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Abstract: The race of smart cities in India places Pondicherry at 75" position. To improve its ranking position for smart
city race, we propose the implementation of 2MW Floating Solar Photovoltaic (FSPV) system where a large water body
could be used for generation of solar power. The floating PV system can be used to attain much higher efficiency com-
pared to its counterpart on land based PV system. The proposed FSPV system could cover solar panel of 1/3 area of the
proposed lake to generate 2685 MWh annually. A geo-synchronized layout has been prepared using 3D SketchUp Pro
with Google maps. The FSPV system could cost USD 1.6 million with a payback period of 6 years. In addition, the im-
plementation of e-transport facility by utilizing e-rickshaws with a battery capacity of 90Ah with 15 Amps DC charging
facility has been proposed with an investment of USD 30000, with payback period of just 5 months. The bright side being
improved overall payback due to money inflow with the implementation of e-rickshaws; greater job opportunities
with benefits to physically challenged persons to improve their overall socio economic status. It is viewed that the pro-
posed FSPV and e-transport could increase the chance to secure smart city plan for Pondicherry.
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1. Introduction This population shift has grown from 30 percent (746
million) in 1950 to 54 percent (3.9 billion) and is
expected to be 66 percent by 2050, adding around

The 21" century is regarded as the century of 2.5 billion to the present figures. For developing

1.1 General Overview

cities. According to the recent report by UN countries like India, the growth rate is more rapid
Department of Economic and Social Affair, compared to the American and European continent.
more people live in urban areas than in the rural areas. India is expected to add 404 million urban dwellers to
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its cities in the next 30 yearst). The unprecedented rate
of urban growth has imposed risks and concerns such
as: congestion, pollution, burdened resources, lack of
energy, mismanagement. This has been seen very
clearly in the case of the December 2015 flood in
Chennai city and open areas. Thus, it came up as a
motivation for a new idea of ‘SMART CITIES’. The
idea entails the concept of self-developing and people
friendly environment using the advance technologies,
management and feedback systems for a sustainable
and energy independent city. The motivation to trans-
form the present cities to more liveable ones, the gov-
ernment of India has taken an initiative of converting
100 cities into ‘smart cities’ to provide core infra-
structure and sustainable environment that needs the
application of sustainable management and promotion
of territory with a bottom up approach to subside the
crisis and concerns faced by the present cities. The
Oulgaret municipality of Pondicherry is among one of
those. A proposal for the smart city was put forward by
the city and town planning department of Puducherry.
The municipality has proposed the framework devel-
opment approach of RRG (Retrofitting, Redevelop-
ment, and Greenfield) that will be implemented under
different strategies of development and integrated vi-
sion using innovative planning and smart solutions.
One of the major key factors to make a city-smart
is by tackling the energy demand through smart and
innovative means. At present, the use of renewable
energies is regarded as the perfect solution for growing
energy demand as they are pollution free and eco-
nomical. In the guidelines provided for the smart city

development, one of the essential features mentioned is:

assured electricity supply and 10% of the total con-
sumption of the smart city to be produced from solart?.
This feature is a step forward towards attaining energy
independence and will be a guiding light for the up-
coming cities in the race to become smart. Solar energy
has gained an upper hand in the race of renewable
technologies due to the long term research and devel-
opment in this field. The technology today has become
not just cheaper but also more effective and feasible in
the equatorial countries where the solar irradiance is
high. Government of India has aimed to achieve 100
GW through solar under JNNSM [Jawaharlal Nehru
national solar mission] till 20221, Under this mission
government is planning to set up power plants
throughout the country using solar thermal and solar
photovoltaic technologies. The solar photovoltaic
technology is comparatively more feasible and effec-

tive in most of the areas it is easy to install in the remote
locations and solar panels itself converts the sunlight
directly to electricity (photovoltaic conversion). The
major drawback with the solar technology is that it
requires a large area, i.e., a 1MW power plant requires
about 4-5 acres of land which cannot be further utilized
for other purposes. Another such drawback is the in-
crease in temperature of the solar cell. The paper fo-
cuses on proposing a floating solar photovoltaic system
that can be installed on the water body present in the
Karasur village.

