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ABSTRACT 

The need for electricity demand forecasting has become a significant aspect as well as core part in facility 
expansion and planning periodical operations specifically in the electricity sector. In addition, demand pattern is 
significantly complex in nature as the energy market is relatively deregulated. Hence, analysing a significant forecasting 
model that would perform a specific task is highly complex and critical in nature. It has been analysed that several 
forecasting methods have been developed in past and presented in the literature; however, none of them can be used for a 
generalized model for all demand patterns. Furthermore, several factors influence electric load data including economic 
factors, time factors, weather factors, etc which increases the need for Artificial Intelligence techniques in the field of load 
forecasting. In addition, it is essential to analyse the irrelevant factors associated with electric load forecasting which needs 
to be eliminated. This, in turn, increased the need for Artificial Intelligence techniques for minimizing estimation error and 
enhances the accuracy of forecasting. Artificial Neural Network is one of the most important contributions in the field of 
load forecasting as a core technique of Artificial Intelligence. In this paper, the review of different techniques based on 
classical as well as AI techniques would be analysed for electric load forecasting. In addition, the explanation of load 
forecasting has been also provided in a comprehensive way. 
 
Keywords: artificial intelligence, electric load forecasting, neural network, power system planning. 
 
INTRODUCTION 

Load forecasting is one of the most significant 
areas in the field of electrical engineering. In addition, it is 
one of the most traditional forecasting models. This 
research paper intends to integrate artificial intelligence 
techniques for load forecasting. With the advent of 
technology, Artificial Intelligence techniques and neural 
networks have gained significant attention as well as there 
are several research papers focused on successful 
experiments based on such implementation [1]. The aim of 
this study is to offer a new dimension in the field of 
electrical engineering by integrating Artificial Intelligence 
techniques for load forecasting. The rationale of the study 
is to analyse load forecasting techniques as well as its 
planning and applications with its significant types in 
order to maintain accuracy. The purpose of the study is to 
analyse the success rate of load forecasting using AI 
techniques. In addition, several research studies stated that 
the advantage of using AI techniques for load forecasting 
has not been proved yet and remain sceptical about it. This 
research study would fill such a gap in literature offering 
the significance of AI techniques in load forecasting with 
justification and evidence. 

Based on such significance of AI techniques in 
load forecasting, this paper highlights each essential 
element that would fulfil the criteria. The second part 
depicts an explanation of load forecasting with its 
applications and types. In addition, measures of predicting 
accuracy for load forecasting with formula have been also 
presented along with other essential aspects. The third part 
highlights the classification of load forecasting techniques 
based on n classical and AI-based models. The fourth part 
depicts the significance of the ANN approach. The fifth 
part highlights the various networks with diagrams. The 
sixth part provides a description of the future scope based 

on this paper. Lastly, the conclusion and summary have 
been provided. 
 
DISCUSSIONS 

 
Load forecasting 

Load forecasting is a significant part of electric 
energy generation, markets, transmission as well as 
distribution [2]. Load forecasting has a significant 
importance in the planning of the electricity industry as 
well as the operation of the electric power system. 
Furthermore, appropriate forecasts can significantly lead 
to savings in maintenance cost as well as operational cost 
[3]. It also enhances the reliability of power supply and 
delivery system which lead to appropriate decisions for 
development in future decisions. As there are several 
factors that impact electric load data, this, in turn, 
enhances the need for machine learning methods such as 
AI techniques for load forecasting [4]. In addition, the use 
of AI techniques for minimizing errors in load forecasting 
has gained significant importance in present days. Load 
forecasting is an essential component of the power system 
as well as energy management system [5]. 
 
Importance of load forecasting in power system 

planning 

The significance of load forecasting is the 
appropriate operation and planning of a power utility as it 
needs an adequate framework for electric power load 
forecasting [6]. In addition, it plays a key role in assisting 
an electric utility in order to formulate essential decisions 
on infrastructure development, power market, network 
reconfiguration, and load switching and voltage control. 
Accurate models for load forecasting are significant for 
efficient operation and planning activities [7]. As a goof 
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forecast depicts future and current trends in the power 
system, the appropriateness and accuracy of the forecast 
are significant towards every electric utility. This, in turn, 
increases the lead of accurate load forecasting in the 
planning of a utility company [8]. Hence, the need for load 
forecasting in power system planning is vital as it reduces 
the number of errors. Furthermore, load forecasting 
predicts future load with the assistance of available 
historical load data which is significant for the control, 
operation as well as planning of power system [9].   
 
