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Abstract-This work is focused on techno-commercial feasibility of a single-axis solar tracking system compared
to fixed tilt system based on real energy yield data. For this purpose, an existing solar PV plant situated in
Infosys SEZ Campus, Hyderabad, India of cumulative capacity 3.6 MW (DC) has been considered. The Plant
constitutes 3.6 MW capacity with an installation of 1.8 MW as Fixed Tilt (FT) system and 1.8 MW as Single-axis
Tracking (SAT) system. The analysis shows that the SAT system is technically effective in terms of Energy Gain,
Performance Ratio (PR) & Capacity Utilisation Factor (CUF) compared to the fixed tilt system. It also prevails
that the SAT system is cost effective compared to the FT system. Therefore, the use of tracking system, either
be it single-axis or dual-axis may be done in those regions where land acquisition is a serious issue and thus
proper utilisation of precious land may be done.
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INTRODUCTION
PV panels are the efficient source of renewable

energy compared to the other sources and is the
only energy source that can supply the additional
energy that the world will need over the next
several decades in a manner that will protect the
environment and be sustainable [1]. From the
Current and Voltage output (I-V) curve of PV
Module, it can be observed that there is an impact
of incident solar radiation on the Current(l) output
thus in Power (P) output also as P=VI. The major
constraints in case of implementation of Solar PV
Plants are limited efficiency of the Solar PV cells
and limited land area available, especially in a
densely populated country like India. Since, the
power generation capability of such systems is
dependent on the sun radiation received by the
panels and at low radiation level when the array
does not provide enough output power, reactive
power is drawn from distribution transformer and
fed into inverter and loads [2], introduction of
tracking system that momentarily positions solar
panels according to the direction of the sun is very
helpful in maximizing energy vyield [3]. Solar PV
Plants with sun tracker may become more cost-
effective solution than the purchase of additional
Solar PV Modules [4]. Also, the orientation of Solar

PV Module has an impact on the generation
profile. South orientated Module with an optimum
tilt angle has the highest degree of autarky,
whereas, the east/west orientation has the
positive impact of smoothing electricity
generation,  although  incorporating lower
electricity generation and lower degree of autarky
[5].

Solar PV Module will have maximum radiation
when incident light is perpendicular to the panel
[6], but with the change of the position of the sun,
a fixed mounted solar module can only get
maximum radiation for certain duration of a day.
The maximum & minimum declination of sun
occurs in summer and winter solstice with the
angle of 23.45° & -23.45° in the north-south
direction respectively and travels from east
(morning) to west (evening) direction as shown in
Fig. 1[3, 7]. To get higher radiation levels, tracking
systems is needed to be introduced. It uses axis to
fix the solar panel and allows the panels to adjust
the tilt (north to south direction) and azimuth
angle (east to west direction) according to the
current position of the sun.

Based on the Degree of freedom of Module
Mounting Structure movement direction,
photovoltaic systems may be divided into three
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Fig. 1: Sun-path during different seasons.

types, viz, (a) Fixed Tilt System; systems in which
the panels are positioned with a certain tilt angle
that in the northern hemisphere is oriented
southward and their position cannot be changed
during the day, (b) Single-axis Tracking System;
where it is possible to move the panels on a single
path which is usually an east-west direction to
adjust azimuth angle or it may be in north-south
direction to adjust tilt angle in some cases and (c)
Double-Axis Tracking System; in such systems, the
panels are able to move along both east-west and
north-south directions. Therefore, they are
always perpendicular to the sun radiation’s
direction and receive the maximum amount of
radiation [3, 8, 14].

