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ABSTRACT

This study presents a comparative analysis between solar photovoltaic (PV) electricity
and PKL (Pathor Kuchi Leaf) electricity, focusing on their potential as sustainable
energy sources. Solar PV technology, widely adopted across the globe, converts
sunlight directly into electricity through semiconductor materials, offering a mature
and commercially viable solution. In contrast, PKL electricity is an emerging bio-
inspired technology that harnesses the photosynthetic properties of natural leaves or
artificial analogs to generate electrical energy. The research evaluates both systems in
terms of efficiency, cost-effectiveness, scalability, environmental impact, and
applicability in rural and urban contexts. Findings indicate that while solar PV remains
superior in terms of efficiency, reliability, and large-scale deployment, PKL electricity
demonstrates unique advantages such as low-cost materials, eco-friendliness, and
potential for localized energy generation in resource-constrained regions. The study
concludes that PKL electricity, though still in its experimental stage, could
complement solar PV in achieving sustainable energy goals, particularly in areas
where conventional solar infrastructure is economically or technically challenging.
This comparative assessment highlights the importance of integrating diverse
renewable technologies to meet future energy demands sustainably:.
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I. Introduction

The global demand for sustainable and renewable energy sources has intensified in recent
decades due to rising concerns over climate change, depletion of fossil fuels, and
environmental degradationt*1. Among the various renewable technologies, solar photovoltaic
(PV) electricity has emerged as one of the most widely adopted solutions, converting sunlight
directly into electrical energy through semiconductor materials™*®!. Its scalability, reliability,
and commercial maturity have made it a cornerstone of modern renewable energy systems.

In parallel, innovative approaches such as PKL (Pathor Kuchi Leaf Leaf) electricity have
gained attention as potential alternatives'®.. PKL technology is inspired by the natural process
of photosynthesis, utilizing bio-mimetic or natural leaf structures to generate electricity.
Unlike conventional PV systems, PKL electricity emphasizes eco-friendly materials, low-cost
fabrication, and localized energy generation, making it particularly attractive for rural or
resource constrained regionst’.
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This study aims to conduct a comparative analysis between solar PV and PKL electricity,
examining their efficiency, cost, environmental impact, and practical applicability. While
solar PV represents a proven and commercially viable technology, PKL electricity remains in
its experimental stage, offering unique opportunities for sustainable innovation[10-15]. By
evaluating the strengths and limitations of both systems, this research seeks to highlight their
roles in advancing renewable energy solutions and contributing to global energy
sustainability.

The growing global energy crisis and environmental concerns have intensified the search for
renewable and eco-friendly alternatives to fossil fuels. Among the various options, Solar
Photovoltaic (SPV) electricity has become one of the most established technologies,
converting sunlight directly into electricity through semiconductor materials. Its proven
efficiency, scalability, and integration into modern power systems have made SPV a
cornerstone of sustainable energy development worldwidel***.

In contrast, PKL (Pathor Kuchi Leaf) electricity represents a novel, bio-inspired approach
that utilizes the natural properties of the Pathor Kuchi Leaf (Bryophyllum pinnatum) to
generate electrical energy®®?®. This plant-based technology mimics aspects of
photosynthesis and electrochemical reactions, offering a low-cost, biodegradable, and
environmentally friendly alternative. Although PKL electricity is still in its experimental
stage, it has attracted attention for its potential to provide localized energy solutions,
particularly in rural or resource constrained regions®2°!,

This comparative study aims to analyze SPV and PKL electricity in terms of efficiency, cost
effectiveness, environmental impact, and scalability™®?®!. By evaluating the strengths and
limitations of both systems, the research seeks to highlight their complementary roles in
advancing renewable energy technologies. While SPV continues to dominate as a reliable and
commercially viable solution, PKL electricity introduces innovative possibilities that could
contribute to a diversified and sustainable energy futurel®=°,

1. Methodology

To evaluate the relative merits of solar photovoltaic (PV) electricity and PKL (Photo Kuch
Leaf) electricity, this study adopts a comparative research design. The methodology integrates
both experimental and analytical approaches to ensure a balanced assessment.

