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Abstract: -Solar photovoltaic (PV)Power system backbone of the 

renewable energy system. Energy system is depended on weather 

conditions such as temperature and radiation intensity. The role 

of machine learning (ML) for solar energy generation and 

radiation forecasting. This paper presents ML algorithm or 

methods review for prediction of solar energy generation and 

radiation. This paper also presents the state of art on different 

ML methods and parameters for forecasting solar energy 

production and radiation. 
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I. INTRODUCTION 

In India energy demand is increasing day to day. The present 

energy generation is depended on the fossil fuels. Deposit 

fuels generation about 70% in India. Fossil fuse are finite 

resources and produce harmful gases. these harmful gases 

have increased the health risk as well as climate change. So 

alternate energy source is required like renewable energy 

sources (RES). The main advantage of RES are infinite 

source of energy, pollution free, easily available, free 

available source of energy [1-2]. Energy is the future of the 

energy in terms of electricity generation. RES based energy 

system fulfil the electricity demand and reduces the 

dependency of the fossil fuels. The main problem of RES, 

generation and weather condition is unpredictable. The 

forecasting technologies are adapted for efficient functioning 

of the RES system. Solar energy is the most prominent 

energy source of energy compared to wind, biomass, ocean 

etc.ML methods are help for prediction of the PV energy 

system generation and weather forecasting [3-4]. 

In the field of computer science known as machine learning, 

it is possible to train computers to act naturally by giving the

m experience. This indicates that information is being run int

o data by the computer system. Without using a model, extra

ct information from the data. Machine learning use algorith

ms to identify patterns in data, then applies the model that do

es so to fresh data [5–6].  

The forecasting of energy production, sun radiation, wind sp

eed, and other things is made possible by machine learning a

nd its prediction algorithm. Numerous papers about the use o

f ml in the field of PV energy systems have been published i

n the preceding year [7-8]. 

This paper presents review of recent advances in ML for PV 

energy system, provide state of art of current algorithm to 

academic and researches.   

The main contributions of this paper are: 

• Identify the ML technique for forecasting the PV 

energy system generation. 

• Identify the ML technique for forecasting for solar 

radiations. 

• Review different types of ML methods. 

II. MACHINE LEARNING  

ML lies at the intersection of computer science, engineering 

and statistics and often appears in other discipline as shown 

in Fig. 1. It can be applied to many field e.g. Marketing, 

transportation, politics, banking sector, RES etc. Machine 

learning uses algorithms to find patterns in data and then 

uses in order that recognizes those patterns to make 

prediction on new data. ML can improve the accuracy and 

reliability of the different field [9-10]. 

 

Fig. 1. Intersection of ML [9] 

 

III. TYPES OF MACHINE LEARNING  

The three machine learning techniques that are most 

frequently used are reinforcement learning, unsupervised 

learning, and supervised learning. Give a learning buddies 

algorithm based on labelled example input and output data. 

Unsupervised learning gives Gowtham no level data so that 

it may discover structure and patterns in the input data [10–

12]. 
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Fig. 2. Some of ML techniques [11-12] 

 

3.1Supervised learning  

In supervised learning, sample input data are given to the 

computer and are labelled with the intended outputs. The 

goal of this technique is to enable the algorithm to learn by 

comparing its real output with the taught outputs in order to 

identify faults and adjust the motor as necessary. There are 

four ways to secure the labour values on extra unlabeled data 

using supervised learning [13]. 

Classification or regression is a fundamental component of 

all supervised learning approaches. Regulation approaches 

forecast continuous responses and classification techniques 

modify discrete answers. 

 

Fig.3 supervised learning [14] 

The important supervised learning algorithms are artificial 

neural network (ANN), linear regression (LR), logistic 

regression, decision tree, support vector machine (SVM), 

bayesian classification, hidden Markov model etc. 

A) Artificial neural network  

ANN ability to perform computations at home that can 

replicate some of the flexibility and power of the human 

brain by artificial means. It attempts to mimic the structure 

and function of our nervous system. ANN is used as an 

information processing methodology and its methods are 

derived from the biological nervous system. The system 

consists of in numerable highly interconnected neurons 

working together to solve different kind of problems. 

Learning is biological systems takes place why adjusting is 

synaptic condition that exist between the neurons [15-16]. 

B) Linear regression 

Supervised learning is learning in which a supervisor teaches 

a machine using level data with the correct answer. The 

machine will then receive a new data set so that the 

supervised learning algorithm can generate the correct 

results from the labeled data using the roll example. 