Solar tracking system maximizes the collection of
direct beam solar radiation on sunny days, which
is the predominant component of the incoming
global or total solar radiation, as well as the solar
energy capture on cloudy days, when almost all of
the solar energy is in the form of diffuse solar
radiation [9] and double-axis tracking can
increase the amount of solar energy captured by
50% compared to PV modules with a fixed tilt
[10]. Single-axis tracking gives approximately 90%
as much solar energy as double-axis tracking [11].
Even though single-axis tracking systems can
bring additional gain of energy of around 33%
over fixed system, there are several challenges
linked to factors such as land used, resources,
electricity rates, etc. Therefore, the use of
tracking configuration for a specific application
should be carefully analysed to find out if the
acquired surplus energy prevails on the techno-
economical disadvantages of the tracking systems
[12].
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To account for techno-commercial feasibility of a
single-axis solar tracking system compared to fixed
tilt system, in this paper, the impact of east-west
tracking enabled Module Mounting Structure
(MMS) on the generation profile of a ground
mounted Solar PV plant is analysed for a specific
location (Hyderabad, India), focusing on some
important technical, financial and land use
effectiveness parameters. In case of technical
analysis, PVSYST software simulations for Fixed
Tilt and Single-axis Tracking are made and
compared to actual energy yield data from the
plant site of these systems. The technical analysis
study consists of two different comparisons, more
specifically, comparisons are performed between:
a) Fixed Tilt and Single-axis Tracking systems,
PVSYST simulation data.

b) Fixed Tilt and Single-axis Tracking systems, real
(measured) data.

Whereas, the financial and land use effectiveness
analysis study are performed based on the real
field data.

PLANT OVERVIEW

The solar PV plant located at Infosys SEZ Campus
in Hyderabad, India is studied and evaluated here.
The Plant consists of cumulative solar PV array
capacity with fixed tilt configuration of 1.841 MW
(1.62 MW AC) and with single-axis tracker of 1.804
MW (1.62 MW AC).

The single-axis tracking array has been designed to
move from East to West direction throughout the
day according to the sun position with a broad
turn range of 120° i.e., 60° towards both the east
and west direction w.r.t. south. The fixed tilt array
configuration has been designed orienting
towards south with an azimuth of 180° w.r.t.
north and a tilt angle of 14° for optimum annual
generation. The configuration of each installed
array is shown below in Fig. 2.

A. Site Location & Weather Data:

Solar irradiation is the main parameter in
designinga solar PV system and in order to obtain
the maximum power output from the PV arrays,
the optimized tilt must be determined through
simulation taking Latitude angle as reference in
case of fixed tilt system. Table-l shows Local
weather data of the site situated in Hyderabad
and Fig. 3 shows the site location.
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Fig. 2: Solar PV array configuration and SAT

TABLE-I
LOACAL WEATHER DATA

Item Description Value
Latitude 17.26°N
Longitude 78.37°E
Elevation 540 m
Average Temperature 27°C
Relative Humidity 60%

Avg. Wind Speed 2.8m/s
Annual Precipitation 817 mm

o

erabadiSPV Plant

Fig. 3: Geographical location of the Solar PV Plant.

The PVSYST software & Meteonorm weather
database was used to obtain the monthly solar
irradiation data for the site location, as sun
radiation varies largely in a given year. Fig. 4
shows comparison of the month-wise incident
solar radiation (KWh/m2/day) on fixed tilt (14°) PV
array & PV array with single-axis tracker and
temperature for the site situated in Hyderabad.

Vol 44 No. 8
August 2023

Temperature (°C)

a0
30

2
- ||II
0

A

&

o o

‘\é“bfboo
o" tQ@o\Q

N dz,

Solar Radiation (fixed tilt) (kWh/m2/day)

m Solar Radiation (single-axis tracker) (kWh/m2/day)

Fig. 4: Simulated incident solar irradiation and
temperature of site.