Load forecasting applications 

The applications of load forecasting integrate 
infrastructure development, energy purchasing, and 
generation, contract evaluation as well as load switching 
[10]. Furthermore, it assists in accurate prediction of the 
load which is one of the primary indicators of power 
intelligence. In addition, it assists to take inputs based on 
loads, data focusing on weather data, type of the day as 
well as the time of the day. This, in turn, assists to attain a 
systematic approach of electric distribution management 
making forecasting area up-to-date [11]. There has been 
always a chance of uncertain load jumps which critically 
affects the electricity system. Based on such assumption, 
the load forecasting can assist to minimize such uncertain 
incidents with significant analysis of past trends and data 
[12]. Furthermore, it assists electricity companies to retain 
elevated efficiency of energy as well as reliable operation. 
Load forecasting also assists to analyse historical data and 
minimize the error which enhances the efficiency of the 
system producing a significant increase in prediction 
quality [13]. Load forecasting can be done through the use 
of several techniques including expert systems, similar day 
approach, artificial neural networks, statistical methods, 
regression models, time series as well as fuzzy logic. On 
the other hand the application of artificial neural networks 
has significantly enhanced the forecasting areas by 
mitigating the limitations that have been analysed in the 
others forecasting methods. In addition, through the use of 
such non-linear circuits known as neural networks the 
capability to formulate non-linear curve fitting have been 
significantly integrated. Hence, through this review paper 
the effectiveness of artificial neural network has been 
analysed that would assist to formulate significant scope in 
future studies. 
 
Load forecasting types 

The types of load forecasting are significant in 
order to attain reliable operation as well as energy 
efficiency [14]. Long-term electric load forecasting assists 
electric utility company management to supply forecasts 
of future needs. In addition, it assists to analyse staff 
hiring, expansion and equipment purchases for successful 
electric management. Based on long-term load forecasting, 
the duration for the prediction of an electric load is 3 year 
to 50 years [15]. On the other hand, medium-term electric 
load forecasting assists the electric utility company to 
schedule unit maintenance and fuel supplies efficiently. 
The duration for such schedule prediction ranges from one 
week to a year. Based on short-term electric load 

forecasting, its assistance to the electric utility company is 
relatively to provide significant information for the system 
management [16]. This in turn assists to conduct 
operations on regular basis as well as unit commitment. 
Short-term load forecasting is used for day to day 
operations and unit commitment. It assists in security 
functions as well as online scheduling of an energy 
management system. Lastly, very short-term electric load 
forecasting integrated a few minutes to a maximum of an 
hour for forecasting of electric loads [17].  
 
Factors affecting load forecasting 

The time factor is one of the significant factors 
that affect load forecasting critically as its impact on the 
customer’s load is relatively high [18]. Furthermore, the 
increased use of electricity by people in daily life has been 
critically affected by an economic factor as well. 
Specifically, in long-term and short-term load forecasting, 
the impact of an economic factor is relatively high as it 
depends on the degree of industrialization, the price of 
electricity as well as management of load [19]. Weather 
factor has also a significant impact on the load forecasting 
is an independent variable. In addition, the impact of 
weather is critical on agricultural and domestic consumers. 
Models for minimizing the cost of load forecasting are 
generally used for such a situation. Backdoor fronts, sea 
breeze, afternoon thunderstorms decrease the temperature 
creating overestimated load forecast [20].   

The weather factor integrated temperature, 
occasional or random spikes and humidity. Alternation of 
the transmission lines is impacted due to temperature. 
Hence, the temperature can critically impact on the 
capability of transmission lines [21]. Furthermore, a higher 
temperature can not only amplify the resistance of the 
transmission lines but also alter the reactance of the line as 
the expansion of the length of transmission lines occur 
during temperature change. Humidity intensifies the 
severity of hot climate that critically affects the daily load 
of domestic consumers. However, it does not have any 
impact on real temperature [22].   
 
Ideal load forecasting model  

Ideal forecasting model requires strategic concept 
in smart electricity grids. In addition, the analysis of active 
demand is significant to forecast demand response 
scenario. The analysis of load behaviour is significant for 
an ideal load forecasting model based on algorithms as 
well as considering the effect of active demand [21]. The 
impact of external factors including population, weather 
and time must be reduced at a minimum level in order to 
predict future demand at ease. Furthermore, integration of 
AI techniques in load forecasting model has been 
significantly important in order to forecast electric load 
accurately without any error. 
 
