
Introduction
This project aims to analyze real-world measured solar 

power data using simple analytical techniques such as 

linear regression as well as more complex models, such 

as artificial neural networks.

Data was was obtained from three large scale solar energy 

farms, including the Mars, Inc. solar energy field in 

Pennsylvania and the Siete Solar farm in Arizona

Data and Methods
Linear Regression

Data: Energy and irradiance data was provided from the Mars, Inc. 

solar energy farm in Pennsylvania. 

A simple linear regression model

was used to investigate the relationship between the irradiance and 

energy output.

The calculated coefficients β0 and β1 were used to forecast the 

energy data for the next day. 

The normalized root-mean-squared error (nRMSE) was used to 

determine the accuracy of each line against the observed data.

Artificial Neural Network

Data: Two years of solar energy and corresponding weather data 

were provided by PSEG Solar Source LLC from two facilities: Siete 

Solar (25 MW DC) in Queen Creek, AZ and Newman Solar (13 MW 

DC) in El Paso, TX.

A three-layer neural network is implemented using 7 inputs and 100 

hidden nodes.

The inputs used at each timestep are:

1. Time of day

2. Plain of array irradiance

3. Global horizontal irradiance

4. Ambient temperature

5. PV module temperature

6. Wind speed

7. Wind direction
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Accomplishments and 

Conclusions

We were successfully able to derive 

expressions for the coefficients of 

linear regression and implement a 

regression analysis in MATLAB.

The results show a strong linear 

correlation between the energy output 

of a solar module and the irradiance.

We were able to derive and 

implement the gradient descent 

algorithm for neural networks in 

MATLAB, and train a regressive 

neural network to forecast solar 

energy output using weather data.
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X1 (hours of 

sleep)

X2 (hours of 

studying)

Y (test results)

3 5 75

5 1 82

10 2 93

Table 1: Provided Dataset [1]

Results and Discussion
Linear Regression Analysis

The regression analysis (Day 1, left) showed a strong correlation between energy and

irradiance.

The regression coefficients where used to forecast the energy values for a separate day (Day

2, right), yielding a comparable value for the normalized root-mean-squared error (nRMSE).

Neural Network Training

Thirty days of the 1-minute sampled PSEG solar data is used as the dataset, totaling 43,200 data

samples. 80% of the dataset is used for training, 10% for validation, and 10% for testing.

The mean-squared-error between the network’s prediction and the target value is used as a

stopping criterion for training. The network achieves the goal MSE of 0.01 after 1833 epochs, in

about 2 minutes of training. The trained network is then used to forcast the energy production for a

different day’s weather data.


