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Abstract - This paper deals with the determination of the feasibility of installation and subsequent implementation of a Solar 
Desalination Plant to meet the needs of the hostel blocks in a University housing over four thousand students. Initially, the 
energy and water demands of the hostel members is estimated. Following this, the plant (3778.03 sq. meters in area) is 
designed using the Sanyo HIT-215NHE5 PV module. Finally, economic analysis such as Life Cycle Cost, Net Present 
Value, Break Even analysis and Internal Rate of Return are carried out to highlight the viability of the project proposed. The 
analysis is carried out based on the regulations of Karnataka. 
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I. INTRODUCTION 
 
Solar desalination is a technique to desalinate water 
using solar energy. There are two basic methods of 
achieving desalination using this technique: direct 
and indirect. Desalination processes have been used 
for many a decade but its high energy requirement 
and, therefore, their prohibitive costs have prevented 
their widespread adoption across countries. 
 
A. Direct Method 
In the direct method, a solar collector is coupled with 
a distilling mechanism and the process is carried out 
in one simple cycle. Solar stills are used for the 
purpose. Water production by direct method solar 
distillation is proportional to the area of the solar 
surface and incidence angle and has an average 
estimated value of 3-4L/sq.m/day. Because of this 
proportionality and the relatively high cost of 
property and material for construction direct method 
distillation tends to favor plants with production 
capacities less than 200m3/day. 

 
Fig. 1. Direct Method 

 
B. Indirect Method 
Indirect solar desalination employs two separate 
systems; a solar collection array, consisting of 
photovoltaic and/or fluid based thermal collectors, 
and a separate conventional desalination plant. 
Production by indirect method is dependent on the 
efficiency of the plant and the cost per unit produced 

is generally reduced by an increase in scale. Many 
different plant arrangements have been theoretically 
analyzed, experimentally tested and in some cases 
installed. They include but are not limited to multi-
stage flash distillation (MSF), multiple-effect, 
distillation (MED), humidificationdehumidification 
(HDH), reverse osmosis (RO), and freeze-effect 
distillation. 

 
Fig. 2. Indirect Method 

 
C. Need 
Earth is a water abundant planet, but the fine print 
associated with that is that most of it is in the oceans, 
approximately 97 % of it. This oceanic water has a 
salinity of about 35000 ppm by weight and drinking 
that regularly would dehydrate us rather than quench 
our thirst. The college that is being researched upon 
in this paper, undergoes its own problems related to 
water shortages every summer. The last two to three 
months of every semester during the summer, the 
college needs to order tankers of water to satisfy the 
water needs of students. To tackle this problem, salt 
water desalination would be a great way, though 
expensive, to satisfy the water requirements. The raw 
material, i.e. sea water is widely available around the 
college as it has access to its very own beach on the 
western coast of India. Renewable energy sources, 
particularly solar energy, coupled with water 
desalination greatly reduces the price of producing 
desalinated water. In addition to reducing the price of 
producing water, it cuts of carbon emissions and 
provides a sustainable way of producing water with 
minimal impact on environment [5]. Further the solar 
PV array can be designed to satisfy the energy needs 
of the desalination plant as well as the hostel in 
question. Another incentive to implement the solution 
of a desalination plant is that regions around the 
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college also face the same problems of water 
shortages, therefore the plant can be built on a large 
scale and can satisfy the needs of the entire region 
rather than the college only. 
 
II. ANALYSIS OF WATER NEEDS OF MEGA-
TOWER 3 
 
In the hostel complex in consideration, there are three 
towers, seven hostel blocks allocated for the male 
students and three hostel buildings allocated for the 
female students. Therefore, total number of students 
is: Total number of students= 4317 Now, the water 
requirement per person is assumed to be 100 liters per 
day according to the source Thus, total water required 
for the hostel block is:  
 
Total water required = 4317∗100 l/day = 431700 
Liters/day =  431.7 cubic meters/day 
 
Assuming Sanyo HIT-215NHE5 PV module is used 
for the application. According to the paper Technical 
and economic assessment of photovoltaic-driven 
desalination systems (mentioned in references), the 
amount of energy required to produce one cubic 
meter of desalinated water produced is 5kW/cubic 
meter. Thus, the plant requires 2158.5 kWh per day to 
produce 431.7 cubic meters of water per day. The 
decision of installing of a solar plant to meet this 
requirement is taken. According to the paper Techno-
economic analysis of solar photovoltaic power plant 
(Ref no. 1), the following data is obtained: 
 

 
= (617∗7.74)/1000 = 4.78 

 
Assuming 30% of energy is lost due to various energy 
losses. Thus, the total energy that needs to be 
produced is:  
 
Total required energy = 

 

 
 
The peak rated output for each PV module is found to 
be 215 W, according to literature. 
 

 

 
 
Assuming a square track for the power plant, the total 
number of rows and columns required are 53. Thus, 
total length of the plant = 48*length of each PV 
module + 200 ( miscellaneous additional space). 
According to the same literature, dimension of one 
PV module is 1.57x 0.798 sq. m. 

