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Abstract: Biochar is defined as the solid material 

obtained from the thermochemical conversion 

(pyrolysis) of biomass (e.g., wood, coconut shells, or crop 

waste) in an oxygen-limited environment. Research 

indicates that this carbon-rich material can be effectively 

utilized for energy storage in devices such as batteries 

and supercapacitors. 

The paper provides a comprehensive overview that 

includes:  

Synthesis and Production: Detailed explanation of the 

methods used to produce biochar. 

Energy Storage Mechanisms: The fundamental 

principles governing biochar's capacity to store energy. 

Methodology: The experimental procedures and 

research techniques employed to study the material's 

properties and performance. 

Empirical Findings: A summary and interpretation of 

the results obtained from the research. 

Future Implications: A prospective analysis of the 

potential for widespread adoption of biochar as an 

environmentally friendly energy solution. 
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I. INTRODUCTION 

 

Scientists are exploring the use of biochar, a porous, 

carbon-rich material derived from plant matter, as a 

sustainable alternative in energy storage technology 

[1]. Biochar's structure, similar to a sponge with many 

tiny holes, allows it to potentially store electricity 

efficiently [1]. 

The increasing global demand for electricity and the 

intermittency of renewable energy sources like solar 

and wind necessitate effective energy storage 

solutions. Traditional batteries and supercapacitors 

often rely on expensive or environmentally harmful 

materials [1]. 

Biochar offers a promising solution because: 

It is a renewable resource made from abundant plant 

materials [1]. 

Its production is low-impact and can even offer 

benefits when integrated into agricultural practices [1]. 

It has the potential to replace costly carbon materials 

currently used in energy storage devices, providing a 

more cost-effective and eco-friendly option for the 

future of energy storage [1]. 

Researchers are actively investigating biochar's 

properties to leverage this sustainable material in 

advanced energy storage systems 

 

II. APPLICATIONS 

 

With its high surface area, porosity, and chemical 

stability, a wide range of applications can be 

envisioned for biochar in energy storage and 

environmental sustainability. One of the major uses of 

the material is in electrochemical energy storage 

devices like supercapacitors, lithium-ion batteries. In 

such devices, biochar acts as an electrode material 

wherein its porous structure provides for rapid ion 

transport and adsorption, enhancing specific 

capacitance, energy density, and cyclic stability. 

Surface functionalization and heteroatom doping 

further improve conductivity and thereby the charge 

storage efficiency, offering it as a cost-effective 

alternative to conventional carbon material. 

Biochar also finds applications in the field of thermal 

energy storage. In a composite with phase change 

materials, biochar enhances heat absorption, retention, 

and release due to its thermal stability, compatibility 

with the PCM matrix, or both. This makes it suitable 

for solar thermal systems, industrial waste heat 

recovery, and building energy efficiency applications. 

Biomass Type Pore Size Surface Area 

(m²/g) 

Energy 

Storage 

Efficiency 

Coconut Shell Microporous 1200–1800 High 

Rice Husk Mixed Pores 800-1500 Medium 

Bamboo Mesoporous 1000-1600 high 

Wood Chips Low-Medium 500-900 Moderate 



National Conference on Evolving Paradigm for NCEPST-2025   ISSN: 2349-6002 
Sustainable Technology 

 

191862 © IJIRT | www.ijirt.org DECEMBER 2025 204 

Besides energy storage, biochar can also be used in 

many aspects of environmental management, 

including soil fertility improvement, carbon 

sequestration, and the removal of contaminants from 

water and wastewater. In summary, these 

multifunctional uses position biochar as a sustainable 

material that not only addresses energy storage 

challenges but contributes to environmental protection 

and waste management. 

 

III. METHODOLOGY 

 

This study summarizes the results of a comprehensive 

research effort on biochar. Researchers conducted this 

study by: 

Reviewing existing knowledge: They read and 

analyzed many scientific papers. 

Conducting new tests: They performed their own 

experiments. 

Comparing the data: They compared all the findings to 

draw conclusions. 

Gather Data: Researchers examine scientific articles 

published between 2010 and 2025 from respected 

journals like ScienceDirect, Springer, Nature, and 

IEEE to learn what is already known 

Understand Biochar Production: They study the 

methods used to heat and process various plant 

materials into biochar. 

