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ABSTRACT

This study investigates the long-term performance of a 52-kW on-grid solar PV plant in the Mechanical
‘C' block, SRM Institute of Science and Technology (SRMIST). This article delivers a simple approach that
would act as a pivot for PV system assessment. Therefore, methodologies like Energy yield analysis, Energy
distribution, and Life cycle costing are implemented. This empowers the methods to facilitate pre-auditing,
energy conservation, and economic analysis. The performance ratio and a capacity factor of the 52-kW PV
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plant in 2020 are determined as 60% and 12.8%, respectively. The study offers that the plant has a less
simple payback period and energy pack time for 2020. From this study, the issues identified in the plant
are highlighted with the solution. It also paves the way for the researchers to suggest the solutions for the
underutilisation of the plant, especially in the situations like fault occurrence, pandemic conditions, etc.

Nomenclature

YR Reference yield (h/day)

Ya Array yield (h/day)

YE Final yield (h/day)

Lac Array capture loss

Ls System loss

AL Array efficiency (%)

nsys System efficiency (%)

NINV Inverter efficiency (%)

Ep Energy essential to produce the material essential for
PV system (kWh/m?)

Em Energy essential to manufacture PV system (kWh/m?)

Er Energy essential to transport the materials vital during
the lifespan (kWh/m?)

E Energy essential to install the system (KWh/m?2)

Eim Energy requirement for end-of-lfe management
(kWh/m?)

Eg Annual solar radiation (kWh/m?)

Ete Total embodied energy (kWh/m?)

Lpy Life of the PV system (years)

n.Lcc Life cycle conversion efficiency (%)

i Inflation rate (%)

d Discount rate (%)

DHI Diffuse Horizontal Irradiation

Abbreviations

PV Photovoltaic

MNRE Ministry of new and renewable energy

upP Uttar Pradesh

NREL National Renewable Energy Laboratory

SRMIST SRM Institute of Science and Technology
DC Direct current

AC Alternating current

STC Standard testing condition

IEC International electrotechnical commission
PR Performance ratio

CF Capacity factor

GHI Global horizontal irradiation

EPT Energy payback time

EPF Electricity production factor

MPP Maximum power point

LED Light emitting diode

LC Lifecycle

O&M Operation and maintenance cost

PWF Present worth factor

ALC Annual lifecycle

PWFr@end  Present worth factor of future recurring

investment

1. Introduction

Recently, renewable energy sources have been a solution or
alternative to the energy deficit in the countries due to the
depletion of fossil fuels and the growth of population and
technologies. Among the renewable energy sources, solar is
the most promising and fast-growing technology due to the
adverse research in this area. It does not create any destruc-
tive effect on the environment. In our country, India, a separate
ministry, the Ministry of new and renewable energy (MNRE), is
formed to concentrate on deploying non-conventional energy
sources throughout the country, especially in the highly promis-
ing area. MNRE insisted many educational institutions install
solar PV plants on the rooftop of the building for their use.
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This will benefit the institution with the energy yield and moti-
vate the students to study the components of stand-alone and
grid-connected PV systems. Currently, many institutes like the
Indian Institute of Technology (IIT), Roorkee (1.8 MW), IIT, Kan-
pur (1.8 MW), lIT Bombay (1 MW), etc. are slowly deploying solar
PV plants in the institute for harnessing solar energy for their
utilisation.

Many researchers are concentrating on making a case study
on the installed PV stations, which will help us to identify the
problems raised in the plant. The inference from the analysis
made on the performance parameters will also guide us in identi-
fying the solutions to the real-time issues, which will enhance the
performance of the PV system. Recently, the case studies on PV
parkin Sweden (Lindberg et al. 2021), construction on PV system
in Turkey (Colak, Memisoglu, and Gercek 2019), PV facilities in
South Korea (Jung etal. 2020), stand-alone PV system in Egypt for
irrigation purpose (Rezk, Abdelkareem, and Ghenai 2019), grid-
connected PV system in Iraq (Aziz et al. 2020), impact of optimal
tilt angle and solar radiation in PV system in Beijing (Shen et al.
2018) etc. are carried out to highlight the significant inferences
from the study. From these studies and the results, we get the
information related to:

e Factors to be considered for selecting PV sites and construct-
ing PV plants using a geographical information system (Colak,
Memisoglu, and Gercek 2019).

e Utility-scale solar guide for establishing solar park (Lindberg
etal. 2021).

e Construction of PV system considering the variation in atmo-
spheric conditions (Shen et al. 2018).

e Modern algorithms can forecast long-term power facilities
from PV systems (Jung et al. 2020).

e Various software like Homer, hybrid pro, PVsyst, etc. is used to
design the PV system before installation (Kumar et al. 2020).

