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griculture is one of the most important sectors of the rural economy, but conventional

farming systems often follow a linear pattern: resources are purchased, used for
production, and the remaining materials are treated as waste. Circular agriculture offers a
different approach. It aims to keep nutrients, biomass, water and other resources circulating
within the agricultural system for as long as possible. In a circular farming system, crop
residues can become livestock feed, livestock manure can become compost or biofertilizer,
and organic waste can be converted into biogas and other useful products. The Food and
Agriculture Organization (FAO) identifies crop-livestock integration and recycling of
manure and crop residues as important components of circular and agroecological
farming.Thus, the basic principle of circular agriculture is simple:

Waste — Resource — Product — Income — Resource

This approach can help farmers reduce waste, lower input costs, improve resource efficiency
and develop additional sources of income.

What is Circular Agriculture?
Circular agriculture is a farming approach in which agricultural resources and by-products are
reused, recycled and converted into useful products instead of being discarded.
For example:

Crop production — Crop residues — Livestock feed — Milk/meat — Manure —

Compost/Biogas — Fertilizer/Energy — Crop production

This creates a cycle in which the output or by-product of one activity becomes an input for
another.

Crop Waste as a VValuable Resource

Crop residues such as wheat straw, rice straw, maize stalks, husks and other agricultural by-
products are often considered waste. However, many of these materials can be utilized in
productive ways. Some crop residues can be processed and used as livestock feed, while
others can be incorporated into composting systems or used for bioenergy. FAO notes that
crop residues and agricultural by-products can be used within crop—livestock systems,
helping recycle organic materials and nutrients. Instead of burning or dumping residues,
farmers can explore appropriate methods of:

- Animal feed preparation

- Compost production

- Mulching

- Biochar production

- Biogas production

- Biomass-based energy generation

The method should be selected according to the type of residue, local conditions and safety
requirements.
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Livestock Waste as Wealth

Livestock manure is another important resource in circular agriculture. Cow and buffalo
dung, poultry litter and other organic materials can be processed into useful agricultural
inputs.

Manure can be converted into:

- Compost

- Vermicompost

- Organic fertilizer

- Biogas

- Soil amendments

Research and recent FAO guidance highlight the potential of livestock manure and other
organic residues to produce biofertilizers and bioenergy when they are properly managed.
Therefore, livestock waste should not simply be viewed as a disposal problem. With
appropriate management, it can become a source of nutrients, energy and additional
economic value.

Compost and Vermicompost

Composting is one of the simplest ways of converting agricultural and livestock waste into a
useful product. Crop residues can be combined with animal manure and other suitable
organic materials to produce compost. Vermicomposting uses earthworms to help transform
suitable organic materials into a nutrient-rich soil amendment. Farmers can use these
products on their own fields or, where markets and regulations permit, sell them as
agricultural inputs. This creates an opportunity to convert waste into a marketable product
while returning organic matter and nutrients to the soil.

Biogas: Waste into Energy

Livestock manure can also be used for anaerobic digestion to produce biogas. The resulting
gas can be used as a source of energy, while the digested material can potentially be used as a
fertilizer or soil amendment after appropriate management. FAO highlights manure-based
biogas as one pathway for generating renewable energy while recycling nutrients. In India,
the government’s GOBARdhan initiative also focuses on converting cattle dung, crop
residues and other organic waste into biogas, bio-CNG and organic manure. A February 2026
government release reported 979 operational biogas plants under the initiative across 51.4%
of districts as of 14 January 2026.

Reducing the Cost of Farming
One of the major advantages of circular agriculture is the potential to reduce dependence on
purchased inputs. For example, a farmer who grows fodder can use it for livestock. The
livestock produces manure, which can be converted into compost and applied to the farm.
Crop residues can also provide useful livestock feed where they are nutritionally and safely
suitable.
The resulting cycle can be represented as:

Farm — Feed — Livestock — Manure — Compost — Farm
By making better use of resources already available on the farm, farmers can potentially
reduce certain input costs.

Increasing Farmers’ Income

Circular agriculture can create income in several ways. A farmer may earn not only from
crops and livestock products but also from value-added products generated from agricultural
residues and manure.

Potential income streams include:

- Milk and other livestock products

- Compost and vermicompost

- Organic fertilizers

- Biogas or bioenergy
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- Processed crop residues

- Value-added agricultural products

FAOQO describes livestock as having a role in circular bioeconomy systems by converting non-
edible biomass into food, organic fertilizers and renewable energy, while helping close
nutrient cycles.

Benefits for Soil Health

Returning properly processed organic materials to agricultural soils can contribute to
maintaining soil organic matter and nutrient cycling. Compost and other soil amendments can
improve soil physical and biological properties when appropriately produced and applied.
Circular agriculture therefore connects waste management with soil management. Instead of
continuously removing nutrients from the farm through harvested products, some nutrients
can be recovered and returned to the production system.

Environmental Benefits

Circular agriculture can provide several environmental benefits:
. Reduction in agricultural waste

. Better recycling of nutrients

. Reduced open burning of crop residues

. Improved utilization of livestock manure

. Potential generation of renewable energy

. Improved resource-use efficiency

. Reduced dependence on some external inputs

FAO emphasizes that recycling biomass, nutrients and water can increase resource-use
efficiency and minimize waste and pollution.

However, circularity does not automatically make every practice environmentally
safe. Waste must be processed and applied appropriately, and potential risks such as
pathogens, contaminants and nutrient losses must be managed. FAO specifically highlights
food-safety considerations in circular agrifood systems.
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Role of Livestock in Circular Agriculture

Livestock can act as an important link between crop production and resource recycling.
Animals can consume certain biomass that is not suitable for human consumption and
convert it into valuable products such as milk and meat. Their manure can then return
nutrients to agricultural land. This makes livestock an important component of integrated
crop-—livestock systems. However, livestock feed must always be nutritionally appropriate
and safe, and waste-management practices need to be carefully designed.

Challenges

Despite its potential, circular agriculture faces several challenges.

1. Lack of Technical Knowledge

Farmers may not have sufficient information about composting, biogas production, residue
processing or appropriate manure management.

2. Initial Investment

Biogas plants, residue-processing equipment and other technologies may require initial
capital.

3. Market Development

Producing compost, biofertilizers or other value-added products is only profitable if there is a
reliable market.

4. Safety and Quality

Manure and other organic wastes can contain pathogens or contaminants. Proper treatment,
storage and application are therefore essential.

5. Management Requirements

Circular systems require planning. Farmers need to coordinate crop production, livestock,
waste collection, processing, storage and utilization.
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A Simple Circular Agriculture Model for Farmers
A practical farm-level model can be represented as:
Crop production

!

Crop residues

!

Livestock feed / compost / other appropriate uses

!

Livestock production

!

Manure

!

Compost / biogas

!

Organic fertilizer + energy

Back to the farm
This model reduces the concept of “waste” and encourages farmers to view agricultural by-
products as potential resources.

Conclusion

Circular agriculture provides a promising approach for making farming more economically
efficient, environmentally responsible and resource-efficient. Instead of treating crop residues
and livestock manure as unwanted waste, farmers can convert them into feed, compost,
biofertilizers, energy and other useful products.The concept is particularly relevant for
integrated crop—livestock farming, where the outputs of one activity can become inputs for
another. By closing nutrient and resource cycles, farmers can reduce waste, improve resource
utilization and potentially create additional income opportunities.
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