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Abstract: With tremendous increase in population across the globe, the amount of waste which is generated every day 

in very high by each individual. Some of the waste can be recycled and some cannot be done. Waste produced in a 

country falls into two main types organic waste and inorganic waste. Given the rapid growth of the global population, 

each person generates a large amount of waste daily. Modern farming faces serious difficulties with managing organic 

waste because traditional methods are often ineffective and unsustainable. To address these issues, this research proposes 

a new method for smart composting that merges IoT with gradient-boosting algorithms. The two critical components of 

sustainable agriculture that complement each other to achieve ecological balance, environmental preservation and the 

health of the people are organic farming and waste management. Organic farming is focused on application of natural 

inputs, crop rotation and composting as opposed to fertilizers and pesticides. In contrast, waste management is the 

process of systematically gathering, recycling and reusing of organic and farming garbage to ensure more soil fertility 

and less pollution. This paper provides an extensive survey on the inter-relation between practices of organic farming 

and waste management systems, where a combination of these methods can help in achieving sustainable agriculture 

and development in rural areas. 
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I.    INTRODUCTION 

 
Organic farming is an eco-friendly system of agriculture that depends on ecological processes, biodiversity and cycles 

that are adjusted to local requirements. Most cities or countries conduct a lot of awareness programs to put a lot of 

emphasis on the waste management. One of the key issues is Organic Waste Management which pollutes the environment 

through natural degradation of organic waste does not use synthetic chemicals but it concentrates on the use of compost, 

green manure and biological control of pests. At the same time, waste management is a critical practice that needs to 

manage and recycle agricultural wastes, animal wastes, and household organics. The combination of waste management 

and organic farming will guarantee that natural resources are fully exploited so that the environmental degradation will 

be minimized and the regeneration of the soil will be encouraged. This research paper examines the benefits of merging 

the two practices to the environment as well as agricultural yield. The generation of compost, vermicompost, 

biofertilizers, and biogas is the direct connection of waste management which aims in combining organic farming and 

the formation of circular, regenerative systems. 

 

II.    IMPORTANCE OF ORGANIC FARMING AND WASTE MANAGEMENT 

 
The importance of organic agriculture and waste management plays a major role in the achievement of long-term 

agricultural sustainability which are as follows: 

1. Environmental Conservation: Reduces the number of pollutants of the soil and water by the synthetic 

chemicals. 

2. Fertilization of Soil: Organic compost enriches accumulates required nutrients which improve the soil texture 

and retain soil water. 

3. Waste Reduction: It is proposed to use agricultural and food wastes to obtain good compost rather than 

throwing them away. 

4. Climate Mitigation: Reduces the greenhouse gases through the application of composts and biofertilizers. 

5. Health: It produces toxic free food that can be used in human wellbeing. 

6. Economic Stability: It reduces dependency on chemical fertilizers, lowering production costs and fostering 

self-sufficiency among rural communities. 
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Technologies & Best Practices of organic farming includes: 

1. Segregation and feedstock preparation: Wet organic fraction is segregated so as to reduce the contamination. 

The processing is improved through the pre-treatment (shredding, mixing).  

2. Composting controls: C: N ratio must be 25-30:1, moisture shall be 45-60 and the compost must be turned 

regularly to make sure the activities remain aerobic.  

3. Vermicomposting: Feed worms with developed compost maintain a constant moisture and temperature avoid 

the use of toxic substances.  

4. Anaerobic digestion: This is applicable on wastes of high moisture and formulated to be properly stored for 

maintaining quality and consistency. The post-digestion process to maximize biogas production. Anaerobic 

digesters can also be integrated with combined heat and power systems to improve energy efficiency 

5. Quality control: Ensure that the products meet local agricultural standards, with acceptable levels of NPK 

(Nitrogen, Phosphorus and Potassium), heavy metals, and pathogens for safe use in farming. 

