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Abstract:-Solar photovoltaic based electricity is considered to be free from fossil fuels usage and greenhouse gases 
emissions but a considerable amount of non-renewable sources utilized during its manufacturing, installation, transportation 
of solar PV modules and it components. LCA (life cycle assessment) study is called as cradle to grave study of system. It is 
uses to calculate the energy consumption in manufacturing, installation, transportation of solar PV systems. LCA goal is to 
calculate EPBT, GHG emission and embodied energy. It is also concerned with efficiency and economicanalysis of plant. 
India is presently sixth largest electricity generating country and accounts for about 4 % of the world’s total annual 
electricity generation. India is also currently rankedsixth in annual electricity consumption accounting for about 3.5 % of the 
world’s total annual electricity consumption. In this paper, LCA study of keasv puram solar power plant (1MW) situated in 
north Delhi has been done. It has 5571 solar power panel made up of mono crystalline, electricity generated is fed into main 
grid line of NDPL.This paper incorporates comprehensive LCA (life cycle assessment) study of a solar power plant 
(Keshavpuram-1MW). 
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I. INTRODUCTION 
 
India does not have a good fossil fuel based energy 
reservoir. India has only coal in relatively large 
quantity. India’s per capita energy consumption is 
about 778 kwh/year in January 2012 while the 
consumption rate is much higher for the developed 
countries like USA Canada etc (range of 12000 to 
15000 kwhr per capita per year). Therefore, it’s 
discernable that India’s energy consumption is very 
less. Among the total energy consumption, 
commercial sources of energy (coal, petroleum, 
electricity) are only 50% of total energy consumption 
in India. Many non-commercial sources like fuel, 
wood, agricultural waste, and animal dug constitute 
other 50% of total energy consumption in India. At 
the current rate of consumption and production, coal 
and oil reserves in India would last for about 100 to 
120 and 20 to 25 years respectively. India is presently 
the sixth largest electricity generation country and 
accounts for about 4% of world’s total annual 
electricity generation. India is also currently ranked 
sixth in annual electricity consumption, accounting 
for about 3.5% of the world’s total annual electricity 
consumption [1]. In December 2011, over 300 
million Indian citizens have no access of electricity. 
Over one third of India’s rural population lacked 
electricity, as did 6% of the urban population. Of 
those who did access of electricity in India, the 
supply was intermittent and unreliable. In 2011, 
blackouts and power shading interrupted irrigation 
and manufacturing across the country [2]. The per 
average annual domestic electricity consumption in 
India in 2009 was 96 kwh in rural areas and 288 kwh 
in urban areas for those with access to electricity, in 
contrast to the worldwide per capita annual average 
of 2600 kwh and 6200 kwh in the European Union.  

 
India’s total domestic, agricultural and industrial per 
capita energy consumption estimate varies depending 
on the sources. Two sources place it between 400 to 
700 kwh in 2008-2009. As of January 2012, one 
report found the per capita total consumption in India 
to be 778 kWh [2]. A summary of current electricity 
generation scenario in India is shown in table 1.1 
 

Table 1.1 Electricity generation scenarios in India 

 
 
The government policy measures have played an 
important role development, deployment and 
commercialization of renewable energy technologies 
and systems. The country has total renewable energy 
potential of about 84,000 MW. In addition, India 
receives sufficient solar radiation that may generate 
around 20 MW/Km2 by using SPV system. The 
detailed estimated potential of renewable energy 
based electricity generation and installed capacity is 
shown in table 1.2 
Table 1.2 Electricity generations in India through 
renewable resources  
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Fossil fuel-based sources are very limited in quantity 
and cause damage to our environment. In many cases, 
it is difficult, in terms of cost, to extend grid all the 
way to remote locations, even if fossil fuels are 
available. On the other hand, solar energy sources are 
available almost in all parts of country in one form or 
another. Most of the India receives more than 20 
MW/m2 of solar radiation every year, which provides 
attractive alternative for providing energy to rural 
masses and accessibility to energy technologies 
should be thoroughly pursued in the country [4]. 
 
