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1.0 Background: 
There are many queries from new developers, investors, users to have understanding of 
Solar Project – What, How… and to have simplified understanding of cost, land 
requirements, available technologies (Grid Connected / Off Grid, Ground Mounted / Roof 
Top, Hybrid, Fixed tilt / tracking… Thin Film / Poly Crystalline / Mono crystalline….). 
 
This article is an attempt to provide consolidated academic understanding of above answers 
in Indian context with a rear view of Indian Solar Industry’s experience in last 2-3 years. 
The inputs are consolidated as available on public domain without any responsibility of its 
accuracy or authenticity. 
 
1.1 Introduction: 
If we compare the cost of power from new coal-based plants, it will be at par with that of 
solar. If one takes into account the total duration of the power purchasing agreement, which 
is 25 years, grid-parity is already there.  
 
Solar power needs only a one-time investment in the form of land and PV panels. Its fuel, 
which is sunshine, is free unlike coal where price will head only northwards.  
 
Solairedirect, a solar power producer, was the lowest bidder at Rs 7.49 per unit for a 5MW 
plant auctioned under JNNSM in December, 2011 while the average tariff bid for 350MW 
under the mission was Rs 8.8 per unit.  
 
Three years ago, the cost of generating a unit of solar energy was around Rs 18. In fact, 
solar has already taken over diesel as a cheaper form of energy and a lot of telecom towers 
are now being run on solar power.  
 
In recent years, there has been a sharp decline in capital costs for solar PV plants. PV 
module prices have fallen a sharp 80% in the last five years and 30% during last year alone. 
Reports released a few weeks ago said, "Capital costs fell by 30% from a year ago to Rs 10 
crore per MW (megawatt) by the end of 2011. The fall was driven by 50% drop in prices of 
solar PV modules, which account for almost half the capital costs of a PV project. The sharp 
fall in capital costs has improved the returns from the projects that were commissioned in 
FY12."  
 
Heavy subsidies by China to its domestic manufacturers have been a major factor in driving 
down module prices. The recent reduction of subsidy to the sector by Germany, the largest 
solar power generator in the world, has also pushed down prices further.  
 
While the solar power generators are basking in the sunshine with optimism, the module 
makers are fighting to stay afloat. The nascent solar equipment industry in India is facing 
the heat and looking for ways to survive the Chinese subsidy onslaught that has already 
consumed many leading global manufacturers as per the market news says, such as 
Solyndra (US), Q Cells and Solar Millennium (both in Germany) and 5 others which have 
filed for bankruptcy. Many have halted production and further expansion plans. 
 
Funding to the sector has also seen an uptick, even though banks are still cagey about rock-
bottom tariffs and higher debt levels. Banks are keen to assist solar projects as they are 
pollution free but would prefer a lower debt-equity ratio in the range of 60:40. Given its 
green energy status, it's also not surprising that agencies such as US EXIM bank, ADB and 
IFC have also been active in the space.  
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The information about the executed Solar Project experience is spread across which are 
subject to various assumptions & considerations thus a challenge to have it consolidated, 
authentic and accurate.  
 
The objective of this document is just to give a simplified independent perspective at a 
common place based on collected information through interactions, sharing & exchanges on 
informal forums but no way intended to create any biases or creating any opinion or record 
or reference. 
 
1.2 Solar Energy Potential in India: 
India, due to its geo-physical location, receives solar energy equivalent to nearly 5,000 
trillion kWh/year which is equivalent to 600 GW. This is far more than the total energy 
consumption of the country today. But India produces a very negligible amount of solar 
energy compared to other energy resources.  
  
Following graph depicts solar energy potential in the country. While India receives solar 
radiation of 5 to 7 kWh/m2 for 300 to 330 days in a year, power generation potential using 
solar PV technology is estimated to be around 20MW/sq. km and using solar thermal 
generation is estimated to be around 35MW/sq. km.  
 