 

III.     LITERATURE REVIEW 

 

SL 

NO 

YEAR PROJECT TITLE DESCRIPTION 

1. 2024 [1] Recycling agricultural residues for 

sustainable farming  

Recycle of agricultural wastes is very important in 

ensuring sustainable farming of the crops, the wastes 

that are being recycled include straw, husks, stalks and 

manure which can be reused to produce useful 

products. Rather than burning and disposing them, they 

can be composted or bio-digested, or recycled into 

biochar to augment the fertility of soil and increase its 

capacity to absorb carbon. Research has revealed that 

agricultural residues which are reused can be used to 

enhance the level of organic matter, levels of nutrients 

as well as the activities of microorganisms in soil, 

which increases the productivity of crops. Also, it is the 

one that lowers greenhouse gas emissions, decreases 

waste disposal problems and contributes to a circular 

agricultural economy. The new practices combine such 

technologies as vermicomposting, anaerobic 

digestion, and microbial inoculants to quicken the 

breakdown, as well as recycling of the nutrients. All in 

all, recycling agricultural residues not only guarantees 

environmental sustainability, but also protects natural 

resources and prevents the farming systems against the 

effects of climate change. [1]. 

2 2024 [2] Smart Composting Solutions for 

Organic Waste Management and 

Soil Enrichment in Agriculture 

with IoT and Gradient Boosting  

Smart compost devices are a combination of Internet of 

Things (IoT) and sophisticated Machine Learning 

algorithms such as Gradient Boosting to enhance the 

routine of organic waste decomposition and soil 

fertilization. The conventional ways of composting do 

not necessarily provide a precise measurement of such 

parameters like temperature, moisture, pH, and oxygen, 

and result in the non-uniform quality of compost. The 

IoT-based systems avoid these limitations because they 

work on the principle of sensors to gather real-time data 

and send it to the cloud-based platforms to be analysed. 

This information is fed through the Gradient Boosting 

algorithm to determine the best composting conditions 

to allow automatic control of aeration, moisture, and 

microbial behaviour. Studies have shown that these 

intelligent systems save a lot of time in composting, 

increase nutrient retention, and yield high-quality 
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organic manure that increases soil fertility and richness 

of the microbes. Waste minimisation, energy 

conservation and sustainable agriculture also receive 

backup through these technologies as farm and food 

waste can be converted into useful organic fertilisers. 

Altogether, the combination of IoT and Artificial 

Intelligence in composting is one of the significant 

steps on the way to data-driven, sustainable, and smart 

farming. [2]. 

3 2024 [3] Smart waste management systems 

in rural areas   

Rural-based smart waste management systems aim at 

combining technology and sustainability in the 

management and recycling of wastes to enhance 

sanitation and environmental wellbeing. Classic waste 

disposal systems used in rural areas like open dumping 

and burning are sources of pollution and health risk. 

The IoT (Internet of Things) sensors, data analytics, 

and automation help smart systems to track the 

amount of waste and optimize the collection routes and 

encourage recycling. Research notes that this type of 

system assists in the separation of biodegradable and 

non-biodegradable waste so that proper composting and 

energy recovery can be done via biogas production or 

biofertilizer. Efforts to generate awareness and 

community involvement in the management of waste 

are being adopted through the use of mobile 

applications and sensor-based bins. Through digital 

content and local solutions, smart waste management 

will guarantee cleaner villages, lower the costs of 

operation, and sustain rural areas in accordance with 

Swachh Bharat and Smart Village programs. In general, 

it achieves the linkage between technology and rural 

development through the conversion of waste into 

useful resources [3]. 

4. 2024 [4] Analysis of Smart Waste 

Collection System and IoT-Based 

Garbage Segregator  

This paper discusses the creation of a smart and 

sustainable waste management system designed to 

improve efficiency through automation and real-time 

monitoring. The system uses Internet of Things (IoT) 

technology to track and manage waste collection by 

monitoring the fill levels of disposal bins. It employs 

sensors such as ultrasonic, infrared, and weight 

detectors to measure the amount of waste in each bin 

and send the data to a central control unit. Using the 

collected information, the system automatically plans 

better routes for waste collection vehicles. This ensures 

that bins are emptied only when necessary. This 

approach reduces unnecessary trips and saves on 

operational costs while also minimizing fuel use and 

traffic jams. Additionally, IoT-based alerts enable 

timely maintenance and improve the overall efficiency 

of waste collection. By adopting this system, city 

officials can enhance urban sanitation, lower reliance 

on manpower, and support cleaner, more 

sustainable cities. [4].  