II. THE STRUCTURE AND COMPONENT 

OF LCA 
 
Life cycle assessment (LCA) is a technique for 
assessing various aspects associated with 
development of a product and its potential impact 
through a product’s life [5]. LCA stage includes 
definition of goal and scope, inventory analysis, 
impact assessment and interpretation of result as 
shown in fig 2.1 

 
Figure 2.1 Life cycle assessment framework 

 
The goal and scope definition describes the 
underlying question, the system, its boundaries and 
the definition of a functional unit. The flows of 
pollutants, materials, resources are recorded in 
inventory analysis. These elementary flows 
(emission, resources, consumption, etc) are 
characterized and aggregated for different 
environmental problem in impact assessment and 
finally conclusions are drawn in interpretation stage. 
LCA applications are comparisons of different 
product and system, or different materials production 
or recycling methods. LCA can be used as a tool to 

detect potential for improvements with the aim to 
reduce impact on human health environment and 
resource depletion. LCA study also called as cradle to 
grave study of the system/product. It is used to 
calculate the energy consumption in manufacturing, 
installation and transportation of SPV system. LCA 
study also aims in comparing and analysis of the 
environmental impacts of products and services. The 
EPBT period is used as an indicator to show the 
amount of energy consumed. EPBT is the time 
required for the system to generate the equivalent 
amount of energy which is consumed in the 
construction, operation, maintenance and 
decommissioning of the energy generating system. It 
indicates no. of years required to recover the energy 
consumed in the installation of the plants through 
energy generation by the plants. The total energy 
requirement of the electricity generating projects and 
the annual power generated are concerned with the 
primary energy [6]. To convert the annual power 
generation to primary energy, the average efficiency 
of the electricity generation projects in the studied 
country is needed. For the present study best average 
efficiency of electricity generation for India is 
considered as 0.40.  
Estimation of EPBT is given as  
EPBT (years) 

 
The total life-cycle GHG emissions (g-CO2) were 
generally estimated according to the full operational 
life cycle of each system from the commissioning of 
the plant to its full operation (cradle to grave). These 
emissions are found to vary widely within each 
technology.  
 
Estimation of GHG emission is given as 
GHG emissions = 

       ( ) 

   ∗   ( )
 

An LCA is performed to evaluate the life cycle 
energy usage and GHG emissions from electricity 
generation from a SPV system. A life time 25 years is 
considered for the SPV system. However, PV 
modules are expected to have longer life time 
according to manufacturer guarantee [6]. India does 
not have yet expensive life cycle data base available 
for general use consequently, some data are available 
for energy as well as co2 emissions, much of the data 
used in this study were based on analysis undertaken 
in other countries.                                                                              
The life cycle of a solar power system is considered 
to be comprised of three phases, namely construction, 
operation and decommissioning. The complete 
methodology which is used here is summarized 
below: 
1. Compilation of the material inventory for the 

total power system.  
2. Compilation of the life cycle energy. It is an 

inventory of the energy inputs. The life cycle 
energy requirements should be considered 
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initially as thermal and electrical energy 
separately and then converted to equivalent 
primary/electrical energy by using conversion 
efficiency. 

3. Compilation of the life cycle GHG (Green House 
Gas) emissions which is estimated from the each 
component of SPV system which is studied. 

4. Estimation of the electricity generation by the PV 
system. 

5. Estimation of environment indicators i.e. EPBT 
(Energy Pay Back Time) and GHG emissions. 

 

 
Figure 2.2 Energy flow for the three phases of PV system 

 

 
Figure 2.3 LCA boundary of the SPV system 

 
In the above figure, schematic representation of LCA 
boundary of SPV system is shown. First of all, we 
required natural resources for the material production 
such as steel, glass, aluminum etc. then it is used for 
the production of solar PV cell and fabrication of PV 
modules frameless. After this stage we got solar PV 
modules. Material production is also used for 
inverter, charge regulators, supporting structures. 
Further, energy is consumed in transportation of these 
materials and then for construction phase. After 
installation of PV modules, operational phase starts 
when radiation incidents on it. Therefore electricity 
production is initiated. In this phase no GHG 
emission. When SPV system life is over then again 
CO2 emission started in the form of 
decommissioning, transport and waste disposal which 
is also required energy hence GHG emission[9]. 
 