 
 
Overall across very good inputs for Solar power generation through thermal, PV or CPV 
(Concentrated PV) technologies. 
  



 

 

Solar PV Project Costing: India Perspective. Issue 01- Jul12 2012 

C O N F I D E N T I A L  ©  S o l a r  E n e r g y  E P C  -  I n t e r n a l  T r a i n i n g s  
 

Page 5 

1.3 Capacity Utilization Factor : 
For a Solar Photovoltaic (SPV) project, Capacity Utilization Factor (CUF) is the ratio of 
actual energy generated by SPV project over the year to the equivalent energy 
output at its rated capacity over the yearly period.  
 
The energy generation for SPV project depends on solar radiation, measured in kWh/sq 
m/day and number of clear sunny days.  
 
The output of Solar Cell is measured in terms of Wp (Watt Peak) and refers to nominal 
power under Standard Test Conditions (STC) (1000 W/m2, 250C, 1.5AM). 
 
According to the Solar Radiation Handbook (2008), published by Solar Energy Centre, MNRE 
the daily average global radiation incident over India is in the range of 4.3 kWh/Sq m to 5.8 
kWh/Sq m. 
 
Mean Monthly Global Solar Radiant Exposure (kWh/sq m/day) 

 

Also, it is noted that around 290 to 320 clear sunny days are prevalent across most parts of 
India throughout the year.  
 
Hence, considering an average clear sunny days around 300 and daily average global solar 
radiation to be around 5.8 kWh/Sq m/day, the capacity utilization factors for various Solar 
PV based power project installations is expected between 15% to 25 % based on SPV (thin 
film or crystalline) and up to 35% based on concentrated PV (CPV). 
 
Accordingly, the normative Capacity Utilization factor of 19% has been proposed in 
case of grid connected Solar PV based power projects. 
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2.1 Setting up a Project:   

The input for a project is Sun Radiation which is very conducive to setup a Solar PV plant 
across country. 
 
The economical land is feasible, as India has sufficient deserted space without residential / 
agricultural or commercial use and has plenty of Roof Tops. 
 
The technology is within reach and most technology providers are started focusing India, 
the knowledge base is developed with execution of >1000MW capacity addition in last 2 
years. 
 
There is an acute power shortage thus needy user to pay for energy generated. 
 
All the elements are available in India, except the big challenge of making financial sense 
from the investments i.e. to understand who delivers the Lowest Cost per kWh over the 
Lifetime of the Project. i.e. $/kWh (cost per kilo watt hour) and not cost per watt peak. 
The return is governed from what is generated and not what is the installed 
capacity! 
 
In other words, High returns or capacity factor = lower BOS cost per watt or more 
kWh/kW or maximum energy per square meter.  
 
In next sections, trying to compare various technical options and the cost around them but 
with few assumptions for simplicity & conceptual understanding. Thus it should not be 
considered as benchmark or reference.  
 
2.2 Norm for Capital Cost 

Following chart summarizes the capital cost (Rs Cr/MW) and capacity utilization factor (%) 
for various solar PV project installations as proposed by project developers.  

 
It is recognized that capital cost of the Solar PV power project shall be greatly influenced by 
the cost of PV modules, balance of plant and power conditioning system costs, taxes and 
duties, inter-connection costs etc. whereas the performance of the PV project shall depend 
upon the insolation, ambient conditions, conversion efficiencies, total system design and 
quality of execution, O&M etc.  
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The capital cost and capacity utilization factor has varied over wide range. However, there 
exists a positive co-relation between capital cost and capacity utilization factor over this 
range. 
 
2.3 Cost of realization 

Further, it is envisaged that with worldwide proliferation of the solar PV based installations, 
the economies of scale would ensure that the capital cost for Solar PV installations would 
decrease over the period. Most predictions promises that the cost of generation for Solar PV 
based installations can be comparable with that of conventional power generation by 2015-
16. 

