How low-cost and labour-efficient innovations can be used to recycle household organic wastes for crop production and soil improvement**Suggested text for a technical note for policy makers – to be translated. Country-specific photos should be substituted in to make it more locally applicable **

Based on: Smith et al., 2026. Environ. Res. Commun. 8, 042002 https://doi.org/10.1088/2515-7620/ae59f6

Rising prices and limitations in supply of fertilisers are placing increasing pressures on smallholder farmers and threatening their ability to sustain productive and resilient cropping systems. 
Source: World Bank Pink Sheets (extracted by Co-Pilot


[image: ]Recycling organic wastes offers a cost‑effective alternative source of nutrients, with potential to reduce dependency on imported synthetic fertilisers. However, labour availability can sometimes compel farmers to burn crop residues in the fields. Higher fuel costs can also drive greater use of crop residues and animal manures for household energy. These practices remove essential nutrients from agricultural soils and degrade air quality, posing serious risks to human health. 






Therefore, low-cost and labour-efficient innovations are needed to improve recycling of organic wastes, while also meeting energy demands and reducing labour. These should stabilise residues so that soil organic matter can be managed with less inputs and enhance the nutrient content of residues to produce more effective organic fertilisers. 
Composting, anaerobic digestion and pyrolysis are key methods that can be used to achieve this. The best option depends on type of organic waste and other resources available at the household level.
Key messages 
The most suitable way for a household to use organic wastes depends on household energy needs, the nutrient and water content of the waste, mechanization and the availability of labour, finance and water. 
· If organic wastes are used to provide household energy, anaerobic digestion or pyrolysis are the better options; if energy is not needed, composting is a good choice as it requires less equipment and labour than the other methods.
· If the organic waste is high in nutrients, anaerobic digestion will provide biogas for cooking, while also allowing nutrients to be retained in bioslurry and applied to crops. However, dry materials will need to be mixed with wetter feedstocks or water, and digesters have relatively high startup costs.
· If the organic waste is dry and low in nutrients, a top lit updraft cookstove can be used for cooking, leaving behind pyrolysed carbon (biochar) that can be used to improve soil. Stoves are relatively cheap, and if biochar is used to soak up nutrients in animal urine, it becomes a convenient fertiliser that can be applied to crops. 
[image: ]With appropriate choice of technology and management, households can efficiently recycle nutrients to fertilise crops while also meeting energy needs.




Composting 
[image: ][image: ]If the household does not need to use organic waste for energy, composting is a good option. It is low-cost, improves the supply of nutrients and stabilizes the organic matter. However, if the organic waste available is low in nutrients or dry, innovations are needed to improve the nutrient content and increase the rate of composting, while also avoiding increased financial costs, water use or labour. 





Nitrogen
[image: ]The optimal carbon (C) to nitrogen (N) ratio in the compost heap is 25–35. Below 25, ammonia is released; above 35, compost fails to heat or supply N. Low C:N ratio can be corrected with rice straw, biochar, soil, coir dust or ammonia‑oxidising inoculants; high C:N with poultry manure or N‑fixing inoculants.[image: ]
Phosphorus
[image: ]The optimal C to phosphorus (P) ratio is around 50. Below this, nutrient runoff can trigger algal blooms, and plants may show yellowing leaves with weak roots. Above 50, compost fails to heat properly, and plants exhibit poor flowering and purple leaves. Low C:P ratio can be corrected by co‑composting with rice straw or adding biochar, soil or coir dust; high C:P by co‑composting with poultry manure, adding rock phosphate or using P‑mobilising inoculants.
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Acidity
Composting works best at pH between 5.5 and 8.5. Outside this range, the heap will not heat-up properly. When pH is too low (acidic), compost smells sour and fungi may grow on the compost. The pH can be raised by adding lime, wood ash or alkaline materials, such as cattle manure or the washings from cattle sheds; covering the heap can also help. When the pH is too high (alkaline), balance can be restored by adding acidic or low C:N materials, such as poultry manure, food waste, pine needles or citrus peel. 



[image: ]
Moisture and aeration
The moisture content of the compost heap should be 50% - 60%. If it is too wet or too dry, the heap will not heat up; very wet compost may smell of rotten eggs. Excess moisture can be corrected by adding dry materials, turning the heap more often, or improving aeration using pipes or the action of worms or insect larvae. Dry compost can be improved by adding wet materials, urine or water, by covering the heap with plastic, soil or leaves, or using a shallow pit. 