5 2024 [5] Role of microorganisms in organic 

farming  

Microorganisms are essential in the cultivation of 

organics that helps in sustaining the soil by keeping it 

healthy, increase nutrient levels and help the growth of 

crops to be sustainable. The useful microorganisms 

including bacteria, fungi, actinomycete, and 
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cyanobacteria break down organic matter, fix 

atmospheric nitrogen, solubilize phosphorus, and make 

growth-promoting substances. They contribute to the 

development of soil structure, better water retention, 

and organic carbon. Crops grown using biofertilizers 

that contain microorganisms such as Rhizobium, 

Azotobacter, Az spirillum and Trichoderma are eco-

friendly and cost effective in farming. Such microbes, 

too, suppress pathogenic microbes in the soil by natural 

antagonism, which decreases the reliance on chemical 

pesticides. Recent studies combine Microbial consortia 

and mycorrhizal associations to increase nutrient 

absorption efficiencies and resilience of plants to 

adverse environments. Altogether, microorganisms are 

major sources of nutrient circulation and ecological 

homeostasis that forms the basis of sustainable organic 

agriculture. [5]. 

6. 2021 [6] Smart garbage segregator and IoT 

based waste collection system  

A Smart Garbage Segregator and IoT-Based Waste 

Collection System that with the help of automation and 

real time monitoring can help enhance the efficiency of 

waste segregation and management. The use of 

traditional modes of waste collection is usually 

characterized by difficulties of manual sorting, 

unregulated collection, and ineffective tracking of 

waste. The Smart garbage segregators can help solve all 

these problems as they use sensors, microcontrollers, 

and Machine Learning algorithms to automatically 

separate the waste into biodegradable, non-

biodegradable and metallic. Bins used in IoT are 

equipped with sensors, temperature, and type of waste, 

which is sent to the cloud platform (or municipal 

dashboards) to be analysed and optimized to establish 

the route. Research indicates that these systems lead to 

significant improvement in human intervention, cost of 

operation and lack of overflow of waste. They also 

improve the efficiency of recycling and environmental 

cleanliness both on the cities and on the rural regions. 

As part of the integration, the mobile or web-based 

programs allow the authorities to schedule the routine 

collection of the waste in time to leave cleaner 

environment and capture a lot of resources. As a result, 

IoT technology and smart automation in waste 

management will foster sustainability, efficiency, and 

transparency in the new smart cities and smart villages. 

[6]. 

7 2020 [7] Integrated organic waste 

composting for sustainable soil 

health  

Integrated organic waste composting, a green 

procedure aims at converting many types of 

biodegradable wastes including crop residues, animal 

manure, and kitchen waste into composts rich in 

nutrients to improve the health and fertility of soil. This 

technique is a mixture of the standard composting and 

vermicomposting technology coupled with 

microbial inoculation technology to speed up 

decomposition and enhance nutrient retrieval. It is 

found that integrated composting does not just increase 

the soil with the required macro- and micronutrients but 

also enhances the soil structure, water retention, and 

microorganisms. The process will minimize landfill 
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waste, greenhouse gases and requirement of chemical 

fertilizers hence sustained agriculture. The utilization 

of Effictive Microorganisms (EM) and bio-enzymes in 

the optimization of composting efficiency and 

reduction of Odor and pathogens are also highlighted in 

studies. In summary, integrated organic waste 

composting will guarantee sustainable soil 

management through recycling of organic matter to the 

ecosystem which promotes long-term productivity and 

environment balancing. [7]. 

