-composites, which have uses in building, packaging, and other sectors, substituting traditional material usages (Kumar et al., 2019). The problems of scaling up these technologies while maintaining their economic viability continues. We would like to analyse all rice and sugarcane residue management options and discuss how to improve agricultural sustainability. We hope to discuss current techniques, technical advancements, and policy frameworks which will aid in the proper management of by products. By highlighting these potential and difficulties, we want to contribute to the ongoing efforts to establish a more sustainable, adaptable agriculture that aligns with global objectives for environmental preservation and resource efficiency (Kumar and Sharma, 2019).
2. Understanding Waste Types
2.1 Rice Straw
The byproduct remains left after rice crop is harvested. The total biomass of the residue is variable due to several factors such as weather, fertiliser management system, type and receptivity of soil. Rice straw is either spread out or heaped into bulk in the field using self-propelled combine harvesters, or stationary threshers. The amount of rice straw to be removed from field depends greatly on the cutting height. 
Table 1. Composition of Rice straw
	Content
	Percentage (%)

	Cellulose
	32-38.6

	Hemicellulose
	19.7-35.5

	Lignin
	13


                                             (Mirmohamadsadeghi and Karimi, 2020) 
2.1.1 Rice straw management strategies
There are two types of management strategies i.e. In-field operations for rice straw management and Off- field operations for rice management (Fig. 1). 