1.2 Why Floating Solar Photovoltaic (FSPV)?

The FSPV system has the following advantages over
the land based solar power plants. The land has become
a shrinking commodity due to the rising population.
This has exponentially increased the cost of the land
thereby increasing the project cost; land utilized for the
solar plants cannot be utilized for the other purpose,
particularly in urban areas. These issues can be sorted
out in FSPV system as it will utilize the water body. In
addition, the land based systems are also prone to high
temperature. The temperature has an indirect relation
with the efficiency of solar power plants®®. This
means that the increase in the solar panel temperature
decreases the power out efficiency in solar plant.
Whereas in the floating system, the temperature around
the panel reduces due to the evaporation and hence
maintaining higher efficiency of generation than the
land based system. The floating system also reduces
the evaporation rate, maintaining the water level and
also restricts the algal bloom by blocking out the sun-
light!”). The FSPV also embellishes the site making it a
public attraction and can also be synced with a solar
charging station at the site for the electric vehicles in
the smart city area. This can be a very attractive means
for the smart city as the proposal for solar PV over the
canals helped the Coimbatore city to secure 13" posi-
tion in the race of smart city proposal in India. The
Oulgaret municipality of Puducherry, which is
ranked 75”‘, has been listed among the cities that have
to upgrade in a special fast track initiative. There are 23
cities which have been included in this list and
have been given a chance to upgrade their proposal to
make it more attractive and smart. Among these 23
cities, the cities which achieve the benchmark set by
the present top 20 cities will be funded on accelerat-
ed basis in 2016-2017 to achieve its goal of becoming
a smart city™®.

The rapid growth in transportation sector has con-
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tributes pollution in manifolds. The rise is due to the
dependency of transportation sector over the non-
renewable resources. The present Indian government
has come up with different schemes and benefits like
“Deendayal E-Rickshaw Scheme” to promote the use
of greener means of transportation and reduce the emi-
ssion levels which renders us a smart solution to fight
the serious issues like pollution and poverty trap!®. A
study shows that 80% of the e-rickshaw drivers have
felt an increase in their daily wages and betterment in
their living condition after shifting into the profession
from their previous onest™. At present, India is highly
dependent on non-renewable resources for its energy
requirements. Thus, the charging facilities for electric
vehicles would not entirely benefit until and unless
they use renewable source to power the battery bank or
for feeding the grid as otherwise it will only shift the
site of pollution from the city to the outskirts, where
these coal/diesel fired power plants are installed. Tak-
ing this into consideration, we included the charging
facility in the vicinity that will be powered by the grid
which is being fed by the floating solar PV system in
the proposal. Hence, we propose a floating solar pho-
tovoltaic system along with a charging facility for the
e-rickshaws for the location, helping the municipality
to secure the position in the race of becoming a smart
city.

1.3 FSPV Systems across the Globe

Choi has studied various factors such as wind, water
flow, irradiation, shadowing, etc. to determine the
suitability of the reservoir of Hapcheon Dam, South
Korea for the floating system[”]. The comparison of
power generation and environmental impact between
the floating and land based PV system was discussed.
The results showed that the power generation effi-
ciency is higher in the floating system because of
evaporation from water bodies and it also has a lesser
environmental impact compared to land based sys-
tem*?. Lee et al. explored about the pultruded fibre
reinforced polymeric plastic (FRP), which is a low-de-
nsity, durable and recyclable material required to de-
velop a light weight structure which can float over
water and provides strength comparable to the con-
ventional floating structure used for the PV system.
Mechanical tests determine its appropriateness as a
floating structure to support the PV system which was
installed at a sea site in Korea™. The issues faced by
land based solar PV systems and its elimination in the
floating systems has been reported. It has been noted