8. 2020 [8] Electrically Controlled Artificial 

System for Organic Waste 

Management using Black Soldier 

Flies with IoT Monitoring  

This paper explores an automated and environmentally 

friendly solution to the conversion of organic waste into 

valuable by-products through the Black Soldier Fly 

(BSF) larvae is described. The system is electronically 

controlled with Arduino Mega and Node MCU with 

electronic sensors such as the DHT-11, the MQ7, the 

MQ135, and the MS-1100 to ensure the system 

maintains ideal temperature and humidity. It enables 

real time remote observation and is also efficient in 

composting with minimum human labour. The system 

gives out organic fertilizer and protein larvae food, 

which has environmental and economic advantages. It 

has a high initial setup and maintenance cost; however, 

it offers a long-term and scalable way of handling 

contemporary waste management. The primary benefits 

of this system are its sustainability in the environment 

and economic worth. It eliminates pollution caused by 

the conventional waste management systems such as 

burning or land filling, prevents water pollution and 

greenhouse gases. Organic fertilizer and larvae feed are 

converted into end products, which are natural, 

chemical-free, and commercially viable thereby 

providing income opportunities to farmers and plant 

waste management industries. It is efficient, scalable 

and the system consumes minimal power with less 

manual labour being required. [8]. 

9 2017[9] Waste-to-Energy approaches in 

organic agriculture  

The waste-to-energy strategies of organic agriculture 

are aimed at transforming organic wastes and farm 

wastes into renewable energy sources like biogas, 

biofuel and bioelectricity, and at the same time 

generating nutrient-rich wastes that can be used to 

improve the soils. These technologies make use of 

anaerobic digestion, pyrolysis and gasification to 

convert organic material into useful energy, eliminating 

reliance on fossil fuels and limiting environmental 

pollution. Research has revealed that anaerobic 

digestion of animal manure and crop residues lead to 

biogas which can be utilized to cook, produce 

electricity or pump irrigation which makes farms more 

self-sufficient and sustainable. The remains of the 

energy recovery are a great organic fertilizer, rich in 

nitrogen, phosphorus and potassium which are enriched 

into the soil. State-of-the-art systems combine the 

monitoring and automation based on the IoT to manage 

the process efficiently and use waste efficiently. 

Overall, the waste-to-energy approaches will help in 

closing the gap between sustainable waste management 
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and renewable energy generation, which will support 

the idea of the circular economy in organic farming. [9]. 

10. 2016[10] Incorporation of Phase Change 

Material (PCM) in Poultry 

Hatchery for Thermal 

Management & Energy 

Conversion Schemes of 

Slaughterhouse Waste in Broiler 

Farms  

This paper investigates the application of Phase 

Change Materials (PCMs) and energy recovery to 

achieve sustainability in the work of poultry and broiler 

farms. Thermal management in poultry hatcheries is 

done by means of PCMs, which have the capacity to 

take in, store and give out latent heat to keep the 

temperature constant at levels needed to incubate eggs 

and nurture chicks. PCM helps in saving energy, 

temperature, and increasing the hatchability rates 

by eliminating the reliance on traditional electrical 

cooling/heating systems. At the same time, the study 

discusses the energy conversion plans of the waste of 

slaughterhouse to turn organic residues, blood, fat, and 

offal, into biogas or biodiesel by using such processes 

as anaerobic digestion and transesterification. This 

two-fold solution to the problem reduces environmental 

pollution and at the same time encourages the 

utilization of circular energy source in poultry and 

broiler farms, by converting waste into feasible heat or 

electricity power, as well as, electricity energy [10]. 

11 2013 [11] Management of Tropical Bio-Geo-

Resources through Integrated Bio-

Cycle Farming System for Healthy 

Food and Renewable Energy 

Sovereignty  

The application of tropical bio-geo-resources by means 

of Integrated Bio-Cycle Farming System (IBFS) is 

aimed at establishing a self-sustainable model of 

agriculture, which is connected to food production, 

waste recycling, and the generation of renewable 

energy. This is an approach that focuses on efficient use 

of natural resources like soil, water, biomass, as well as 

solar energy in a tropical ecosystem. The system mainly 

incorporates crops growth, livestock farming, 

aquaculture and bio-energy generation thus making 

sure that the outputs of one part can be used as inputs 

of another to attain a closed-loop, zero-waste cycle. 

