
I J A R S C T    

    

 

               International Journal of Advanced Research in Science, Communication and Technology  

                               International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

Volume 5, Issue 2, July 2025 

  Copyright to IJARSCT       DOI: 10.48175/IJARSCT-28397    898 

    www.ijarsct.co.in   

 
 

ISSN: 2581-9429 Impact Factor: 7.67 

 

Comparative Study of Solar Panel Materials for 

Optimum Solar Energy Absorption: A Scientific 

Review 
Dr. Amey S. Wagh1 and Dr. Swarupa Nivrutti Sable2 

Assistant Professor, Dept. of Mech. Engineering1  

 ORCID ID 0009-0002-6797-9105 

Assistant Professor, Dept. of CSE2 

ORCID ID 0000-0009-7505-7515 

M.H. Saboo Siddik College of Engineering, Mumbai, India1 

Atma Malik Institute of Technology and Research, Mohili-Aghai, Shahapur, Thane, Maharashtra, India2 

Corresponding author: amey.wagh@mhsscoe.ac.in 

 

Abstract: The continuous growth of global energy demand and environmental concerns has fuelled the 

need for sustainable energy sources, among which solar energy holds significant promise. The efficiency 

of solar panels largely depends on the materials used for their fabrication. This review provides a 

comprehensive comparative analysis of various solar panel materials with a focus on their optical, 

electrical, and structural properties affecting solar energy absorption. The study covers silicon-based 

panels, thin-film technologies, perovskite materials, organic photovoltaic cells, and emerging 

nanostructured materials. The paper aims to guide researchers and industry stakeholders towards 

selecting optimal materials for maximizing solar energy conversion. 
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I. INTRODUCTION 

The transition towards renewable energy is vital to mitigating climate change and achieving energy security. Solar 

energy, being abundant and environmentally friendly, is at the forefront of this transition. The material composition of 

solar panels directly influences their performance, longevity, and cost-effectiveness. This paper reviews the 

advancements and comparative performance of key materials used in solar panel technologies, incorporating technical 

parameters and recent case studies. 

 

II. LITERATURE REVIEW 

Extensive research has been conducted on photovoltaic materials, with silicon dominating commercial solar panels for 

decades due to its availability and proven performance. Recent advancements in thin-film, perovskite, organic, and 

nanomaterial-based solar cells have introduced new avenues for enhanced efficiency, flexibility, and application 

versatility. Literature highlights promising developments in tandem cells and multi-junction structures capable of 

exceeding traditional efficiency limits. However, concerns regarding stability, toxicity, and scalability remain 

significant hurdles. 

 

III. METHODOLOGY 

This review employs a comparative analytical approach by synthesizing data from peer-reviewed journals, industrial 

reports, and case studies on solar panel materials. Parameters such as energy conversion efficiency, material 

availability, production cost, stability, environmental impact, and real-world performance are evaluated. Case studies 

from recent advancements are incorporated to illustrate practical achievements and limitations. 
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IV. DISCUSSION 

The analysis reveals that: 

 Silicon-Based Solar Panels: Silicon remains the most widely used material in photovoltaic (PV) technology 

due to its abundance and mature fabrication processes. 

 Monocrystalline Silicon (Mono-Si): Characterized by high purity and a uniform crystalline structure, Mono-

Si panels exhibit efficiencies of 20-25%. A recent case study by Trina Solar (2023) demonstrated Mono-Si 

panels achieving 24.5% efficiency under standard test conditions (STC). 

 Polycrystalline Silicon (Poly-Si): Produced with lower manufacturing costs but slightly reduced efficiency 

(15-20%) compared to Mono-Si. Longi's 2022 modules achieved 19.8% efficiency with improved anti-

reflective coatings. 

 Amorphous Silicon (a-Si): Thin-film technology with low-cost production and flexibility but lower efficiency 

(~10%). Commonly used in low-power, portable devices. Advantages include high stability and reliability; 

however, limitations such as high energy consumption during production remain. 

 Thin-Film Solar Technologies: Thin-film PV materials offer lightweight and flexible alternatives to silicon 

panels. 

 Cadmium Telluride (CdTe): Notable for low manufacturing costs and reasonable efficiencies (~18%). First 

Solar's commercial CdTe modules reached 19.6% efficiency in 2023. CdTe panels perform well under diffuse 

light and high temperatures but face toxicity concerns due to cadmium. 

