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Abstract

This paper presents a mathematical simulation to compared to operations a small distributed
photovoltaic power plant in the distribution system. Practices transmission of electric power by small,
distributed solar energy With the PVSyst and IEC 61724 mathematical modeling programs, the main
objective was to study the % performance ratio photovoltaic power plants 5.95 MWp connected in
the distribution system of the Provincial Electricity Authority, voltage level 22 kV. Therefore, this paper
is presented as a mathematical simulation compared to operations a small distributed photovoltaic
power plant in a distribution system. The results of the study show that the operation of small
distributed solar power plants increases the efficiency to be able to produce the maximum electricity
and continuously. The system was able to produce the highest power of 8,954.9 MWh/year and had
an average annual efficiency ratio of 77.84%, receiving the highest solar radiation intensity and the

highest annual total energy output of approximately 1,837 kwh/m?.
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GlobHor  DiffHor T Amb Globinc GlobEff EArray E_Grid 9%PR

kwh/m?  kWh/m’ °C kwh/m®  kWh/m”*  MWh  MWh
January 1455 55.20 23.39 170.1 164.3 837.3 803.2  0.787
February 144.6 56.44 2597 161.3 155.9 780.7 748.8  0.773
March 172.2 72.70 28.66 181.3 175.1 863.1 827.7  0.761
April 170.7 79.93 29.93 169.6 163.5 806.7 773.2  0.760
May 179.9 86.65 28.20 171.6 165.1 834.0 798.4  0.775
June 158.4 83.28 27.19 148.0 141.9 728.3 6959  0.784
July 1755 84.58 27.37 165.5 159.1 811.0 7755  0.781
August 127.0 88.13 27.29 124.0 118.8 614.7 587.0  0.789
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September 135.0 74.43 26.69 137.2 132.0 673.1 643.3 0.782
October 144.2 69.44 26.70 155.7 150.2 760.0 727.9 0.779
November 131.4 58.49 24.56 149.2 144.0 737.2 707.0 0.790
December 152.5 41.35 23.25 183.8 177.9 904.1 867.0 0.786

Year 1836.9 850.60 26.60 1917.4 1847.7 9350.1 8954.9 0.778
Legends: GlobHor  Horizontal global GlobEff Effective Global, corr. for IAM and
irradiation shadings
DiffHor Horizontal diffuse EArray Effective energy at the output of the
irradiation array
T Amb Ambient Temperature E_Grid Energy injected into grid
Globlnc Global incident in PR Performance Ratio
coll. plane
1837 kWh/m? Horizontal global irradiation
+4.4% Global incident in coll. plane
-0.1% Global incident below threshold
-3.1% 1AM factor on global
-0.5%  Soiling loss factor
1848 kWh/m? * 35787 m? coll. Effective irradiance on collectors
efficiency at STC = 16.77% PV conversion
11089 MWh Array nominal energy (at STC effic.)
PV loss due to irradiance level
PV loss due to temperature
Module quality loss
LID - Light induced degradation
Mismatch loss, modules and strings
Ohmic wiring loss
9351 MWh Array virtual energy at MPP
Inverter Loss during operation (efficiency)
40.0% Inverter Loss over nominal inv. power
\0.0% Inverter Loss due to max. input current
N 0.0% Inverter Loss over nominal inv. voltage
N 0.0% Inverter Loss due to power threshold
N 0.0% Inverter Loss due to voltage threshold
8955 MWh Available Energy at Inverter Output
w Energy injected into grid
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Energy Energy
Month  Produced Irr.(kWh/m?  %PR Month Produced Irr.(kWh/m?) %PR

(kwh) (kwh)
Jan-19 509,840.00 3,965.83 72.28 Jan-20 726,422.00 5,586.88 76.58
Feb-19 544,480.00 4.673.86 72,93 Feb-20 658,146.00 5,485.77 76.01
Mar-19 628,480.00 484679 68.37 Mar-20 683,528.00 5,458.04 75.20
Apr-19 657,920.00 5,916.67 66.08 Apr-20 602,438.00 5,184.13 72.08
May-19 614,400.00 5,251.55 67.27 May-20 693,880.00 5,129.04 80.86
Jun-19 489,298.00 4,048.53 74,59 Jun-20 648,862.00 494394 81.82
Jul-19 466,506.00 2,935.13 75.79 Jul-20 678,318.00 5,030.66 79.96
Aug-19 305,975.00 2,756.90 66.35 Aug-20 473,050.00 3,745.84 75.57
Sep-19 a72,676.00 4,257.05 70.91 Sep-20 610,954.00 5,233.79 72.65
Oct-19 765,362.00 5,940.93 77.99 Oct-20 593,340.00 4.479.13 78.91
Nowv-19 677,803.00 6,207.27 75.33 Nov-20 717,602.00 5,580.45 78.08
Dec-19 654,809.00 5,510.19 70.58 Dec-20 719,834.00 5,719.20 73707

Sum  6,787,549.00 4,692.56 71.54

Sum 7,806,374.00 5,131.41 76.79
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