Studies indicate that IBFS increases fertility of soils by 

recycling organic nutrients, minimizes environmental 

degradation and biodiversity. Moreover, the 

agricultural residues and animal waste can be turned 

into biogas, biofertilizers, and biochar to achieve 

energy self-sufficiency and the reduction of greenhouse 

gases. The systems would lead to the production of 

healthy foods which are not chemical and enhance rural 

energy control and climate change resilience. In 

general, integrated bio-cycle farming is an 

environmentally sustainable approach to management 

of tropical bio-resources and long-term agricultural 

sustainability. [11] 

 

IV.    CONCLUSION 

 
Sustainable agricultural development through organic farming and proper management of waste is a guarantee of saving 

natural resources. Composting, recycling, and environmentally friendly practices of cultivation make the soil healthier, 

less polluted, and biodiverse. Following these practices, farmers will be able to switch to a circular economy in 

agriculture, ensuring that the future generation will perform with the safety of food and ecological balance. Further 

studies are needed on prevention of contamination, cost-effective solutions to small holder farmers and business 

solutions that encourage waste valorisation - to contribute to their rapid conversion into sustainable, waste-efficient 

organic agriculture. 
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V.          SUSTAINABLE DEVELOPMENT GOALS 

 

SDG Goals Goal Description Justification 

SDG 2 – Zero Hunger End hunger, achieve food security, 

improve nutrition, and promote 

sustainable agriculture. 

The project supports sustainable 

agricultural practices by integrating 

organic farming and composting 

methods that enhance soil fertility, 

crop yield, and food security. 

SDG 3 – Good Health and Well-

being 

Ensure healthy lives and promote 

well-being for all at all ages.

  

Organic farming reduces exposure 

to harmful chemicals and promotes 

the production of toxin-free food, 

leading to healthier lifestyles and 

reduced diseases caused by 

pollutants. 

SDG 6 – Clean Water and 

Sanitation  

Ensure availability and sustainable 

management of water and 

sanitation for all. 

Waste management and organic 

composting reduce contamination 

of water sources by preventing 

dumping of agricultural waste and 

minimizing runoff of chemical 

fertilizers. 

SDG 7 – Affordable and Clean 

Energy 

Ensure access to affordable, 

reliable, sustainable, and modern 

energy for all. 

Through waste-to-energy 

techniques such as biogas 

generation and anaerobic digestion, 

the project promotes renewable 

energy use in agricultural 

processes. 

SDG 11 – Sustainable Cities and 

Communities 

Make cities and human settlements 

inclusive, safe, resilient, and 

sustainable. 

Smart waste management systems 

proposed in the study promote 

cleaner rural and urban 

environments, contributing to 

sustainable and waste-efficient 

communities. 

SDG 12 – Responsible 

Consumption and Production 

Ensure sustainable consumption 

and production patterns. 

The project encourages recycling, 

composting, and the conversion of 

waste into valuable agricultural 

inputs, fostering a circular 

economy in agriculture. 

SDG 13 – Climate Action Take urgent action to combat 

climate change and its impacts. 

Composting and biofertilizer 

production reduce greenhouse gas 

emissions from waste burning and 

chemical fertilizer use, mitigating 

climate change effects. 

SDG 15 – Life on Land Protect, restore, and promote 

sustainable use of terrestrial 

ecosystems, forests, and 

biodiversity. 

Organic farming enriches soil 

biodiversity, improves ecosystem 

balance, and reduces land 

degradation caused by chemical-

intensive farming. 

 

REFERENCES 

 

[1]. A. Kumar and P. Sharma, ”Recycling agricultural residues for sustainable farming”, “Journal of Environmental 

Management and Research”, vol. 18, no. 3, pp. 101–110, 2024. 