B. Module Specification:

In this plant, BenQ Solar make Green Triplex
PMO072P00 of 310 Wp rating Solar PV Modules
have been used. Each Module has 72 (12x6) poly-
crystalline 156mm X156mm solar cells connected
in series and is of 1956 x 992 x 40mm dimension.
I-V curve of the module at various irradiance
(W/mz) and temperature (2C) levels is shown
below in Fig.5. Also, the electrical specifications
[30] of the module under Standard Test Condition
(STC) are furnished in

e 1000 W/m 2
s
800W/m =
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=
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Fig. 5: |-V characteristics of the module at various
irradiance (W/m?) and temperature (°C) level
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TABLE II This site was understood to be fairly flat and
PV MODULE ELECTRICAL SPECIFICATIONS therefore horizon shading was considered
Parameters Value negligible as no major landmass was observed.
Nominal Power (Ppax) 310 W Additionally, the site does not have any large
Maximum Voltage (V) 37.12V nearby structures such as buildings or trees that
Maximum Current (Iy) 8.33 A may shade it. Thus, 1% shading loss was
Open Circuit Voltage (Vo) 45.75V considered during system modeling.
Short Circuit Current (1) 877 A Other losses such as soiling losses, module
Module Efficiency(n.) 15.98 % mismatch, Light Induced Degradation (LID) and
iri 1 0, 0, (o)
Temp. coefficient of Power (5) 0.42%/°C DC wiring were considered 3%, 1.4%, 2% and
1.4% respectively during system modeling.
TABLE Ill Equipment conversion losses were considered as
INVERTER ELECTRICAL SPECIFICATIONS per manufacturer speciﬁcations. AlSO, AC wiring
R Value (XC 540) losses which comes from the electrical output of
Nominal Real Power (at the inverter was considered 0.3%.
i w
PF=1) 540 kW Upon simulation of the entire Plant using the
OC MPPTR 220885V PVSyst simulation software and feeding various
ange -
VaxO CkgV I 1000V losses externally as described above, a predicted
ax Open Ckt. Voltage . .
P g energy yield of 1.66 MU/MW/Year for 142 fixed-
DC Input Current 1280 A tilt systems and 2.0 MU/MW/Year for single-axis
ACOutput Voltage 300V tilt system was found.
Nominal AC Output
1040 A
Current Simulation variant:  Infosys Project 1.804MW SA
MaXImum EffICIency (n) 98.5% :‘ji:\!:\!ésé;w:‘n;::;:nmﬂ.rs 1radung.tiltedas>::t;r:?f\\el g_rid-CDnnecled Axis Azimuth 0
PV modules Model PMOT2P00_310 Pnom  310Wp
PV Array Nb. of modules 5820 Priom total 1804 kWp
c | . s 'f' t' Iwgtwpak " &mlﬂ ;?Ene?(:@ore)(&iﬂ . F‘nolm‘ ?;g::‘::c
- Inverter peCI ication: J:er'::wee;s I.Jnhmiledlnazl:rr“ds; e *
In this plant, 6 Nos. Schneider Electric make Man simulation esuls
System Production Produced Enel 3617 MWhiyear  Specific prod. 2005 kWh/kWp/year
ConextCore XC series grid-tied Central Inverters of ' petomare RatoPR_£22% "
. . Simulation variant:  Infosys Project 1.81MW Fixed
rating 540 kW have been used. Each Inverter is of F— FS—————
indoor type with IP 20 level of protection and i S s ove 0we
PV Array Nb. of modules 5940 Prom total 1841 kWp
208.5 x 240.0 x 66.0 cm dimension. Important et o ocel ConertCars XG40 Brom S0k
technicalspecifications [31] are furnished in Table e nimted oad 1)
"l above_ g:;:;?r:g:g;[‘?lmwu“s :eﬂzm:zeedér:gg ;giaﬁn:mhfyear Specific prod. 1860 kWhik\Wp/year