Regression analysis for unsupervised machine learning. The 

most important features of regression are: The answers 

obtained from the model are always quantitative in nature 

and the model can only be built if previous data are available 

[16-17]. The rule has an equation of the form [17-18] 

𝑥 = 𝑐 + (𝑑 × 𝑦) (1) 

Where, yand x aredescriptiveand dependent variable 

respectively, d is slope. 

C) Logistic regression  

Logistic regression is a binary based method (0,1). 

Therefore, the output Zjis the implemented random variable, 

Zj can take the values 1 and 0 with probabilitiespjand 1 − pj, 

respectively [19]. Let p be the probability that 𝑍 =
1when𝑋 = 𝑥. if we use the standard linear model to describe 

p, as shown in equation (2), 

the probability model will be [19-20], 

P = P(Z = 1|X = x) =  βo + β1x(2) 

D) Decision tree  

Decision tree learning is a method of approximating a 

discrete-valued objective function, where the dealer's 

function is represented by a decision tree. The learning tree 

can also be represented as a set of if-then rules to improve 

human readability. These learning methods are among the 

most popular inductive inference algorithms and have been 

successfully applied to a wide range of tasks from learning 

how to diagnose medical cases to learning how to accept 

applications. renewable energy [21]. The classifier decides 

on the cases by arranging them in the rule tree into a note 

that provides the instance classification. Each node of the 

assignment tree checks one property of the instance, and 

each descending branch from this node corresponds to one 

of the possible values for the attribute t. File classification 

instances start with the root node of the tree, the test and 

attribute specified by this node then go down the branch of 

the tree corresponding to the value of the attitude [22].  

E) Bayesian learning 

Bayesian learning provides a probabilistic approach to 

reasoning. It is based on the assumptions that the quantity of 

interest is governed by a probability distribution and that 

optimal decisions can be made by the area around these 

probabilities with observed data. It is important for machine 

learning because it provides a quantitative approach to 

evaluating evidence that supports an alternative hypothesis. 

Bayesian inference provides a basis for learning algorithms 

that directly manipulate probability as well as a framework 

for analyzing the behavior of other algorithms that do not 

explicitly manipulate probability [23].  

3.2 Unsupervised learning 

In supervised learning, the data is not labeled, so the learning 

algorithm must find common ground among its inputs. Since 

unlabeled data is more abundant than labeled data, machine 

learning methods that support and monitor learning are 

especially valuable[24]. Most unsupervised learning 

techniques are a form of cluster analysis. Clusters are formed 

so that objects within the same cluster are very similar and 

objects from different Valley restaurants are distinct. 

Clustering algorithms are divided into two broad groups a) 

hard clustering where each data point belongs to a single 
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cluster and b) soft clustering where a data point can belong 

to more than one cluster. Hard and soft clustering techniques 

can be used if you already know how to cluster possible 

data. 

 

Fig. 4.unsupervised learning [25] 

A) Clustering  

Data clustering is a process of grouping the objects into a 

cluster so that objects within the cluster are closer in 

meaning than objects outside the cluster. Clustering is 

sometimes referred to as: data, information, or knowledge 

combination; “outlier” elimination; and “data cleaning. The 

similarities are excess please on the attribute that describe 

the objects. Similarities is measured by distance matrix. 

Partitioning of clusters is not done by humans. It is done 

with the help of algorithms. Flowers to drive some useful 

information from the data which was previously unknown. 

Clustering is also called data segmentation because it 

partitions suggestions large data set into groups according to 

their similarities [26]. 

Clustering is known as unsupervised learning because the 

class level information is not present. You have already seen 

in supervised learning algorithms that every input has a 

corresponding output which helps in designing in model[27]. 

 

3.3 Reinforcement learning  

Learning from examples is like supervised learning in that 

desirable information is available. The important difference 

is that in the case of reinforcement learning, only critical 

information is available. The process of extracting real 

information from critical information is term as 

reinforcement learning as shown in figure 5. 

 

Fig. 5.Reinforcement learning [28] 

 

IV. ML FOR WEATHER FORECASTING OF PV 

SYSTEM 

 

A major prerequisite for ensuring the stability and 

dependability of the grid is precise forecasting of PV 

production. With a primary focus on the metaheuristic and 

machine learning methodologies, Akhter [29] offers a 

thorough and critical analysis of the techniques used to 

anticipate PV power output. 