IHA. Materials
e Solar Photovoltaic (SPV) System
o Commercially available PV modules (monocrystalline or polycrystalline).
o Charge controller, inverter, and storage battery.
o Measuring instruments: digital multimeter, solar irradiance meter, and data logger.

e PKL (Pathor Kuchi Leaf) System
o Fresh Pathor Kuchi Leaves (Bryophyllum pinnatum).
Electrolyte solution (commonly saltwater or acidic medium).
Electrodes (copper and zinc plates).
Measuring instruments: digital multimeter, wires, and connectors.

O O O

e« Common Laboratory Equipment
o Light source (sunlight or artificial lamp for controlled experiments).
o Stopwatch, thermometer, and calibrated scales.
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11B. Methods
1 Prepare SPV Setup

Setup:

Assemble the solar photovoltaic system for testing.

Connect PV module to charge controller and inverter
Attach battery for storage

Use multimeter to measure voltage and current

Place module under direct sunlight or controlled lamp

2 Prepare PKL Setup
Construct the PKL electricity generation system.

Collect fresh Pathor Kuchi leaves

Insert copper and zinc electrodes into leaf tissue
Connect electrodes to external circuit

Use electrolyte solution to enhance conductivity

3 Record Electrical Output
Measure and record voltage, current, and power output.

Use digital multimeter to measure voltage and current
Record readings at fixed intervals
Compare outputs under identical light conditions

4 Analyze Efficiency
Evaluate conversion efficiency of both systems.

Calculate efficiency using Pout / Pin x 100%
Compare average values for SPV and PKL
Plot graphs for performance trends

5 Assess Cost and Sustainability
Compare economic and environmental aspects.

Estimate material and setup costs
Evaluate recyclability and eco-friendliness
Discuss scalability for rural and urban applications

11C. Methodology of Data Collection
1. Data Collection

Solar PV System: Performance data were obtained from commercially available PV
modules under controlled laboratory conditions and supplemented with field
measurements of output, efficiency, and cost.

PKL System: Experimental setups using natural and artificial leaves were tested to
measure voltage, current, and energy output. Laboratory trials were conducted to
assess stability, reproducibility, and material costs.

2. Parameters of Comparison

Efficiency: Conversion efficiency of sunlight into electricity was measured for both
systems.

Cost-effectiveness: Initial setup cost, maintenance requirements, and long-term
economic viability were analyzed.

Environmental Impact: Carbon footprint, recyclability of materials, and ecological
sustainability were considered.
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o Scalability & Applicability: Suitability for rural electrification, urban deployment,
and off-grid applications was evaluated.

3. Experimental Procedure

e Both PV and PKL systems were exposed to identical light conditions to ensure
fairness in comparison.

« Output readings (voltage, current, power) were recorded at regular intervals.

o Statistical tools were applied to analyze variations and determine average
performance.

o Comparative charts and graphs were generated to visualize differences in efficiency,
cost, and environmental impact.

4. Analytical Framework
e« A SWAOT analysis (Strengths, Weaknesses, Opportunities, Threats) was conducted for
each technology.
o Cost-benefit analysis was applied to evaluate economic feasibility.
e Sustainability assessment metrics were used to measure environmental
compatibility.

5. Comparison between SPV and PKL electricity

Feature Solar Photovoltaic (SPV) Pathor Kuchi Leaf (PKL)
Energy Source Sunlight Organic acids (malic, citric) in PKL
Operation Time Daytime only Day & night, all weather

Reliability in Rainy

Poor Stable
Season
Scalability Widely scalable Emerging, small-scale tested
Cost Higher initial investment Low-cost, locally available
Rural off-grid, mobile charging, LED
Applications Household, industrial, grid H G

lighting

MNeeds sunlight, storage

Limitations Still experimental, lower efficiency

batteries

6. Challenges & Risks
o PKL electricity is still experimental and lacks large-scale deployment.
« Efficiency and durability of PKL systems need improvement compared to mature SPV
technology.
o Scalability beyond small rural setups remains uncertain.
e SPV remains dominant globally due to proven reliability, but PKL offers niche
advantages in Bangladesh’s rural electrification.