[image: ]Fig. 1. Rice straw management strategies 
In-field operations for rice straw management
There are two types of management strategies i.e. open burning of rice stubble in the field and incorporation of rice straw in the field. 
a) Open burning of rice stubble in the field
Open burning is frequently seen as the most efficient and cheapest technique for getting rid of rice residue after harvest. It takes little labour and no additional equipment or techniques such as composting or integration into the soil. After harvesting, farmers frequently burn rice straw to prepare the land for the following planting season. It provides a quick method of preparing the soil for sowing that does not require any further mechanical operations. Rice cultivation generates a great amount of rice straw, and open burning may appear to be an easy way to dispose of it fast. Burning rice straw emits significant amounts of CO2 gas, contributing to the greenhouse effect and negatively impacting the environment. Rice straw burning depletes nutrients, requiring farmers to supplement with more fertilizers and nutrients, adding to the cost load (Dobermann and Fairhurst, 2002).
b) Incorporation of rice straw in the field
Rice straw is high in organic matter and includes nutrients such as Nitrogen, potassium, carbon and phosphorus. When degraded, it increases the organic matter of the soil and improves soil health. The gradual decomposition process slowly releases nutrients, rendering their availability to crops for a longer time. Straw improves soil texture by improving porosity, allowing for greater air circulation, water penetration and root development. It lowers soil compaction and may boost microbial activity. Rice straw helps to maintain soil moisture, lowering the requirement for irrigation and crop water stress. Integrating rice straw in the soil rather than burning it lessens air pollution and limits the generation of damaging greenhouse gases. Burning agricultural leftover causes soil damage (Yadav et al., 2015). The most frequent way is to plough the rice straw in the soil. This can be accomplished with regular ploughs or more advanced technology built for straw integration. Conventional tillage involves either ploughing the straw beneath or mixing it with the topsoil to decompose. Rice straw is frequently cut or chopped into smaller bits before inclusion. This helps to accelerate the breakdown process by expanding the surface area accessible to microbial activity. Another method is no tillage farming which involves spreading rice straw on the soil surface as mulch and planting crops into it, leaving the soil undisturbed. This strategy decreases soil erosion and retains soil structure, although further management may be required to guarantee adequate straw decomposition. Researchers are developing easy composting technologies to convert leftover rice straw into soil-rich nutrients (Verma, 2014).
Off- field options for rice management 
There are two types of management strategies i.e. use of rice straw in agriculture/poultry purposes and use of rice straw in energy production. 
Use of rice straw in agriculture/poultry
Rice straw can be used in many ways viz., breeding material for crops (Rice straw offers a dry, clean, pleasant, non-slip, and sanitary environment, reducing the risk of lameness and injury. Healthy legs improve milk production and reproductive efficiency for animals), in mushroom cultivation (Cultivation of mushroom requires rice straw with optimum moisture, temperature, etc.) (Kaushik et al., 2018), nutrients for the soil (Rice straw has both nutrients and caloric values. During the composting process, organic wastes are degraded by microbial populations. Composting offers various advantages, including bulk and mass reduction, high C/N ratio.
Use of rice straw in energy production
Rice straw can be used in many ways for the production of energy such as – thermal power generation (Rice straw has a thermal efficiency of between 60 and 75%, depending on the technique used to burn it) (Vagg, 2015) combustion material (Rice straw can be used as fuel for combustion purposes, as a fertilizer for the soil, feedstock for cattle and also raw material for various industries) (Zhiqiang et al., 2011) and in the production of bio gas. For the production of biogas, underground containers built of cement and bricks typically measure 2.5 meters in width and 4 meters in height, with a dome-shaped top, for producing biogas from rice straw. There are openings for the water entry and gas outflow at the bottom and top of the container, respectively. On top of the straw layer, two layers are stacked one half a meter thick: one is rice straw, and the other is cow manure. Until the plant is fully filled, these stages are repeatedly performed. After adding water to the plant, the fermentation process commences, and a week later, biogas production starts. Five to six cubic meters of biogas are created from one tonne of straw over the course of four months (Patil and Sharanagouda, 2017).  
2.2 Rice Husk
Rice (Oryza sativa L.) is a staple meal for over 50% of the global population. Rice Husk is a by-product of rice grains during the shelling and milling processes. The milling sector generates around 22% of the weight of rice, which is then utilized as an alternative fuel for paddy processing and energy production via gasification (Patil and Sharanagouda, 2017). India, being the world's second-largest rice grower, generates around 20 million tonnes of RHA (Shwetha et al., 2014). Raw rice husk has 75% organic matter and ash generation of other components is 25%. The main roles of the husk are to keep rice filling and protect grains from water loss (preventing drying), white light which is essential for photosynthesis, but promotes heat build up; also it allows tolling insects escape out. Grain development: The husk from which the grain is derived may inhibit grain filling (Fu et al., 2015).
2.2.1 Rice husk management strategies
