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Abstract: The tendency of continuous increase in electricity consumption cannot continue forever. Many countries are actively conducting policies to 
reduce electricity consumption and increase energy efficiency. Their efforts are targeted in several directions - renovation of residential and industrial 
buildings, use of energy-saving appliances in households, optimization of electricity consumption in industry, etc. The application of new technologies 
and the energy generation from renewable sources have created a mix of factors that have an unpredictable impact on electricity consumption. This 
greatly complicates the estimation of its dependence on the other factors as well as its long-term prediction. The article presents the results of conducted 
research on the relationship between electricity consumption in Bulgaria and six socio-economic and demographic factors – GDP, Energy intensity, 
Population, Annual income, Electricity price for the industry and Electricity price for households.  The results presented are part of a larger study to 
create a comprehensive model for forecasting electricity consumption in Bulgaria. 
 
Index Terms: electricity consumption prediction, forecasting electricity consumption, relationship between electricity consumption and socio-economic 
and demographic factors.   

——————————      —————————— 

 

1. INTRODUCTION 
One of the most important factors for the effective planning 
and management of a country’s energy system is the 
forecasting of electricity consumption. The increasing global 
energy demand and the high and volatile energy prices create 
dependence on energy importers. Many countries are 
developing projects aimed at diversifying energy sources and 
suppliers, integration and interconnection of energy markets. 
Policies and strategies are directed at improving energy 
efficiency, using renewable energy sources, reducing reverse 
climate impacts, etc. [1]. In 2012, an ambitious target was set 
in the European union – to achieve a 20% reduction in energy 
consumption within the next 8 years. In this regard, all 
European countries had to take specific measures and legal 
regulations, to periodically monitor their compliance and the 
achievement of the intended results. In 2018, the agreement 
was revised, and a new goal was set – to improve the energy 
efficiency by at least 32.5% by 2030 [2]. 
The active implementation of policies to reduce electricity 
consumption has many aspects – renovation of residential and 
industrial buildings, use of energy-saving appliances in 
households, optimization of electricity consumption in the 
industry by means of new technologies, and so on. The 
application of new technologies and energy generation from 
renewable sources has created a mix of factors that have an 
unpredictable impact on energy consumption. This greatly 
complicates the estimation of its dependence on the other 
factors and its long-term forecasting. A few years ago, it was 
widely accepted that GDP growth led to increased electricity 
consumption. However, the reality in Bulgaria over the last 2 

years disproves this claim. In 2018, electricity consumption 
was 2.84% lower than it was in 2017, and in 2019 it also 
dropped compared to 2018 – by 1.07%. The reasons for this 
are numerous and varied. The favorable climate over the last 
two years, characterized by milder winters and cooler 
summers, has led to decreased need for heating and cooling. 
Renovation of residential buildings, which has recently been 
funded with government support and various energy efficiency 
programs, has also had a beneficial effect on households. The 
use of new energy-efficient technologies in industrial 
production and the increasing supply of energy-saving 
appliances (stoves, refrigerators, washing machines, lighting, 
etc.) is another important detail on the overall energy picture. 
Undoubtedly, predicting power consumption is a complex task. 
There are different approaches to solving it – through 
statistical analysis methods, numerical approximation 
techniques, use of artificial intelligence methods, and more. 
The object of our research is the electricity system of the 
Republic of Bulgaria, and the main objective – to effectively 
forecast electricity consumption by using a software system 
that integrates different methods. The article presents the 
results obtained by using numerical methods. The methods 
are applied to study the relations between electricity 
consumption and six factors – GDP, Energy Intensity, 
Population, Annual Income, Electricity price for the industry 
and Electricity price for households. Studies on the relations 
between power consumption and the various pairs of factors 
listed are also presented. 

