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Advancing Sustainable Agriculture: The Role of EFB Biochar in Fertiliser Reduction 

 
Sustainable agricultural practices are at the forefront of addressing the growing global 

concern over environmental degradation, excessive use of chemical fertilisers, and the 

depletion of natural resources. One innovative solution gaining traction is the use of 

biochar, particularly biochar derived from empty fruit bunches (EFB). This sustainable 

approach not only reduces the dependency on chemical fertilisers but also enhances 

soil fertility, promotes environmental benefits, and supports long-term agricultural 

productivity. 

 

Pyrolysis of EFB 

 
Understanding Biochar and its Production 

 
Biochar is a carbon-rich material produced through the pyrolysis of organic biomass. Its 

unique structure, formed under high temperature conditions, makes it highly effective in 

improving soil properties. Biochar has been widely recognised for its ability to enhance 

soil fertility by increasing nutrient availability, enhancing microbial activity, improving 

water retention, and reducing soil bulk density. 

 
Empty Fruit Bunch (EFB) biochar is produced specifically from the agricultural waste of 

oil palm cultivation. The pyrolysis process involves heating the EFB under controlled 

conditions, producing a material rich in essential nutrients like potassium, phosphorus, 

and carbon, which are crucial for plant growth. EFB biochar is produced through 

different pyrolysis techniques, such as conventional pyrolysis and microwave-assisted 

pyrolysis, with each method optimising the carbon content and nutrient levels of the 

resulting biochar. 
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Biochar's Benefits for Soil Health and Fertility 

 
One of the most significant benefits of biochar application is its ability to improve soil 

fertility. The porous nature of biochar enhances soil structure, making it easier for plants 

to access nutrients and water. In particular, EFB biochar improves soil health to make 

vital nutrients like phosphorus and potassium more accessible, and it is highly effective 

at retaining nitrogen in the soil, preventing nutrient loss and ensuring it is available for 

healthy plant growth.  

 

Research has shown that co-applying EFB biochar with chemical fertilisers can 

significantly improve soil nutrient profiles, particularly in rice cultivation, by enhancing 

nutrient retention and reducing nutrient leaching. 

 

Process flow diagram indicating how biochar is produced 
 

 
Biochar's ability to reduce nutrient leaching is one of its most notable advantages. In 

regions where intensive farming practices are common, nutrient leaching is a significant 

concern, contributing to water pollution and soil degradation. Studies have 

demonstrated that biochar can reduce the leaching of key nutrients such as nitrogen 

and phosphorus, ensuring better nutrient retention in the soil. This benefit not only 

improves soil health but also contributes to environmental sustainability by minimising 

nutrient runoff into water bodies. 

 
Moreover, biochar's capacity to stimulate microbial activity is an important factor in 

improving soil health. By creating an ideal environment for soil microorganisms, biochar 

promotes nutrient cycling and enhances the soil’s organic carbon content, both of 

which contribute to long-term soil fertility. 
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Empty Fruit bunch Biochar produced from EFB 

 
Environmental Impact and Greenhouse Gas Mitigation 

 
The environmental implications of using EFB biochar are significant. Beyond improving 

soil health, biochar also contributes to mitigating climate change. The stable carbon 

content of biochar means it can sequester carbon in the soil for hundreds or even 

thousands of years, providing a long-term method of carbon storage. This feature is 

particularly beneficial in the context of rising greenhouse gas emissions. 

 
EFB biochar has also been shown to reduce methane (CH4) emissions, a potent 

greenhouse gas. Research has highlighted that biochar can significantly lower methane 

emissions in rice paddies by up to 43%. This property positions biochar as a promising 

tool for addressing climate change while improving agricultural productivity. 