Rice husk can be managed in various ways
Agricultural industry
Biological control agents
Rice husk can be used to create habitat for beneficial microorganisms and insects that helps in controlling pest population. Certain plant pathogens that are antagonistic to plant pathogens can be cultured on rice husks. It can also be used as a substrate for rearing beneficial insects like predatory beetles or parasitic wasps which then can be released in the field to control pest populations.
Improving soil fertility
Proper processing of rice husk is beneficial to soil due to the bioavailability of silica in rice paddy fields, which affects the crop growth and development (Sekifuji and Tateda, 2019). Rice husk can also be used in composting. Composted rice husk can be added back to the soil to enhance and preserve organic matter, boost yields from agriculture, and reduce the need for chemical inputs (Thiyageshwari et al., 2018).
Mulching 
Mulch is a layer of material that is added to the soil to improve its physical, biological (soil microbiota), chemical, and weed-inhibiting qualities as well as to decrease water evaporation, prevent soil erosion, decreases the release of nitrogen for plant uptake, and increase productivity (Adnan et al., 2020). 
Food and feed industry
A potential absorptive action of rice husk towards aflatoxins has been demonstrated (Seaglioni and Badiale-Furlong, 2016). The Aspergillus fungus penetrates the food chain and produces aflatoxins, which are carcinogenic compounds (Ansari et al., 2021). Agricultural management strategies are shown in (Fig. 2).
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Fig. 2. Major Benefits of Rice husk
Environmental application
Soil remediation
Rice husk can help in improving soil structure as it is rich in silica. When rice husk is incorporated into the soil, they help in improving aeration and drainage which is beneficial for plant roots. Rice husk decomposes slowly adding organic matter to the soil over time. This organic matter improves soul fertility and water holding capacity.
Water refining industry
Rice husks can be converted into activated carbon, a substance that is very useful for purifying water. Many pollutants, such as organic molecules, chlorine, and certain heavy metals, can be adsorbed by activated carbon. To make porous carbon, rice husks are heated to high temperatures while a gas, such as steam, is present (Uddin and Khan, 2012).
Dye removal
Rice husk has adsorption properties for separating chemicals from industrial effluents (Prapagdee et al., 2016). Many dye variations are hazardous, and some of them are agents that cause mutation and disease, thus they must be removed from the environment. Rice husk is used in removing colour compounds, for example methylene blue from aqueous solutions (Vaz et al., 2017).
Composite production
Rice husk takes on a more special name for potential fillers in the production of bio-composites reinforcing already commercially composite due to its abundant existence (Majeed et al., 2017). Until now, the rice husk filled hybrid composites was fabricated varied depend on using as matrix and resins & natural rubbers such us polypropylene, polyethylene both for matrices/ resin too (Bisht et al., 2020). Excels in higher specific strength and modulus; lower tool wear; low cost, less density economically viable, biodegradable environmental friendly than conventional metallic alloys. That shows, that they were used in both basic and industrial research (Hemnath et al., 2021).
Biofuel production
In order to create activated charcoal, silica, syngas, and biofuel, rice husks have a 3D network structure made of organic carbon and silica. Rice husk is a good replacement to coal with fewer pollutants (Nayak et al., 2017). The process of anaerobic digestion, which occurs when bacteria break down organic matter (found in plants and animals) into gas and valuable soil products (found in liquid and solid forms), is known as biogas processing. Methane (50-70%) followed by carbon dioxide (30-40%) and trace amounts of other gases are all present in biogas (Gopal et al., 2019).
Other energy resources
Nanostructured rice husk have been conventionally utilized in contemporary energy industries such as solar cells, li-ion batteries, supercapacitor and triboelectric nanogenerators (Wang et al., 2018). In addition, rice husk is utilized in producing carbonaceous compounds such as graphene oxide, which is employed in biomaterials, electronics, energy production (Manpetch et al., 2022). Environmental strategies are shown in Fig. 3.
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Fig. 3. Environmental application of Rice husk 
Construction materials 
Ceramics
Rice husk has used on ceramics production. The process of preparation of ceramics from rice husk includes; grinding, Rice husk mixing with liquid phenol resin in a ratio of 3:1, drying at 150 to 180 °C, carbonisation, crushing of carbonised mixture, mixture of crushed mixture and powdered phenol resin under a pressure for the formation of a disc, re-carbonisation of formed discs, and finally, a cooling of ceramic discs Because rice husk has a lot of silica, it can be used in the ceramics sector, protecting natural resources (Shibata et al., 2014).
Brick industry
Along with conventional cement, the use of agricultural wastes viz., rice husk and bagasse ash in the making of bricks has greatly lowered costs. Moreover, compared to conventional clay bricks, the resultant bricks are lighter and more resilient (Kumar et al., 2022). Rice husk is also used in the production of construction products such as cement and bricks (Jattin et al., 2020). According to research, a 4:1:2 blend of kaolin, rice clay, and plastic clay produces an ideal refractory surface and good insulation. Management strategies used in construction materials are shown in Fig. 4.
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Fig. 4. Construction materials manufactured from Rice husk

