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PV Underperformance: A Correaltion Study on Gatton Solar Research Facility (GSRF) 

 

1. Abstract 

Photovoltaic system performance is highly dependent on environmental variables such as Solar 
Irradiance, Temperature, Rainfall and Wind Speed [1]. Evidence of similar research can be found 
Liu et. al. determining the influence of environmental variables on the net power production [2-4]. 
Due to the very nature of these external variables and varying climate conditions predictions turn 
less reliable over time. Fortunately, with the addition of smart metering systems, we can log 
enormous amounts of data being generated from power plants, the question to utilise big data to 
improve efficiency is still a challenge. Pearson Correlation gives the measure of linear relationship 
between variables as mentioned in Kranzler [5], this study focuses on determining the linear 
relationship between input and output variables of a PV system. The study is mainly based on data 
analysis of SCADA system and developing an automation model to calculate the linear correlation 
between input and output variables from the PV system and define an instantaneous 
underperformance factor (UF) based on the strength of correlation for photovoltaic systems. The 
work has been conducted utilising datasets from existing solar plant, pandas, matplotlib, and python. 
Plant Simulation model has been developed using MatLab/ Simulink and has been used to determine 
the reference variables. 

Keywords: 

 GHI – Global Horizontal Irradiance(W/m2) 

 POA – plane of array 

 Pout – Output power from each array (kW) 

 Cpoa – Pearson correlation between output 

 power(kW) and Solar Irradiance (W/m2) 

 Ctemp – Pearson correlation between output 

 power(kW) and External Temperature (0C) 

 MPP – Maximum Power Point 

 Pandas – Python package 

 CSV – comma separated values - data files 

 CdTe – Cadmium Telluride 

 UF – Underperformance Factor 

The study involves data acquired from Univeristy of Queensland solar project in Gatton, QLD 
consisting of a total of 21,600 panels arranged as three array groups of 7200 panels each and 
oriented 30W of North at latitude and longitude of 27033’41.5’’S and 152020’14.1’’E respectively. The 
three identical 630kW array configurations are namely the west array, the centre array, and the east 
array. [7] 

Altitude  88m 

Tracking No tracking System 

Tilt 200 

Module Size 1200mm x 600mm 

Cell Type CdTe – Thin Film 

Modules per String 15 

Array 1 5 x 96 parallel strings 

Array 2 5 x 96 parallel strings 

Array 3 4 x 96 parallel strings 
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2 x 48 parallel strings 

Table1. Fixed Tilt configuration mentioned in [7] solar.uq.edu.au 

1.1. Data Set Information 

The existing instrumentation system is calibrated to record data on 1 minute resolution. Visualising 
datasets with a very high resolution and their analysis is an energy intensive process and requires a 
larger computational power. To overcome this problem, variables have been considered as vectors 
and the visualtions presented are merely a small, sampled subset of the calculated values. 

1.2. Data Model 

Various monthly datasets were combined and sorted to anaylze as timeseries variables. A python-
based function was developed to calculate power from strings to the entire array configurations using 
python pandas package. The results were used to calculate the rolling correlation values mentioned 
in the third section. Grouped variables includes voltage and current as outputs and Irradiance and 
Temperatures as inputs. New data frames were generated to include the power, energy, efficiency, 
and performance ratio calculations as time series variables. Each time series variable considered 
for correlation calculation and power was chosen as the test variable compare with reference MPP 
values and define an underperformance factor (UF). 
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