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ABSTRACT 

Solar PV Industry is rapidly proliferating owing to the demand in increasing renewable energy 

worldwide. Solar Power’s contribution is widely increasing in the energy mix of the world. PV 

modules are components which have a limited life cycle and comes with a property of perish ability. 

The intention of this research would be to examine the potential need of recycling the PV wastes and 

reutilizing. The amount of recoverable material and glass for a sample module of 1m
2
 area can be 

quantified. The cost of landfill disposal of the solar panel can also be determined. A quantum of onus 

lies on the manufacturer as they are contributing to the carbon foot printing map. The research would 

also include the life cycle assessment of Solar PV based electrical generation systems.  Mass and 

energy flow over the complete production process starting from silica extraction to the final panel 

assembling to be considered. Life cycle assessment of amorphous, mono-crystalline, poly-crystalline 

and most advanced and consolidate technologies for the solar panel production is under study. 

 

Keywords: Solar PV Modules; Recyclability; Energy Systems; Environment; Renewable Energy; 

Climate Change 

 

 

 

1.  INTRODUCTION 

 

Solar PV Industry is rapidly proliferating owing to the demand in increasing renewable 

energy worldwide. Solar Power’s contribution is widely increasing in the energy mix of the 
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world. PV modules are components which have a limited life cycle and come with a property 

of perishability. The intention of this research would be to examine the potential need of 

recycling the PV wastes and reutilizing.  

The amount of recoverable material and glass for a sample module of 1 m
2
 area can be 

quantified. The cost of landfill disposal of the solar panel can also be determined. A quantum 

of onus lies on the manufacturer as they are contributing to the carbon foot printing map. The 

research would also include the life cycle assessment of Solar PV based electrical generation 

systems. Mass and energy flow over the complete production process starting from silica 

extraction to the final panel assembling to be considered. Life cycle assessment of amorphous, 

mono-crystalline, poly-crystalline and most advanced and consolidate technologies for the 

solar panel production is under study. 

Sustainability in India is a challenge owing to immense change in the climatic 

conditions. Climate Change is a serious global environmental concern. It is primarily caused 

by the building up of Green House Gases (GHG) in the atmosphere. The global increases in 

carbon dioxide concentration are due primarily to fossil fuel use and land use change, while 

those of methane and nitrous oxide are primarily due to agriculture. Global Warming is a 

specific example of the broader term, “Climate Change” and refers to the observed increase in 

the average temperature of the air near earth’s surface and oceans in recent decades. Its effect 

particularly on developing countries is adverse  as their capacity and resources to deal with 

the challenge is limited. 

 
Table 1. Companies their production capacity and type in India (Source Bridge to India). 

 

S. NO. Name of the company 
Production capacity 

(MW) 
Type of module 

1 Aditi solar 20 mono and poly 

2 Ajit solar 20 mono and poly 

3 Akshaya solar power 6 mono and poly 

4  Alpex Solar 60 mono and poly 

5  Andromeda Energy 5 poly 

6 BHEL 26 mono and poly 

7 CEL 13 mono 

8 ECOSOL 10 mono and poly 

9 
Electromac Solar 

Systems Pvt. Ltd 
12 mono and poly 

10 Emmvee Photovoltaics 135 mono and poly 

11 Empire photovoltaics 60 mono and poly 

12 
Evergreen Solar 

Systems India 
20 poly 

http://www.enfsolar.com/directory/panel/5886/alpex-solar
http://www.enfsolar.com/directory/panel/7065/andromeda-energy
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13 Goldi green 100 mono and poly 

14 HBL power systems 25 mono and poly 

16 KL solar 12 poly 

17 Kotak Urja 25 poly 

18 lanco solar 50 poly 

19 Lubi electronics 20 poly and mono 

20 NEASE 20 poly and mono 

21 Photon Energy Systems 30 poly and mono 

22 Plexus solar 10 poly 

23 Premier solar 50 
mono poly and thin 

films 

24 Novergy 30 poly and mono 

25 Mosarbaer 
185 (mono and 

poly), 50 thin 
Mono, poly and thin 

26 REIL 2 poly and mono 

27 Shan solar 30 poly and mono 

28 sova solar 12.5 poly 

29 Surana ventures 40 poly and mono 

30 Tata solar power 125 poly and mono 

31 Topsun 40 poly and mono 

32 Titan energy 100 poly and mono 

33 Websol 60 mono 

34 Waaree 110 poly and mono 

35 Indosolar 160 poly 

36 HHV solar 40 (mono), 10 (thin) Mono and thin films 

37 Vikram solar 150 poly 

38 Solar semiconductor 195 poly 
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Table 2. Cell Manufacturers in India. 

 

S. NO. Cell Manufacturers 

1 BHEL 

2 Central Electronics Limited 

3 Euro multi vision 

4 Indosolar 

5 Moserbaer solar 

6 PLG solar 

7 Websol 

8 Udhaya energy photovoltaics 

9 Tata solar power 

10 USL photovoltaics limited 

11 XL energy 

                            (Source BEE, India) 

 
Table 3. Installed capacity of solar energy in India. 