Analyze Plant Sources: The scientists investigate how 

different types of plants produce distinct biochars with 

unique properties and capabilities. 

Test Battery Performance: They experiment with the 

biochar to evaluate its ability to store and discharge 

electricity within a battery setting. 

Assess Activation Techniques: The team compares 

different activation processes—using specific 

chemicals or high heat—designed to create more tiny 

internal holes in the biochar, enhancing its energy 

storage capacity. 

Measure and Evaluate: Finally, the scientists measure 

key physical properties such as surface area, pore size, 

electrical conductivity, and the overall durability of 

the new battery material to assess its effectiveness. 

 

IV. LITERATURE REVIEW 

 

Scientists are discovering that biochar, a type of 

charcoal made from various organic materials, is a 

promising material for storing energy. Researchers 

worldwide have successfully produced biochar from a 

wide range of common waste products, including rice 

husks, coconut shells, bamboo, pine wood, banana 

peels, and even algae. 

Biochar is a material created by heating plant matter 

without oxygen, a process known as pyrolysis. The 

temperature used during heating affects its properties; 

temperatures above 700°C make it more electrically 

conductive 

How Biochar Works: It possesses a porous structure 

with millions of tiny holes that function like sponges 

for electricity, allowing ions and molecules to move in 

and out easily to store charge 

Using Biochar in Supercapacitors: The effectiveness 

of biochar in supercapacitors is significantly enhanced 

when treated with chemicals like KOH, which can 

expand its surface area to up to 2000 m²/g, 

dramatically improving its charge storage capabilities 

Using Biochar in Batteries: Biochar is a strong and 

stable material that functions effectively as an anode 

in lithium-ion batteries. Its structure allows ions to 

flow smoothly without the material breaking down 

easily 

Improvements Through Doping: Scientists can 

strengthen biochar and increase its conductivity by 

adding other elements, such as nitrogen, phosphorus, 

or various metals 

Discussion: Biochar has many benefits: 

Eco-Friendly: Biochar is made from natural plant 

materials, which helps reduce waste and is better for 

the planet 

Affordable: The plant materials used to create biochar 

are often easy to find and inexpensive 

Customizable: You can change biochar's properties, 

making it better for specific uses, by changing the 

temperature during production or using certain 

treatments. 

Good for the Environment: Making biochar can lock 

carbon in a solid form within the material, which helps 

fight climate change by keeping it out of the 

atmosphere 

 

V. CHALLENGES OF BIOCHAR 

 

Not Always Conductive: Raw biochar doesn't always 

conduct electricity very well and might need extra 

processing 
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Results Vary: Because different plants produce 

different results, it's hard to make a standard, 

consistent product every time 

Hard to Make in Large Amounts: Producing a lot of 

high-quality biochar requires careful control of the 

process, making it difficult to scale up production 

Chemical Treatments Can Be Harmful: Some 

chemicals used to improve biochar's properties can 

cause pollution if they are not used and disposed of 

properly . 

Here are the advantages of biochar as a sustainable 

energy storage material, explained clearly and 

concisely. 

 

Advantages: 

⮚ Renewable and Carbon-Negative 

⮚ Environmentally Friendly Production 

⮚ High Surface Area & Porosity 

⮚ Cost-Effective Material 

⮚ Good Electrochemical Performance 

⮚ Highly Tunable Properities 

⮚ Safe, Stable, and Non-Toxic 

⮚ Supports Circular Economy 

⮚ Enhances Rural Economy 

 

VI. FUTURE SCOPE 

 

Making it widely available: Scientists are working on 

ways to produce biochar cheaply and safely in large 

quantities. 

Creating new materials: Researchers are combining 

biochar with other materials, like graphene, to make it 

work even better. 

Improving batteries: Biochar is being tested for use in 

advanced batteries, including those made with lithium, 

sodium, and potassium. 

Using technology: AI and machine learning are being 

used to figure out the most effective ways to create 

biochar. 

Applying it in industry: Companies are looking at 

using biochar in energy storage devices like 

supercapacitors and industrial power systems. 