 

2.4 Comparison of Module and Cell Efficiencies for Different Technologies 

As per report published by European Photovoltaic Industry Association (EPIA) a comparison 
of the cell/module efficiencies and the area required per kW installation for thin film and 
crystalline wafer technology respectively is presented in the table below: 
 

 

(Source: European Photovoltaic Industry Association) 
(CI(G)S = Copper Indium deselenide, a-Si/m-Si = Amorphous Silicon and Multi Crystalline Silicon) 
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2.5 Land Requirement 

It should be noted that for same plant capacity, Mono-crystalline needs less than half the 
space of Amorphous Silicon. i.e. If a 1MWp capacity plant is built in 7 Acre land using thin 
film, with Mono-crystalline (standard efficiencies as mentioned previously) it will be within 3 
Acre.  
With advancement of technology, even higher efficiency modules (>20%) are available thus 
reducing the surface area requirement, no of modules etc to build a plant. It is feasible now 
to build a 1MWp capacity plant in 2.5 - 3 Acre of land in India using High efficiency PV 
Modules. 
 
The table below gives a typical comparison on minimum land requirement vs module 
efficiencies: 
 

 
 
This proportion holds good for all type of system i.e. Roof-top / Ground mounted, Grid 
Connected or Off-Grid. 
 

 
Please note above is subjected to detail system design. Also additional space for Invertors, 
facilities and evacuation system needs to be considered. Further, a tracking system will 
require approximately 10-20% more area then fixed mounting. 
 

Module 

Surface / 

Per MW

Ground

Module 

Effeciency

SqM SqM Acre

7.0% 14,286   25,974   6.42   

10.0% 10,000   18,182   4.49   

12.0% 8,333     15,152   3.74   

13.0% 7,692     13,986   3.46   

14.5% 6,897     12,539   3.10   

17.0% 5,882     10,695   2.64   

19.0% 5,263     9,569     2.36   

20.0% 5,000     9,091     2.25   
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2.6 Module 

The module is the major cost (approx 60% of total project cost) and has variety from less 
than a USD/Wp to 2 USD/Wp. It is an important element of project as the return on 
investment totally depends upon this choice. There are choices available between 
technologies and the decision should be made considering all aspects as full cost and not 
only the initial capital cost.  
 
2.6.1 Choice of Module - Total System Design & Project Cost 
For same installed capacity of plant, no of modules increase will further increase the other 
direct cost like mounting structure, cabling, land development, fencing, security… and 
impacts indirect cost i.e. system losses, increased O&M / cleaning, more week points for 
chances of failures etc.  
 
It is evident that the total system cost (excluding O&M, land cost) varies, Module cost 
increase is partially subset by other direct cost savings. But if Land cost is significant and 
taken into account, the it will be inverted!. 
 
It is important to understand that low initial cost may not be the best investment choice 
unless Return on Investment (ROI /IRR /NPV etc.) is calculated on Total system 
cost (Module, Balance of System, Land lease, system losses etc.), O&M, spare, repair and 
replacement provisions etc. are taken into calculation.  
 
So there is an optimum balance point where the choice should be made on Capex vs other 
Direct/Indirect costs. Please refer the table in Annexure which gives an indication on the 
Module efficiency vs System cost, Land requirement with assumptions. 
 
There are comparison scenarios presented to understand the trends. For every project this 
could be a way be have detailed comparison to form a balanced decision based total cost 
and yield. 
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2.6.2 Choice of Module – Energy Generation 
The next important consideration is the Energy Generation over the life of the project, which 
will make the decision on financial returns out of investment. The tables in Annexure gives 
an indication on the Module efficiency, Capex vs Generation. Cost per kWh of investment 
over 25 years with assumptions. 
 
Contrarily to popular understanding, module technologies & efficiencies also impacts 
the energy generation in practice. Higher efficiency modules operate at lower 
temperatures captures broad spectrum of light and thus convert more of the sun’s energy to 
electricity – lower efficiency modules convert it to heat instead.  