 

S. NO. States Installed Capacity Oct 2013 

1 Andhra Pradesh 63 MW 

2 Chhattisgarh 4 MW 

3 Delhi 3 MW 

4 Gujarat 851 MW 

5 Haryana 8 MW 

6 Jharkhand 32 MW 

7 Karnataka 24 MW 

8 MadhyaPradesh 145MW 

9 Maharashtra 180 MW 

10 Odisha 13 MW 

11 Punjab 12 MW 

12 Rajasthan 578 MW 

13 Tamil Nadu 21 MW 

14 Uttar Pradesh 17 MW 

15 Uttarakhand 5 MW 

16 West Bengal 2 MW 

17 Andaman and Nicobar 5 MW 

18 Total installed capacity 1962 MW 

     (Source: Bridge to India)  
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2.  LIFE CYCLE ASSESSMENT OF SOLAR PV MODULES 
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Photovoltaic (PV) technology is expected to be a leading technology to solve the issues 

concerning the energy and the global environment due to several advantages of the PV 

system. 

 

2. 1. LCA of amorphous PV systems 

A comparative analysis of the surface and material requirements of different power 

stations carried in which parameters like, the accumulated energy consumption in the 

manufacturing and construction of PV electricity generation plants, CO2 emissions caused by 

PV power generation and the energy amortization time or energy pay-back time (EPBT)  

evaluated shows. 

 

Parameters Corresponding Values 

Accumulated Primary Energy 13,000-21,000 KWH/KWp 

CO2 (LCA) Emission 3.360 Kg - CO2/KW 

Pay Back Time Period 2.5-3 Years Rooftop 

 3-4 Years Ground Mounted 

CO2 Emission per unit 50-60 g/KWH 

 

 

2. 2. Mono-crystalline (mc) PV systems 

A comparative analysis of the surface and material requirements of different power 

stations carried in which parameters like, the accumulated energy consumption in the 

manufacturing and construction of PV electricity generation plants, CO2 emissions caused by 

PV power generation and the energy amortization time or energy pay-back time (EPBT) . 

The life cycle CO2 emission is 5.020 kg - CO2 / kWp for mono crystalline (mc) silicon 

technology. Balance of system (BOS) of the residential PV system consists of supporting 

structure and an inverter. The indirect CO2 emissions of the PV systems made up of off-grade 

silicon is estimated to be 91 g - CO2 eq / kWhe. 

 

 

3.  LIFE CYCLE ENERGY USE 

 

The usage of material plays a very significant role in calculation of energy intensity. 

The construction phase is material intensive and hence is highly energy intensive. There have 

been significant estimation carried out for calculation of energy consumption in the 

manufacturing of Solar PV Modules. It is generally seen from the assessed data that energy 

consumption typically varies between 11 and 45 MWht/kWp 

It is generally found out that the specific energy consumption for production of inverters 

is around 0.17 MWhe/kWp. During the operational phase of modules, o external source of 

energy supply is required the installed control systems draw energy from the Solar PV 

Module itself. During the decommissioning phase, it is found that Solar PV modules would be 
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landfilled after removing the aluminum frames. Hence during the decommissioning energy 

can be used for recycling of aluminum supporting structures and module frames. 

Approximately 10% of the weight is assumed to be aluminum. Now generally 90% of the 

aluminum is recycled with a recovery rate of approximately 85-90%. Energy used for 

recycling aluminum is hence crucial. Transportation energy use is calculated based on the 

specific transportation energy materials associated with the Solar PV system. 

 

 

4.  LIFE CYCLE EMISSION 
 

In the Life cycle emission analysis of Solar PV systems, the GHG emissions potentially 

takes place from the amount of energy used for the manufacturing of solar PV modules and 

the Balance of Plant. The primary source of manufacture is conventional hence the emissions 

are calculated based on the fuel sources like coal, oil and gas. Generally CH4 and N2O 

emissions are ignored owing to its uncertainties in the energy source and the degree of impact. 

As per analysis it is found that GHG emissions from electricity generation from the Solar PV 

system are about 217 g - CO2 / kWhe. If one compares the GHG emission GHG emission of 

solar PV to that of Oil fired thermal power plant, it is less than even one-fourth of the oil-fired 

thermal power plant.  

 

 

 
 

Fig. 1. Solar Panels installed at University Campus. 
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5.  IMPROVEMENT ASSESSMENT OF TECHNOLOGY 

 

Improvement of the overall system would not only lead the process to a cleaner one but 

would also help in advancing the technology with widespread application. 

Generally three conditions are being identified for improvement of the overall system. 

1. Improvement of Technology in manufacturing  

2. Usage of alternate supporting structures 

3. Aiming to procure out improved module efficiency. 

These three options are taken into account for comparison with an oil fired thermal 

power plant whose overall efficiency lies in between 34-39%. 