that the design parameters of a 10 kW floating solar PV
system stating its cost to be 1.2 times more than the
land based system). Korean Water Resources Corpo-
ration (K-water) has completed the installation of two
floating solar PV power plants at 100 kW and 500 kW
respectively. Analysis and comparison of these two
systems to their counterparts on land was done and
found that the floating system had 10% greater gener-
ation efficiency than their counterparts on land™*. The
new Photovoltaic Floating Cover System (PFCS) for
the agricultural reservoirs to minimize evaporation loss
along with generating income in the form of electricity.
This makes the system an efficient tool for agriculture
industry[ls]. The floating solar photovoltaic system
proposed by Polienergie is suitable for any type of
water surface. The system can accommodate any size
of panel, highly adaptable to changes in water level and
they used micro-inverter technology which eliminates
the need of structures around water bodies for inverters.
All the materials are recyclable and can also be in-
stalled over drinkable water reservoirs™®!,

Anovel idea for the offshore PV system achieved by
placing flexible thin film PV that floats on the surface.
The cost and performance analysis was performed to
compare to offshore wind installations. The results
show that the PV system was economically competitive
and the specific yield was higher for the thin film sys-
tem than for other offshore technology when assessed
in terms of GWh/km2*™), The Maltese island can ex-
ploit its solar potential through the offshore (floating)
PV technology and integrate it to the conventional
electric generation system to attain cost benefits and
CO, savings!*®. The offshore applicability of the solar
technology also helps to exploit the opportunity to use
it with other complimentary energy sources like wind
and wavel™. A water-saturated microencapsulated
phase change material (MEPCM) has been studied in
the water surface floating PV panels to show the effect
on its temperature and power generation efficiency
during summer. The results show that the power gen-
eration efficiency improved by 2.1% when the panels
were treated with a 5cm MEPCM®!. The design fea-
ture, CO, analysis, economic and other benefits of the
FPCS (floating photovoltaic cover system) using a 20
kWp prototype was studied in detail by Reddn et al.
The results observed led to increase the installation by
covering the entire area of the reservoir (4490 m? and
300 kWp) generating 425,000 kWh/year, saving 5000
m?3 of water annually and 2048.5 tonnes of CO, for a
service life of 20 years®®. Meanwhile, the PV inte-
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grated floating surface that is technically feasible and
economically viable was analysedm]. A study for the
use of floating PV in Brazil was conducted. A fraction
of three selected reservoir was occupied by the system
for the study and the results flashed an increase in av-
erage conversion efficiency of 12.5%. PVSYST soft-
ware was used to construct the electric production
scenario which on comparison showed that energy
produced by the PV system when spread over the entire
area of the three reservoirs will be 18.8% of the elec-
tricity demand of its largest city Fortaleza®l. A 100
kWp capacity floating solar PV system has been pro-
posed for Loktak Lake, Manipur. The project was ini-
tiated by Manipur Renewable Energy Development
Agency (MANIREDA)?Y. The Damodar Valley Cor-
poration has also planned to setup 1000 MW worth
solar system covering 2500 km of irrigation canal.
Kerala is planning for another 1MW pilot project over
Meenkara dam in Palakkad district. NHPC (National
Hydroelectric Power Corporation) is also planning to
set up a 50 MW floating solar PV project in Keralal®!.

1.4 Project Location

Figure 1 shows the site map of green field development,
whereas Figure 2 is a detailed map of the location with
the proposed structural Iayout[%]. The hatched area
shown in Figure 1 can be developed right from the

scratch under the Greenfield development strategy,
covering Sedarapet and Karasur village. The earma-
rked site is the southernmost lake present in the pro-
posed smart city map, in the Karasur village of Pon-
dicherry, India. The latitude and longitude of the loca-
tion is: 11.98° N and 79.74° E. At this particular loca-
tion, we get a high amount of solar irradiation; thereby
making it a very attractive site for the proposal of solar
PV systems.

