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ABSTRACT

Transitions to circular and sustainable energy systems require the design of inno-
vative material platforms that are safe for the environment and highly resource-​use 
efficient. In this respect, plant-​derived biomaterials are increasingly recognized as 
highly promising alternatives to conventional components in batteries, superca-
pacitors, and fuel cells. This chapter underlines the role that plant-​based materials 
play in the development of greener and more sustainable energy infrastructures 
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by presenting their integration within the above-​mentioned energy systems. Major 
issues such as electrical conductivity, durability, and scalability are comprehen-
sively discussed. The most recent strategies in the realm of material hybridization, 
system integration, and bioinspiration are reviewed. The fast-​developing intersection 
between natural material science and electrochemical engineering keeps driving 
innovation to the forefront in this interdisciplinary domain towards next-​generation 
sustainable energy technologies.

1. INTRODUCTION

The transition towards sustainable and circular energy systems is among the major 
challenges of the 21st century (Asif, 2022), while fossil resources are depleting, 
demand from both environmental and social perspectives for clean technologies is 
increasing. In this context the scientific community develops new strategies to meet, 
in a more intensive way, the energy demand rising globally (Asif, 2024; Kandpal et 
al., 2024). It is electrochemical energy storage and conversion devices-​particularly, 
batteries and supercapacitors-​which are at the frontline of this effort because of their 
high efficiency and versatility in storing and delivering electrical energy (Shah et 
al., 2024). However, these systems conventionally have been made with materials 
mostly sourced from rare or non-​renewable sources and usually produced through 
energy-​intensive methods. Their use reveals several long-​term sustainability and cost 
concerns with a high environmental impact (Aazem et al., 2024; Gallo et al., 2022).

In this respect, biobased materials and, mainly, those of plant origin represent 
a very fascinating option for being an alternative (Chowdhury et al., 2025; Saini et 
al., 2021; Vinodh et al., 2021), appreciated that with the advancement of material 
sciences, green chemistry, and biotechnology, they were able to confer unique 
properties on such materials, among which one could mention renewability, biode-
gradability, low environmental footprint, tunable physicochemical properties, and 
several others. For example, as reported by (Chinnappan et al., 2012; L. Zhang et al., 
2021) works, the portfolio starting from cellulose, lignin, tannins, polysaccharides, 
plant-​derived oils, and other biomolecules is quite broad in respect of components 
that can be valorized in an active or functional way within electrochemical systems.

These materials represent not only an ecological and ethical need but also 
provide technical properties competitive or superior to conventional alternatives 
quite frequently(Aslan & Altuntaş, 2023; J. Luo & Liu, 2023; Yhobu et al., 2022). 
Indeed, most biomass precursor-​derived activated carbons have shown large specific 
surface area, hierarchical porosity, and very good charge storage capability, hence 
appearing as perfect candidates to act as electrodes in supercapacitors (Jain et al., 
2021; Sarmah et al., 2024; Srivastava & Yadav, 2023).



 

 

88 more pages are available in the full version of this

document, which may be purchased using the "Add to Cart"

button on the publisher's webpage: www.igi-

global.com/chapter/advances-in-plant-based-materials-for-

sustainable-electrochemical-energy-devices/396320

Related Content

Performance and Isotherm Studies in Phenol Adsorption From Wastewater

Using Low Cost Biomass Derived From Coconut Shells
 Mohan Rao T., K. Rajesh Kumar, G. Shyamalaand R. Gobinath (2019). International

Journal of Chemoinformatics and Chemical Engineering (pp. 23-37).

www.irma-international.org/article/performance-and-isotherm-studies-in-phenol-adsorption-from-

wastewater-using-low-cost-biomass-derived-from-coconut-shells/250219

Modelling Liquid Flow Through Carbon Nanotubes
Faig Bakhman Ogli Naghiyev (2012). International Journal of Chemoinformatics and

Chemical Engineering (pp. 15-27).

www.irma-international.org/article/modelling-liquid-flow-through-carbon/68018

Computer Simulations of Solar Energy Systems
Akram Gasmelseed (2013). Handbook of Research on Solar Energy Systems and

Technologies (pp. 320-337).

www.irma-international.org/chapter/computer-simulations-solar-energy-systems/69096

Capability of Bacterial Cellulose Membrane in Release of Doxycycline
Mohammad Ali Salehi, Masomeh Jahani Kadusaraiand Mojtaba Akbari Dogolsar

(2016). International Journal of Chemoinformatics and Chemical Engineering (pp. 44-

55).

www.irma-international.org/article/capability-of-bacterial-cellulose-membrane-in-release-of-

doxycycline/166583

Principles, Experiments, and Numerical Studies of Supercritical Fluid Natural

Circulation System
Lin Chen (2017). Advanced Applications of Supercritical Fluids in Energy Systems

(pp. 136-187).

www.irma-international.org/chapter/principles-experiments-and-numerical-studies-of-

supercritical-fluid-natural-circulation-system/180269

http://www.igi-global.com/chapter/advances-in-plant-based-materials-for-sustainable-electrochemical-energy-devices/396320
http://www.igi-global.com/chapter/advances-in-plant-based-materials-for-sustainable-electrochemical-energy-devices/396320
http://www.igi-global.com/chapter/advances-in-plant-based-materials-for-sustainable-electrochemical-energy-devices/396320
http://www.irma-international.org/article/performance-and-isotherm-studies-in-phenol-adsorption-from-wastewater-using-low-cost-biomass-derived-from-coconut-shells/250219
http://www.irma-international.org/article/performance-and-isotherm-studies-in-phenol-adsorption-from-wastewater-using-low-cost-biomass-derived-from-coconut-shells/250219
http://www.irma-international.org/article/modelling-liquid-flow-through-carbon/68018
http://www.irma-international.org/chapter/computer-simulations-solar-energy-systems/69096
http://www.irma-international.org/article/capability-of-bacterial-cellulose-membrane-in-release-of-doxycycline/166583
http://www.irma-international.org/article/capability-of-bacterial-cellulose-membrane-in-release-of-doxycycline/166583
http://www.irma-international.org/chapter/principles-experiments-and-numerical-studies-of-supercritical-fluid-natural-circulation-system/180269
http://www.irma-international.org/chapter/principles-experiments-and-numerical-studies-of-supercritical-fluid-natural-circulation-system/180269