 
Thus the dimension of the plant = 

83.21 ∗42.3 = 3578.03 sq. m. 
The total area needed for the plant = 

3578.03+200 sq. m. 
= 3788 sq. meters 

 
III. ANALYSIS ON ENERGY NEEDS OF MEGA 
TOWER 3 
 
The efficiency of the solar cells used in a photovoltaic 
system, in combination with latitude and climate, 
determines the annual energy output of the system. 
Currently, solar panels have an efficiency of about 
16.5%; which means that an area of 1 sq. m will 
produce 165 W at Standard Test Conditions, but it 
can produce more when the sun is high in the sky and 
will produce less in cloudy conditions and when the 
sun is low in the sky. Taking this into consideration, 
we will design a system that can cater to the needs to 
hostel blocks. The hostel blocks house about 4318 
students in that tower. The Indian standard electricity 
consumption if close to 1200 kWh per annum for 
people living around semi-urban areas, but since the 
University Hostels have less power requirement due 
to the lack of energy intensive consumption devices 
such as fridge, TV and Air-conditioning, we have to 
recalculate the students energy requirements. This 
results in an average of 3.3 kWh per day for average 
Indians. 
 
A typical student in these towers have the following 
devices to consume power; fan, bulbs, laptop, mobile 
phone and an occasional lamp/kettle/portable devices. 
The average power ratings of these devices are; 25, 
30, 65, 5 W respectively while the other devices are 
assumed to have an additional 30 W. The total power 
adds up to 155W. Assuming that everything is 
switched on for an average of half a day while the fan 
is switched on the whole day, this adds up to: 
 

 
= 2.16 kWh 

 
Assuming that additional power in terms of the lifts, 
corridor lights and power losses are accounting for 
5% of an individual’s personal power consumption, 
we get: 

1.05∗2.16 = 2.27 kWh per student 
 
which is generous yet safe calculation. Therefore, the 
energy requirement for a hostel tower is 
 

4317∗2.27 = 9799.6 kWh per day 
 
Current solar panel made of crystalline photovoltaic 
glass have a rating of 120 to 180 W/sqm or 11.1 to 
16.7 W/Sq Ft. This type of solar panel is preferred 
because it is an ideal solution where orientation and 
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inclination can be freely selected. Lets take 
165W/sqm for our calculations. Since the university 
lies in the equator band, we enjoy a constant 10 hours 
of sunlight at varying intensities, peaking around 12-1 
in the afternoon. Taking an average power received 
over the 10 hours, we receive about: Power per 
square area from Solar Panel is: 
 

 
 
Therefore, the total surface area required to fulfill the 
towers energy requirements completely would be: 
 

1 . 
Now by roughly estimating the area of a hostel tower, 
we can calculate if this project is feasible. Each room 
in the tower has roughly 6 x 5 tiles per room where 
each tile is 2 x 2 feet in dimensions. This results in 
each room having roughly 120 feet2 or 11.14 m2 of 
area. If each floor has seventy two rooms, the rooms 
itself adds up to 802.1 m2 not including the corridors 
and bathroom floor space or the central empty space. 
The three towers have roughly: 
 

802.1 ∗3 = 2406.3 m2 
 
The blocks each have forty four rooms per floor. 
Therefore each block has 490.1 sq. m of roof area. 
Correspondingly, seven blocks will have 3431.4 sq. 
m. 
 
A single female students’ hostel building has eighty 
four rooms, and therefore has approximately 935.8 
sq. m of area. 
 
Hence, the total area available is: 

2406.3+3431.4+935.8 = 6773.5 m2 
 
which is lesser than the total surface area required to 
fulfill the energy needs of the hostels through solar 
power only. Thus, an additional 900 sq. meters can be 
utilized near the main campus ground to install the 
remaining solar panels. 
 
This verifies the feasibility of using solar panels to 
power the hostel tower. If at all there is a lack of 
sufficient power due to the known characteristics of 
solar panel of losing their efficiency in a matter of a 
few years, the central open space can be used to 
install further solar panels but isnt preferred because 
the central glass ceiling is needed to provide natural 
light to reduce the necessity for man-made lighting. 
Therefore, by pure means of the feasibility of the 
project, this project CAN be undertaken. It is 
estimated that investment prices that ranged from 
12000 to 18000 Rs/m2. Another way to look into it is 
that the price of solar energy can be anywhere from 

30 50 Rs per W. Doing our calculations from the 
price per unit area and taking an average estimate: 

InitialInvestment= 15000 Rs/m2∗7673.32 m2 
= 115.098 million INR 

 
IV. COST ANALYSIS 
 
A. Initial Investment 
Module and inverter cost 
Cost of each PV module = $528.9 
Total cost of 2735 module used for 54.7 kW ($1= 
INR 64) 

= Rs80.4million 
Cost of each inverter of 50 kW capacity 

= Rs. 5.75million 
Total Capacity required from inverters= 979.9 

kW. Thus we required 20 inverters. 
Total cost of 20 inverters 

= Rs. 5.75∗20 million 
= 115 million 

Design engineering and management cost 
Labor cost for design, engineering and project 

management: 
= Rs.200 /man −hour 

Design, engineering and project management 
hours per kWp : 