In India, a detailed study on grid-tie rooftop solar PV for
domestic application in Ujjain city is carried out using solar sim-
ulation software like SolarGIS, PVGIS, PVSOL SISIFO, etc. (Don-
dariya et al. 2018). The most highly populated state in India is
Uttar Pradesh (UP), in which numerous houses lack access to
electricity. To find a solution to this issue, the UP-state govern-
ment issued a new mini-grid policy which attracted great atten-
tion. This UP-policy and solar PV-based mini-grid is explained by
exploringa 1 MW grid-connected PV system (Bhattacharyya et al.
2019). The central government has announced several plans for
promoting solar PV technologies. Exclusively, the reverse auc-
tion process is introduced, and policies are framed to bring
down the rate of energy generated from PV Nisarg Shah (2020).
Hence, from these articles, we observe that developing coun-
tries like India still need a lot of studies to increase the feasibility
and viability of performance-enhanced solar PV systems in the
countryside and remote locations.

Similarly, in this paper, we took a grid-tied rooftop PV system
in an academic institute in India to study its performance. The
performance parameters of the plant are studied for one assess-
ment period (Malvoni et al. 2017; Shiva Kumar and Sudhakar
2015; de Lima, Ferreira, and de Lima Morais 2017).

The main contribution of this work is: (1) a step-by-step pro-
cedure is proposed for analyzing the performance of the plant

Table 1. Description of 325 W PV module.

Parameter of PV module Unit Values
Power rating Wp 325
Maximum system voltage v 1000
Maximum voltage, Vm 37.88
Maximum current, Im A 8.59
Open circuit voltage, Voc A 45.86
Short circuit current, Isc A 9.06
Maximum fuse rating A 15
Efficiency % 16.72
Number of cells - 72
Weight kg 21.5
Dimension (L/W/H) mm 1961/991/35

Table 2. Specification of Delta RPI-M50A Grid-tie inverter.

Parameters of Delta RPI-M50A Units Specification
Maximum DC input power kWp 62.5
Rated output power kVA 50
Range of DC voltage v 200-1000
Range of AC voltage \Y 320-480
Range of frequency Hz 45-55
Total input current A 100
Maximum output current A 76

DC disconnect switch - Inbuilt
Maximum efficiency % 98.60
Total harmonic distortion % <3

from real-time data, (2) significant results from the study are
highlighted with the inference from the study and (3) notable
issues from the commissioned power plant are identified, and
the relevant solutions are proposed for the issues. The method-
ology chosen for the study is explained in the third section. In
the subsequent sections, the 52-kW PV plant is explained with
the derivation of all the performance parameters of the system.
Finally, a comparative analysis is made to highlight the drawback
of the plant’s performance in the year 2020.

2. Explanation of installed 52-kW PV system

A 52 kW grid-tie PV system consists of 160 polycrystalline silicon
PV panels, each 325 kW LE24P325 with a single-cell size of 156.75
x 156.75mm and a total weight of 21.5 kg. It has 72 cells with
tempered glass and an anti-reflection coating. The thickness of
the glass is 3.2 mm with the anodised aluminium alloy frame.

The solar PV module is arranged in 10 parallel strings, and
each string has 16 PV modules to produce a 325 x 160 = 52-kW
rating. These 160 numbers of PV modules are connected via an
inbuilt DC disconnect switch to Delta RPI-M50A grid-tie inverter,
directly fed into the low tension (LT) line. The input and output
to the inverter are displayed in the screen in the front panel of
the inverter. It gives the data such as DC and AC voltage and cur-
rent, daily and monthly energy and power generated, and other
required data. This grid-tie inverter is a central inverter where all
the 10 strings are connected to the central inverter.

This PV plant was integrated on 30 August 2019 but commis-
sioned on 30 September 2019, and the schematic diagram of the
installed 52-kW PV system is depicted in Figure 1(a—c). Tables 1
and 2 present the technical specifications of the solar PV module
and Delta RPI-M50A grid-tie inverter, respectively.
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Figure 1. (a) lllustrative diagram of 52-kW solar PV system, (b) picture of the 325 W PV array and (c) mechanical ‘C’ block where 52 kW PV plant installed.

3. Methodology for this study

In this section, the methodology incorporated to study the per-
formance of the 52-kW plant is presented. As a preliminary analy-
sis, metrological data of the proposed site is obtained from NREL
and observed the solar irradiance potential in the study area.

Step 1: The load details of the block where the 52-kW PV plant
is installed on the rooftop are explained elaborately with
lighting to high power loads. The study on the load details
of the building will give us an overview of the usage of the
energy in that building with the scope to design an alterna-
tive solution to replace the zero-fossil fuel consumption in
that building.

Step 2: All data required for the study are obtained from the
online monitoring system Delremo e-monitoring service.
The complete study is performed from the data retrieved,
and the system yield and losses analysis is performed.

Step 3: Principal cost of the installed 52-kW PV plant is obtained
from the maintenance department of the institute, and the
life cycle cost analysis is performed.

Step 4: Notable findings from the study are highlighted with
the solution to the issues raised. The future scope for fur-
ther investigation is observed, and the scope for the further
enhancement of the 52-kW PV plant is finally listed in the
article.