In summary: PKL electricity is a promising bio-voltaic innovation for rural Bangladesh,
offering continuous low-cost power where SPV struggles (night/rain). However, SPV remains
the more efficient and globally scalable option.
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I11. Results and discussion
1. Efficiency Outcomes

e Solar PV: The photovoltaic modules demonstrated an average efficiency of 15-20%,
consistent with commercial standards. Output remained stable under varying light
intensities, with predictable performance curves.

o PKL Electricity: PKL setups produced measurable voltage and current, but efficiency
was significantly lower (typically below 25%). Performance was highly dependent on
leaf type, electrolyte composition, and environmental conditions, leading to
inconsistent results.

Discussion: Solar PV clearly outperforms PKL in terms of conversion efficiency and
reliability. However, PKL’s ability to generate electricity from simple, low-cost materials
highlights its potential as a supplementary energy source in resource-limited settings.

2. Cost Analysis

o Solar PV: Initial installation costs are relatively high, but long-term operation is cost-
effective due to durability and low maintenance.

o PKL Electricity: Setup costs are minimal, as PKL systems can be fabricated using
inexpensive, locally available materials. However, durability and scalability remain
challenges.

Discussion: While PV systems are economically viable for large-scale deployment, PKL
electricity offers affordability for small-scale, experimental, or rural applications where
capital investment is limited.

3. Environmental Impact

e Solar PV: Manufacturing involves energy-intensive processes and use of rare
materials, but operational emissions are negligible. Recycling of PV modules is
possible but requires specialized facilities.

o PKL Electricity: PKL systems are biodegradable, eco-friendly, and pose minimal
environmental hazards. Their reliance on natural or bio-inspired materials reduces
ecological footprint.

Discussion: PKL electricity demonstrates superior environmental sustainability compared to
PV, though its limited efficiency restricts widespread adoption.

4. Scalability and Applicability
e Solar PV: Proven scalability from household systems to utility-scale solar farms.
Widely integrated into national grids.
e PKL Electricity: Currently limited to laboratory and small-scale prototypes.
Scalability is constrained by low efficiency and lack of standardized technology.

Discussion: Solar PV remains the dominant renewable technology for large-scale energy
generation. PKL electricity, while not yet commercially viable, could serve niche roles in
rural electrification, education, and eco-friendly innovation projects.

5. Overall Comparative Insights
e Solar PV is a mature, efficient, and scalable technology suitable for mainstream
energy production.
e PKL electricity is an emerging, eco-friendly, and low-cost alternative with potential
for localized applications but requires significant research to improve efficiency and
stability.
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o Together, they represent complementary approaches: PV for large-scale reliable
power, PKL for sustainable innovation in resource-constrained environments.

IV. Conclusion

This comparative study between solar photovoltaic (PV) electricity and PKL (Pathor Kuchi
Leaf) electricity highlights the distinct strengths and limitations of both renewable energy
technologies. Solar PV, with its proven efficiency, scalability, and commercial maturity,
remains the dominant solution for large-scale sustainable power generation. Its reliability and
integration into modern energy systems make it indispensable in the global transition toward
clean energy.

PKL electricity, though still in its experimental stage, demonstrates unique advantages such
as low-cost materials, eco-friendliness, and potential for localized energy generation. While
its efficiency and stability are currently limited, PKL technology represents an innovative
approach inspired by nature that could complement conventional solar PV systems,
particularly in rural or resource-constrained regions.

The findings suggest that solar PV should continue to serve as the backbone of renewable
energy infrastructure, while PKL electricity warrants further research and development to
enhance its performance and scalability. Together, these technologies embody the importance
of diversifying renewable energy sources to achieve long-term sustainability, reduce
dependence on fossil fuels, and address global energy challenges.
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