 
Reducing Chemical Fertiliser Use 

 
The co-application of biochar with chemical fertilisers is a sustainable practice that 

reduces the need for synthetic fertilisers, which are often expensive, energy-intensive, 

and environmentally harmful. The incorporation of biochar into soil enhances nutrient 

availability, which means that farmers can use fewer chemical fertilisers without 

sacrificing crop yields. This reduction in fertiliser use not only lowers farming costs but 

also diminishes the environmental impact of fertiliser overuse, such as soil 

degradation, water pollution, and greenhouse gas emissions. 

 
In regions like Southeast Asia, where intensive cultivation practices often lead to soil 

depletion, the use of EFB biochar offers a practical solution to enhance productivity 

while minimising environmental harm. Studies have demonstrated that EFB biochar can 

help sustain crop yields while reducing the reliance on conventional fertilisers, 

particularly in crops like rice, which are heavily dependent on fertiliser inputs. 
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Summary of the uses of biochar from EFB 

Economic Implications for Farmers 

 
From an economic perspective, the use of biochar offers substantial benefits. By 

reducing the need for chemical fertilisers, farmers can save on input costs. In addition, 

the increased availability of nutrients in the soil leads to improved crop yields. For 

example, studies have shown that the combined use of EFB biochar and chemical 

fertilisers can result in yield improvements of over 36%, particularly during the critical 

early growth stages of rice. These enhanced yields translate into higher revenue for 

farmers, offsetting the initial investment required for biochar production and 

application. 

 
Moreover, biochar’s role in improving long-term soil health means that farmers can 

enjoy sustained productivity with reduced input costs over time. Healthier soils with 

improved nutrient cycling and water retention capacities contribute to more resilient 

crops, reducing the likelihood of crop failure and the need for additional agricultural 

inputs. 
 

Yearly Fertiliser Costs (USD) for a 10,000-ha Palm Plantation 
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Fertiliser Costs for a Palm Plantation 

 

Challenges and Barriers to Widespread Adoption 

 
While the potential benefits of EFB biochar are clear, several challenges remain in its 

widespread adoption. One significant barrier is the economic cost associated with 

biochar production and application. The initial investment required for biochar 

production, equipment, and labour can be prohibitive for smallholder farmers, 

especially in developing regions. Although the long-term savings from reduced fertiliser 

use can offset these initial costs, many farmers may be reluctant to invest in biochar 

without financial support or incentives. 

 
Another challenge lies in the variability of biochar’s effectiveness depending on soil 

type, climate conditions, and agricultural practices. Research has shown that while 

biochar can improve soil properties in certain contexts, its effectiveness is not 

universally applicable. Therefore, it is crucial for farmers to conduct site-specific trials 

and adapt biochar applications to their unique environmental conditions. 

 
Additionally, there is a need for greater awareness and education among farmers about 

the benefits and proper application of biochar. Many farmers may not be familiar with 

biochar technology or its potential to improve soil fertility and reduce fertiliser use. 

Extension services and educational programs are vital to bridging this knowledge gap 

and encouraging the adoption of biochar-based farming practices. 

 
Policy Support and Future Directions 

 
To overcome these barriers, targeted policies and incentives are essential. 

Governments and agricultural organisations can support the use of biochar by providing 

financial incentives, such as subsidies or grants, to encourage its adoption. 

Additionally, clearer regulatory frameworks and guidelines on biochar application would 

help farmers navigate the implementation process and ensure its effective use. 

Further research and development are also necessary to optimise biochar production 

methods, improve its cost-effectiveness, and refine its applications for different 

agricultural systems. By addressing the economic, environmental, and knowledge 
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barriers, biochar could play a key role in advancing sustainable agricultural practices 

and reducing the reliance on chemical fertilisers. 

 
Conclusion 

 
EFB biochar offers a promising solution for reducing fertiliser use, enhancing soil 

fertility, and promoting sustainable agricultural practices. Its ability to improve soil 

health, reduce nutrient leaching, and mitigate greenhouse gas emissions makes it a 

valuable tool in the fight against environmental degradation. With continued research, 

policy support, and farmer education, biochar has the potential to revolutionise 

agricultural practices, providing long-term benefits for both farmers and the 

environment. 