[image: ]
Temperature
The ideal composting temperature is 15–35 °C. Below 15 °C, heat can be conserved by increasing heap size, insulating the pile, or composting in a pit. Above 35 °C, there is a risk of overheating, so the heap should be turned, spread out, or lightly watered to release excess heat. 

[image: ]

Anaerobic digestion 
[image: ]If the household needs the organic waste for energy, nutrient rich wastes can be fed into an anaerobic digester to produce biogas, an alternative clean energy source. However, innovations are needed to reduce or meet water requirements, especially for dry feedstocks, and to reduce financial costs, labour and nutrient losses from the bioslurry.


[image: ]
Nitrogen
The optimal C to N ratio in the digester is 20–35. Below 20, when N is too high, the bioslurry smells of ammonia; above 35, biogas production drops. Low C:N ratio can be corrected by adding rice straw, biochar, soil or coir dust; high C:N with poultry manure, collected urine or N‑fixing wild plants.
[image: ]
Bulk density
[image: ][image: ]Feedstock bulk density should ideally be 0.6–0.8 g cm⁻³. Below this range, large or bulky materials can clog the digester; above it, overly dense feedstocks may not decompose well, reducing biogas production. Bulk density can be adjusted by chopping or pounding the waste. However. this adds labour or requires additional equipment.
Lignin
[image: ]Woody materials and stiff crop residues have high lignin levels. When lignin exceeds about 7.5%, biogas production falls. Yields can be improved by pre‑treating feedstock with cattle urine, manure, rumen fluid, or white‑rot fungi from decaying wood. These methods are low‑cost but require extra labour.[image: ]
Acidity
Anaerobic digestion occurs by different processes; those that breakdown the feedstock into smaller molecules and those that convert the small molecules into methane (biogas). Methane producers work best at a pH of 6.8–7.4, while the first breakdown stage can handle more acidic conditions. Outside this pH range, biogas production slows. If pH drops below 6.8, the slurry smells sour. It can be raised by adding alkaline materials such as cattle manure, lime, wood ash or biochar. If pH goes above 7.4, acidic materials, such as food waste, pine needles or citrus peel can be added. Another option is a two‑vessel system; the first vessel allows low‑pH breakdown, and the second keeps a higher pH for efficient methane production.





[image: ]
Water 
Anaerobic digestion works best with a water content of 85–95%. Below 85%, it is too dry and biogas production drops. This can be fixed by adding wetter feedstocks, water (rainwater or reused household water), recycled bioslurry or small amounts of urine without adding too much nitrogen. Above 95%, biogas production also falls because the slurry moves through the digester too quickly. This can be corrected by adding drier materials.
[image: ]
[image: ]Temperature
The best temperature for anaerobic digestion is 35–45 °C. Fixed‑dome digesters are built underground to buffer against temperature extremes, but this increases construction costs. Cheaper designs, such as floating‑drum or simple fixed‑dome digesters, can use insulation or solar heating to raise temperatures, and shading to reduce overheating. 
[image: ]
[image: ]Pyrolysis
Nutrient poor and dry wastes are better used to provide energy by pyrolysis; innovations are needed to enrich and so improve the quality of the biochar as an organic fertiliser, and to reduce labour and financial costs. For nutrient poor wastes that are wet, innovations are needed, either to dry the waste before pyrolysis, or to increase the nutrient content so that it is suitable for anaerobic digestion.
Nitrogen
Organic wastes with a C:N ratio below 40 are unsuitable for pyrolysis because much of the N is lost to the atmosphere, reducing air quality. However, biochar produced with a low N content can be enriched by using the biochar to capture N from elsewhere on the farm, such as from animal housing (urine), compost or bioslurry. This produces an effective organic fertiliser while also reducing N pollution to the wider environment.
[image: ]
Water content
Biochar can only be effectively produced from dry organic wastes, with a water content less than 20%. 
If the feedstock is wetter than this, it can be sub-dried before use. However, drying the feedstock requires more labour which might limit use. [image: ]
[image: ]Energy
If the household needs energy from pyrolysis, a top‑lit updraft cookstove can be used to produce biochar while cooking. If the energy is not required, alternative methods can be used. In‑field techniques reduce labour but generally produce lower‑quality biochar than purpose‑built kilns. These kilns, however, require upfront investment, which may limit adoption by some farmers. [image: ]
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