This is proven by independent researches on various modules and their generation over the 
years in same conditions and comparison of extra generation with best is given next : 

 
Source : University of Cyprus (IPE) 

 
 Source : University of Stuttgart, Germany (IPE) 

2.6.3 Choice of Module – Performance Degradation 
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Further the consistent quality of module, its degradation over the life, past performance on 
generation (projected vs actual) becomes also very important.  Higher Lifetime Energy Yield 
is feasible from the modules whose degradation is lower.  
 

 
 
There are independent researches done on a large variety of panels and reports are 
published which indicates following: 
Conventional p-type c-Si cells (crystalline silicon) lose 3% of their initial power once exposed 
to sunlight called as light-induced degradation while n-type solar cells don’t (analysis of over 
5 years of field performance show no measurable degradation). This is an important point 
while calculating generation.  
 
Crystalline solar cell technology is well understood and has been used for over 50 years in 
extreme environments (space, deserts, arctic).  The degradation rate of standard cells has 
been well documented to be -0.6%/yr**.   
 
Thin film is a relatively new technology, with less than 10 years of manufacturing and field 
experience, and the degradation is not yet well understood. But some studies show that 
crystalline modules degrade less year to year than thin film and some cases shows thin film 
degradation >10% in first few years.  
 
The chart next shows the various modules of different technology researched & tested by an 
independent agency and plotted the degradation.  
 
So far, the best modules shown by third-party testing to degrade at -0.1%/year** although 
it is recommended a more conservative -0.25%/year for economic calculations. 
 
**Source 1 - Jordan, Dirk “Degradation Rates,” National Renewable Energy Laboratory, Feb 2010.  
2. National Renewable Energy Lab (NREL Colorado) measured degradation for 2 SunPower strings (5 years old):  
3. Jordan, Dirk “SunPower Test Report,” National Renewable Energy Laboratory, Dec 2011 
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2.6.4 Choice of Module - Total Quality & Reliability 
This is ensured with the quality of testing’s, as real life is tough on a solar panel system. The 
system can go through a variety of the tough exposures like : 
• Temperature Variation 
• Humidity 
• UV/Visible Light 
• Electrical Load 
• Physical Stress etc. 
 
The failures of PV modules in fields (Burning, bending, breaking etc. as shown in 
the photographs in the annexure) gives learning’s that it should pass rigorous 
qualification test program like : 
• Temperature Variation – Temperature cycle, Temp Cycle Sandwich (agitates metal) 

solder joint pull tests 
• Humidity – Damp heat with Bias, Humidity Freeze Cycles, wet hi pot ACL 
• UV/Visible Light – UV tron, 2 week outdoor exposure 
• Electrical Load - wet HI pot , ACL, Forward bias soak, reverse bias soak, HVD , 

Polarization 
• Physical Stress – dynamic load , hail tests etc 
 
Thus manufacturer’s qualification test program should include:  
a. Basic Industry Qualifications: everyone needs to have these certifications for basic 
level of safety and quality. But these are not enough because they do not cover all types of 
testing and all types of failure modes 
 
b. Tests with extended qualifications – an example is to do 10X the certification 
standard for temperature cycling to ensure highest level of reliability when the module 
needs to go through real life temperature variation over 25 years 
 
c. Custom tests like HALT which tests the products to failure, or tests designed to test 
various light and heavy stresses, degradation over time and manufacturing tests like 
(HASS).  
 
HALT testing is an accelerated testing mechanism that tests the panel all the way to failure. 
The HALT methodology consists of pushing the design to the point where failures occur and 
weaknesses are exposed. This is a method of discovering product weaknesses by applying 
stress combinations which are relevant to field deployment, but that are considerably 
beyond the normal operating environment - It is not a pass/fail test, but rather a test 
designed to activate the same failure modes one would encounter after many years in the 
field, in just a few days or weeks.  
 