 

2 MAIN FACTORS IN FORECASTING POWER 

CONSUMPTION 
Each company in the industrial sector, every farmer and even 
every single household strive to reduce their electricity 
consumption, even as production increases and quality of life 
rises. The prediction of power consumption in a national 
energy system is directly related to the correct assessment of 
the factors affecting it. This includes a number of 
macroeconomic and demographic indicators, social 
parameters, climate conditions, and so on. [3], [4]. The 
following indicators are mainly taken into account: 

 Gross domestic product (GDP); 
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 Population; 

 Per capita income; 

 Price of electricity; 

 Expected temperatures for the relevant period; 

 Energy efficiency, etc. 
 
A study we conducted earlier found that the correlative 
dependencies between each of these factors and nationwide 
electricity consumption are not fully determined. We used 
statistical methods, applying regression analysis to create 
models of these dependencies and a corresponding error 
estimate. Regression models on the „electricity consumption― 
factor, as well as each of the many factors that determine it, 
have proved to have relatively poor prognostic potential. For 
example, an error of 907,300049264211 thousand tons o.e. 
(thousand tonnes of oil equivalent) in the study of the 
relationship „Energy intensity – Electricity consumption― is 
unacceptable. This article presents a study conducted using 
extrapolation procedures that produce results of higher 
predictive accuracy. It should be noted here that in the 
scientific literature there are various models for predicting 
power consumption. Perhaps the most complex model for 
Bulgaria is the one created in 2017 by a team of scientists 
from the Bulgarian Academy of Sciences. The model was 
custom designed by Bulgarian Energy Holding EAD to develop 
a national energy strategy with a focus on electricity. It 
includes the following components: 

Ct = Ct
H
 + Ct

A
 + Ct

I
 + Ct

S
 + Ct

T
, where 

Ct is the total electricity consumption for the period t found as 
the sum of electricity consumption in different sectors: Ct

H
 is 

the electricity consumption of households, Ct
A
 – in the 

Agriculture, forestry and fisheries sector, Ct
I
 – in the Industry 

sector, Ct
S
 – in the Services sector, Ct

T
 –  in the Transportation 

sector [4]. Critics point out various weaknesses in the model. 
The most discussed deficiencies are the incorrect accounting 
of the dynamics of the Bulgarian population, which has been 
declining at a rapid pace in recent years, anticipating 
moderate GDP growth in the coming years and disregarding 
the highly likely scenario involving an economic crisis, etc. In 
addition, according to experts, Bulgaria has enormous 
potential for increasing its energy efficiency which would also 
have an impact on electricity consumption. The specialized 
literature includes descriptions of various models and 
approaches for predicting electricity consumption in different 
countries. Kankal and team have developed a model for 
predicting electricity consumption in Turkey. It is based on 
socio-economic and demographic variables (gross domestic 
product-GDP, population, import and export amounts, and 
employment). The authors use an artificial neural network and 
regression analyses [5].  Kumar and Jain use a different 
approach. They have created Time series models (Grey-
Markov, Grey Model with rolling mechanism and singular 
spectrum analysis) to forecast the consumption of 
conventional energy in India. They have used the Grey-
Markov model to forecast the crude-petroleum consumption, 
Grey-Model with rolling mechanism to predict the coal, 
electricity (in utilities) consumption, and SSA to predict natural 
gas consumption [6]. The grey multivariable model for 
predicting industrial energy consumption in China is described 
in [7]. It is an improved grey model with convolution integral 
GMC(1, n). A nonlinear optimization model is developed to find 
the optimal parameters. The proposed model exhibits a higher 
accuracy than GMC(1, n), SARMA and GM(1, 1). Ogcu and 

team solve the issue of forecasting electricity consumption 
with neural networks and support vector regression [8]. 
Artificial intelligence methods such as support vector machine 
(SVM) and artificial neural networks (ANN) are also largely 
used in forecasting power consumption [9]. 