2. Methodology and Materials

The detailed literature search on the topic ‘FSPV sys-
tems’ was done using search engines such as web of
knowledge, Scopus, and Google scholar. Free software
3D SketchUp 2015 modelling was used to prepare the
geo-synchronized layout with Google map for the
proposed water body. Basic survey accessories were
used for manual survey of the site and compared with
geo-synchronized layout. Solar irradiation, wind and
temperature data were derived from NASA website.

2.1 Methodology

A manual survey on the proposed site was performed to
determine the shadow casted by the structures present
around the lake and orientation of the site. As the area
comes under the Greenfield development policy,
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Figure 1. The site map for Greenfield development.
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Figure 2. Site map with the proposed structural layout.

there is no construction work done around the location
at present. With reference to the draft of the Oulgaret
Smart city™® and the town planning authorities, there
will be no shadow formed over the lake surface as the
planned structure are on the south- western side of the
lake and are not high enough to generate shadow on our
proposed system. At present, the trees around the lo-
cation which are 20-30 feet high cast shadow at the
location but this can be eliminated at the time of in-
stallation for the smooth function of FSPV system.
Solar radiation data: The location receives a good
amount of annual solar radiation with an average of
5.145kWh/m#/day. This amount of radiation is more
than the average solar radiation and hence, it is an
appropriate site for our system. Solar radiation data for
the site has been derived from NASA website
(http://eosweb. larc.nasa.gov/cgi-bin/sse). The monthly
average solar radiation is shown in Figure 3.
Temperature data: The average monthly temperature
of the site is 27.14°C. The average monthly variation in
ambient temperature profile for the site is shown in the
Figure 4. As this temperature profile is measureed over
land, there might be some variation when we consider
the system over water body. This variation will always

Days average daily solar radiation
(KWh/m2/day)=PSH

==pmmDays average daily solar radiation (KWh/m2/day)=PSH

§37 614 5g;

5.29
437 34 4.08

Radiation (kWh/m2/day

w B U oo N

Figure 3. Monthly average solar radiation.
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Figure 4. Monthly average temperature (°C).
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be less than the temperature measured over land due to
the evaporation of water and thus there will be no re-
quirement of artificial cooling system.

Wind data: According to the data obtained for the
wind velocities, the average annual wind velocity at the
site is around 2.5 m/s. The monthly variation in the
wind velocity is shown in Figure 5. The wind velocity
is an important factor to be considered in our system as
the wind might cause the change in the orientation of
our system leading to decrease in the energy yield. As
the site is close to the coast, conditions like storm and
cyclone might prevail. For this, the system can be de-
signed with appropriate materials such that it can
withstand high wind velocities and reduce the damage
imposed by the cyclonic winds.
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Figure 5. Monthly average wind velocity.

2.2 Proposed Structural Materials

Floating Solar PV Systems

Floating system: The first and foremost component
required for our system is a floating structure which
should be light weight, able to withstand the load of the
setup and can be formed at a large scale. A site specific
planning was done to determine the structure of float-

ing system that can be designed to keep the setup afloat.

We propose a hexagonal structure with each side of 60
m covering an area of 12471 m2, A total of three such
hexagonal structures are proposed for the site which
makes a total of 37412 m2. A pontoon type or a buoyant
system has been suggested to achieve buoyancy and
stability for this setup and arrangements should be
made to accommodate the grids of panels designed
(structural safety assessment of ocean-floating photo-
voltaic structure model)?”. A light weight, high
strength durable, fireproof material® such as rein-
forced concrete shell with a core of expanded poly-
styrene (EPS) can be used. Pultruded fibre reinforced
polymeric plastic (PFRP) is one such material which is

superior to the conventional materials used for struc-
tural fabrication for a better result in floating PV,

Mooring system: A mooring system is very im-
portant part of the system. The wind and other natural
and man-made factors might cause a drift or change in
the position of our system; this will result in decrease in
our system efficiency due to change in orientation and
might also result in physical damage to our system. To
avoid these issues, an anchoring system using a high
tensile strength material is to be devised so that it can
fix the position of our system and also be useful to
make adjustments during the variation in water level in
the water body. The material preferred must have high
Young’s modulus, low density and high strength, such
as polyester fibre.