3.1. Study area

The study area is Potheri, Kattankulathur, Tamil Nadu 603203,
India with a latitude of 12.4912° and a longitude of 80.02245°.
Solar PV plant (52 kW) is installed on the rooftop of Mechan-
ical ‘C’ block, Main campus, SRMIST, Kattankulathur, Chennai,
India. Figure 2(a) represents the satellite map of Mechanical 'C’
block location where the 52-kW solar panel installed. The sun
path of the location obtained from SunCalc is also presented in
Figure 2(b). Delremo, Delta Electronics online monitoring sys-
tem is used to track the data and its dashboard is depicted in
Figure 2(c).

3.2. Meteorological data of installed location

To begin this study, the solar radiation data with temperature
and wind velocity of the area where 52-kW PV plant installed are
obtained from PVsyst. This study is required in the preliminary
stage for the installation of the PV system. Furthermore, the data
are also essential for determining the healthiness of the installed
PV system.

Figure 3(a—d) illustrates the solar radiation data obtained for
Kattankulathur, Tamil Nadu, India. From this data, it is noted that
the average GHI for the year is 5.82 kWh/m?/day. Similarly, the
average DHI for the year is 2.3 kWh/m?/day. The maximum tem-
perature and wind velocity in a year are 31.5°C and 3.15m/s.
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Figure 2. (a) Site selected, (b) Sun path on 22nd September 2020 at SRMIST through SunCalc and (c) dashboard of online monitoring system.

These data are obtained from the NREL through PVsyst 7.1
software.

3.3. Load details in the proposed site

A comprehensive investigation of each room of Mechanical ‘C’
Block was done to specify the load details and the required solar
PV system to make it a zero building. The total area of the build-
ing is 23,002.94 square feet. Tables 3-5 afford the details of the
number of rooms in the building with the loads.

4. Energy yield analysis of 52-kW PV system

The healthiness of the solar PV system can be determined by
calculating the PV functional constraints like Yg, Ya, YF and
PR. Figure 4 represents the flow diagram which illustrates the
parameters required to evaluate the function of the PV system
according to IEC 61724. The functioning of the PV plant is com-
monly studied by analysing the system, which constitutes Yg, Ya
and Y.

The Yp is obtained by dividing the Direct Current energy
output by rated PV power over the specified period of time.
Yr is determined by calculating the ratio of global solar

radiation and reference PV radiation at STC. Y is obtained by
determining the total energy yield obtained in proportion to
deliver to the customer and the rated mounted PV system.
PR of the mounted system is achieved by dividing Yr and Yg.
(Table 6).

The performance of the installed PV system is depicted with
the results obtained from the online monitoring system. Figure
5(a-c) present the energy yield from the inverter. It is monitored
for the entire 2020 and presented in Figure 5(a). To present the
energy yield for a month, everyday energy yield is obtained for
the month June and November, and it is presented in Figure
5(b,c), respectively. The hourly variation of the AC power output
is also offered for 20 June 2020. This hourly monitoring of power
output is done from 5 AM to 8 PM. From this observation, we
noted that the peak power is obtained at 1:30 PM. AC, DC voltage
and current for various days in a year are observed and illus-
trated in Figures 6 and 7. Figure 6(a—d) depicts the AC voltage
and current on 30th May, 24th July, 27th October, 1st December,
respectively. Likewise, DC voltage and current are presented for
the same days in Figure 7(a—d).

Table 7 presents the analysis performed on the system losses
and efficiency of the plant for one month. It is noted that the
energy harnessed from the plant is more during the month of
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Figure 3. Meteorological data of installed location — 2019. (a) GHI, (b) DHI, (c) temperature, (d) velocity of the wind.

February, March and June. Hence the analysis is presented for
the month of June and presented in Table 7 for further study.
Table 8 presents the performance parameters of 52-kW solar PV
plant. The assessment is carried out for one year, 2020. Perfor-
mance ratio (PR) and capacity factor (CF) are obtained in percent-
ageforevery month of the year 2020 and their average values are
obtained and observed. The performance ratio mainly depends
on

How the PV system is monitored regularly.

How fast the defects are detected.

Temperature of the PV module. Generally, the PR value rec-
ommended for roof-top PV system is 75%.

It is noted from Table 8, the performance of the plant droops

for a certain period even though with the good solar radiation in
the installed area.

Table 3. Number of rooms and loads in Mechanical ‘C’ block.

5. Life cycle investigation of the plant

In this section, the life cycle analysis of 52-kW solar PV plant for
30 yrs is calculated and discussed.

5.1. Calculation of energy payback time (EPT)

To calculate the operating time required to recover the energy
spent in making the PV system, the following expression is used.

Ep + E Er + E + E
EPT — p+Em+ET+E+Em (1)
Enc

Tiwari et al. (2009) proposed the values of above-mentioned
energy demand for the square metre area of the PV module.
The assumptions considered in Tiwari et al. (2009) is taken as
such for the mathematical analysis of these energy metrics. In
Phylipsen and Alsema (1995); Wong, Royapoor, and Chan (2016),

Floor Rooms No. of lighting load No. of fan load UPS Water cooler No. of motor load No. of computer/printer/projector
Ground 15 57 28 2 1 4 67
First 8 50 22 4 1 5 5
Second 6 46 29 1 1 - -
Third 7 54 18 3 1 - -
Total 36 207 97 10 4 9 72

Table 4. ACload details in mechanical ‘C’ block.