 Copper Indium Gallium Selenide (CIGS): CIGS panels provide efficiencies around 20% and flexibility, 

making them suitable for building-integrated photovoltaics (BIPV). Recent advancements include flexible 

CIGS cells integrated into architectural elements. 

 Amorphous Silicon Thin-Film: Mentioned previously; offers mechanical flexibility but suffers from lower 

energy conversion rates. 

 Perovskite Solar Cells: Perovskite materials, primarily based on hybrid organic-inorganic lead halides, have 

revolutionized PV research due to their rapid efficiency improvements, reaching over 25% in laboratory 

settings. Benefits include low-cost fabrication, tunable bandgaps, and high light absorption coefficients. 

Challenges involve long-term stability, toxicity (lead content), and scalability. Recent breakthroughs, such as all-

inorganic cesium-based perovskites, show promise for enhanced stability. Case studies from Oxford PV demonstrate 

tandem perovskite-silicon cells exceeding 30% efficiency in prototype testing. 

 Organic Photovoltaic Cells (OPVs): OPVs utilize organic semiconductors for light absorption and charge 

transport. Pros include mechanical flexibility, lightweight design, and potential for low-cost, large-area 

production. 

 Current efficiencies range between 10-15%, with research aiming to enhance stability and increase 

performance. A notable case study includes Heliatek's organic modules achieving 13.5% efficiency for flexible 

applications. OPVs are promising for niche applications such as wearable electronics, portable devices, and 

semi-transparent solar windows. 

 Nanostructured and Emerging Materials: Nanotechnology offers innovative pathways to boost solar energy 

absorption. 

 Quantum Dots (QDs): Semiconductor nanocrystals enabling multiple exciton generation, potentially 

increasing efficiency beyond the Shockley-Queisser limit. QD solar cells have achieved ~16% efficiency in 

laboratory conditions. 

 Carbon-Based Materials: Graphene and carbon nanotubes offer excellent conductivity and mechanical 

strength, enhancing charge transport in hybrid solar cells. 

 Multi-junction and Tandem Cells: Combine different materials to harness a broader solar spectrum, 

achieving efficiencies over 30% in laboratory prototypes. NREL's 2023 prototype demonstrated a 39.5% 

efficiency for a six-junction solar cell under concentrated sunlight. Research is ongoing to address high 

production costs, stability, and scalability challenges. 
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V. COMPARITIVE ANALYSIS 

The comparative evaluation of solar panel materials highlights: 

 Silicon panels dominate the market with proven efficiency, stability, and commercial maturity. 

 Thin-film technologies provide cost-effective, lightweight, and flexible alternatives, though efficiency trade-

offs and material constraints exist. 

 Perovskites and OPVs offer exciting prospects for high efficiency and flexible applications but require 

breakthroughs in stability and manufacturing. 

 Nanomaterials and tandem structures show exceptional laboratory performance with potential for next-

generation PV devices. 

Table 1: Comparative Summary of Solar Panel Materials 

Material Type 
Efficiency 

(%) 
Advantages Limitations 

Notable Case 

Study 

Monocrystalline Si 20-25 High efficiency, durability High production cost Trina Solar (2023) 

Polycrystalline Si 15-20 Cost-effective, reliable Lower efficiency Longi (2022) 

Amorphous Silicon ~10 Flexible, low-cost Low efficiency Portable devices 

CdTe Thin-Film ~18-20 
Low-cost, high temp 

stability 
Toxicity concerns First Solar (2023) 

CIGS Thin-Film ~20 Flexible, suitable for BIPV Material availability BIPV applications 

Perovskites >25 (lab) High efficiency, tunable Stability, lead toxicity Oxford PV (2023) 

OPVs 10-15 Flexible, lightweight 
Low stability, 

efficiency 
Heliatek (2022) 

Nanomaterials (QD, 

Graphene) 

Up to 30+ 

(lab) 

Advanced efficiency 

potential 
High cost, scalability NREL (2023) 

 

VI. CONCLUSION 

Selecting optimal solar panel materials involves balancing efficiency, cost, stability, and environmental impact. While 

silicon-based panels remain the industry standard, emerging materials like perovskites, nanostructured devices, and thin 

films expand possibilities for specialized applications. Case studies illustrate rapid advancements, but challenges in 

stability, toxicity, and scalability persist. Continued interdisciplinary research and innovative material engineering are 

essential to overcoming existing limitations and driving widespread adoption of high-performance solar energy 

solutions. 

Future trends indicate significant potential in tandem cells, eco-friendly perovskites, and nanostructured coatings to 

enhance solar absorption and conversion efficiency. 
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