Examples of HALT tests : 

• Solar Simulator (5 days) – tests for effects like de-lamination of interconnects, 
browning and bubbling of back-sheets etc. 

• UV Tester – to test the response to radiation over the life time of 25 years 
• Dynamic Load Testing – checks for cracking with stresses such as wind loads and 

hail 
• Autoclave 
• Damp Heat – failures in warm and humid conditions 
• Oven bake at 130C -  failures in extremely hot conditions 
• Thermal Cycling with current – regular temperature variations 
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Electroluminescence images of a front-contact module and  back contact module after dynamic load HALT stress (1000 cycles 

of +/-2400 Pa, equivalent to maximum wind load, of alternating pressure load on the glass) 

The modules which pass through above tests are the one who promises to deliver 
the promises in real life and provide fail safe assurance and commitment to trust 
for quality. 
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2.6.5 Choice of Module – Technology and features 
Advanced module design added new functionality as positive grounding free, full 
compatibility with market most efficient inverters, either with or without 
transformer. 
 
Module should be designed for Maximum light capture i.e. broader light spectral 
response and better low light performance, earlier in the morning to later in the 
evening i.e. Cells capture more light from the blue and infra-red parts of the spectrum 
through a lightly doped front surface and light trapping.  
 

 
 
Use of AR (Anti – reflecting) glass is important to have better light absorption by the cell 
to have better yield. 

 
Higher Performance at Higher Temperatures is very important in countries like India, 
South Africa which has most sunny days with high temperature and it is observed that plant 
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don’t give generation in those periods. In few cases burning of cells is observed due to high 
heat.  
 
Modules with lower temperature coefficients and lower normal cell operating 
temperatures generate more energy at higher temperatures compared to standard ones. 
So lower the temp coefficient of the module, better chances of high yields in hot summer. 
 
Module should be robust designed to withstand high wind gusts and should be simple 
for installation, connections. 
 
There are various other important technical parameters which also need to be checked but 
not elaborating as this document is more focused for project costing evaluation. 
 
2.6.6 Choice of Module – Manufacturing setup, Credibility 
There should be due diligence on the financial capacity of the manufacturer to have 
worth for its power generation warranties.  
 
The check should be done on the litigation history on honoring the commitments of 
warranties. This due care will help in obtaining warranties which are worth and can be 
used in case of dissatisfaction.  
 
There are many stories across Europe where investor’s felts lost when meager 
compensations arranged as settlement for lower performance thus sucked the project 
viability.  
 
The investment is expected to yield profits not litigation. Select the right partner 
whose commitment for 25 years can be respected. 
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2.7 Mounting 

There is always a debate between fixed vs Tracked structures’. Fixed are simple to design 
and easy operational considerations, they are economical and indigenous. While trackers are 
complex, so may not have proper results from all solutions providers.  
 
If tracking system is the choice, due care needs to be given in selecting proven performance 
and track record of the supplier & installer. Successful Tracker are mostly imported in India 
thus costlier, demands the technology and skill while design, erection. They add to auxiliary 
consumption in drives and controls, needs GPS etc connections. So little complex then fixed 
systems.  
 
But since they track the sun and align the movement of panels, yields 15-25% more energy 
generation. Tracker is expected to enhance generation periods even in low exposure periods 
as shown below: 

 
  
This may not make good financial sense on very low efficiency modules which are spread 
over larger areas and the incremental yield with tracking may not worth enough the 
additional investment. Successful trackers will be 40-80% costlier then fixed tilt system. 
 
But with High efficiency modules this will make worth investment. In Indian conditions with 
long sunny duration, the additional investment 0f 20-40% compared to fixed system on 
tracking is recovered very fast and additional generation over life time is a big incentive. 
 
On O&M, the real life observation is contrary to popular belief i.e. Tracking systems are 
proven to be simpler and economical and thus yielded higher generations (Less losses due 
to shedding, soiling etc.). 
 