AC in total quantity Window AC tonnage (Tr)

Split AC tonnage (Tr) Total tonnage (Tr)

Window Split 1 15 2
9 20 1 7 1

15 2 3
2 2 16

68.5
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the embodied energy considered for polycrystalline solar mod-
uleis 1145 kWh/m?. Figure 8 depicts the values of various param-
eters accounted for the calculation of total embodied energy per
mZ2. The value is taken as

Ep + Em + Er + E + Eom = 1145kWh/m? )
Total area of the 52-kW PV module is

No. of PV module x length x width of 325 WPV module (3)

=160 x 1.96m x 0.99 m = 310.46 m? @)
Total encompassed energy from Equation (2)

= 1145 x 310.46 = 355 MWh (5)

Yearly annual energy yielded from the PV plant

= 57.75 MWh/year (6)

Considering Equations (5) and (6) EPT are calculated as

Ep+Em+Er+E+Em 355
~57.75

EPT = (7)

= 6.1years
Enc

The comprehensive performance of the system is considered by
taking the reciprocal of EPT. Therefore, EPF is given by,
EPF = Output energy/Input energy (8)

1
EPF = — =0.12
EpT 0 9

Yearly capacity utilisation factor is calculated by considering the
yearly energy yield of the installed 52-kW PV plant from Equation
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Figure 6. AC Voltage and current (Line 1) for various days in the year. (a) 30 May 2020, (b) 24 July 2020, (c) 27 October 2020 and (d) 1 December 2020.
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Figure 8. Split-up for embodied energy for a solar PV system (Tiwari et al. 2009).

Table 5. Load details with total wattage in mechanical ‘C’ block.

Type of loads Numbers Wattage
LED (1x1) / 2 feet 14W 9 126
LED spot light (S) 4’ 18 W 48 864
LED 4’ 22W 21 462
LED (2'x2") 36 W 129 4644
Ceiling Fan, 60 W 65 3900
Wall/Pedestal, 80 W 22 1760
UPS 5 kVA 3 60.48
10 kVA 5
0.6 kVA 1
10kVA 1
Water cooler, 750 W 4 3000
Computer, 200 W 65 13000
Printer, 300 W 3 900
Projector, 300 4 1200
Motor (total 56 HP) 9 41759.2
Air conditioner 29 240,904.4
Total wattage of mechanical ‘C’ block 312 kW
(6), and it is given by
57.75 x 103
CUF = — =10.127 (10)
52 x 8760

5.2. Calculation of life cycle conversion efficiency

This terminology is calculated for the lifespan of the solar PV
plant. It gives the overall productivity of the PV plant in consid-
eration of solar irradiation.

Epc X Lpy — ETE
Esi x Lpy

nece = (1)

The lifespan of PV plant is taken as 30 yrs and the entire solar
irradiation in one year is 1927 kWh/m?2. The life cycle conversion
efficiency is

_57.75 x 10% x 30 — 470 x 10°
B 1927 x 31046 x 30

= 0.07

Table 6. Significant expression for performance analysis.

Performance parameters Expression
AC tput
Reference yield (YR) £t energy output
Rated PV power
. DC energy output
Array yield (Y, _—
y yield (¥a) Rated PV power

§ . Global horizontal irradiation
Final yield (YF)

Reference irradiance at STC

) Final yield
Performance ratio (PR) m

Array capture loss (Lac) YR—Ya
System loss (Ls) Ya-Yr
. DC energy output
A ffi
rray efficiency (na) Global horizontal irradiation x Area of the array
. AC energy output
Syst: ffi
ystem efficiency (nsys) Global horizontal irradiation x Area of the array
AC energy output
Inverter efficiency (ninv) = eneroy ouet
DC energy output

The noted lifespan of the PV module is 30 yrs, however, the
mounting structure has the same lifetime with 10% replace-
ment. The other components (OC) of the plant require replace-
ments which are discussed in Section 5.3.2.

5.3. Cost evaluation of the PV plant

Payback period is the period during which the invested money
can be recovered. This can be estimated in two ways

e Simple payback period
e Lifecycle costing (LCC)

Table 9 presents the capital cost and other lifespan cost of the
52-kW PV plant. It is observed that the estimation of LCC is quite
cumbersome compared to a simple payback period where the
system cost and annual electricity generated are considered for
estimation.

5.3.1. Simple payback period

Simple payback just gives the time to get back the invested
amount through solar energy saving. Depreciation, inflation
rate, O & M cost and other lifetime cost of the PV system is not
included.

Capital cost of the 52 - kW PV system

Yearly cost saving from solar energy
(13)

Simple payback period =

The entire yearly energy yield in the year 2020 is 57.75 MWh.
According to Tamil Nadu electricity regulatory commission
(TNERC), the tariff (kWh) for the electricity consumed in private
academic institutes and hostel is Rs.7.50/-.