[2]. A. A. M. Authier Riazulhameed, C. S. Ranganathan, P. Pandey, S. B, K. Sasikala and S. Murugan, "Smart 

Composting Solutions for Organic Waste Management and Soil Enrichment in Agriculture with IoT and Gradient 

Boosting," 2024 4th International Conference on Sustainable Expert Systems (ICSES), Kaski, Nepal, 2024, pp. 

339-345, Doi: 10.1109/ICSES63445.2024.10763259. 

[3]. G. Vinti and M. Vaccari, “Smart Waste Management in Rural Communities of Developing Countries: An 

Overview of Challenges and Opportunities,” Clean Technologies, vol. 4, no. 4, pp. 1138–1151, 2024. 

https://iarjset.com/


IARJSET 

International Advanced Research Journal in Science, Engineering and Technology 

Impact Factor 8.311Peer-reviewed & Refereed journalVol. 12, Issue 11, November 2025 

DOI:  10.17148/IARJSET.2025.121123 

© IARJSET                  This work is licensed under a Creative Commons Attribution 4.0 International License                  116 

ISSN (O) 2393-8021, ISSN (P) 2394-1588 

 

[4]. M. Nasiruddin et al., "Analysis of Smart Waste Collection System and Internet of Things Based Garbage 

Segregator and its Applications," 2024 First International Conference on Innovations in Communications, 

Electrical and Computer Engineering (ICICEC), Davangere, India, 2024, pp. 1-6, Doi: 

10.1109/ICICEC62498.2024.10808783. 

[5]. C. P. Singh and G. S. Pathak, “Role of microorganisms in soil fertility: Agronomic perspectives,” Agronomy 

Journals, vol. 7, no. 10, pp. 61–XX, 2024, doi:10.33545/2618060X.2024.v7. i10f.1778. 

[6]. Goel, A. H. Goyal, P. Dhiman, V. Deep, P. Sharma and V. K. Shukla, "Smart Garbage Segregator and IoT Based 

Waste Collection system," 2021 International Conference on Advance Computing and Innovative Technologies 

in Engineering (ICACITE), Greater Noida, India, 2021, pp. 149-153, Doi: 

10.1109/ICACITE51222.2021.9404692. 

[7]. A. Thirunavukkarasu, R. Sivashankar, R. Nithya, A. B. Sathya, V. Priyadharshini, B. P. Kumar, M. Muthu Veni 

and S. Krishnamoorthy, “Integrated organic waste composting for sustainable soil health, a critical review on the 

prevailing research gaps and opportunities,” Environmental Science: Processes & Impacts, vol. 25, pp. 364-

381, 2023. 

[8]. M. O. Sabir, P. Verma, P. K. Maduri and K. Kushagra, "Electrically controlled artificial system for organic waste 

management using Black Soldier Flies with IOT monitoring," 2020 2nd International Conference on Advances in 

Computing, Communication Control and Networking (ICACCCN), Greater Noida, India, 2020, pp. 871-875, Doi: 

10.1109/ICACCCN51052.2020.9362816. 

[9]. H. Dhar, “Waste-to-Energy approaches in organic agriculture,” Bioresource Technology, vol. 241, pp. 818–831, 

2017, Doi: 10.1016/j.biortech.2017.08.159. 

[10]. M. R. Saravanan and A. Pasupathi, "Incorporation of phase change material (PCM) in poultry Hatchery for 

thermal management & energy conversion schemes of slaughterhouse waste in Broiler farms for energy 

conservation - a case study," 2016 International Conference on Energy Efficient Technologies for Sustainability 

(ICEETS), Nagercoil, India, 2016, pp. 291-299, Doi: 10.1109/ICEETS.2016.7583768. 

[11]. C. Agus, "Management of tropical bio-geo-resources through Integrated Bio-cycle Farming System for healthy 

food and renewable energy sovereignty," 2013 IEEE Global Humanitarian Technology Conference (GHTC), San 

Jose, CA, USA, 2013, pp. 275-278, Doi: 10.1109/GHTC.2013.6713695. 

 

 

 

 

 

https://iarjset.com/