—-,__,_7%71 a62 kthmi__’_,_.——f‘ Horizontal global irradiation

D Energy Yield Simulation. T H.‘__,] +22.8% Global incident in coll. plane
. . -
The annual energy yield is computed for a solar PV It'*z 2% 0 roronortal
3-10% Soiling loss factor
Plant Using the baSiC deSignS and indicative |aVOUt 2325 KWh/m* * 11293 m* coll. Effective irradiance on collectors
by considering specific environmental conditions, it il
X . 4512 MWh k Array nominal energy (at STC effic.)
downtime losses, AC ohmic losses, module [M-0.2% PV loss due fo imadiance level
\\J -56% PV loss due to temperature

degradation, transformation, transmission line KRl o e

losses etc. that reflect twenty-five-year plant life. #-10%  Module amay mismatch loss
. . \4 -1.9% Ohmic wiring loss
Various losses that a Solar PV Plant might 4045 MWh Artay virtual energy at MPP
eXperience dUe haVe Signiﬁcant effect on the \i—Z 5% Inverter Loss during operation (efficiency)
. . . . 4 -0.8% Inverter Loss over nominal inv. power
system performance efficiency, which results in 0.0% Inverter Loss due fo pawer threshold
. . 0.0% Inverter Loss over nominal inv. voltage
reductlon of energy yleld. 0.0% Inverter Loss due fo voltage threshold
. 3913 MWh Available Energy at Inverter Qutput
Shading losses generally come from trees or
. . 0.4% Auxiliaries (fans, other)
nearby buildings or any other structure or even [\\a,.za% System unavailabiity
. . . 13% AC ohmic loss
due to self-shading from its Module Mounting Ny 355 gl
Structure and back-to-back PV rows. —__TMan Energy injected inta grid
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Fig. 6: PVSyst Design Simulation Output for
(a) Single Axis Tracking System; (b) Fixed Tilt
System

E. Single Line Diagram (SLD):

The overall plant layout along with individual
rating of all the plant equipment has been shown
in the Fig. 7 below as a single line diagram. Total
two number step up transformers have been used
with cumulative capacity of 3.6 MVA. Both the
transformers are of 4 winding, 1.8 MVA,
33kV/300- 300-300V rating with YNd11d11d11
configuration.

METHODOLOGY

The aim of this study is to analyse the Techno-
economical effectiveness of single-axis solar
tracking system over a fixed-tilt system. To
investigate the effect of sun tracking mechanism,
real solar energy generation data for both single-
axis tracking and fixed-tilt system are collected for
a period of 3 years (2016-2018) along with the
weather data from Weather Monitoring System
(WMS) installed at the site. The following analyses
have been done based on the collected data.

A. Technical Analysis

To analyse technical effectiveness of both the
system, the following parameters have been
considered;

Vol 44 No. 8
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Specific Energy Production (SEP): It is the indicator
which shows, how much energy (kWh) has been
generated per kWp Solar PV Plant [14]. Unit of the
indicator is kWh/kWp.

Energy Gain: It is the extra energy generation
achieved due to single axis sun tracker compared
to fixed tilt system and has been calculated using
the following equation:

Energy Gain (%) = [(Esar— Er)/ Eer] x100 (i)
Where:

Esar (KWh/kWp): Specific Energy produced from
SAT Solar PV array.

Err (kWh/kWp): Specific Energy produced from FT
Solar PV array.

Performance Ratio (PR): The performance ratio is a
measure of the quality of a PV plant that is
independent of location and it therefore often
described as a quality factor.

The performance ratio (PR) is stated as percent and
describes the relationship between the actual and
theoretical energy outputs of the PV plant. It thus
shows the proportion of energy that is actually
available for export to the grid after deduction of
energy loss (e.g., due to thermal losses and
conduction losses) and of energy consumption for
operation. The closer the PR value determined for a
PV plant approaches 100 %, the more efficiently the
respective PV plant is operating. PR is calculated
using the formula provided in IEC 61724 considering
the weather data of the site and may be termed as
weather-corrected PR (PRcorr) [13].