2,444,000

o 14
57.75e3 x 7.50 (4)

Simple payback period = = 5.6years
Simple payback period of 52-kW PV plant is 5.6 years. This
value gives the time required to raise the fund expended for the

PV plant.
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Month Ya Yr Ye Array capture loss (Lac) System loss (Ls) Array 1(naL) System 7(nsys) Inverter n(nny)
June 1224 172.8 118.2 50.4 4.21 12 1.5 96.6
Per day 4.08 h/day 5.76 h/day 3.9h/day 1.89 0.18
Table 8. Functional parameters of 52 kW PV system for the assessment period (2020).

GHI DHI Temperature AC Energy PR CF
Month (kWh/m?/mth) (kWh/m?/mth) (°0) yield (kWh) YR Ye (%) (%)
January 155.6 67.3 253 4975 155.6 95.67 61 13
February 164.3 58.4 27.8 6845 164.3 131.63 80 18
March 197.6 70.5 29.8 6928 197.6 133.23 67 19
April 193.5 79.8 30.1 81 193.5 1.55 0.81 0.22
May 188.6 84.7 315 3097 188.6 59.59 32 8
June 172.8 84.9 30.3 6146 172.8 118.19 68 16
July 162.0 87.0 30.7 5964 162.0 114.69 71 16
August 160.7 92.8 29 5820 160.7 111.92 70 16
September 159.9 754 28.1 2428 159.9 46.69 30 6
October 1339 73.7 27.9 5936 1339 114.15 85 16
November 1189 70.1 26.3 4990 1189 95.96 81 13
December 1189 64.4 254 4545 1189 87.40 74 12
Year(Average) 160.6 75.6 28.52 4813 173.6 92.5 60 12.8

5.3.2. Lifecycle (LC) cost
LC cost gives the cost of the PV plant in its lifetime. It includes
system cost, O & M cost and replacement cost. Inflation rate in
India is 5.1% (FY-2020). The discount rate is considered as 10%.
The lifespan of the PV plant is taken as 30 yrs.

PWEF of the investment is obtained by

14+i7"
PWF =
)

(15)

where i = inflation rate, d = discount rate.

The product cost decreases in the future since we assume that
the discount rate greater than the inflation rate. The product cost
decreases with the factor, PWF. The present worth of the com-
ponents that need replacement after certain of period of time
is obtained by estimating the value of PWF. To include the O
& M cost of the PV plant for 30 yrs of lifespan, it is essential to
calculate the present worth of future recurring investment. It is
determined as
141

heref = ——
where T+ d

1—f
PWFR@end = f[ ] (16)

1—f
The value of f ford = 0.1 is 0.955. The value of f generally varies
from 0.95 to 1.05. Annualised lifecycle (ALC) cost of the PV sys-
tem is estimated to determine the annual cost of the operation
of the system in terms of the current value of money. ALC cost is
calculated as

LCcost 3,909,593
-] 158

[+

Table 10 shows the details of LC cost analysis of the PV system

with PWF value for the required components to be replaced in
the lifetime. It also depicts the ALC cost of the 52-kW PV plant.

ALCC = = 247,442/ — (17)

6. Results and discussion

The photovoltaic system studied is installed in the Mechanical ‘C’
block of SRMIST, Kattankulathur, Tamil Nadu, India. The 52-kW

plant is installed with 160 modules of 325 W each. It covers a
total area of 310.46 square metres. The analysis is carried out
for one assessment period (Jan-Dec 2020) to study the perfor-
mance parameters of the 52-kW solar PV plant. To perform this
study, meteorological data of the proposed site are obtained
from PVsyst 7.1 software through NREL solar resource data. The
global horizontal solar irradiance is received daily and monthly
and presented to study the performance ratio.

52-kW ON-grid Rooftop solar PV plant

Location: Mechanical ‘C’ block, SRMIST, Potheri.
Latitude: 12.4912°

Longitude: 80.2245°

Plant power: 52-kW

Effective area: 310 m2

Irradiation: 4-6 kWh/ m?/day

Number of PV panel: 160 (10 strings with 16 cells in series)
Type of PV module: Polycrystalline silicon
Rating of the PV module: 325 W (each)

Module efficiency: 16.72%

Panel Tilt: 13°

Date commissioned: 30 Sep 2019

System life time: 2019-2049

Number of inverter: 1

Type of inverter: Central

Inverter model: 1 X RPI M50A

Online monitoring (Gateway type): DelREMO V2

The energy vyield calculation of the plant with the perfor-
mance ratio is presented in Table 8. From this, it is observed that
the performance ratio varies from 85% in October to 61% in Jan-
uary. Similarly, the capacity factor is calculated for every month
during the assessment period, and it is noted that it is high for
March (19%) and less for December (12%). The average capac-
ity factor for the year 2020 is calculated. It is 12.8%, representing
that the installed PV system can produce full energy for only 47
daysin a year.

The global horizontal irradiation (GHI) is varied from
197.6 kWh/m?/month in March to 118kWh/m2/month in
December. The average GHI and temperature of the site are
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Table 9. Cost distribution of 52-kW PV system.