 
3 NUMERICAL EXTRAPOLATION OF THE 

RELATION BETWEEN ELECTRICITY 

CONSUMPTION AND THE FACTORS GDP, 
ENERGY INTENSITY, POPULATION, ANNUAL 

INCOME, ELECTRICITY PRICES FOR 

INDUSTRIES AND HOUSEHOLDS 
Knowing which factors influence electricity consumption more 
strongly, helps to create more efficient and complex prediction 
models. This study uses publicly available annual data on the 
factors investigated as follows: Gross domestic product, 
determined by the income approach (2000-2017); Population 
(2003-2017); Average annual per capita income (2004-2017); 
Price of electricity consisting of two components – price for the 
industry and price for households (2007-2017); and Energy 
intensity (2004-2017). The data is taken from the INFOSTAT 
Information system which provides statistical information on 
the demographic and socio-economic status and development 
of Bulgaria [10]. INFOSTAT is maintained by the National 
Statistical Institute of Bulgaria [11]. 

Let 
   {            𝑛}        6 

be the set of input data from a sample for a specific factor   . 
Then the main nodes on which we will build the prediction 
models are denoted by: 

                 6         ,  

where     is the value of electricity consumption in the year of 

measurement of    . 

Then, if    𝑛    is the value of the factor    for which we will 

forecast consumption and expect that    𝑛    is within the 

sample, i.e. 
   𝑛                     , 

it is appropriate to use interpolation procedures. 
In most cases, however, the values of consumption 
determinants follow an increasing or decreasing trend. So, the 
consumption during the forecast period requires us to use as 
an argument the value of the factor beyond the sample 
boundary. For example, when studying the dependence of 
electricity consumption on GDP, it should be noted that 
Bulgaria’s GDP, with only slight fluctuations, has been steadily 
increasing in recent years (fig. 1), according to the World Bank 
statistics [12]. Moreover,     𝑛    does not belong to the 

specified interval defined by the sample of GDP values. In this 
case it is most appropriate to use extrapolation methods. 
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Fig. 1 GDP of Bulgaria for the period 1997-2017 

 
For the other factors, similar trends are observed in the long 
run – for an upward or a downward trend. To extrapolate the 
dependence of consumption on the factors mentioned above, 
MatLab environment was used. The most effective 
extrapolation model for each factor was found through the 
following example code: 
 

real_y=9737.9; % the actual measured value of consumption 
methods = {'linear', 'nearest', 'next', 'previous', 'pchip', 'spline'}; 
% methods - extrapolation methods 
n=length(methods); % n - number of extrapolation methods in 
array methods 
for i=1:1:n 
     % obtaining an estimated value through extrapolation 
     forecast(1,i)=interp1(x,y,test,char(methods(i)),'extrap');   
     % error calculation 
     error(1,i)=abs(real_y-forecast(1,i));  
end; 

 
The standard one-dimensional approximation function interp1 
is used in the example, with parameter vectors x and y with 
values, respectively, of the research factor for the sample 
period and the electricity consumption for the sample period; 
test – the measured value of the factor for which we are 
looking for the resulting estimated value; approximation 
method used [13]. For each of the extrapolation methods, we 
obtain an estimated value in the vector forecast and the 
corresponding absolute value of the error in the vector error. 
The most accurate method of extrapolation for a specific factor 
is determined by the minimum element in the error array. The 
results obtained after the execution of the script are presented 
in table 1. All consumption values and absolute errors are 
measured in thousands of tons of oil equivalent (toe). 
 

TABLE 1. EXTRAPOLATION OF THE DEPENDENCE OF ELECTRICITY 

CONSUMPTION ON INDIVIDUAL FACTORS OVER A ONE-YEAR 

FORECAST PERIOD 
Factor related to energy 
consumption 

GDP – Electricity consumption 
(2000-2016) 

Year to be forecasted 2017 

Extrapolation method linear extrapolation 

Predicted result  9693,33144815767 

Actual value  9737.9  

Absolute error  44,5685518423306 

Factor related to energy 
consumption 

Energy intensity – Electricity consumption 
(2004-2016) 

