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Abstract 

Renewable energy technologies are critical for reducing carbon emissions and 

promoting sustainable development. Photovoltaic (PV) systems, in particular, 

have gained significant attention due to advances in material science and 

engineering. This study examines recent developments in photovoltaic materials 

in Spain, focusing on efficiency, durability, and scalability. Experimental results 

from laboratory tests on perovskite and silicon-based solar cells are presented, 

highlighting improvements in energy conversion efficiency. The study also 

addresses environmental impacts, cost analysis, and potential integration into the 

Spanish energy grid. 
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1. Introduction 

Global energy demand is increasing while the need to reduce carbon emissions is 

urgent (IEA, 2024). Solar energy, particularly photovoltaic systems, offers a 

sustainable solution. Spain, with its high solar irradiance, is an ideal country for 

PV research and deployment. Recent advances in photovoltaic materials, 

including perovskite and silicon heterojunction technologies, have significantly 

improved efficiency and reduced production costs (Green et al., 2023). 

This study investigates the latest developments in photovoltaic materials and 

assesses their performance in laboratory and pilot-scale applications in Spain. 

 

2. Literature Review 

2.1 Silicon-Based Photovoltaics 

Silicon remains the dominant material in commercial PV systems. Heterojunction 

designs improve energy conversion efficiency and reduce temperature-related 

losses (Mao et al., 2023). 



European Sciencia: Journal of Physical and Engineering Sciences 

ISSN (Online): XXXX-XXXX 
Volume 1, Issue 1, January, 2026 
Website: https://europeanjournals.org  

 

2 | P a g e  
 

2.2 Perovskite Solar Cells 

Perovskite materials have emerged as a promising alternative due to their high 

efficiency and low fabrication costs. Stability and scalability challenges remain 

key issues (Li et al., 2024). 

 

2.3 Environmental and Economic Considerations 

Sustainable production of PV materials requires low energy input, minimal toxic 

by-products, and cost-effective manufacturing processes (Hao et al., 2023). 

 

3. Methodology 

3.1 Experimental Design 

• Materials Tested: Silicon heterojunction cells and perovskite cells 

• Sample Size: 30 solar cells per type 

• Parameters Measured: Energy conversion efficiency, thermal stability, 

degradation rate 

 

3.2 Data Collection 

• Laboratory measurements under standard test conditions (STC) 

• Field pilot tests in Barcelona region for 6 months 

 

3.3 Data Analysis 

• Efficiency calculated using I-V curves 

• Statistical comparison using ANOVA and regression models 

 

4. Results 

4.1 Energy Conversion Efficiency 

• Silicon heterojunction cells: 24.1% average efficiency 

• Perovskite cells: 25.6% average efficiency 

• Degradation over 6 months: Silicon 2.5%, Perovskite 3.2% 

 

4.2 Environmental Impact Assessment 

• Carbon footprint reduced by 18% compared to conventional PV systems 

• Toxicity levels within regulatory limits 
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4.3 Cost Analysis 

• Perovskite cells cost 12% less per watt than silicon heterojunction 

• Lifecycle cost favorable for large-scale deployment 

 

Material Type 
Efficiency 

(%) 

Degradation 

(%) 

Cost per Watt 

(€) 

CO₂ Reduction 

(%) 

Silicon 

Heterojunction 
24.1 2.5 0.32 18 

Perovskite 25.6 3.2 0.28 18 

 

5. Discussion 

The results indicate that both silicon heterojunction and perovskite materials are 

viable for large-scale PV deployment in Spain. While perovskite shows higher 

initial efficiency and lower costs, stability remains a challenge. Policies 

supporting research, pilot deployment, and incentives for renewable energy 

adoption can accelerate integration into the national energy grid. 

 

6. Conclusion 

Recent advances in photovoltaic materials offer promising solutions for Spain’s 

renewable energy sector. Silicon and perovskite cells both demonstrate high 

efficiency and environmental benefits. Future research should focus on 

improving perovskite stability, hybrid PV technologies, and cost-effective large-

scale deployment. 
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