Picture of the components

Description of the Price

components

Project design and management cost

Mounting cost

Operation and maintenance (O & M) cost

PV module

LUBI (LE24P325) PV

160 Nos.

Cost of a 325 Watts panel — 8450/-

1,352,000/-

e PV module mounting structure-52- 312,000/-
kwp

e Rs.6/W

Inverter 260,000/-
036193019111WX

M50A Delta

Input voltage range (200-1100V)

Two MPP trackers

Miscellaneous 520,000/-
e DC and AC distribution box, Earth-

ing system, Lightning arrestor, Oth-

ers

e Rs.10/Wp

2,444,000/-
20,800/-

Total capital (system) cost
e Rs.200/ man-hour
e 2h = project management hours /

kw
e Rs.50/man-hour

e 12hrs = Installation man hours/

kw
o 8lakhs/MW/year

62,400/-

41,600/ year

about 161 kWh/m? and 28.5°C, respectively. The average tem-
perature per month varies between 31.5°C in May and 25.3°Cin
January. According to the highest GHI, the energy yield is also
high in March, amounting to 6928 kWh, and it is less in Decem-
ber, amounting to 4545 kWh. The main factors that influence
power generation in PV systems are soiling, shading, temper-
ature, module orientation, parasitic resistance, fill factor, cable
thickness, etc.

Table 11 represents the total energy yield from the 52 kW
PV plant from the beginning. The total income generated is
obtained by taking into account the tariff rate of Rs. 7.50/- per
unit (kWh). Likewise, the Cp; avoided is obtained by multiplying
the energy yield by 0.8 Kg per kWh.

6.1. Notable findings from the study

This section highlights inferences from the study with the issues
and solutions to the problems noticed. Energy yield in April and

May is observed to be very low. This is due to the plant’s shut-
down on holidays and during pandemic situations, i.e. covid-19.
The most significant inference is that the 52-kW plant will be
under-utilised in 2020. The plant is commissioned in September
2019. To study the underutilisation of the PV plant, we observed
the daily energy yield from April 2020 to November 2020, tabu-
lated in Table 12.

From Table 12, it is noted that the PR of the plant is reduced
in April, May, and September 2020. The reason for reducing this
performance ratio is tabulated in Table 13. This table elaborates
on the inferences from the study and the solutions that need to
be incorporated. Furthermore, the reference articles for imple-
menting the solutions are also presented in Table 13.In India, we
noticed that country observes around 15-20 holidays in a year.
During these days, the 52-kW on-grid PV plant is shut down due
to the low load in the institute. However, in the case of the week-
end, the institute functions with part-time classes. Hence, it is
required to get approval from the TNERC for the grid interaction



Table 10. LC cost of 52-kW PV plant with 30 yrs lifespan.

Constituents related to Cost PWF Present worth (Rs)
LC cost PV system (Rs) (d = 0.1) (i = 0.051,d = 0.1)
PV array 1,352,000/- 1 13,52,000/-
Mounting structure 312,000/- 1 312,000/-
Inverter 260,000/- 1 260,000/-
Inverter 10th year 0.634 164,480/
Inverter 20th year 0.402 104,520/-
Other components cost 520,000/- 1 520,000/-
(OCC)-Miscellaneous
0CC 10th year 0.634 329,680/-
0OCC 20th year 0.402 209,040/-
o&M 41,600/-
Recurring at year end 15.8 657,873/-
(O &M)
LC cost 3,909,593/-
ALC cost 244,472/-

Table 11. Paybacks of installed 52-kW PV plant.

Energy yield from date Income generated till CO2 avoided till Diesel saved till
of commissioned Dec 2020 Dec 2020 Dec 2020
39.66 MWh 3 lakhs 31.73Ton 3.69kl

with high tension line and to install the net metering equipment.

This will eradicate the issue noted during the public holidays and
the peculiar pandemic situation.

Table 12. Day-wise energy yield for the month (April-November 2020).
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A comparative study is performed to highlight the actual per-
formance of the PV plant. Figures 9 and 10 present the survey
carried out with the calculated energy yield for the months
where the generated PV power was not utilised correctly. Figure
9(a,b) present the system yield and performance parameters of
the PV plant under normal operating conditions. From this study,
the performance ratio and a capacity factor of the 52-kW plant
are high compared to the performance parameters noted in
2020. Figure 10 depicts the comparative research on other per-
formance parameters like EPT, EPF, LCCE, average PR, average
CF, and simple payback period. These analyses are carried out
by considering the actual energy yield of the plant, as depicted
in Table 14. The exact simple payback period of the plant is 4.5
years, whereas it gives 5.6 years with the energy yield obtained
from the year 2020.