Case Study 
In our study, we choose Keshavpuram solar power 
plant (1 MW Capacity), has 5,571 solar photovoltaic 
panels made of mono-crystalline silicon, which will 
absorb sunlight and convert it into electricity that will 

be fed into the main grid line of NDPL (North Delhi 
Power Limited). This power is clean and green since 
there is no pollution in generating solar power. The 
panels will last for 25 years. Since there are no 
moving parts, the panels need no maintenance except 
dusting and cleaning. DC power generated by solar 
panels is converted into AC by inverters and fed into 
the power grid via transformers. This plant is 
designed to produce 1.58 million units of electricity 
annually, sufficient to light more than 1,000 homes. 
The commonly used advanced solar sell had been 
discussed based upon life cycle assessment. The 
energy requirement and GHG emissions have been 
estimated for mono-crystalline based solar cells. It is 
well known fact that as cell efficiency varies, it 
affects the output of the plant i.e. no. of unit produced 
by the plant. The efficiency of mono-crystalline cell 
material varies from 18-24%, henc no of units 
produced by plant in case of mono-crystalline will be 
maximum when efficiency is 24%[7]. 
 
III. ECONOMIC ANALYSIS 
 
In this section, cost analysis and total revenue of solar 
power plant is studied. While   cost  analysis  is  
related  with  expanses  of individual  component of 
plant and total revenue indicates the total income  of 
solar power  plant[6]. 
4.1 Cost Analysis 

Table 4.2 Cost of individual component 

 
 

4.2Total Revenue 
Total units in November month = 84418[7] 
Annual units =84418*12=1013016 units  
If one unit is sold at the cost of 17 Rs (as in 
Keshavpuram plant), then  
Total cost (selling of units)in a year= 1013016*17 
=17221272Rs 
Let the efficiency of solar PV system decreases 0.5% 
in every three years: 
Total units produced in 25 yrs  
=(1+0.955+0.99+0.985+0.980+0.975+0.970+0.965)*
1013016*3+972495.3=24859412 units 
Total selling cost by plant in 25 yrs = 24859412*17 
=422610014.9 Rs  
 
4.3Life Cycle Energy Pay Back Time(EPBT) 
Hence, total revenue in 25 years =422610014.9 Rs 
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And total installation cost of plant =132377184.4 Rs 
Since EPBT is a period in which we will recover the 
cost of plant  
So, EPBT= 25*132377184/422610014.9 
                 =7.83 years 
  
IV. RESULTS AND DISCUSSION 

 
Since it incorporates case study of Keshav Puram 
power plant (1MW). After the case study of the plant, 
we did cost analysis of each and every individual 
components used in the plant and by compare cost of 
PV modules, inverter, transformers, mounting, 
structures, wires and junction boxes, transportation 
and operation & maintenance, it has been seen that 
PV module cost (4,01,11,200 Rs) is major in the 
establishment of SPV plant. In Keshav Puram power 
plant, one unit is sold at Rs. 17, and the total life of 
plant is considered as 25 years, so total selling cost of 
units in 25 years is 42,26,10,014.9 Rs and the cost at 
the time of installation is 13,23,77,184.4 Rs. So the 
revenue generated by the plant will recover in 7.8 
years. The variation in EPBT and GHG emissions has 
been dependent up on many factors such as the type 
of solar cell, irradiation of the location, efficiency of 
components, size (capacity) of the system, life time of 
solar system and the electricity mix of that particular 
country and year of study. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

India has made progress in terms of renewable energy 
project installation. But it is not at the fore front of 
their development. India has Ministry of New and 
Renewable Energy (MNRE) [2] technologies, which 
is a step forward with respect to many other 
countries. India has one of the largest renewable 
energy programs covering all majorrenewable energy 
areas like wind, solar photovoltaic etc.  
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