3. Waste management of Sugarcane	
The different types of wastes or by-products that are being produced from sugarcane include sugarcane press mud(sugarcane industries produce the by-product called filter cake or Sugarcane Press Mud; this an amorphous type residue left after forcing sugar-canes in clarifying/checking station), bagasse for 2nd generation (Bagasse is a waste product produced when performing juice extraction from cane sugars/fiber crops.), ash from Bagacillo, molasses (it is thick and dark syrup that a secondary result of cane sugars digestion process) vinass (liquid waste generated by alcohol plants based on sugar canes.). It is a dark brown, slightly viscous liquid with an unpleasant odour) and sugarcane leaves and straws/tops (Sugarcane leaves and tops, commonly known as straws or litter, are lignocellulosic materials that vary in chemical composition based on plant stage, variety, location, and climate).
3.1 Sugarcane Press Mud
Press mud also known as filter cake is remaining black spongy solid after clarification and and sugarcane juice filtration (Ghulam et al., 2012). During purification of sugar by carbonation or sulphitation process, a byproduct is formed which is known as press mud. Both techniques fractionate clear juice on the head and muck around the tail. For processing hundred tonnes sugarcane, three tonnes press mud is generated (Gupta et al., 2011). Press mud is a complex material, containing 15–30% fibers, 5–15% crude proteins, 5–15% sugar, 5–14% crude wax, 9–10% total ash, 4–10% silica, 1–4% calcium oxide, 1–3% potassium oxide and 0.5–1.5 magnesium oxide. It is an organic-rich solid residue known as press mud. Press mud, which is one of the final by-products in sugar industry, serves as the substrate for bio-composting (Chand et al., 2011). As press mud is an organic residue, it contributes carbon to soil microorganisms, it enhances the microflora that then affects the turnover of nutrients. Red soil with inorganic fertilisers and press mud increased cane output. Sugar press mud at rate of 25 tonnes per hectare markedly enhances yield in sugarcane (Ventakakrishnan and Ravichandran, 2013). 
Table 2. Composition of press mud
	Component
	Composition (%)