6.2. Comparison with other plants

The performance metrics of existing photovoltaic systems were
compared to those of other solar plants using the most widely
used factors, including capacity, CUF, and PR, in order to rein-
force the study’s conclusions. Table 15 summarises the impor-
tant performance metrics for which the current plant is better
than those in other regions. Table 15 lists the key performance
characteristics for which the 52-kW solar Photovoltaic plant’s
results were nominal in range when compared to those in other
regions. It's significant to mention that all of the studies focused

Days of the month April May June July Aug Sep Oct Nov
Day-1 81 0 194.37 132.75 175.73 175.17 175.65 222.25
Day-2 0 0 223.68 116.37 52.99 180.38 253.25 209.94
Day-3 0 0 257.21 200.17 0 266.43 201.84 21413
Day-4 0 0 242.56 182.76 39.19 178.53 165.46 218.89
Day-5 0 0 195.93 1293 173.17 56.33 258.95 184.75
Day-6 0 0 225.87 165.28 216.63 0 266.53 209.89
Day-7 0 0 221.94 264.78 234.07 0 254.84 216.92
Day-8 0 0 237.32 256.24 219.58 0 250.18 227.93
Day-9 0 0 146.54 25438 138.21 0 153.11 232.8
Day-10 0 0 97.03 204.31 188.39 0 117.99 209.55
Day-11 0 47.18 96.58 229.56 225.49 0 158.38 130.51
Day-12 0 199.84 214.66 257.4 1743 0 212.73 139.57
Day-13 0 257.38 260.48 185.55 157.94 0 214.23 154.71
Day-14 0 2343 252.23 126.7 159.72 0 2753 0
Day-15 0 111.34 222.09 139.43 160.35 63.4 277.21 0
Day-16 0 0 237.06 89.22 229.97 160.02 271.05 112.66
Day-17 0 0 249.64 159.12 24243 163.56 161.04 169.03
Day-18 0 0 199.64 128.47 165.57 166.48 42.96 219.84
Day-19 0 0 212.31 100.82 210.32 125.67 180.16 226.88
Day-20 0 0 181.42 24532 220.67 96.33 68.76 226.92
Day-21 0 0 134.38 232.61 2443 167.5 171.37 24583
Day-22 0 153.92 202.14 237.19 219.52 89.37 211.55 214.75
Day-23 0 246.01 227.51 208.62 161.3 0 198.87 162.13
Day-24 0 234.82 211.29 205.08 236.37 0 208.93 112.75
Day-25 0 241.29 167.75 228.11 173.82 0 163.81 8.1
Day-26 0 213.54 2383 265.05 22292 0 21294 56.07
Day-27 0 217.92 2151 246.41 230.72 0 127.52 154.63
Day-28 0 22937 155.81 233.35 284.6 96.77 168.26 189.67
Day-29 0 238.39 206.81 37.93 27442 260.06 83.32 165.97
Day-30 0 228.45 218.13 246.85 268.55 183.89 191.43 153.63
Day-31 Nil 241.25 Nil 257 262.16 Nil 238.49 Nil
Total 81 3097 6146 5964 5964 2428 5936 4990
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Table 13. Inferences from the study.

Inferences from the study Findings Solution Ref
) ) Automated diagnostic method: Vega Diaz et al.
(1)  One of the panels in the last string UAV can be used regularly (2020)

known

ing the defect

are not accessible to human

Average performance ratio for the year
2020 is 60%

plantis tied to LT line

Performance ratio of the month April
and May 2020 is 0.8% and 32%,
respectively

Performance ratio of the month
September 2020 is 30%

Total load in the Mechanical ‘C’ block is
312kW

Major area in the rooftop of the
building is covered with solar PV
module.

Observation from Table 12: Many days

with 52-kW plant

got damaged in the year 2019
(2) Reason for the damage is not

Finds difficult to clean the panels that are
marked in this figure, because these panels

52-kW PV plant is switched off during the
pandemic situation (April-May 2020). PV

52-kW PV plant faced earth leakage issue
which is not addressed immediately.

To make Mechanical ‘C’ block has green
and zero building, it is required to install
additional PV system to meet out the load

Effective space in the rooftop is fully covered

It is observed that the plant was under-utilised

with thermal image sensors
to detect the irregularities in
the PV panel

(3) Struggledinlocating and diagnos-

Moharram et al.
(2013); Edaris

Automatic water spraying
technique: active front water

spraying not only cools the etal. (2018)
panel, it also cleans the
soiling

Need to connect the plant Chakraborty et al.
to HT line with net meter. (2019)
Average performance ratio
of PV system is 73%

Actual performance ratio of the
month April and May is 70%

The plant yields should be Buticchi et al.
monitored daily. Actual (2012)

performance ratio of the
month September is 70%

Detailed design for the
required kWh of the building
is need to be calculated

Smart solar tree can be
suggested adjacent to the
building

Regular maintenance with

Khatri (2016)

Dey and Pesala
(2020)

Lorenzo et al.