Measures of prediction accuracy for load forecasting 

with formula 

In order to attain predictive accuracy for load 
forecasting, it is significant to consider Mean Absolute 
Error as well as Mean Absolute Percentage Error. By 
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analysing both components, the accuracy for predicting 
load forecasting can be attained successfully.  
 

MAPE = 
1𝑛 ∑ ⃒𝐴𝑐𝑡𝑢𝑎𝑙 𝐿𝑜𝑎𝑑−𝐹𝑜𝑟𝑒𝑐𝑎𝑠𝑡𝑒𝑑 𝐿𝑜𝑎𝑑⃒𝐴𝑐𝑡𝑢𝑎𝑙 𝐿𝑜𝑎𝑑 ∗ 100        (1) 

 
In the above equation (1), ‘n’ is the total number 

of predicted loads to calculate error. Mean Absolute Error 
is the standard metric that can be used for forecasting load 
with accuracy [22].  
 
CLASSIFICATION OF LOAD FORECASTING 

TECHNIQUES 
 
CLASSICAL MODELS 

 
Multiple regressions 

This model was first proposed by Pearson in the 
year 1908 in order to learn about the relationship between 
predictor variables or several independent variables.It is a 
technique that evaluates the dependent variable to the 
specified independent. The dependent variable is the 
demand of the electric as it depends on production and the 
independent variables are considered first [23]. It is 
significantly affected by meteorological effects, economic 
growth, per capita growth, prices of electricity in order to 
forecast the load. In addition, the developed model also 
provides a day-ahead forecast that analysed sensitive load 
components and weather insensitive components. 
 
Least square 

This method was developed by Carl Friedrich 
Gauss in the year 1809. It is used to analyse model order 
and parameters. It uses an operator that handles the 
variable at a time and analyses optimal starting point. In 
order to analyse the load dynamics, the use of the 
autocorrelation function is utilized [24]. 
 
Stochastic time series 

This model was first proposed by Markov Chain 
in the year 1906. It is a time series method that is based on 
the data of internal structure including seasonal variation 
and autocorrelation. It first analysed the matching data 
available and then uses it to attain the forecasted value 
based on time [25].  
 
Exponential smoothing model 

This model was first proposed by Robert Goodell 
Brown in 1956 for enhancing the technique to analyse the 
future load based on the past or historical data. At first the 
load is modelled in relation to the previous data and later it 
uses the model for future prediction of load [26].  
 
Moving average models 

This model was first proposed in the year 1975. It 
depicts the present value of the time series linearly in 
relation to its values at previous periods. In addition, a 
recursive scheme is utilized for analysing the parameters. 
It is a time-temperature approach for load forecasting [27]. 
 

End-user model 
This model was first proposed in the year 1971. It 

is used for long-term load forecasting. It offers accurate 
and specific results based on electric load [28]. The 
general concept of this model is based on the demand of 
electricity relies upon its use.  By analysing historical data 
of electric consumption in a particular geographic 
location, this model can analyse the future demand 
efficiently. Its major advantage is it depicts the exact flow 
of electricity with significant information and formulates 
exact electricity demands.  
 
Econometric model 

This model was first proposed by Ragnar Frisch 
in the year 1910. It integrates the economy as it is a driver 
of long-term electricity demand. In addition, load 
forecasting requires economy consideration based on 
people or population [29]. In addition, it uses statistics, 
economics and mathematics to predict electricity demand. 
It is a combination of end-use and trend analysis however 
it does not offer any assumption based on predicting future 
demand in relation to the historical data. It enables 
variations and works bets at state, regional or national 
level. 
 
Time series model 

This model was first proposed by G. U Yule and 
J. Walker in 1920s and 1930s. It works with the modelling 
patterns in a time series plot and then using the patterns for 
future use in order to attain reliable predictions [30]. It is a 
kind of short term load forecasting based on the concept 
that appropriate predictions can be attained through 
modelling patterns in the time series plot. Later, those 
patters would be extrapolated for future. It uses historical 
information as its input and highly efficient model in 
relation to seasonality and trend. However, it is complex in 
nature as it requires huge amount of historical data. 
 