PR corr=%EN ac_i/[ZiPstc(Gpoa_i/Gsrc)x(1-6x0.01)x(T

cell_typ_avg™ Tcell_i)] (")

Where:

The summations are over a defined period of time
(days, weeks, months, years)

ENac= measured AC electrical generation (MW)

Psrc = summation of installed modules’ power rating
from flash test data (MW)

Gpoa = measured plane of array (POA) irradiance
(kw/m’)

i = a given point in time

Gsrc = irradiance at standard test conditions (STC)
Teen = cell temperature computed from measured
meteorological data (°C).
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Tcell_typ_avg = average cell temperature computed
from one year of weather data using the project
weather file (°C).

8 = temperature coefficient for power (%/°C,
negative in sign) that corresponds to the installed
modules.

Capacity Utilization Factor (CUF): It is also known as
Plant Load Factor (PLF) of a PV power plant (usually
expressed as a percentage) is the ratio of the actual
output over the period of a year and its output if it
had operated at nominal power the entire year [33],
as described in the formula below.

CUF=Annual Energy Generated/[8760(hours/year)x
Installed Capacity(kWp)] (iii)

B. Land Use Analysis

To analyse whether the precious land has been
used effectively or not, the following parameters
have been considered:

Ground Cover Ratio (GCR): It is defined as the ratio
of the PV array area to total ground area for the
system. The higher value the GCR has, the better
surface exploitation is done [14].

Surface Performance Ratio (SPR): It indicates the
amount of solar energy (kWh) generated per m’
area covered by a solar PV system. Unit of the
indicator is kWh/m?”[14].

This has been defined as the product of the Specific
Energy Production (SEP) and the peak power
installed per square meter land (Psic/S), as it is
shown in the following Equation;

SPR = SEPX(Psrc/S) = (Em/ Psrc)X(Psrc /S)

=Em/S (iv)

The SPR takes into account not only the production
improvement of the tracking system, but the larger
area it needs for the installation. It is to be noted
that the SPR value is independent of the power size
of the installation.

C. Financial Analysis

A financial study includes calculation of the most
commonly used financial parameters viz., Payback
Period (PBP), Net Present Value (NPV) and Internal
Rate of Return (IRR).

Carbon Credit Calculation: Carbon Credit is
something that can be used to assign a commercial
dollar value to one metric ton of greenhouse gas
emissions (tCO,) or its equivalent, so that they can
measure, buy, sell, and trade it. It can be calculated
using the following equation:

Vol 44 No. 8
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Carbon Credit (tCO,) = Generation (MWh)/F¢
(MWh/tCO,) (v)

Where:

Fe= Emission Factor as calculated by Central
Electricity Authority (CEA) [15].

Price of Carbon Credit depends upon the various
market-based mechanisms available viz., Clean
Development Mechanism (CDM), Verified Carbon
Standard (VCS) and Gold Standard (GS). Here, VCS
mechanism [16] has been used for calculation of
price.

Payback Period (PBP): It is the length of time
required to recover the initial cash outlay of a
project through the successive cash inflows [14]. It
is calculated using the following equation:

PBP = Initial Outlay/Net Cash Inflows
=1/(cxp-m) (vi)

Where:

I=real costs of the investment (INR)

c=retribution of the produced energy (INR/kWh)
p= yearly energy production (kWh/year)

m= maintenance and replacement costs (INR/year)

Net Present Value (NPV): NPV is how much return a
project will make, accounting for the time value of
money [14]. Factors such as opportunity cost,
inflation and risk are all accounted for in NPV to
give the overall value of the project in today’s time.
A positive value for NPV indicates that the project is
set to make money or prove profitable to clients
over the time period considered. Vice versa is the
case for a negative NPV. It is calculated using the
following formula:

NPV= [Net Cash Inflow x (1 + discount rate) ~-
(time)] —1 (vii)

Internal Rate of Return (IRR): It is the discount rate
at which the sum of Net Present Value (NPV) of the
current investment and all future cash inflow is zero
[14]. It is an indicator of the growth of the project is
expected to generate. It is calculated using the
following formula:

[Net Cash Inflow x (1 + IRR) A-(time)] — | = 0 (viii)

RESULT AND DISCUSSION
A. Technical Analysis Results

The calculated Specific Energy Production (SEP),
Performance Ratio (PR) & Capacity Utilisation Factor
(CUF) for both Single-axis Tracking (SAT) and Fixed
Tilt (FT) are represented in Fig. 8 below as graph for
comparison and the real 3 years (2016-2018)
generation data are furnished below in Table IV.
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Fig 8: (a) SEP comparison in 2016; (b) SEP
comparison in 2017; (c) SEP comparison in 2018;
(d) PR comparison; (e) CUF comparison.

The above result clearly shows an energy gain of
14%, 13.4% & 12.2% have been achieved under the
particular climate condition of the site in the year
2016, 2017 & 2018 respectively from the SAT
system. The slight decline in the energy gain may be
due to combined effect of the climate condition of
those particular years and Solar PV Module
generation degradation (normally around 1% per
year).

The calculated Specific Energy Production (SEP),
Performance Ratio (PR) & Capacity Utilisation Factor
(CUF) are also showing higher value in case of SAT
system compared to the FT system with 142 tilt
angle, which indicates better utilisation of the solar
resources and plant equipments.

As the maximum & minimum declination of sun
occurs in summer and winter solstice with the angle
of 23.45° & -23.45° respectively, a comparison of
generation achieved during both the scenario are
represented in Fig. 9 below as graph for both the
Solar PV array system type.

From the following comparison also, it can be
noticed that the SAT solar PV array system is more
efficient in case of energy generation, compared to
the FT system with 14° tilt angle.

8.00
7.00
6.00 -
m Summer Solsitice
5.00 {21stJune) FT
4.00 SEP(kWh/kwWp)
3.00 m Summer Solsitice
2.00 {21stJune) SAT
1.00 SEP(kWh/kwp)
0.00
2016 2017 2018
(a)
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Fig. 9: (a) SEP comparison in summer solstice; (b)
SEP comparison in winter solstice.

B. Land Use Analysis Results

In order to determine, which system is effective in
case of land use GCR & SPR are calculated as
furnished in Table V below.

Description FT SAT

Installed DC Capacity |1.841 MW |1.804 MW

Module Area (m?) 11403 11174
Total PV Yard Area (m”) | 17968 18341
Specific Land Area 9.76 10.17
(m?/kwp)
Ground Cover Ratio 1.58 1.64
(GCR)
Average Energy 2964435 | 3288799

Generated (kwh/yr)

SPR (kWh/m?) 164.98 179.31

TABLE V: Calculated results of GCR & SPR.

Graphical representations of the calculated
parameters are shown in Fig. 10 below.

Vol 44 No. 8
August 2023

10.17

m Specific Land
Requirement
(m2/kwp)

m Ground Cover
Ratio (GCR)

179.31

m Surface
Performance

164.98 Ratio (SPR)
(kwWh/m2)
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Fig. 10: Specific Land Area Requirement, GCR & SPR
comparison.

The above calculated result shows, even though the
Specific Land Area Requirement per kWp & Ground
Cover Ratio i.e., (Land area/Module area) is little
higher in case of SAT system, it produces higher
energy (kWh) per m® of land area used i.e, SPR as
compared to the FT system with 14° tilt angle.

C. Financial Analysis Results

Financial analysis has been done on the extra cost
involvement for the SAT solar PV array compared to
FT array and the energy gain due to installation of
SAT system. The SAT system is slightly costlier than
the FT system, cost of which varies with brand,
covering angle, rotating motor quality etc. INR
1500000/ MW has been considered as the extra cost
involvement for SAT array system and various other
considerations are furnished in the Table VI below.