Photovoltaic system: A photovoltaic system com-
prises of all the equipment that are required for the
generation of electricity using the solar irradiation. In
this section, we will discuss about the different equip-
ment and their setup. For the proposal, we have con-
sidered a module with multi-crystalline technology.
The modules generate 300Wp DC output, high torsion
and corrosion resistance and high resistance to mois-
ture ingress. Here, we have framed 4 panels together in
a 2 x 2 arrangement for our purpose. The detailed
specifications are as follows: maximum power = 300
Wp, open circuit voltage (Vo) = 44.8V, short circuit
current (Isc) = 8.71A, module efficiency () = 15.10%,
dimensions (L x W x H) = (1984 x 1000 x 40) mm. The
technical drawing of the module is given in Figure 6.

Electrical system: The electrical system is consid-
ered as the soul of the system, it comprises of different
devices and their connections which is vital for the
functioning of a power plant. An inverter is regarded as
the heart of the power plant; it is the device that regu-
lates the voltage fluctuations and converts this fluctu-
ating voltage into a single or three phase output which
can be fed into the grids or stored into the storage de-
vices. We have considered a water-proof mi-
cro-inverter as it optimizes each panel alone instead of
doing it for the complete system as in case of a central
inverter, which may be a weak link for the system and
also causes decline in the output. The micro-inverters
also reduce the need of a land based setup for the in-
stallation of a conventional central inverter. They also
have a longer life than the conventional systems and in
case of failure; it will not stall the production of the
complete plant. The specifications of a grid tie micro-
inverter are as follows: DC input with max. power
input 310W, max. input DC voltage = 48V and max.
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DC short circuit current = 15A, MPPT efficiency () =
99.4%. The panel ratings lie within the range of the
given three phase micro inverter rating. It produces an
AC output which is synchronized to the grid frequency
range and able to work under the atmospheric condition
prevalent at the site of installation. The output of the
three phase micro inverters is connected in parallel.
This output can be further enhanced using a three phase
step-up transformer 440V/11kV depending upon the
requirement of the utility grid.

Other electrical accessories: The cables must con-
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Figure 6. Technical drawing of the module.

3. Project Implementation Array Spacing and
Layout

The proposed site for our floating solar PV power plant
is the southernmost water body in the proposed smart
city map. According to the town planning officials, the
proposed map shows low rise settlements on the
south-western side of the site and it might merely cast a
noon shadow on our system. A set of four modules
were framed together in 2 x 2 configurations with a
total of 4 panels together in a portrait layout. This
frame gives a clearance of 0.152 m to the module from
the ground. The modules are tilted at an angle of 12°
from the base. Figure 8 shows the layout of individual
module. This was performed by using 3D modelling
software SketchUp Pro 2015 along with the ar-
ray-o-matic_v1.11 component plugin to 0.95 m be-
tween the modules in the same row and 2.83 m spac-

form to the marine grade and need to be selected ac-
cordingly to keep the voltage drop and losses to minim-
um. Interconnections, combiner boxes, junction boxes
etc. should be selected properly according to the re-
gional standard. All the accessories have to work under
the prevalent atmospheric condition and electrical rat-
ing. A net-metering device needs to be installed to keep
a check on the inflow and outflow of the power to and
from the grid. It provides an insight of the generation.
The electrical layout of the floating SPV system is
shown in Figure 7.

Panel 1 Panel 2 Panel3

micro-inverter

1 3 I 1 3
= = =

Power line filter

AVAVAVAVAV)

switches

monitoring system — l

L
GRID
N

Figure 7. Electrical layout of floating SPV system.

ing between adjacent rows. This spacing also includes
the gap for maintenance and cleaning purposes.

