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1. Introduction  

This study is focused on the environmental performance analysis of Si-based monocrystalline technology 

solar modules, on which some improvements have been applied to increase their efficiency. The study 

will focus on the whole life cycle of the modules, considering the manufacturing, the use phase and the 

end of life stages. Besides the LCA results, the Energy Payback Time (EPBT) has been assessed, which 

describes the number of years that are necessary to recover all the primary energy that has been consumed 

in the life cycle of the modules. 

 

2. Methods and Experimental 
The approach that has been adopted to assess this novel technology is the LCA methodology according to 

ISO 14040 and ISO 14044 (ISO 14040:2006, 2006)(ISO 14044:2006, 2006) and specific product 

category rules (PEFCR platform European Commission, 2020). Considering this scope, the goal is to 
assess the environmental impacts associated with the PV systems throughout their lifecycle.  

The reference modules consist of NICE (New Industrial Cell Encapsulation) bifacial modules (6 

modules), the Innovation 1 modules consist of NICE modules + anti-Soiling (AS), anti-reflection (AR) 

and infrared (IR) coatings (6 modules) and the Innovation 2 consists of light-harvesting coating, which 

enhances the module’s power output (8 modules). Regarding the use phase, the electricity generated that 

has been considered was measured in the real installation of the modules in Vilnius. Results have been 

calculated considering the total amount of electricity that each group of modules can generate during its 

lifespan. Therefore, the Functional Unit (FU) that has been chosen is 1 kWh of electricity generated by 

each group of modules during 25 years. Results are thus provided for this FU. 

 

3. Results and preliminary remarks   
Results have been calculated for the following metrics for the manufacturing and use stages (Table I) and 

have been referred to the chosen FU. 

- Annual electricity generated by modules (expressed in kWh). 

- Estimation of the total electricity generated in 25 years by modules (expressed in kWh). 

- Carbon Footprint (CF) of modules (CF expressed in kg of CO2 equivalent/kWh generated). 

- Primary Energy Demand (PED) of the modules, expressed in MJ/kWh generated. 

- EPBT, expressed in years. 
Table I. Energy and environmental performance of PV modules   

Type of technology 

Total 

electricity 

 1 year (kWh) 

Total electricity 

25 years (kWh) 

CF 

(kg CO2/kWh) 

PED 

 (MJ/kWh) 

EPBT  

(years) 

Reference 1673.3 41831.5 0.0020 0.0356 3.21 

Innovation 1 1709.6 42741.0 0.0020 0.0349 3.14 

Innovation 2 1651.1 41278.0 0.0020 0.0406 3.05 

 

Results show that the electricity generated by Innovation 1 is slightly higher compared to the reference or 

Innovation 2 (2% higher), but Innovation 2 is the lowest one even considering is made up by 8 modules. 

This performance can affect the results that have been calculated related to the environmental indicators 

per module of innovation. Comparing each group of modules to the reference one, the PED of the 

Innovation 1 is 2% lower than the reference and Innovation 2 lower by 14%. Both innovations present an 

improved EPBT with respect to the reference modules. These results open the window to think that the 

innovations that have been applied are in the right way to achieve improved environmental performance 

compared to the reference scenario in absolute terms, though the technology still needs to be improved 

and optimized. 
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