AI-BASED MODELS 

 
Artificial neural network (ANN) 

This model was first proposed by Warren 
McCulloch and Walter Pitts in the year 1943. ANN is a 
soft technique that can be utilized for performing several 
optimization processes. It conducts both non-linear 
adaptation and modelling. In addition, it does not require 
any weather variables in advance [31]. It is also presently 
a powerful tool in solving power system problems 
incorporating topological observance, security assessment, 
fault diagnosis, harmonic load identification as well as 
alarm processing. 
 
Fuzzy logic system (FLS) 

This model was first proposed by Lotfi A. Zadeh 
in the year 1965. FLS integrates a central system which 
assists to identify as well as approximate any uncertain 
load based on significant accuracy. It has the huge 
capability to attain similarities from huge data [32]. In 
addition, it uses Boolean logic for designing digital circuit. 

https://en.wikipedia.org/wiki/Robert_Goodell_Brown
https://en.wikipedia.org/wiki/Robert_Goodell_Brown
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The input value is in the form of ‘0’ and ‘1’. It assists to 
compare qualities based on inputs. 
 
SIGNIFICANCE OF ANN APPROACH 

Artificial neural networks as proposed by 
proposed by Warren McCulloch and Walter Pitts in the 
year 1943 have significant application in load forecasting 
as their ability to learn is immense. Artificial neural 
networks provide the potency to overcome the reliability 
through a functional form [33]. The types of neural 
networks are self-organizing and multilayer perceptron 
network. In addition, there are several other hidden layers 
in the network. The main advantage of ANN is the 
forecasting methods which do not require any load model. 
Furthermore, it represents the load as the output of the 
dynamic system considering environmental variables 
including weather and time [34]. It also can be used in 
hourly based load forecasting for predicting the further 
demand of the load. In addition, the algorithm also 
integrates supervised learning concept and historical 
relationship between temperature and load for the 
provided season, an hour of the day as well as day type. 
Hence, the significance of the ANN is immense 
specifically in load forecasting for electric company utility 
[35]. 
 
INTRODUCTION TO VARIOUS NEURAL 

NETWORKS WITH DIAGRAM 

 
Artificial neural network 

This model was first proposed by proposed by 
Warren McCulloch and Walter Pitts in the year 1943 and 
later developed by Minsky and Papert in the year 1969. 
ANN is a significant technique that is used for 
optimization processes. This method is highly reliable to 
conduct both adaptation and non-linear modelling. In 
addition, it must not need assumption of a functional 
relationship between weather variables as well as load in 
advance. It can be also exposed to new data. It is also 
presently a powerful tool in solving power system 
problems incorporating topological observance, security 
assessment, fault diagnosis, harmonic load identification 
as well as alarm processing [36]. Furthermore, it has the 
potential to overcome functional form in the forecasting 
model. It connects hidden inputs as well as connects inputs 
to the output units as linear functions [37]. 
 

 
 

Figure-1. ANN Topology. 

Biological neurons 
In general, a biological neuron in load testing 

receives inputs from other sources. It combines each of the 
inputs together by performing a nonlinear operation on the 
output. A biological neuron model is a mathematical 
representation of the characteristics of certain cells within 
the nervous system. It generates electrical potentials 
throughout the cell membrane. Artificial Neural Network 
assists to stimulate multiple layers through the simple 
processing elements [38]. In ANN, there are several 
neurons that are hidden in multiple layers. The inputs are 
multiplied by weights and added to a threshold in order to 
formulate an inner product number known as net function 
[39]. 
 

 
 

Figure-2. Biological neurons. 
 
Multilayer perceptron neural network  

The multilayer perceptron integrates multi layers 
that are sigmoid processing elements and simple that 
interacts by utilizing weighted connections. It is one of the 
trained using several techniques [40]. The training method 
that has been used for several years is back propagation 
and its various derivatives. It offers an advanced level of 
performance and in comprehending the way neural 
networks operate. It consists of three-layer integrating the 
input layer, a hidden layer and an output layer [41]. 
 

 
 

Figure-3. Multiple layers of perceptron neural network. 
 
Types of neural network architecture 

There are several types of neural network 
architecture including self-organizing networks, Hopfield 
network, radial basis function networks, Boltzmann 

https://en.wikipedia.org/wiki/Marvin_Minsky
https://en.wikipedia.org/wiki/Seymour_Papert
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machine, mean field theory machine, and multilayer 
perceptron network. Each hidden layers of the network 
have several neurons. Each of the neural networks has 
been developed and analysed significantly [42].  
 

 
 

Figure-4. Types of neural network architecture. 
 