The active area, i.e., the total area estimated in
electricity generation by incident solar irradiation, is
13416 m? out of 37412 m2. An area of 2065 m? was
provided on the right end of the floating structure to
accommodate the junction boxes and other electrical
devices. Figure 9 to Figure 11 shows the proposed
layout of the plant, front view and side view of the
floating SPV power plant.

T e,
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1.0166

Figure 8. Layout of individual module.
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Figure 11. Side view of the floating SPV power plant.

Estimation for Annual Yield

To obtain the annual energy yield, various standard
parameters such as daytime temperature, NOCT, an-
nual degradation, etc., are considered. A total of 6708
panels of 300 Wp each are considered for our system,
making it a 2MW system. By utilizing the parameters,
losses and other factors we estimate the total annual
yield of 2946.5 MWh for the first year and 2433.5
MWh for the 25™ year. The average energy yield of the
plant taking the life time to be 25 years is 2658 MWh
annually. This yield will be about 7.5% greater than the
land based system.

4. E-Transport Facility and Its Trend

The electric vehicles or EV’s can be classified de-
pending upon the technology being used to provide

energy to the electrical drive. Mainly two technologies
are being focused on, namely fuel cell and battery.
Battery technology is being used for the analysis in this
report as it is being widely used at a commercial lev-
elt?%, Emphasis on a major concern that EV integration
will put burden on grid and thus, many studies
have been conducted to mitigate the impacts of EV
onto grid[3°]. The researchers believed that there will be
more pollution if energy from non-renewable sources
of energy is fed into the grid; thus, it is better to have
more share of renewable energy power plants inte-
grated with the grid®. The present difficulties with EV
technology is battery cost and range anxiety that it
gives while in use; thus causing a concern on reliability
and it cannot be ignored that even if EV range exceeds
or is equal to gasoline vehicle, it will add to increase
the weight and size of the vehicle, thus making the
vehicle less efficient and more expensivet®.

The EV industry is going to pick up growth only if
major areas like government policy and regulation,
technology, customer power are worked on by the
private sector in tandem with the public sector™. The
study highlighted the points that governments around
the world are providing subsidy on EV’s is acting as
a boon to the industry; this trend should continue and
more tax incentives should be provided to EV manu-
facturers and EV owner®. The integration of renew-
able energy into the residential grids will pave way for
electric vehicles®™. A comparison between the eco-
nomic status, showing that 80% of the e-rickshaw
drivers have felt an increase in their daily wages
and betterment in their living condition after shifting
into this profession from their previous onest. Ac-
cording to the press release by the ministry of road
transport and highways in June 2014, the union min-
ister has proposed a scheme to the prime minister that
might be called ‘Deendayal E-Rickshaw Scheme’ to
empower the use of e-rickshaws and also using it as a

means to overcome the poverty™.

4.1 E-Rickshaw Specification

The e-rickshaw is a battery powered vehicle that can be
used for commuting for short distances of 5-10 Kms.
The e-rickshaws being proposed in our project has the
following specifications:

(i) It is powered by a 800W brushless DC motor
which is supported by 90Ah/48V battery bank incor-
porating lead-acid technology.

(ii) The batteries used are deep discharge batteries
with 80% depth of discharge (DOD). Their complete
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charging of the battery will require almost 8.817 kWh.

(iii) It has a frame/chassis of steel with a differential
transmission mode.

(iv) It has rear wheel drive and can carry up to 6
passengers at a time.

(v) It covers a distance of 70 Kms in one complete
charge.

