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Introduction
The growing global demand for sustainable energy systems has 
intensified the search for environmentally compatible alternatives 
to fossil-fuel-based technologies. Conventional artificial 
photosynthetic systems often depend on expensive semiconductors, 
toxic materials, and energy-intensive fabrication methods that 
conflict with green chemistry principles.
Lichens represent naturally optimized symbiotic systems capable of 
efficient light harvesting, redox regulation, hydration buffering, and 
long-term environmental resilience. Inspired by these biological 
architectures, this work proposes a conceptual lichen-inspired 
biohybrid platform for solar-driven fuel generation through 
integrated photochemical and catalytic pathways.

Objective
To develop a bioinspired conceptual framework for sustainable solar 
fuel production using lichen-like symbiotic architectures integrating 
natural chromophores, biopolymer scaffolds, redox mediators, and 
catalytic centers for CO₂ photoreduction and hydrogen evolution.

Conceptual Biohybrid Architecture
Layered Lichen-Inspired System

•Upper photonic layer for broadband light harvesting
•Chromophore-loaded hydrogel for photon absorption
•Chitin–cellulose scaffold for proton/electron transport
•Redox mediator network for PCET cycling
• Catalytic metal centers (Cu, Fe, Ni) for fuel generation

Mechanistic Pathways

Chromophore Excitation

Chrom + hν → Chrom*

Electron Injection

Chrom* → Chrom⁺ + e⁻

CO₂ Reduction

CO₂ + 6H⁺ + 6e⁻ → CH₃OH + H₂O

Hydrogen Evolution

2H⁺ + 2e⁻ → H₂ 

Key Functional 
Components
•Anthocyanins
•Flavonoids
•Carotenoids
•Riboflavin 
mediators
•Chitin–cellulose 
biopolymers

Lichen Biohybrid Solar Fuel Reactor (LBSFR)
ηLBSFR = α(Φabs × Φsep × Φtrans × Φcat)
Where:
• Φabs = photon absorption efficiency
• Φsep = charge separation efficiency
• Φtrans = proton/electron transport efficiency
• Φcat = catalytic turnover efficiency
• α = lichen structural enhancement factor
Projected conceptual efficiency:
~15.4% solar-to-fuel conversion

Abstract
This study proposes a conceptual lichen-inspired biohybrid system 
for solar-driven CO₂ conversion and renewable fuel generation. 
Inspired by the layered architecture and redox stability of lichens, 
the platform integrates natural chromophores, chitin–cellulose 
scaffolds, redox mediators, and catalytic metal centers for light 
harvesting and catalytic fuel production.
The proposed Lichen Biohybrid Solar Fuel Reactor (LBSFR) facilitates 
proton-coupled electron transfer for CO₂ reduction to methanol and 
hydrogen evolution under solar irradiation. The framework 
highlights the potential of bioinspired symbiotic architectures as 
sustainable and low-toxicity alternatives for next-generation solar 
fuel technologies aligned with green chemistry and renewable 
energy goals.

Expected Outcomes
• Enhanced broadband solar absorption 
(250–700 nm)
• Improved charge separation and 
reduced recombination
• Stable proton-coupled electron transfer 
(PCET)
• Simultaneous methanol and hydrogen 
generation
• Low-toxicity and biodegradable energy 
platform
• Green chemistry-compatible solar fuel 
system

Sustainability Relevance
This conceptual framework supports: SDG7–Affordable and Clean Energy
SDG 12 – Responsible Consumption and Production

Conclusion
Lichen-inspired symbiotic architectures provide a promising blueprint for next-generation solar 
fuel technologies. By integrating natural chromophores, biopolymer scaffolds, and biomimetic 
redox pathways, the proposed system offers a sustainable route toward carbon-neutral energy 
conversion and green fuel production.
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