Tina et al. [30] reviewed ML models for solar PV energy 

demand forecast for predicting solar irradiance, power 

generation, electricity prices, and energy demand. PV 

modules, extraction of PV design parameters, monitoring the 

maximum power, and optimization of PV systems efficiency 

are further ML applications in PV industry that are taken 

into consideration. Mainly neural networks techniques are 

used for forecasting the solar irradiation. The long short-

term memory (LSTM) and gated recurrent units (GRU) 

networks model designed for forecasting. Results shows that 

ML is better than conventional methods. 

ML is more reliable and accurate method for forecasting 

renewable energy selection. ML method was calculated 

accurate prediction based on mean square error(MSE), root 

mean square error (RMSE) and mean absolute error (MAE) 

parameters [31]. Villegas-Mier et al. [32] presented 

Queretaro, Mexico areas solar insolation level prediction 

using Random Forest (RF) algorithm. The results shows that 

RF based prediction accuracy is high as compared 

convention ML methods. Solano et al. [33] compared ML 

methods e.g.support vector regression (SVR), extreme 

gradient boosting (XGBT) and voting-average (VOA) for 

prediction of solar radiation in Brazil. Results shows VOA 

gives better prediction compared to others. 

 
Table-1: Summary of solar radiation prediction using ML 

Input 
variables 

methods Foreca
st 

duratio

n 

Paramete
rs 

outcomes Ref 

Solar 

irradiation, 

wind flow, 
humidity, 

temperature 

ANN 90 

Days 

MSE and 

MAE 

Accuracy 

improved

= 96% 

Akhter 

et al. 

[29]  

GHI,DNI, 

wind seed 

Deep 

learning 

175 

hours 

MSE, 

RMSE, 
MAE 

ML result 

is 38% 
better 

than 

traditiona

l methods 

Narvae

z [34] 

irradiation, 

wind speed, 
temperature

, 

SVM, LR, 

ANN 

24 

hours 

MSE, 

RMSE, 
MAE 

forecastin

g solar 
irradiance 

ML is 

reliable 

Toubea

u et 
al.[31] 

GHI, 

Humidity, 

Temperatur
e, wind 

speed 

Feature 

selection, 

regression, 
numerical 

models 

80 

Days 

RMSE, 

MAE, R-

squared 

Improves 

predictio

n of GHI 
values  

Hedar 

et [35 

Solar 

irradiation 

RF, 

recurrent 
neural 

networks 

(RNN) 

90 

days 

MSE, 

RMSE, 
MAE 

Accuracy 

improved
= 95.98% 

Villega

s-Mier 
et al. 

[32] 
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Solar 

radiation 

SVR, 

VOA,XGB
T 

31 

Days 

MSE, 

RMSE, 
MAE, R2 

VOA 

accuracy 
is high 

Solano 

et al. 
[33] 

 

Table-2 shows summary of solar radiation forecasting using 

ML techniques. The numbers of different parameters have 

been taken for review of ML application in solar radiation 

prediction. Table-2 shows that ML techniques gives better 

results in terms of solar irradiation prediction.  

 

V. ML FOR PV OUTPUT POWER ASSESSMENT 

 

There are many more forecasting methods, including hybrid 

models and artificial intelligence systems.  Pre-processing 

techniques are used by machine learning algorithms to 

precisely forecast the yields of renewable energy sources 

[36]. Mittal et al. [37] studies forecasting of PV output 

power using ML methods e.g. bagging model, deep learning, 

genetic algorithm (GA), RF, GBT and ANN. The 

presentation of numerous ML methods for estimating PV 

systems output energy is being evaluated. Range of 

techniques were investigated, including regression trees 

(RT), SVR, and ANN, using a variety of hyper-parameters 

and features. On real PV production data sets collected over 

the course of a year, the output power forecast performance 

of each model was evaluated and contrasted with an existing 

persistence model (PM) [38].Ramadhan et al. [39] compared 

physical model with ML model in terms of solar irradiation, 

modeling, and PV generator power. ML method reduce the 

mean bias difference (MBD) than the root mean square 

difference (RMSD), to determine if a 1.50kW PV system 

installed at the Nairobi in Kenya can accurately forecast the 

PV power of the system in real time, SVR and RF models 

were developed. With a MAE (32.57) and RMSE (43.16) 

adjusted R2, the SVR model surpasses the random forest 

regression (RFR) model in the validation. The dataset for the 

RFR model has an RMSE of 85, an adjusted R2 of 0.901, and 

an MAE of 69.0 [40]. 