From the calculated result it can be seen that the
additional investment made in order to install SAT
system has a Payback Period of 1.57 years with a
positive Net Present Value (NPV) of INR 1490207
and Internal Rate of Return (IRR) of 39.28 %. As, the
calculated NPV and the IRR for the considered three
years (2016-18) duration is positive & greater than
the discount rate (9%) respectively, the additional
investment for SAT system is financially viable.

2138



Journal of Harbin Engineering University
ISSN: 1006-7043

CONCLUSION

From the above results, it can be concluded that the
solar system with Single-axis Tracker (SAT) PV array
has generated more energy throughout the whole
period of three years (2016-18) and also during
both summer & winter solstice. On an average, the
SAT system had achieved an energy gain of 14%,
13.4% & 12.2% in 2016, 2017 & 2018 respectively as
compared to Fixed Tilt (FT) system. Throughout the
three years (2016-18) period, the SAT system had
operated with higher Performance Ratio (PR) and
Capacity Utilization Factor (CUF) value as compared
to FT system, which means, the SAT system is able
to collect more irradiance (W/m2) and utilise the
installed capacity better as compared to FT system.

Though the Specific Land Area (m’/kWp)
requirement and Ground Cover Ratio (GCR) is little
higher in case of SAT system, its Surface
Performance Ratio (SPR) is higher (179 kWh/mz) as
compared to FT system (165 kWh/mz).

The additional investment made for the SAT system
had been paid back by the energy gain within 1.57
years with an IRR of 39.28 and NPV of INR 1490207
for the duration (2016-18) considered. The energy
gain achieved throughout the plant life after the
payback period will contribute to overall payback of
the plant cost and reduce the overall payback
period of the whole plant as compared to FT
system.
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Nomenclature

PV Photovoltaic

FT Fixed Tilt

SAT Single-axis Tracking

PR Performance Ratio

PRcorr Weather corrected PR

CUF Capacity Utilisation Factor
PLF Plant Load Factor

MMS  Module Mounting Structure

STC Standard Test Condition, 25 °C,
1000W/m’; A.M. = 1.5

IP Ingress Protection

PF
MPPT
LID
MU
WMS
SEP
GCR
SPR

Em

Pmax
Vmp
Imp

G POA

GSTC
Tcell

Tcell_typ_avg

PBP
NPV
IRR
Fe

tCO2

Power Factor

Maximum Power Point Tracker
Light Induced Degradation

Million Unit (10°kWh)

Weather Monitoring System
Specific Energy Production
Ground Cover Ratio

Surface Performance Ratio
Energy Generated (kWh)

Area of PV Module Installation (mz)
Real costs of the investment (INR)

Retribution of the produced energy
(INR/kWh)

Maintenance and replacement costs
(INR/year)

Nominal Power (W)

Maximum Voltage (V)

Maximum Current (A)

Open Circuit Voltage (V)

Short Circuit Current (A)

Module Efficiency

Temperature coefficient of Power (%/°C)
SEP from SAT Solar PV array (kWh/kWp)
SEP from FT Solar PV array (kWh/kWp)
Generated AC electrical Power (MW)

Summation of installed modules’ power
rating from flash test data (MW)

A given point in time

Measured plane of array (POA)
irradiance (kwW/m?)

Irradiance at STC

Cell temperature computed from
measured meteorological data (°C).

Average cell temperature computed
from one year of weather data using
the project weather file (°C).

Payback Period
Net Present Value
Internal Rate of Return

Emission Factor as calculated by Central
Electricity Authority (CEA)

Equivalent to one Carbon Credit unit

Yearly energy production (kWh/year)
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TABLE IV: Real three years (2016-2018) generation data and calculated SEP, Energy Gain, CUF & PR.
Extra Cost of SAT Array Installation/MW (INR) 2700000 Emmission factor 0.9645 Carbon Credit Value (VCS) 0.3 USD
Electricity tariff inflation per annum 5% Discount Rate 9% 0 & M Cost 1.5% of the Installation cost
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TABLE VI: Calculated results of PBP, NPV & IRR
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