Year to be forecasted 2017 

Extrapolation method linear extrapolation 

Predicted result  9705.777777777777 

Actual value  9737.9   

Absolute error  32.122222222222260 

Factor related to energy 
consumption 

Population - Electricity consumption 
(2003-2016) 

Year to be forecasted 2017 

Extrapolation method linear extrapolation 

Predicted result  9645.153490611458 

Actual value  9737.9  

Absolute error  92.746509388542110 

Factor related to energy 
consumption 

Annual income – Electricity consump- tion 
(in households) 2004-2016 

Year to be forecasted 2017 

Extrapolation method linear extrapolation 

Predicted result  2357,37003891051 

Actual value  2318,7 

Absolute error  38.670038910505355 

Factor related to energy 
consumption 

Electricity price for the industry - Electricity 
consumption (in the Industry sector) 2007-
2016 

Year to be forecasted 2017 

Extrapolation method linear extrapolation 

Predicted result  2600.6 

Actual value  2721.3 

Absolute error  120.6999999999998 

Factor related to energy 
consumption 

Electricity price for the households – 
Electricity consumption  (in the 
households) 2007-2016 

Year to be forecasted 2017 

Extrapolation method linear extrapolation 

Predicted result  1861.380000000005 

Actual value  2318.7 

Absolute error  457.3199999999952 

 
The obtained results show that in numerical integration, the 
absolute errors are within a few dozen gigawatts. These 
results are significantly better than the results of our 
experiments to model the same dependencies through 
correlation analysis. Similar calculations have been made for 
4-year periods of power consumption forecasting. To select the 
most efficient extrapolation methods, error estimates 
calculated with a MatLab script are used. 

1. Mean absolute error (GWh) 

𝑀𝐴𝐸_𝑒 𝑡𝑟 𝑝𝑜𝑙 𝑡 𝑜 _ 𝑒𝑡ℎ𝑜𝑑  
 

𝑛
∑ |𝑟𝑒 𝑙_     −𝑛

 = 

𝑓𝑜𝑟𝑒𝑐 𝑠𝑡_𝑒 𝑡𝑟 𝑝𝑜𝑙 𝑡 𝑜 _ 𝑒𝑡ℎ𝑜𝑑   |  
2. Mean absolute percentage error (%) 

𝑀𝐴𝑃𝐸_𝑒 𝑡𝑟 𝑝𝑜𝑙 𝑡 𝑜 _ 𝑒𝑡ℎ𝑜𝑑  
 00

𝑛
∑ |

𝑟𝑒𝑎𝑙_𝑦   −𝑓𝑜𝑟𝑒𝑐𝑎𝑠𝑡_𝑒𝑥𝑡𝑟𝑎𝑝𝑜𝑙𝑎𝑡 𝑜𝑛_𝑚𝑒𝑡ℎ𝑜𝑑   

𝑟𝑒𝑎𝑙_𝑦   
|𝑛

 =   

3. Mean squared error (GWh) 
𝑀𝑆𝐸_𝑒 𝑡𝑟 𝑝𝑜𝑙 𝑡 𝑜 _ 𝑒𝑡ℎ𝑜𝑑  
 

𝑛
∑  𝑟𝑒 𝑙_    − 𝑓𝑜𝑟𝑒𝑐 𝑠𝑡_𝑒 𝑡𝑟 𝑝𝑜𝑙 𝑡 𝑜 _ 𝑒𝑡ℎ𝑜𝑑     𝑛

 =   

The results of the calculations made are presented in table 2. 
 