Learning types of neural network 

Learning of a neural network is a significant 
aspect of developing significant network architectures 
[43]. In addition, the learning techniques incorporating 
back propagation, output weight optimization hidden 
weight optimization, as well as the full conjugate gradient 
method, are significant for mandating the balance of 
neural networks [44]. Learning techniques of the neural 
network are divided into two types a) Supervised learning 
and b) unsupervised learning. The supervised learning 
method is significant for multilayer feed-forward to 
inculcate large deep learning networks. It requires 
expected and known value based on its input for 
calculating loss function gradient. It has significant 
applications in the practical field specifically in the area of 
AI. On the other hand, the unsupervised learning 
technique is a new artificial neural model by considering a 
two-class pattern recognition problem. Furthermore, it 
iterates the weights in a way that would shift the decision 
boundary to a low pattern density. 
 
Error function 

Error functions are critical in load testing and a 
separate hidden unit is utilized for it [45]. In addition, with 
multiple sets of linear equations assist to analyse the 
weights associated with the hidden units. When the surface 
of the error is extremely curved, the estimation would not 
be valid. These cases are restored by historical calculated 
networks for reducing the learning factor [46]. 
 

 
 

Figure-5.Mapping error. 
 
 

An overview of back propagation ANN model  
Back propagation in the ANN model is an 

algorithm that assists for neural networks learning 
significantly. In addition, the graphical approach is 
considered in which the algorithm minimizes the labelling 
problem of the graph [47]. It manages the case of 
particular network topologies. However, it is easier to 
follow. Furthermore, the algorithm can be integrated into 
eth computing system efficiently with the use of local 
information [48]. 
 

 
 

Figure-6. Sigmoid in back propagation of ANN model. 
 
ANN-based optimization techniques with Fuzzy 

Fuzzy optimization in the ANN model is based 
on the Boolean logic that is used for the design of the 
digital circuit. The input value is in the form of 0 and 1 
based on the comparison in relation to qualities [49]. In 
addition, in the training stages, it uses historical data for 
generating patterns database as a forecaster. After training, 
it would be linked to load change in online platform [50]. 
 
Expert system 

The expert system is used for updating function. 
In addition it significant approaches to unsupervised 
learning [51]. It assists to modify the forecast to 
accommodate changes in temperature and weather. In 
addition, is assist to analyse hourly load foresting as well 
[52]. It is a new system that has emerged in the field of AI. 
It is a computer program that has its own knowledge, 
reason and explains as new information is available to it 
[53]. 
 
Genetic algorithm  

It is used to analyse the autoregressive moving 
average with the integration of the ARMAX model for 
forecasting load demands [54]. It is an evolutionary 
programming approach having the capability of 
converging on the global extreme of the surface of a 
complex error [55]. It enhances the fitting accuracy of the 
model by offering a globally optimal solution [56]. 

 
Particle swarm optimization mode 

It assists to yield the advantages offered by other 
algorithm in AI techniques [57]. It is used to choose 
parameters extensively in order to enhance accuracy. In 
addition, the new algorithm can enhance convergence 
ability by reducing operation time [58]. 
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FUTURE SCOPE 
For future scope, a wide area has been established 

that needs to be formulated for better scope and research 
in the fields of load forecasting. The requirement of AI in 
the field of load forecasting is immense and requires 
significant research for mitigating uncertain conditions 
including weather data, economy, time factors, end-use 
factors as well as customer factors [59]. For future scope, 
these areas need to be established in order to yield the 
opportunity offered by AI techniques towards load 
forecasting [60]. 
 
CONCLUSIONS 

Hence, the demand forecasting represents the 
primary task as it requires significant planning for the 
production of electricity which can be critically delivered 
by load forecasting. It is the most crucial way of planning 
for electric networks and companies. This research would 
forecast the significant of the Artificial intelligence 
techniques in load forecasting which have been developed 
in the posted literature in order to analyse its effectiveness. 
The impact of weather data, economy, time factors, end-
use factors, as well as customer factors, are critical 
towards load forecasting [61]. Hence, it states the 
criticality of predicting future loads due to such 
influencing factors. Hence, it is significant to enhance new 
methods for load forecasting with the integration of AI 
techniques for eliminating the uncertainty predictions [62]. 
The significant details of the types of load forecasting and 
specifically ANN model has been illustrated in this paper 
that highlights the significance of integration of AI 
techniques of attaining desired outputs as well as to 
calculate load accurately during uncertain situations.  
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