	Fibers
	15-30

	Crude protein
	5-15

	Sugar
	5-15

	Crude wax
	5-14

	Ash
	9-10

	Silica
	4-10

	Calcium oxide
	1-4

	Potassium oxide
	1-3

	Magnesium oxide
	0.5-1.5



3.1.1 Management of sugarcane press mud
Press mud is a calcium, nitrogen, phosphorus and organic material rich waste, which can be used as soil fertiliser (Casas et al., 2015). It is proven to minimize soil degradation due to crusting, cracking, erosion, and compaction (Fantaye et al., 2016). Press mud can be composted alone or its possible to mix and use it with wastewater, ethanol distillation residue, animal manure, bagasse and other vegetable waste. It can also undergo vermicomposting with earthworm species such as Eisenia fetida and Eudrillus eugeniae (Nenciu et al., 2022). Organic composting takes time, space, and machinery for the turning, aerating, and watering of organic matter piles (Ungureanu et al., 2022). However, denser press mud field application over a long span of time can cause soil pollution, accumulation of heavy metals (zinc, copper, lead) and its adverse impacts on agricultural crops growth (Kumar et al., 2015). The broad variety of applications include for instance aquaculture, adsorption of dyes and metal ions from liquid solutions, synthesis of hydrocarbons and chemicals, paints, cement and foaming agents and others (Gupta et al., 2011). Different types of biofuels including ethanol and biogas, biofuel briquettes from bagasse, cane straws, bagasse ash, and press waste.
3.2 Sugarcane bagasse
Bagasse is the fibrous by-product left behind after sugarcane stalks are crushed to extract the juice. Out of this, 0.25–0.30 tonnes of bagasse is produced per tonne of sugarcane processed (Clauser et al., 2016). It had been reported that one tonne of sugarcane yielded 0.14 tonnes of bagasse (dry mass) and 0.14 tonnes of straw(stems) (Costa et al., 2014). Worldwide, over 700 million tonnes of bagasse are generated every year (Monterio et al., 2016). The top 10 countries that cultivate sugarcane alone produce more than 540 million tonnes of bagasse a year (Khoo et al., 2018). Sugarcane bagasse is heterogeneous depending on plant variety, agricultural conditions, harvesting methods, and processing. The composition of sugarcane bagasse is about 45-50% water, 2-5% soluble sugars and 40-45% fibre and 60-80% carbohydrates (Sahu, 2018). Sugarcane bagasse has a fibrous structure consisting of cellulose 42%, hemicellulose 28% and lignin 20%, with different composition for each component, like any other natural vegetable fibres (Alves-Rezende et al., 2011).
Table 3. Composition of Sugarcane bagasse
	Component
	Percentage range (%)