TABLE 2. EVALUATION OF THE ERROR IN EXTRAPOLATION OF THE 

DEPENDENCE OF ELECTRICITY CONSUMPTION ON THE INDIVIDUAL 

FACTORS FOR A 4-YEAR FORECASTING PERIOD 
        GDP – Electricity consumption 

(2000-2013) 

Forecasting period 2014 – 2017 

Extrapolation method linear extrapolation 

Mean absolute error (GWh) 630.4151098901116 

Mean absolute percentage 
error (%) 

1.708242692396734 

Mean squared error (GWh) 529656.6419505551 

Factor related to energy 
consumption 

Energy intensity – Electricity 
consumption (2004-2013) 
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Forecasting period 2014 – 2017 

Extrapolation method cubic/pchip extrapolation 

Mean absolute error (GWh) 682.4686899503004 

Mean absolute percentage 
error (%) 

1.846271431040587 

Mean squared error (GWh) 585921.1478165715 

Factor related to energy 
consumption 

Population – Electricity consumption  
(2003-2013) 

Forecasting period 2014 – 2017 

Extrapolation method linear extrapolation 

Mean absolute error (GWh) 2078.345102250802 

Mean absolute percentage 
error (%) 

5.615246227429457 

Mean squared error (GWh) 5237143.443151402 

Factor related to energy 
consumption 

Annual income – Electricity 
consumption (in the households) 
(2004-2013) 

Forecasting period 2014 – 2017 

Extrapolation method linear extrapolation 

Mean absolute error (GWh) 108.7222875226039 

Mean absolute percentage 
error (%) 

1.234343563070950 

Mean squared error (GWh) 17304.41860196234 

Factor related to energy 
consumption 

The price of electricity for the 
industry - Electricity consumption (in 
the Industry sector)  (2007-2013) 

Forecasting period 2014 – 2017 

Extrapolation method cubic/pchip extrapolation 

Mean absolute error (GWh) 73.976732459482490 

Mean absolute percentage 
error (%) 

0.697945408687615 

Mean squared error (GWh) 7496.989763640804 

Factor related to energy 
consumption 

The price of electricity for the 
households – Electricity consumption 
(in the households) (2007-2013) 

Forecasting period 2014 – 2017 

Extrapolation method linear extrapolation 

Mean absolute error (GWh) 1003.054090909111 

Mean absolute percentage 
error (%) 

11.351638528091435 

Mean squared error (GWh) 1253153.120885177 

 
An analysis of the results of one-year and four-year 

forecasts show that extrapolation methods work well for a 
forecasting period not too distant from the sample, but when 
data is forecast for a longer period, errors become larger. 
4 NUMERICAL EXTRAPOLATION OF THE CONNECTION BETWEEN 

ELECTRICITY CONSUMPTION AND PAIRED FACTORS 
To investigate the dependences of electricity consumption on 
groups of paired factors, similar studies were conducted using 
two-dimensional extrapolation: 

𝑃  𝐹  (     )  ≠    

where: P is the power consumption considered as a 
function 𝐹   of the variables     and    which model some of 

the factors studied – GDP, Energy Intensity, Population, 
Annual Income, Electricity price for Industry, and Electricity 
price for households. 

For example, the relationship between the consumption 𝑃 
with the pair of factors – average annual income    and 
population   , is investigated with different types of 
extrapolation. A minimal prediction error was obtained with the 
thin-plate spline method (fig. 2). 

 

 
Fig. 2 View of the surface extrapolating the relationship of the 
pair of factors „average annual income“ and  “population” with 

the power consumption 
 
For each of the studied dependences of the electricity 
consumption on the pair of factors, different extrapolation 
methods have been experimented and an error estimate has 
been made. The method with the least absolute error has 
been chosen as the most effective one. Table 3 summarizes 
the most effective extrapolation methods, as well as the actual 
and estimated values of electricity consumption and the 
absolute errors measured in thousands of tons of oil 
equivalent. 

