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Introduction

Agricultural development in India produces not only food but also enormous quantities of
residual biomass. It is estimated that 350—-500 million tonnes of agricultural residues are generated
annually (Government of India, 2026; Reddy et al., 2025). These include crop residues such as
straw and husk, horticultural waste such as fruit pomace and livestock manure.

A significant proportion of these residues is still burned in open fields, especially in
northern India, contributing to severe air pollution and nutrient loss (Rossi & Srai, 2024). Burning
destroys soil organic matter and releases greenhouse gases, negatively impacting long-term
agricultural sustainability (Government of India, 2026).

At the same time, rural communities face issues of low income and limited livelihood
diversification. Converting agricultural waste into value-added products offers a practical solution
by integrating economic and environmental goals (Singh et al., 2021). The “waste to wealth”
approach emphasizes transforming residues into useful products such as compost, energy and food,
thereby supporting a circular economy in agriculture (Reddy et al., 2025).

Types of Agricultural Residues

Agricultural residues can be broadly classified into the following categories:
1. Crop Residues

Crop residues include straw, stalks and husks left after harvesting crops like rice, wheat,
and maize. India generates approximately 250-300 million tonnes of crop residues annually
(Government of India, 2026). While some residues are used as fodder, a large portion remains
unutilized or is burned.

2. Horticultural Waste

Horticultural waste includes fruit and vegetable residues such as peels, pomace and pruning

materials. For example, apple processing generates significant amounts of pomace, which can be

converted into value-added products (Dubey et al., 2025).
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3. Livestock Waste
Livestock waste, including dung and urine, is widely available in rural areas. It can be used

for biogas production and organic manure, contributing to sustainable farming systems (Singh et

al., 2021).

Type of Waste Examples Potential Uses

Crop residues Rice straw, wheat straw  ||Compost, biochar, biogas, briquettes
Horticultural waste Fruit peels, pomace Compost, enzymes, biofuels
Livestock waste Cow dung, poultry litter  (|Biogas, organic fertilizer
Agro-processing waste  |[Rice husk, oilseed cake Energy, feed, fertilizers

Table 1: Types of Agricultural Waste and Their Uses

Technologies for Waste Utilization
1. Mushroom Cultivation

Mushroom cultivation utilizes agricultural residues such as straw as a substrate. It requires
low investment and provides quick returns, making it suitable for small farmers (Srivastava et al.,
2025). Studies have shown that mushroom cultivation can generate substantial income within short
production cycles (Singh et al., 2024).
2. Composting and Vermicomposting

Composting converts organic waste into nutrient-rich manure. Vermicomposting enhances
this process using earthworms and yields higher economic returns (Singh et al., 2021). It also
improves soil fertility and reduces dependence on chemical fertilizers.
3. Biogas Production

Biogas is produced through anaerobic digestion of organic waste. It serves as a clean
energy source while producing nutrient-rich slurry as a by-product (Ministry of Jal Shakti, 2026).

Government initiatives such as GOBARdhan promote biogas production at the rural level.

4. Briquetting and Pelletization
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Agricultural residues can be compressed into briquettes and pellets, which serve as
alternative fuels. These products are used in industries and power plants, providing additional
income to farmers (Kanagaraj et al., 2017).

5. Biochar Production

Biochar is produced through pyrolysis and improves soil fertility while sequestering
carbon. It contributes to climate change mitigation and sustainable agriculture (Reddy et al., 2025).
Economic Potential and Livelihood Opportunities

The economic benefits of agricultural waste utilization are significant. Studies indicate
that vermicomposting provides higher returns compared to traditional composting and biogas
production (Singh et al., 2021).

Table 2: Economic Returns from Waste-to-Wealth Technologies

Enterprise Input Output Net Return
Vermicomposting 1 tonne dung Compost 22,225
Biogas 1 tonne dung Gas + slurry 3537
Mushroom cultivation Straw Mushrooms %208 per unit
Briquettes Biomass Fuel X1,229

Source: Singh et al. (2021); Kanagaraj et al. (2017)

These enterprises also generate employment opportunities for rural youth and women,
contributing to livelihood diversification (Srivastava et al., 2025).
Case Studies
Punjab

Punjab has implemented innovative strategies to manage crop residues by converting them
into bioenergy and industrial products. Organized supply chains have enabled farmers to sell
residues instead of burning them (Rossi & Srai, 2024).
Himachal Pradesh

In Himachal Pradesh, horticultural waste such as apple pomace is being utilized for

composting and enzyme production, demonstrating region-specific waste utilization (Dubey et al.,

2025).
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Biogas Initiatives
Community-based biogas plants under the GOBARdhan scheme are converting livestock
waste into energy and fertilizer, supporting rural development (Ministry of Jal Shakti, 2026).
Challenges
Despite its potential, several challenges hinder the adoption of waste-to-wealth practices:
o Limited access to technology and machinery
o Weak market linkages and price uncertainty
e Lack of awareness among farmers
o Financial constraints and high initial investment
o Institutional and policy coordination gaps
Addressing these challenges requires integrated efforts involving policy, research, and
extension services (Reddy et al., 2025).
Policy Support and Government Initiatives
The Government of India has introduced several initiatives to promote agricultural waste
utilization:
e Crop Residue Management Scheme (Government of India, 2026)
e GOBARdhan Scheme (Ministry of Jal Shakti, 2026)
o National Biofuel Policy (Government of India, 2018)
These initiatives provide financial assistance, infrastructure, and training to farmers,
encouraging sustainable practices.
Conclusion
Agricultural residues represent a valuable resource for rural development. Converting
waste into wealth offers economic, environmental, and social benefits. Technologies such as
mushroom cultivation, composting, and bioenergy production can significantly enhance farmer
income while reducing environmental degradation (Srivastava et al., 2025; Singh et al., 2021).
However, scaling these solutions requires improved infrastructure, stronger market
linkages, and effective policy implementation. A coordinated approach involving government,

private sector, and farmers is essential to realize the full potential of agricultural waste utilization.
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