Most fixed tilt installations near to deserts has fast accumulation of dust demanding cleaning 
on very short intervals while cleaning is a tedious process due to availability of good quality 
of water.  
 
However, tracking system proven to have low deposits because of movements (-45 to +45 
Degree) during the day and thus comparatively lower need of cleaning the panels on short 
intervals.  
 
Further in fixed tilt cutting the growing vegetation/weed etc. near to panels is positing 
challenges while tracked structures are flat in non sunny hours give sufficient clearance from 
ground to clear the vegetations. 
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Though they have auxiliary power requirement of approx 700 - 1500 units / MW / Annum, 
but they add 15-25% generation and simplicity in operation… may prove better solution to 
Indian environment having high dust but with more sunny hours, provided full system is 
designed, sourced and installed with perfection. 
 
Moreover it is important to understand that all trackers are not the same, ensure to check 
the track record of the manufacturer, its tracking technology and experience. There are 
many options but not all are successful solution providers. Check their features, auxiliary 
power requirement, simplicity and reliability in operation etc. before making a decision.  
 
Therefore selection of trackers by the developers is an important decision which should take 
in to consideration reliability, economics and proven designs such that bankability of the 
project is not adversely affected.  
 
Another development is seasonal tilt but unable to comment as enough performance data 
could not be obtained. 
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2.8 BoS - Electrical, Civil & Mechanical works 

If Modules amount 60-70%, BoS including structure is rest of the project cost. 
 
It is important to note that though the Modules have higher designed and warranted life but 
not all the other critical equipments like Invertors, switchgear, cables are so. They may 
needs replacement in 10-15 years. Select them from reputed manufactures to have higher 
expected service life, or make provision for replacement in the span of life. 
 
Balance of Systems like DC power collection, Invertors to evacuation are critical for overall 
plant efficiency and optimization here is an essential requirement. Thus it is equally 
important to select these equipments with low auxiliary consumption or losses to have 
minimum system losses. 
 
Even best of the equipments will not be able to yield performance if not placed, installed 
and commissioned properly. The quality of overall system design will have optimum cabling, 
simple layouts, and smart customized solutions with best plant efficiency. Modules 
placement at an optimum angle and direction is critical and thus the array lay-out, 
placement of Invertors, grid evacuation design is critical to have optimum energy 
generation. 
 
It is important to engage a skilled EPC to have proper system design, selection of right 
components, proper project management and installations & provisions for O&M. 
 
Experienced project management will ensure smooth, proper, timely installations and on 
time power generations and lower O&M for the life time.  
 
It is obvious quality needs investments and could cost 10-15% extra but quality of 
workmanship will pay for the life time. 
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2.9 Evacuation 

It is equally important to pay attention to PPA and make timely arrangements to wheel the 
power and revenue earned from the day one of readiness. Normally a spare bay isn’t 
available near to plant and thus a substation, transmission line is become necessity.  
 
If feasible it will be a smart choice to work together with some other developers nearby and 
to have integrated pool in substations for optimal cost.  
 
Substation, transmission line there are lot more standardization and quality work developed 
so not detailing more here. 
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3.1 Operation and Maintenance 
There is very limited operating experience of MW scale solar PV Grid connected power plant 
till date in India and none has specified break up of operating expenses which comprises of 
employee expenses, A&G expenses, and maintenance expenses.  
 
The information available about few projects and assumptions contained in the Orders in 
few States indicate that O&M cost for Solar PV installations varies in the range of 0.2% to 
0.8% of capital cost.  
 
In view of the limited availability of actual field data a normative O&M expense of 0.5% 
of the capital cost, which amounts to Rs 9 Lakh/MW had been considered during the first 
year of operation which will be escalated at a rate of 5.72% per annum over tariff period.  
 
However, in reality, it is observed that this cost not in line with above assumption. It’s not 
the capaex, it actually depends on other variables like area of installation, Size of land for 
spread of PV modules, no of PV Modules installed and how they are installed. Lower Capex 
are actually have higher % of O&M. 
 