= 2 hour 
Total design, engineering and project 

management cost for 979.9 kW: 
= Rs. 2.00 million 

Total Installation labor cost 
Labor cost for installation 

= Rs. 50 /man −hour 
Installation man-hour required for per kWp 

= 12 hour 
Total labor cost for installation of 979.9 kW PV 

power plant: 
= Rs. 24.00 million 

TOTAL PROJECTED COST = 221.4 million INR = 
22.14 Crores Rupees. 
B. Net Present Value 

 
It is estimated that the plant will make a savings of 15 
% (Ref.Jaipur Paper) of capital cost per year with a 
depreciation consideration of 7% for the first 10 years 
and then 1.33% for the subsequent years. For the post 
tax scenario, 0% tax is taken for the first 10 years and 
then 4% for the subsequent years. The anticipated 
discount rate is 4.5%. The initial investment is 22.14 
crores and 15% of savings per annum which comes 
up to 3.32 crores per annum. The below calculations 
are in crores. 

 
- Initial Investment 
NPV =  
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This calculation shows that in just 10 years, the 
returns from our initial investment has shown a 
positive return of 2.14 Crores. By interpolation, in 10 
years, this project will have met the initial investment 
cost and subsequently for the next decade will give 
returns, though diminishing due to depreciation. 
 
B. Internal Rate of return 

 
By the NPV calculation, by the end of 25 years, it 

is estimated that the returns of the plant would be 
approximately 21.6 Crores cumulatively over the 
course of its lifetime. We take R value as 4.5% and T 
value as 25. 

 

 
 
V. GOVERNMENT INCENTIVES 
 
Increase in global warming and depletion of resources 
has caused governments to focus on other sources of 
energy to sustain humanity. In India too, the state and 
central governments provide a number of incentives 
to households, institutions or organizations looking to 
switch to renewable sources. Some government 
schemes relevant to this project include: 
 
1. Central Financial Assistance (CFA) of 30% of the 

bench mark cost of a grid connected rooftop and 
small solar plants by Ministry of New and 
Renewable Energy under Jawaharlal Nehru 
National Solar Mission (JNNSM), 2010. The 
benchmark cost includes cost of PV modules, 
inverters, minimum storage battery, cost of 
meters, local connectivity cost, cost of civil works, 
foundations, installation, operation and 
maintenance for a period of five years, 
comprehensive maintenance for a period of 5 
years, warranty for the complete systems, etc. 

2. Subsidy of 70% of the benchmark cost is provided 
in special category states like Sikkim, Jammu 

Kashmir, North-Eastern states, etc. and 
Government educational institutions and 
government hostels under JNNSM. No. 30 
/1132012-13/NSM 

3. Generation based incentives: If power is produced 
in excess, it can be sold to the grid at a nominal 
price. Accelerated depreciation of 80% is 
available under the Income Tax act for rooftop 
solar PV systems. 

4. The state government has also tried to ease the 
process of installing rooftop solar panels. In 2014, 
Karnataka government subsidized the cost of 
buying electricity from the grid from Rs. 6.14/unit 
to Rs. 5.23/unit, if you feed the power produced 
from the rooftop panels into the grid. 

 
Leveled Cost of Energy (LCOE) is equivalent to the 
average price consumers would have to pay to exactly 
repay the investor for the capital, OM and fuel costs 
with a rate of return equal to the discount rate. For 
this SPV power plant LCOE are Rs. 14.94/kW h and 
11.40/kW h for on-site and off-site PV power plant 
respectively, taking the 25 year life of the power plant 
@ 10% discount rate. 
 
VI. FACTORS THAT AFFECT THE COST 
 
Prices vary based on building and system 
configuration, the type and brand of equipment used 
and what company does the installation. The type and 
quality of panel as well as the size of the array affects 
the final price of an installation. Manufacturers price 
their products based on their efficiency and longevity. 
Panels that retain their efficiency longer are usually 
more expensive. Mono-crystalline units are the most 
costly but generate the most watts per area, so you 
will need fewer panels and not as much space. 
Building integrated panels are also on the expensive 
end, but they are a good choice if appearance is 
important. 
 
The location can also have a big impact on the final 
price of a solar energy project. Federal and local 
governments in many countries offer financial 
incentives to make buying and installing systems 
more affordable. Prices also depend on local weather 
conditions. 
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CONCLUSIONS AND RECOMMENDATIONS 
 
From our analysis, it is evident that the project is 
quite viable. The alternative of implementing Solar 
Desalination to product clean water and energy for a 
hostel block is environmentally friendly as well. With 
a small initial investment of Rs. 2.72 Crores, the 
project is definitely profitable. 
 
Since the plant is capable of producing enough 
energy to power itself, the cost comparison is carried 
out between the current method and the proposed 
system. It can be seen that the consumers will break 
even within 85 months. Thus the proposed methof is 
highly recommended. 
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