	Water
	45-50

	Soluble sugars
	2-5

	Fibre
	45-50

	Carbohydrates
	60-80



Table 4. Fibrous structure composition
	Component
	Composition (%)

	Cellulose
	42

	Hemicellulose
	28

	Lignin
	20



3.2.1 Management of sugarcane bagasse
Bagasse is an important sort of recoverable trash in large sugarcane-growing nations, with over 40 potential applications (Barrera et al., 2016). Approximately 58-76% of bagasse's wet mass is made of polysaccharides that can be hydrolysed into monosaccharides (glucose and xylose) and subsequently converted by microbial fermentation into enzymes, lipids, proteins, biofuels, feed and other biochemical compounds (Munagala et al., 2021). Various management strategies that are used in case of sugarcane bagasse.
Sugarcane bagasse energy recovery
Sugarcane bagasse has a moisture content of approximately 48% and a calorific value of 8021 kJ/kg and is often employed as a fuel type in cogeneration facilities for the generation of thermal energy (steam) and electricity within the same plant (Chandel et al., 2018). These energy products could provide for all the heat and electrical energy necessary for the sugar industry to operate, with the excess of energy generated finally delivered to the national electric grid (Alves et al., 2015).
Bioethanol production facility from sugarcane bagasse
Use of ethanol in modern internal combustion engines is an excellent alternative fuel. The high cellulose content and large yields of sugar related to the sugar industry, but it is replaced by the simple monomeric sugar for the synthetic process, a necessary compound for the synthesis of bioethanol from sugar cane bagasse, which serves as an essential raw material for bioethanol synthesis (Krishanan et al., 2010). Bioconversion of lingo-cellulosic biomass to ethanol proceeds in four steps. Biomass pretreatment is a process where microbial enzymes are used to cleave lignin and hemicellulose from lignocellulosic biomass to release cellulose. The final ethanol yield is greatly influenced by the quality of the bagasse and the pretreatment method used (Niju and Swathika, 2019). Cellulose and hemicellulose are the main enzymatic hydrolases of cellulose and hemicellulose, cleaving glycosidic bonds and transforming them into glucose. Various species of bacteria like Celulomonas, Bacillus, Thermonospora, Erwinia and fungi like Trichoderma, Fusarium, Phanerochaete etc. produce cellulose-related enzymes (Padella et al., 2019, Khonngam and Salakkam 2019). Biological and physicochemical parameters which include substrate composition and nature, temperature, pH, oxygen, and types of microbe, affect the optimum enzymatic conversion process of sugarcane bagasse to value-added products. Microorganisms like Zymomonas mobilis and Saccharomyces cerevisiae are capable of ferment the hexoses and pentose into bioethanol from saccharified biomass with high efficiency for ethanol production (Nava-Cruz et al., 2016). The last step is to distill the ethanol, which then will be 95% pure since forming a low boiling water-ethanol azeotrope (Pereira et al., 2015). The whole process of bio ethanol production from sugarcane bagasse (Fig. 5).
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Fig 5. Bioethanol production from sugarcane bagasse
3.3 Sugarcane bagasse
It comes from the combustion of sugarcane bagasse in order to generate energy. More than half of the sugarcane is bagasse, and is widely used for manufacture and burned to produce energy. Bagasse ash (predominantly of fly ash and bottom ash), after incineration of whole cane will be the last waste of sugar production stream (Joglekar et al., 2022). When 1 tonne of sugarcane bagasse is incinerated,15-35 kg of ashes are produced but only 5-6.6 kg fly ash. Production wise, around 148 million tons of bagasse generate around 3.6 million tons of bagasse ash in Brazil every year if one considers that each ton of sugarcane processed yields about 250 kg of bagasse with the combustion of that bagasse yielding 6 kg of ash. Likewise, in China an annual production of 1.25 to 2 million tons of sugarcane bagasse is generated. Bagasse ash production in Australia is around 230 K tons (Xu et al., 2018). Both siliceous and non-siliceous ash are produced in the range of 70-90% inorganic compounds (Arif et al., 2016), with multiple characteristics such as crystalline, glassy, and amorphous (Torres et al., 2021), with aluminium, iron, and calcium oxides, along with un-burnt carbon (Santos et al., 2014). Bagasse ash is usually discarded to landfills (Paya et al., 2018).
3.3.1 Management of sugarcane bagasse ash
Introduction Bagasse ash can be a potential agricultural soil amendment, but considered a low-nutritional fertiliser due to its deficiency of mineral elements. Ash can be become more nutritious when, in mixture with cane juice filtration sludge or ethanol distillation vinasse. A challenge to the use of ash as fertiliser in agriculture is the high levels of heavy metals (aluminium, chromium, lead) and phenol found in ash above national standards (Deepika et al., 2017). Solid fuels were prepared by briquetting bagasse ash with binder or additives. Biosolid recovery additive may also be originated from biomass waste additional ecological material, thus using these solid biofuels is able to assist cut carbon footprint along with protect the environment. The study showed that the briquettes with use of tropical root cassava flour had good mechanical and thermal proprieties, densification at 1.12 g/cm3 and calorific value of 25.551 kJ/kg. To make charcoal briquettes for household, carbonising bagasse gives ecological coal, which is mixed with clay and molasses. No smoke is released when using these briquettes: Ash: 36.4%, Volatile matter: 27.2% and calorific energy: 4.390 Kcal/g (Xu et al., 2018).
Bagasse is used as a sand substitute and addition in construction materials such as bricks, cement, mortar, and concrete. Cement-based products containing bagasse ash have superior mechanical properties (Setter et al., 2020, Kazmi et al., 2016). Furthermore, this form of ash utilisation can assist reduce greenhouse gas emissions from cement manufacturers, as the cement industry accounts for 8% of total anthropogenic CO2 emissions (Siqueira et al., 2022). Furthermore, the application of bagasse ash in cement industry decreases the cost of construction material, mitigates the pressure of waste disposal (storage cost is increasing), and minimizes soil and air pollution (Tripathy and Acharya, 2022).
In the rubber industry, Bagasse ash, raw bagasse and fibres are blended using natural rubber to produce more environment-friendly composite materials with number of enhanced mechanical properties such as hardness, resistance against compression deformation and friction (Andrew, 2018).
3.4 Sugarcane vinasse
Vinasse is the fermented liquid medium without ethanol, is regarded a significant environmental pollutant after the ethanol distillation process. Vinasse symbolises a discharge of acidic wastewater (pH 3.5-5), dark brown in colour, has a foul odour (Portilla et al., 2017), a high chemical oxygen demand (COD), and high salt content (Kusumaningtyas et al., 2020). It includes suspended organic particles, minerals, yeast, sugarcane proteins, and phenolic structure (Hoarua et al., 2018). The nutrients concentrations (nitrogen, phosphorus, potassium) is high It also contains heavy metals (such as zinc, copper, barium and chromium) along with some residual sugar and some volatile compounds. Each litre of ethanol made from sugarcane yields between 10-15 L of vinasse. It is anticipated that by 2024, vinasse production would reach 1742 billion litres. Each litre of ethanol made from sugarcane yields between 10-15 L of vinasse. It is anticipated that by 2024, vinasse production would reach 1742 billion litres (Kusumaningtyas et al., 2020). The composition of sugarcane vinasse is water (93%), nitrogen (3.3%), ash (3.3%), phosphorus 1130 mg/litre, potassium 120 mg/litre, organic matter 19.5g/litre (Carpanez et al., 2022).
Table 5. Composition of sugarcane vinasse
	Component
	Concentration

