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Abstract

The  rapid  growth  of  photovoltaic  (PV)  technology  has  established  it  as  a  key  player  in  global 
renewable energy production. PV modules offer an alternative to coal-based electricity generation and 
are produced in various proportions globally. Furthermore, their capacity is continuously increasing, 
whereas their production cost is decreasing. Nevertheless, even though PVs greatly contribute to the 
reduction of greenhouse gas emissions during their use, there are significant emissions during their 
manufacturing process, as well as land use impacts associated with their production facilities and end-
of-life treatment. Therefore, a more rigorous investigation of the impact of crystalline PV production 
and end-of-life stages is required. 
The main objective of this study is the identification of the environmental effects associated with PV 
cells made up of multi-crystalline silicon (multi-Si) by means of Life Cycle Assessment (LCA). The 
overall  environmental  impact  of  a  PV  during  its  entire  life  cycle,  including  manufacturing, 
transportation, installation, operation, maintenance, and end-of-life disposal is considered. In order to 
achieve  this  objective  the  greenhouse  gas  emission  intensity  of  PV-manufacturing  countries  is 
evaluated.  These emissions depend on the fuel  mix used in  power generation,  with coal  and oil  
resulting in higher emissions than natural gas or renewable sources. Upstream emissions associated 
with the production and transport of fuels also impact the overall greenhouse gas emission intensity of 
electricity. If a PV module is produced in a country that relies heavily on coal-fired power plants to 
generate electricity the carbon footprint of the PV module will be higher than if it were produced in a  
country that generates a larger share of its electricity from renewable energy sources.
According  to  the  data  obtained  from  National  Survey  Reports  and  identification  of  production 
facilities, China, the USA, and Europe are the largest PV module producers, with China experiencing 
exponential growth in shipments in recent years. The impact of the electricity mix of each country on 
the emissions associated with the production of a PV module is examined. The carbon intensity of the 
electricity mix used to produce the PV module can influence the carbon footprint of the module. By 
analyzing the energy mixes and by using the life  cycle analysis  for  photovoltaic  modules of  the 
European Union and various datasheets, we gain insight into the emissions from diesel combustion, 
carbon dioxide (CO2) emissions, non-methane volatile organic compounds (NMVOC), and energy 
consumption associated with PV module production. The data encompasses the entire lifecycle, from 
raw material extraction to the final product. The findings reveal significant variations in emissions 
profiles  among the  production countries.  Europe demonstrates  a  lower  carbon footprint  due to  a 
higher  utilization of  renewable  energy sources  in  the  manufacturing process,  whereas  the  United 
States exhibit moderate emissions, which are influenced by a mix of renewable and non-renewable 
energy sources. China, while a dominant producer, displays higher emissions, primarily driven by a 
greater reliance on coal-fired power plants.
In conclusion, the present study is aimed at shedding light on the environmental implications of PV 
module production, offering a deeper understanding of the factors influencing their  sustainability. 
Through rigorous analysis and exploration of potential solutions it contributes to the broader goal of 
transitioning towards a greener and more sustainable energy future.
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