For the same MW capacity plant, higher no of panels spread over larger area demands more 
expense. In reality, it is cleaning of more no of panels, maintaining more ground, security of 
larger area, arranging higher quantity of good water and resources & staff. It also increases 
the chances of pilferage, theft, repair, replacement, break-down, shutdown, outage etc. 
 
Vegetation management is a practical task that needs to be managed in O&M which turns 
out to be a big deal on solar farms and tilted panels make it even more difficult task.  

 

Typically, fixed-tilt structures are mounted as close as possible to the ground to reduce 
costs, which can make maintenance more difficult. In addition, in the desert, condensed 
water can drip from the panels at night creating what is effectively a drip irrigation system 
which may foster vegetation growth with a fixed system, since the water will fall in a 
localized area.  

Extra care needs to be taken with frameless thin-film panels mounted close to the ground, 
since a mower can easily kick up a rock which could crack the laminate make things even 
trickier.   

Although sometimes perceived as having higher O&M costs, trackers can actually have lower 
O&M costs than fixed-tilt structures on USD/kWh basis, and vegetation management is one 
of the reasons for this. Personnel can easily mow under a tracker placed in a horizontal stow 
position approximately four feet above the ground. (refer the discussion on Mounting). 

There are some experiments on seasonal tilt but the results are yet to be analyzed in Indian 
context and thus difficult to comment on cost on O&M. 
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People can’t overlook practical O&M costs, increasingly relevant to project economics as 
system prices come down and it becomes a higher percentage of total cost over life. 
Considering above, the O&M cost is expected around 1-3% of the project cost 
with 8-10% increase every year for most project executed on 5-7Acre/MWp. 
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4.1 Factors Contributing to Performance (or lack of it) of PV Power Plants : 
 
There are learning’s from the executed projects and the feedbacks on performance of 
plants. Financial sense of investments comes on focusing in details of all critical elements:  
 

    
 
There are major challenges being faced in the investments on Performance issues* like - 
o Overall system design isn’t able to provide guaranteed yield, more losses and troubles in 

operations. 
o Quality of engineering & project management, erection, testing & commissioning is not 

satisfactory and issues leading to delays, litigations and under performance, losses. 
o PV Module – Reliability and Durability Issues, Power Degradation over time, Module 

Failure – Hot Spot, Delimitation, JB detachment etc. 
o Potential Induced Degradation – PID 
o PV Inverter – Performance Issues – Operation & Maintenance, Failure of Components, 

lower efficiency at the working environment, Central Inverter Vs String Inverters. 
o BoS Equipment – Limited Warranty for Cables / Switchgear /Mounting Structure etc. 
o Accuracy of Isolation Data for the site location. 
o Cleaning and Maintenance of PV Modules 
*refer Annexure for photographs. 

Thus it is very important to have a proper selection of partners who has proper capabilities, 

capacities, resources, right intent to perform, experience, proven performance & reputation 

to live for. Wrong choices leads to losses, problems and issues to live with throughout the 

life and cannot be recovered with any kind of warranties, litigations. 
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4.2 Comparison of various options on Total system cost over Life-time basis 

Based on whatever discussed till now, as an illustrative example to understand the 

comparison between various choices, we take a sample case and try to analyze total system 

cost with certain assumptions.  

For simplicity, IRR, NPV will just compute on cash flow (without going into financial 

analytics’ and effects of depreciation etc.) to understand the trending. This document is 

mainly aimed to understand the costs, while finance is a detailed subject and cannot be 

covered here. 

The total system project cost is considered taking the references of only those executed 

projects which are able to deliver the designed performance. It is the total cost incurred for 

project implementation (plant, equipment, manpower, resources etc.) but excluding cost 

towards land, approvals, evacuation system outside the project boundaries etc. 

