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Abstract - Now a days observing the performance of a
large number of solar PV power plants commissioned is
necessity to match the demand of a country. In past decade all
over the world has gained information on variation in
predicted outputs over different operating conditions. Real
operating conditions shows a difference in output from
expected values due to the dependence of field variables. A 5
MW Solar PV power plant is studied here and the operational
experience during the year 2016 is evaluated. The field data
such as solar irradiance, wind, ambient temperature, module
temperature, dc and ac power output are recorded at a
regular interval using SCADA software. All the performance
parameters mentioned in IEC 61724 is calculated using the
recorded data. Additionally, various losses, efficiencies and
capacity utilization factor are obtained. Final yield of the
plant showed a variation from 3.30 h/d to 5.05 h/d with an
annual value of 3.72 h/d. Annual Performance ratio for the
year 2016 is 73.02 %. Plants variation in output with respect
to PV syst simulated results is compared and showed a
variation in Performance ratio of 6.95 %. Transformer failure
is found to be the reason for the reduction in Performance
ratio. Response of plant to different climatic condition is
studied by considering daily operation in different seasons.
Plant’s performance is also compared with different power
plants around the world. This study shows that the plant is
operating satisfactorily and could be improved further by
improving the proper maintenance of its components.

Key Words: PV Syst, PR (Performance Ratio), SCADA, IEC
61724, CUF (Capacity Utilization Factor), Yf (Final Yield)
etc.

1. INTRODUCTION

The National Solar Mission was launched on the 11th
January, 2010 by the Prime Minister. The Mission has set the
ambitious target of deploying 20,000 MW of grid connected
solar power by 2022 is aimed at reducing the cost of solar
power generation in the country through (i) long term
policy; (ii) large scale deployment goals; (iii) aggressive
R&D; and (iv) domestic production of critical raw materials,
components and products, as a result to achieve grid tariff
parity by 2022. Mission will create an enabling policy
framework to achieve this objective and make India a global
leader in solar energy.

Further, Government has revised the target of Grid
Connected Solar Power Projects from 20,000 MW by the year
2021-22 to 100,000 MW by the year 2021-22 under the
National Solar Mission and it was approved by Cabinet on
17th June 2015.

Worldwide energy consumption has been speedily growing
since the initiation of industrial revolution and is expected
to rise at a further high rate in the coming years. The lack of
fossil fuels and its ecological effects has led to the
exploration of renewable energy to meet future energy
demand. Among renewable energies, solar energy is the
most favorable source which is abundant and eco-friendly. In
recent years solar energy technology has been developed
enough to become a trustworthy source of large scale power
production. This technology advancement leads to the
installation of MW to GW power plants all over the world.
Since the solar PV power production and reliability are
sensitive to the field conditions performance analysis of PV
power plants are essential to promise optimal performance.

1.1 Solar Photo Voltaic Power Plant

A solar power plant is based on the conversion of sunlight
into electricity, either directly using photovoltaics (PV), or
indirectly using concentrated solar power (CSP).
Photovoltaics converts light into electric current using the
photoelectric effect. In 2016, the largest photovoltaic power
station in the world was the 850MW Longyangxia Dam Solar
Park, in Gonghe County, Qinghai, China. As of April 2017,
India may have the largest solar plant with 900 MW of the
1,000 MW already commissioned at the Kurnool Ultra Mega
Solar Park.

2. PARAMETERS REQUIRED FOR DESIGNING & THE
PROCESS OF EXTRACTION THROUGH VARIOUS
SOURCES & SYSTEMS

A draft technique for designing of grid-connected
systems was set which will be modernized from time to time
(in the progress of the design of the Mega Watt grid-
connected system) until a standard technique is developed
which can be used to replicate the design of large-scale grid-
connected solar PV systems. The draft technique comprises
the following stages;

© 2017,IRJET |

Impact Factor value: 5.181

IS0 9001:2008 Certified Journal | Page 2801



’// International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 04 Issue: 07 | July -2017

www.irjet.net

p-ISSN: 2395-0072

1. Assessment of the solar radiation data for the location
from various institutions such as the (NASA)American
Space Agency , Solar Radiation Resource Assessment -
NIWE , IREDA, National Solar Radiation Database
(NSRDB). Good simulation software’s also have inherent
solar radiation data which can be used for this similar
purpose.