 

5. 1. Technology 

One of the desired alternatives to decrease the life cycle energy use of PV modules is 

the process of batch production. Manufacturing of PV modules accounts for 81% of the life 

cycle energy usage. According to manufacturer’s batch production would lead to a decrease 

of the energy by 50% if the production is doubled. Now this would trigger in reducing the 

energy by 50%, then the life cycle primary use would also reduce to 1.7MJ / kWhe and the 

payback period would be around 3-3.5 years. Hence the GHG emissions would also be about 

129g CO2 / kWhe 

 

5. 2. Supporting Structure 

Aluminum supporting structure though doesn’t account for excessively high energy 

content but accounts for about 10% of life cycle energy use and the recycling of aluminum 

accounts for about 7-10%. Now a proposal in finding an alternative to aluminum structure can 

be concrete structure. This will help in energy reduction. For an instance if the aluminum 

usage for the supporting structure could be reduced by 10% the current aluminum usage, the 

life cycle primary energy use may reduce to 2.38 MJt/kWhe and the pay back would be 4.5-5 

years, with GHG emission of about 177 g - CO2 / KWhe. Another way of incorporation is by 

integrating the system into the building thereby minimizing energy use and cost of supporting 

structure. 

 

5. 3. Efficiency Improvement 

Generally the efficiency of Solar PV module used in the PV system is around 12 %. 

Though the actual efficiency may range from 7% and 9% including attributes like inverter and 

line losses of around 10%.Extrenal conditions like temperature may also add on to reduce the 

efficiency. Temperatures reaching more than 60 degree Celsius during peak working hours. 

The general observation is the power output of PV decrease by about 0.5% for every degree 

rise in the temperature of the cell.  

Cooling of the solar PV modules are extremely important to control the rising 

temperature hence various cooling methods can be used to safeguard the efficiency. Natural 

cooling may definitely be used for the purpose but in some additional cooling equipment’s 

can be used. From general observation it seen that for an increase in the efficiency by 10%, by 

cooling purpose the life cycle energy use would reduce to 2.2 MJt / kWhe and the pay back 

would be around 4.5 years. The GHG emission would be ranging about 165 g - CO2 / kWhe. 
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Fig. 2. Solar Panels at University Campus. 

 

 

6.  RECYCLING PROCESS 

 

The market today largely comprises five types of cell that can be further be categorized 

into two 1. 1
st
 Generation and 2. 2

nd
 Generation. 

 

Categories Types 

1
st
 Generation c-Si and p-Si 

2
nd

 Generation a-Si, CIGS and CdTe 

 

 

X-Si based PV are widely common in manufacturing world of PV, in the world. It is 

found that almost 88 % of the solar cell production are mono and multicrystalline silicon 

composition. The suggested recycling process involves pyrolysis, which recovers crystalline 

silicon wafers from the modules. Also the ethylene vinly acetate content in the lamination 

layer gets vaporized by the inert atmosphere pyrolysis at around 500 degree Celsius.  

Another proposed idea of recycling thin film solar cells, involves the putting of 

materials through a smeltering process or acid baths to recover metals like indium, selenium 

and gallium. The glass is however processed through thermal decomposition, solvent or acid 

dissolution to remove additional layers remaining. 

With recent developments in the manufacturing of a-Si cells with stabilized efficiency, 

a-Si has high absorption coefficient hence only a thin layer is required. Now as the amount of 

a-Si material is less, it makes it highly useable commercially.  
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Fig. 3. PV Modules. 

 

 

7.  PRODUCER RESPONSIBILITY IN ENERGY INDUSTRY 

 

Nowadays with the alarming increase in the environmental concerns, PV manufacturers 

are adopting ways to invest in retrieving out the materials. The concept of recycling is fairly a 

newer version many manufacturers as the sole intention till the time lies in going for 

landfilling of the modules. Researchers though have started looking or wider horizons into 

deepening the search on the recycling process and have also suggested few measures.   

 

 

8.  CONCLUSION 

 

This paper examined the potential need for solar PV recycling policies by analyzing the 

existing recycling protocols for the five major types of commercialized PV materials. It was 

found that the economic motivation to recycle most types of PV devices does not outweigh 

the difference between recycling and landfill costs, thereby making recycling an unfavorable 

economic option without appropriate incentives. Nonetheless, some solar manufacturing 

companies have begun to voluntarily recycle solar modules, but such initiatives may be driven 

by environmental responsibility rather than economic benefit. Therefore, as PV waste appears 

25–30 years after the module is created and the PV industry is experiencing explosive growth, 

there will be increased need to recycle the large amount of decommissioned solar modules. 

Because recycling is economically unfavorable, this will ultimately lead to economic stress on 

voluntary initiatives. Consequently, unless recycling of solar modules is regulated in the 

future, it is likely that these types of voluntary initiatives will not be maintained and 
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hazardous materials will begin to enter local waste streams However, it is critical that 

regulation of recycling in PV manufacturing does not provide a competitive advantage to the 

more environmentally destructive forms of electricity production. Therefore, it is imperative 

that appropriate policies are instituted taking the future into account and minimizing 

environmental pollution and solid waste from electricity production 
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