4.2 Charging Facility Specification

The charging facility is proposed to be established at
parking facility in the vicinity of the proposed floating
solar PV power plant. This is to extend the benefits of
the solar PV plant to support the purpose of efficient
urban mobility and public transport. The charging fa-
cility will have 15 Amps DC charging facility with 48V
output. We propose to install 20 such points at the par-
king facility to support 20 e-rickshaws as a pilot initi-
ative. Similar facilities can be replicated at different
part of the city where the route is most suitable and on
which these vehicles could be used to maximize the
commercial benefit. Energy storage capacity of the ba-
ttery bank is estimated as 8817 Wh, i.e., 8.817 kWh.
Hence, we require a total of 176.3 kWh of energy
charge 20 e-rickshaws per day. The 2MW plant can be
expected to generate 8000 kWh of energy per day. The
energy extracted from the grid will be 176.3 kwh of
energy per day for the charging station. This will
amount to 2.20% of energy produced by the solar PV
plant every day. The charging time could vary from 6—7
hours to completely charge each rickshaw as we have
plans to charge the battery at C/6 rate.

5. Cost Estimation and Payback Period

As per literature review, the cost of the floating system
is about 1.2 times greater than the conventional
land based system®™ but in this cost, the land cost is not
considered which is required for a land based system.
The cost of the floating solar PV system can be esti-
mated around USD 1.6 million. The payback period is
the time span in which the cost of the yield becomes
equal to the capital invested in installation. According
to the current solar tariff of USD 0.10 per kWh for
floating system, the payback period is expected to be
less than 6 years without the subsidy provided by dif-
ferent state and national funding agencies. As per the
market research, the total capital expenditure for the
e-rickshaw and its charging facility is estimated to be
USD 30,000. Considering that the maximum operating
days to be 300, the cost of electricity taken from the

grid will be around USD 5500 per annum at USD 0.10
per kWh electricity rate (in Pondicherry, India). Elec-
tricity cost per e-rickshaw per day will be close to USD
1. The maintenance cost will be around USD 75 per
annum. This will make the operational expenditure per
vehicle per day to be around USD 1.2. According to the
market data available, the earnings per day from the
single vehicle will be around USD 11. Therefore, the
profit earned from 20 e-rickshaws will be around USD
196. The payback period for the system will be just 5
months approximately.

6. Conclusion

The proposal for a 2MW floating solar photovoltaic
power plant can be implemented in different phases as
it requires a decent capital cost including the mainte-
nance cost. The challenges to be dealt are the fabrica-
tion of huge floating structure, protection during cy-
clones and other such natural calamities, high grade
waterproof cabling, high tensile strength and corrosion
resistance anchoring cables, water ingress resistant
modules and other electrical devices. The high average
solar irradiation of 5.145 kWh/mz?/day received in the
proposed location makes it a perfect location for in-
stallation of solar photovoltaic technology. We per-
formed shadow analysis by using 3D modelling soft-
ware SketchUp Pro 2015 along with the array-o-ma-
tic_v1.11 component plug in to be 0.95 m between the
modules in the same row and 2.83 m between the ad-
jacent rows. The FSPV system consists of three hex-
agonal structures of 12470 m2 each with the active area
of 4472 m2 accommodating 559 modules of 4 panels
each, making the system to be a total area of 37412 m2,
with the total active area to be 13416 m2 consisting a
total of 1677 modules of 6708 panels of 300 kW each.
The high average annual energy yield of 2658 MWh
will make it better with around ~7.5% higher efficiency
than the land based system. Three phase grid tied mi-
cro-inverters has been proposed. The output will be
stepped up further using a step up transformer of
440V/11kV or others as per the utility grid requirement.
It has been calculated that the payback period will of
less than 6 years without the subsidy provided by the
related agencies. Once commissioned fully, it can save
6000 tonnes of CO, during its life span of 25 years. The
proposed e-rickshaw and its charging facility required a
capital cost of USD 30,000 and the operational cost
to be around USD 1.2 per e-rickshaw per day. The
profit earned per day on the capital expenditure will be
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USD 196 and the payback period will be around 5
months. The fleet of e-rickshaw will replace a fleet of
diesel run vehicle, thereby offsetting 56.3 tonnes of
CO, per year from direct exposure on roads. This to-
gether will make our proposal of USD 1.6 million and
the payback period of less than 5 years with reduction
of 7400 tonnes of CO, emission in the atmosphere.
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