We will make comparison assuming inflation @7%, cost of cash @14.5%, exchange rate @ 

54 INR=1 USD and current per unit cost of Generation from DG is @14.5 INR. (Please refer 

Annexure for details). 

a. We will make first comparison assuming performance, degradation of all modules is 
similar and generation difference is only due to BoS on fixed system.  

 
b. Now we will take example high efficiency modules, degradation is lowest and best 

performance features like temp coefficient, light capture, AR… on Fixed system. 
 

c. Last take best case i.e. highest module efficiency, best performance features like 
temp coefficient, light capture, AR… on tracking system. 

 
d. The above 3 set of comparison’s will be repeated now considering the O&M cost  
 
e. The above 3 set of comparison’s will be repeated now considering the O&M cost and 

land lease cost also. 
 
f. Similar comparisons’ can be repeated with Grid power @4-8.5 INR and would show 

similar trend. 
 

It is evident from the trends from above comparisons’ that the return on investment 

(ROI) or Net Present value of Cash (NPV) or IRR improves with High efficiency, 

tracking, and better quality of modules in spite increased capex.  

It’s worth to note that even in worst case comparisons, high Capex also pays return in 

similar time frame. The additional investment is recovered in first few years and then 

the benefit of extra generation is lasting returns and thus increased profits. 

Lower Capex also pays and worth investment and with higher Capex there is significant 

improvement in returns and thus improved bankability of the project.  
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4.2 Conclusion 

All technology has its own benefits and is proving to provide good returns. With higher 
investments, the yields are higher and could be a choice if funds are available. 
 
With depleting reserves, we are enjoying the present on the cost of dark future. Water is 
scare and should be preserved for drinking then Polluting Thermal power plants and same is 
for other fossil fuels.  
 
Solar is most clean & simple way of electricity generation and thus beneficial to the nation in 
broader terms whichever technology is been used. The green environment will lead to 
prosperity across and power to deprived and remote areas. 
 
It is worth to promote even as a Social obligation so that next generations will be healthy 
and have a decent life to live. 
 
Solar is a very good alternate source of energy with preservation of environment, health and 
thus overall long lasting prosperity. 
 
Let’s move ahead, make a sensible investment properly comparing the choices 
and make the world beautiful around us. 
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5.1 Disclaimer 

The information presented is independent view of author and not validated or supported by 
any organization etc. The inputs are consolidated as available on public domain without any 
responsibility of its accuracy or authenticity 
 
The readers are requested to take the inputs only for a broad academic understanding and 
not form any opinion without further detail investigation. Any references to any Brand, 
Organization or information is just compilation of information available on public domain 
only for academic purpose and to promote investments in solar but has no intent to malign 
or harm any business or commercial entity. 
 
Information is consolidated from various sources on public domain only for academic 
interest and no claims on any of the content or representations will be feasible to entertain. 
 
6.1 Feedback 

Please connect with your respective departments for more details. 

7.1 Annexure 

I. Costing analysis is enclosed in next sheets : 

o Module choices vs Capex, Land, ROI (revenue with comparison to Diesel) considering 

standard degradation. 
o Module choices vs Capex, Land, ROI (revenue with comparison to Diesel) considering 

actual degradation (0.25% / PA on linear basis). 
o Module choices vs Capex, Land, ROI (revenue with comparison to Diesel) considering 

actual degradation (0.25% / PA on linear basis) and using tracking. 
 

II. Photographs / Examples of performances issues faced at site on executed projects. 
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Annexure 1A: Sample comparison of projects costing with respect to various PV technologies 

Assumptions: INR  USD @ 56, Cost of Inflation/Annum 7%, Unit Cost of Diesel Power @ 14.5INR, Cost of Borrowing @14.5%  

OPEX & Interest on CAPEX, is compensated with accelerated Depreciation, Carbon credit, Subsidy and other intangible benefits of Green Power. 
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Annexure 1B: Sample comparison of projects expected yearly generation with respect to various PV technologies 
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Annexure 2: Examples of performances issues faced at site on executed projects 
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Module Browning  
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