2. Take aland map by using map of the location showing
the various sites that can be used for the project.

3. Check the various locations on the land use map and
modernize where necessary.

4. Identify grid access and requirement for grid
Connection.

5 Find the dimensions of the lands to be used.

6. Valuation of lands and the effect of shading on the

lands through nearby buildings, mountains and trees.

7. Finalization of suitable lands and estimate the total
area available PV system design.

8. Get solar PV information from various solar suppliers
both locally and internationally. This information should
include all the parameters like type, cost, size, weight, etc.

9. Prepare the layout of the system for each of the
Module mounted on the lands.

3. Energy output and efficiency variations

This is the simplest way of analyzing a power plant. The
daily energy output of plant is calculated by integrating the
power output reading over 24 hours of each day. Average of
all days in a month is used for the monthly energy
comparison. Energy output of array (dc energy) and energy
fed to the 66 kV feeder line (ac energy) is calculated
separately. The variation of average daily energy output of
each month is plotted in Figure 1. Transformer failure has
caused a drop in ac energy in the month of July. Interpolating
the graph will show an average loss of around 17000 units
per day for the entire month.

3.1 Performance Analysis

Performance analysis done using IEC 61724 is compared
with the modeled values simulated using PV syst software.
For the comparison study, the plant is designed in PV syst
software in the same way as it is done in actual conditions.
The expected performance parameters obtained from the PV
syst software are compared with the calculated values
obtained from data. Table1l shows the comparison of Final
yield for various months. Most of the months have shown a
percentage deviation of less than 9 %. A highest deviation of
21 % is observed in August.

Table-1: PV Syst Generated Simulink Result

Jan FebMar |Apr(Ma [June|Jul |Aug| Sep |Oct [Nov|De
y t (

Calcu 4.6 4.4 5.05 4.4 14.003.83 {0.0(3.3 | 4.0 4.5 3.3 [3.5
lated 7 |5 3 8 |0 7 B B 1

PV 4.5 5.2 |5.41 5.2 (4.904.49 |3.7 3.8 | 4.6 [5.1 4.8 4.6
Syst 9 4 0 6 |9 2 B3 9 P

Annual Performance ratio obtained from simulation resultis
78.10 while actual value calculated from data for the year
2016 is 73.02 .The low value of Performance ratio is due to
the zero performance in July. Annual final yield is obtained
as 4.73 h/d in software simulated result and the calculated
annual final yield is 3.725 h/d.

3.2 Performance comparison with PV syt
simulation results

30000
Performance analysis done using IEC 61724 is compared
25000 with the modeled values simulated using PV syst software.
_ Boc For theComparison study, the plant is designed in PV syst
20000 Energ software in the same way as it is done in actual conditions.
y Simulation  result  is shown in  Figure-2.
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Figure -1: Monthly average daily energy output variations
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Grid-Connected System: Main results
Gric-Connected System: Simulation parameters

Project : 5 MWp SPV Power Plant
Simulation variant:  New simulation variant .

Project: 5 MWp SPV Power Plant
Main system parameters System type  Grid-Connected oo ! )
PV Field Orientation it 31° azimuth 0 Geographical Site § MWp Jajru County  India
PV modules Model WS-220 Pnom 220 Wp . . " . "
PV Array Nb. of modues 22728 Prom tolal 5000 kWp Stuation Lace 287N Longhude 77.3E
Inverter Model PVSS00ET-0BTSKNE  Prom 575 KW ac Time defined as Legal Tme TmezoneUT+55  Alftude 1%6m
Inverter pack Nb. o units 5.0 Prom total 4375 kW ac Abedo 020
User's needs Uniimited load (qrid) Meteo data: IMWp Jajru Synthetic - Meteonom 6.1

Main simulation results L ) Lo ‘
System Production Produced Energy 8630 MWhiyear Specific prod. 1726 kWhkWplyear Simulation variant:  New simulation variant

Performance Ratio PR 78.1 % Simulation date 18105/17 12025
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P . I T T Simulation parameters
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PV Amray Characteristics
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ewsimulaton variant Array global power Nominal (STC) 3000 kWp At operating cond. 4445 kip (30°C)
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|| el E Inverter Model - PVSB00.57-0875W.5
s bl I Gl I I B Manufacturer ABB
,,E! iy i | e | e | s | oam Characteristics OperatingVokage 525-825Y  Unit Nom. Power 875 kW AC
s o M| EeE | m2of o | Inverter pack Nb_of inverters 5 units Total Power  4375KW AC
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- Wiring Ohmic Loss Clobalamay res. 1.4 mOhm Loss Fraction 15%atSTC
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GlogEN EMective Glabal, corr. for |AM ang shadinge  EMSysR i I2M. Tough area
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Pissye Evaluation moce
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Figure-2: PV Syst Generated Simulink Result