Refining the pyrolysis and post-treatment processes 

represents another direction. Pore structure, surface 

area, and functional group distribution of the biochar 

could be precisely controlled by parameters such as 

temperature, heating rate, and residence time in a 

pyrolysis process. The incorporation of chemical 

activation or heteroatom doping could further enhance 

electrical conductivity, specific capacitance, and 

thermal stability and render biochar competitive to the 

advanced carbon-based materials in both 

electrochemical and thermal energy storage. 

Future research involving hybrid and composite 

materials is also warranted. The integration of biochar 

with metals, metal oxides, conductive polymers, or 

phase change material can give rise to synergistic 

effects, hence improving energy density and 

durability. These composites might have applications 

in advanced supercapacitors, lithium/sodium-ion 

batteries, and thermal energy storage. 

Another very important aspect of future work is 

scalability and commercialization. In this regard, the 

development of cost-effective, eco-friendly, and 

energy-efficient production techniques will be 

required for large-scale application. Moreover, 

lifecycle assessment studies and techno-economic 

analysis can guide sustainable deployment, ensuring 

that the biochar-based energy storage solution 

provides environmental and economic benefits. 

Finally, there are exciting opportunities in the use of 

biochar in carbon-neutral and circular economy 

initiatives. Aside from storing energy, biochar can be 

used for carbon sequestration, waste management, and 

improvement of soil quality-all multifunctional 

material uses. Further interdisciplinary research will  

very likely find more applications, solidifying the role 

of biochar as a cornerstone in the development of 

sustainable and renewable energy technologies. 

 

VII. CONCLUSION 

 

Biochar is seen as a great material for future ways to 

store energy. It comes from nature, doesn't cost much 

to make, and works very well, making it a strong 

contender to replace older carbon materials. Although 

some challenges still exist, better production 

methods—like improved heating processes 

(pyrolysis), activation techniques, and doping 

methods—are helping scientists create high-

performance biochar that is ready for everyday 

applications. Besides the application in 

electrochemical fields, biochar has the potential for 

thermal energy storage due to its good thermal 

stability, compatibility with phase change materials, 
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and enhanced heat retention ability. This makes it 

suitable for heat storage and management systems. 

The incorporation of biochar in energy storage devices 

leverages functional properties and contributes 

positively to environmental sustainability by 

conversion of biomass waste to valuable materials, 

reduction of greenhouse gas emissions, and promotion 

of carbon sequestration. 

However, this study also emphasizes the need for 

optimization of feedstock selection, pyrolysis 

conditions, and post-treatment methods for the sake of 

repeatability and consistency of performance. 

Changes in these factors greatly alter biochar 

structure, chemical makeup, and energy storage 

capability. The research observes that addressing these 

challenges is key in scaling up the biochar-based 

technologies for commercial uses. 

In the end, biochar has proved to be a highly versatile, 

low-cost, and eco-friendly material for next- 

generation energy storage systems. Its role in 

enhancing energy efficiency coupled with its 

contribution to environmental sustainability 

consolidates its position as one of the cardinal 

ingredients for a transition toward renewable energy 

solutions. Further research and development could 

result in additional improvements to performance and 

practical applicability of biochar, potentially enabling 

the integration of this material into sustainable, high-

performance energy storage technologies worldwide. 

 

VIII. RESULTS 

 

Biochar is a charcoal-like material made by heating 

organic waste like wood or plants with very little 

oxygen. This process gives it special qualities that 

make it useful for several things. 

Porous and Absorbent: Biochar has an extremely high 

surface area, which means it is full of tiny holes. A 

single gram of biochar can have a surface area of up to 

2000 m², which helps it absorb and hold onto things 

like water and nutrients. 

Energy Storage: When biochar is specially activated, 

it can be used to make powerful batteries and 

supercapacitors. These devices can hold a lot of energy 

and are very efficient. 

Durable in Batteries: When used in lithium-ion 

batteries, biochar electrodes are very long-lasting. 

They can keep over 90% of their charging capacity 

even after being charged and discharged hundreds of 

times. 

Improved Performance: Adding elements like nitrogen 

or phosphorus to biochar makes it more conductive. 

This improves its performance and makes it even 

better for use in things like batteries. 
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