	Water
	93%

	Nitrogen (N)
	3.3%

	Ash
	3.3%

	Phosphorus (P)
	1130 mg/L

	Potassium (K)
	120 mg/L

	Organic Matter
	19.5 g/L


                                                                                                                (Carpanez et al., 2022)
3.4.1 Management of sugarcane vinasse	
Vinasse is often treated through anaerobic digestion due to its enormous generation quantities and limited applications (Joglekar et al., 2022). Anaerobic digestion of vinasse reduces pollutants by removing organic materials and producing renewable biogas (Moreira et al., 2022). Vinasse contains significant concentrations of sulphides, resulting in biogas with high concentrations of hydrogen sulphide. This gas is highly corrosive and can damage installation pipes if not removed promptly (Kaini et al., 2022). Vinasse can also be subsequently stored in lagoons where it is treated by oxidation under natural conditions before being applied as liquid organ mineral fertiliser to sugarcane fields near ethanol distilleries via sprinkling systems, thereby contributing to increased agricultural production (Ramos et al., 2022). Crops cultivated on soils where vinasse is applied are not likely to suffer from phosphorus deficiency because Vinasse contains a high level of phosphorus sampling. Future studies on vinasse should examine the ideal application ratio based on soil and crop specifics; otherwise, high application rates will be harmful due to lower yields and extended ripening periods for sugarcane crops that have a low sucrose quality. In addition, high concentrations of vinasse also cause environmental problems like soil contamination with heavy metals, soil salinization and soil acidity (Carpanez et al., 2022). Vinasse was used as a culture medium for filamentous fungus Neurospora intermedia in laboratory conditions and as a substrate for the production of unicellular biomass (protein, lipids, enzymes, organic acids, alcohols) because of its abundant micronutrients content. The developed biomass is characterized by a protein content of 45% and essential amino acids that are required by the body (Santos et al., 2019).
4. CONCLUSION
To summarise, effective agricultural waste management, especially that of rice and sugarcane, is crucial to advancing sustainability and enhancing the financial sustainability in the agricultural business. This review examined the many forms of waste created by these crops, including rice straw, rice husk, sugarcane bagasse, sugarcane vinasse etc., and identified a number of innovative management strategies for each. Rice trash, including husks and straw, presents a unique mix of challenges and opportunities. Converting rice husks into bio-char is a promising technology that not only enhances soil's fertility but also retains carbon, lowering greenhouse gas emissions. Rice waste management techniques needs to take into account both local factors and farmer specific demands. Educational activities that raise awareness about these various uses are vital. Educating farmers with the necessary knowledge and resources can help them adopt sustainable approaches that are compatible with their economic circumstances. Sugarcane waste, which comprises sugarcane bagasse, vinasse offers great potential for long-term management. Implementing integrated waste management methods that include the crop's whole life cycle can assist to improve resource efficiency. Furthermore, government rules that encourage waste-to-energy operations or give incentives for ecologically beneficial behaviours may increase wider adoption. Despite the huge potential for managing paddy and sugarcane waste, several issues must be addressed. One of the most serious issues is a lack of infrastructure for handling and using agricultural waste properly. Investing in facilities that can transform waste into energy or products with added value is crucial. Furthermore, ongoing research is critical for improving management strategies and developing new technologies. Collaborative research initiatives involving industrial partners, colleges and universities will be crucial in driving progress in this area. By properly using these wastes, we may minimise environmental impact, increase soil health, and create economic possibilities in rural areas. Future projects should prioritise raising awareness, improving infrastructure, and fostering stakeholder involvement. By adopting modern waste management approaches, we can lay the groundwork for a more resilient and environmentally friendly agricultural business, boosting food safety and preservation of the environment for future generations.
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