Piezye! Evaluation mege

Figure-3: PV Syst Generated Simulink Result
(Energy Produced)

© 2017,IRJET | ImpactFactorvalue:5.181 | ISO09001:2008 Certified Journal | Page 2803



’,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056
JET Volume: 04 Issue: 07 | July -2017 www.irjet.net p-ISSN: 2395-0072

Figure-3 shows the total Energy Produced during the year
data of the plant at certain conditions & Figure -4
illustrates the losses over the whole year using PVsyst by
which the output will be effected

PVSYSTVB.30 18/05/17 | Page 33

‘ ‘ 3.3 Results & Future Scope
Grid-Connected System: Loss diagram
. The following parameter shown below shows the
Project: §MWp 3PV Power Plant difference observed on analysis of a plant:

Simulation variant:  New simulation variant

Main system parameters System type ~ Grid-Connected : Performance Ratio  (Calculated) = 73.02

PV Field Orientafion tit 3t° aimuth (° * Performance Ratio (PvSyst) =78.10
PV modules Madel W3-220 Prom 220 Wo *  Annual Average Final Yield (Calculated) = 3.72
PV Array Nb. of modules 22728 Promtotal 5000 kWp KWh/(KWp-day)
Inverter Moqel ISVSBDO-:T-UBYSM‘«‘-E Prom 875 kW ac +  Annual Average Final Yield (PvSyst) = 4.73
Inverter pack Nb.ofunts 5.0 Promtotal 4375 kW ac KWh/(KWp-d
User's needs Unlimiteg load {grid) . / ( 'P- ay) .
*  Variation in Performance Ratio = 6.95 %
Loss diagram over the whole year *  Variation in Final yield = 21.35 %
To improve the performance ratio by optimizing the
[ G2 Horizontal global iradiation certain conditions:
.+ +127% Global incidentn call. plane .. .
| e How to minimize the Conversion losses.
2% (et gt e By improving the storage conditions.
LT Effectve imadiance on colectors e How to get maximum radiation on modules at
ey #5T0- 4% Pp— perpendicular inclination at cheaper cost.
10851 MWh Anmay nominal enerqy (at STC effic.)
‘\-‘uu% PV s s o e e By doing PVsyst analysis of solar power plant and monitoring
N we have found actual location of issues and number of issues
-146% PV loss dug to temperafure . .
.| in the solar power plan. i.e. the losses due to solar panel
N Mk s faults. Previous methods used were not able to optimize the
W05 Mo aney mSnERh bss performance of the jajru plant. So many a times problems
A% Ohicwing s remains unnoticed in the system which cause power loss to
TR MR ey virtua energy et MPP the PV plant. This method clearly distinguishes between

issues and reasons of power losses. So itis very efficient and

3-1.7% nverter Loss during operation (eficiency) . . . . .
- time saving approach for monitoring the solar plants. It gives

Inwerter Logs over nomingl inv. powsr

e Loss cue o pove rshol me a relatively quick result and gives with reliability. [ have
Inzter Loss over nomiel . voege used PVsyst as software and IEC-61724 as a standard for
VAT Los e e e evaluation. PVsyst Software I have used for analyzing the

B30I
L womn

Available Enerqy at Inverter Qutput . .. cen
W v plant by making similar conditions as actual power plant.. So

it saves time and reliable compare to other conventional
method of analysis of solar power plant. It will definitely help
in future to examine the solar panel in less time with lots of
cost saving and with reliability

Energy injected into grid

4. CONCLUSIONS

Performance ratio is greater than 0.7 for all months. Overall
efficiency shows a variation from 9.3 % to 11.7 % which is a
rather good value since the loss of one transformer and ac
cable losses are also included in it. The highest value of
Performance Ratio is found 0.89 in June and the lowest PR
value is 0.70 in November. Even with higher irradiation and
energy output this lower PR value in the months, January to
March and October to December is due to the capture losses.
Annual Performance Ratio obtained from simulation resultis
78.10 against the actual value calculated from data for the
year 73.02. The deviation is found to be 6.95 %.
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Comparison with other power plants of different operating
conditions has shown a better performance in this 5 MWp
Solar PV power plant. However the losses incurred due to
the outages were the reason for not attaining a maximum
performance.
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