 
Table-2:Summary of PV generator power prediction using ML 

Inpu

t 

vari
able

s 

method

s 

Para

mete

rs 

Fore

cast 

durat
ion 

outcome

s 

Locat

ion 

Sam

ples 

Ref 

PV 

pow
er, 

loss 

deep 

RNN 

RMS

E, 
MA

E, R2 

few 

days 

measure

d 
forecaste

d power 

and loss 

Pugli

a 
(Italy

) 

732

0 
sam

ples 

Mellit 

and 
Kalog

irou 

[23] 

PV 

pow

er 

ANNs, 

SVR 

and RT 

 50 

days 

Lowest 

RMSE 

  Theo

chari

des et 
al. 

[38] 

PVp

owe
r 

and 

irrad
iatio

SVR 

model 
and 

RNN, 

k 
model 

  SAM 

=3.06 
kWh, 

SVR 

=3.75k
Wh, 

Kook

min 
Univ

ersity 

887,

336 
data

sets 

Rama

dhan 
et al. 

[39] 

n RNN 

=3.52k
Wh 

PV 
pow

er 

RFR, 
SVR 

RMS
E, 

MA

E, R2 

21 
Days 

RMSE=
86, 

MAE=6

9, 
R2=0.9 

Keny
a 

 Mwe
nde et 

al. 

[40] 

Phot

ovol

taic 
Pow

er 

SVR hype

r-

para
mete

r 

90 

Days 

 Italy 137

6 

Polo 

[17] 

 

Table-2 shows summary of PV generation forecasting using 

ML techniques. The numbers of different parameters have 

been taken for review of ML application in solar power 

generation prediction. Table-2 shows that the ML techniques 

give better results in terms of solar power generation 

prediction. 

 

VI. CASE STUDY 

This work is used location latitude (24.47755º) and longitude 

(77.75465º) for prediction of irradiation and PV power 

generation. The prediction of irradiation result is tabulated in 

Table-3 using RFR, SVM, LR, R2. The prediction of PV 

power result is tabulated in Table-4 using RFR, SVM, LR, 

R2.  
Table-3: prediction of irradiation using ML algorithm 

Algorithm MAE (w/m2) MSE (w/m2) R2 

RFR 40.52 135.87 0.95 

SVM 50.12 136.84 0.75 

LR 45.21 133.54 0.70 

ANN 48.36 131.58 0.74 

 
Table-4: Prediction of solar PV generation using ML algorithm 

Algorithm MAE (kWh) MSE (kWh) R2 

RFR 0.57 2.25 0.65 

SVM 0.56 2.89 0.61 

LR 0.58 2.46 0.56 

ANN 0.60 2.68 0.59 

 

Results shows that ML algorithm results are more accurate. 

The present work is compared with reference [41] shown in 

Table-5. The present work explains ANN, LR, SVM and 

RFR method for forecasting the PV performance. The 

performance parameters are MSE, MAE and R2 taken in this 

work. 

 
Table-5: Compare present work to Widodo et al [41]. 

Parameters Widodo et al [41]. Present work 

Aim Renewable energy power 

generation using Deep 
Neural Network (DNN). 

Solar PV energy 

generation and weather 
prediction using ML  

Location Florida India 

Algorithm DNN ANN, LR, SVM, RFR 

Measurement power generation Power generation and 

irradiation 

Performance 

parameters 

MAE, MSE MSE, MAE, R2 
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Future 

aspects 

No yes 

Outcomes DNN gives better results ML algorithm gives the 
reliable and precise 

results. 

 

VII. CONCLUSION AND FUTURE WORK 

This paper presents literature review of advance a method on 

prediction of solar radiation and PV energy system 

generation have been carried out. The area of predicting PV 

generation has, by far, received the most research attention, 

and numerous ML-based models have been put forth in this 

area. Historical and real time weather data are used for 

prediction the weather condition using ML algorithm.ML 

methods (ANN, SVM, regression) were used for forecasting 

PV energy production. The main parameters are RMSE, 

MAE and R2. ML methods (ANN, SVM, RN, feature 

selection) were used for forecasting solar radiation. The 

main prediction parameters are RMSE, MAE and MSE. The 

prediction reliability and accuracy are dependent on having 

historical data of output PV energy generation. The main 

advantage of forecasting the energy generation information, 

system operator can control the energy flow and cut the 

operational cost also. Prediction of solar irradiance and PV 

generation is reliable and precise using ML algorithm on 

given location. 

In future work, ML helps to improve the efficiency of the 

solar energy-based energy system. To enhance performance, 

accuracy and reliability using deep learning methods. ML 

also help to controlling and smart infrastructure of the solar 

PV energy system. In future, ML also help in generation, 

transmission, distribution and reducing transmission losses.  
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