energy yield is observed to be zero. due to the pandemic situation (2020) and proper monitoring is (2020)
earth leakage issue required. Alternative
solution for these issues
needs to be addressed
Table 14. Actual energy yield (kWh) of 52-kW plant without any issue.
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
4975 6845 6928 6928 6928 6146 5964 5820 5820 5936 4990 4990 72270
Table 15. Comparative study of 52-kW plant with other PV plants in literature. postgraduate students in SRMIST to take the problem state-
Site location Plant size (kW) PR (%) CUF (%) Mments for their study and bring an alternative solution to the
Proposed site o 60 128 issues |den‘t|f|e(.1. Sugg.estlon for ext.endlng the research work for
Pritam Satsangi, Bhagwan Das, 40 47-91 6-13 the future in this area is presented in Table 16.
and Saxena (2014)
Adaramola and Vagnes (2015) 2.07 83.03 10.58
Ayompe et al. (2011) 1.72 72-91 5-15
Yadav and Bajpai (2018) 5 76.97 1639 7. Conclusion and policy implications

at a one-year observation period (Dahmoun et al. 2021). Several
solar hotspots in India were identified, and their performance
ratio is plotted and discussed (Saxena, Saxena, and Sudhakar
2021).

6.3. Futurescope

In this study, we also noted that, there is scope to extend
the work in the 52-kW PV plant for further research work.
The inferences from this study will motivate the under and

In this study, an investigation and assessment of a 52-kW ON-
grid solar PV plant mounted in the Mechanical ‘C’ block of
SRMIST are carried out. This plant is monitored and analysed for
one-year 2020, and the following observations are noted from
this study.

e Theenergy yielded from the commencement date to Decem-
ber 2020 is 39.7 MWh.
The total energy yielded from the plant for 2020 is 57.75 MWh.
In the assessment period, the highest energy yield was
6928 kWh in March 2020.
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Figure 9. (a) System yield of the plant based on the actual performance and (b) actual PR and CF of the plant.
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Figure 10. (a), (b) Comparative study on Performance parameters of 52-kW PV plant based on actual and year 2020 performance and (c) Comparison on simple payback

period of PV plant.

Table 16. Suggestions for performance improvement in 52-kW PV plant.

Issues not
Factors affecting the addressed in 52-kW Solution for the factor
output of PV panel plant influencing Methodology
Temperature Not sensed Sensors should be used for sensing Water spraying technique can be
atmospheric parameters incorporated
Shading/bird poo Not addressed Micro inverters Microinverter can be incorporated
Soiling Manual cleaning. Auto- Auto-cleaning Auto water spraying technique can

cleaning not included
Panel orientation Not considered Solar tracker

Irradiance Not monitored Pyranometer

be used for cleaning the panel
regularly
Single axis tracking with actuator
and controller can be added
Solar radiation measuring
instrument can be installed to
the study the data
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The average PR of the PV plant is 60%.
The average CF is 12.8% which illustrates the full energy
output from the 52-kW plant for 47 days in the year 2020.

e The energy payback time and electricity production factor of

the system is 8.1 years and 0.122, respectively.

The annual capacity utilisation factor is 12.7%

The lifecycle conversion efficiency of the system by taking 30
years as the life of the PV plant is 7%.

e The LCC and ALCC of the PV system are Rs.3,909,593/- and
Rs.2,44,472/-, respectively. The energy generated from the
system is fed to the low-tension line, and it is not appropri-
ately monitored.

e Delta Electronics established an online monitoring system
limited to tracking the installed plant’s energy yield. How-
ever, the energy fed into the grid is not sensed and monitored
regularly.

e The amount of CO, avoided due to the installation of this PV
plantis 31.73 Ton.

The amount of diesel saved by using this PV system is 3.69 kL.
The revenue generated from this 52-kW PV plant from the
date of commencement is three lakhs.

The observation made from the study of the 52-kW solar PV
plant is the PV system is not utilised entirely in the year 2020
due to the lockdown imposed in April and May 2020 due to the
spread of corona, public holidays in the country, and the unno-
ticed earth leakage issue in September 2020. The significant
results from the comparative study are

e The actual average final yield of the plant is 115%, whereas
the average final yield in the year 2020 is 92%.

e The actual average performance ratio of the 52-kW plant is
73%, whereas the average performance ratio in the year 2020
is 60%.

e The actual simple payback period of the plant is 4.5 years,
whereas it gives 5.6 years with the energy yield obtained from
the year 2020.

e The actual yearly energy yield of the plant is 72.27 MWh,
whereas the annual energy vyield in the year 2020 is
57.75 MWh.

e The actual energy payback time of the plant is 6.6 years,
whereas it gives 8.1 years with the energy yield obtained from
the year 2020.

The solutions to the issues mentioned above are incorporat-
ing the net metering concept to the grid-connected plant and
regular and proper monitoring of the plant. The average global
solar irradiation potential and temperature in the study area are
more suitable for solar PV systems. Hence, it is required to con-
centrate on the effective utilisation of the PV plant throughout
the year. The future scope of this study will be extended by incor-
porating the suggestions proposed for the issues raised in this
plant. The following are the recommendations and enhance-
ments for further examination of the system. It would be good
to measure the temperature of the cells in terms of understand-
ing the influence of environmental factors on the operation of PV
plants. A thorough examination of design optimisation and scal-
ability, voltage fluctuations, associated harmonics, and appro-
priate filters for grid-connected PV systems can also be carried

out to address the problems and uncertainties related to power
quality issues.
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