 
TABLE 3. EXTRAPOLATION OF THE DEPENDENCE OF ELECTRICITY 

CONSUMPTION ON TWO FACTORS (WITH A ONE-YEAR FORECAST) 
Group of factors related 
to energy consumption 

(GDP, Intensity of the economy) – 
Electricity Consumption 2000-2016 

Year to be forecasted 2017 

Extrapolation method 𝑃  0.079 4  +   .858𝑒 + 04   − 5 50  

Forecasted value 9734,7 

Measured value 9737,9 

Absolute error 3.2276 

Group of factors related 
to energy consumption 

(GDP, Population) - Electricity 
Consumption 2004-2016 

Year to be forecasted 2017 

Extrapolation method 

 𝑃   4.65  + 0.6  7  −   .559𝑒 −
05   

 −   .703𝑒 − 06     −
 3.435𝑒 − 08   

  −   .778𝑒 + 06    
Forecasted value 9826,2 

Measured value 9737,9 

Absolute error 88.3 

Group of factors related 
to energy consumption 

(Intensity of the economy, Population) - 
Electricity Consumption 2003-2016 

Year to be forecasted 2017 

Extrapolation method 

𝑃   4.587𝑒 + 05   − 0. 366  −
0.05977    +   .779𝑒 − 08   

 +
 7.778𝑒 + 05   

Forecasted value 9705,313782180077 

Measured value 9737,9 

Absolute error 32,5862178199222 

Group of factors related 
to energy consumption 

(Annual income, Population) - Electricity 
Consumption in the households 2004-

2016 

Year to be forecasted 2017 

Extrapolation method Thin-plate spline 

Forecasted value 2298,8 

Measured value 2318,7 

Absolute error 19,8684 

Group of factors related 
to energy consumption 

(Price of electricity for the households, 
Annual income) - Electricity Consumption 

in the households 2007-2016 

Year to be forecasted 2017 

Extrapolation method Lowess (Linear) 

Forecasted value 2337,4 
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Measured value 2318,7 

Absolute error 18,7470 

Group of factors related 
to energy consumption 

(Price of electricity for the industry, 
Intensity of the economy) - Electricity 

Consumption in the Industry sector 2007-
2016 

Year to be forecasted 2017 

Extrapolation method 

𝑃  − 6.595𝑒 + 05   −  6.9 4𝑒 +
07   + 8797  

 +   .097𝑒 + 06     +
  .044𝑒 + 08   

 − 36.38  
3 −

  .434𝑒 + 04   
   −   .65 𝑒 +

06     
 −  5. 6 𝑒 + 07    

3 +   .503𝑒 +
07   

Forecasted value 2794.548112788238 

Measured value 2703.2 

Absolute error 73,2481127882375 

 
These few examples clearly show that the multidimensional 
extrapolation of the relationship between consumption and the 
studied groups of two factors studied give us excellent 
approximations for points close to those of the sample used. 
Using the same approach to study the extrapolation of the 
relationships at points far out of the range of the input data, 
the prediction results become increasingly inaccurate. For 
example, part of the calculations for a four-year period are 
presented in table 4. 

 
TABLE 4. EXTRAPOLATION OF THE DEPENDENCE OF ELECTRICITY 

CONSUMPTION ON TWO FACTORS (WITH A FOUR-YEAR FORECAST) 
Factor related to energy 
consumption 

(GDP, Intensity of the economy) – 
Electricity consumption 2004-2013 

Forecasting period 2014 – 2017 

Extrapolation method 
𝑃  0.0666  +   .673𝑒 + 04   −
3433  

Mean absolute error  189.8251390367955 

Mean absolute percentage 
error (%) 

0.512962236627683 

Mean squared error (GWh) 52144.79892324273 

Factor related to energy 
consumption 

(Intensity of the economy, 
Population) - Electricity consumption 
2004-2013 

Forecasting period 2014 – 2017 

Extrapolation method 

𝑃   3.73 𝑒 + 05   − 0.09479  −
0.04805    +  7.85 𝑒 − 09   

 +
   .7  𝑒 + 05    

Mean absolute error  583.1209570636825 

Mean absolute percentage 
error (%) 

1.585131937961586 

Mean squared error (GWh) 521491.8607913885 

 
It is obvious that when the input data begins to move away 
from the limits of the area defined by the sample, the error 
becomes hundreds, even thousands of gigawatts. 

 
5 CONCLUSION 
Social and economic systems – family, company, municipality, 
state, etc. – are getting more and more dependent on 
electricity. Any device – from toys to sophisticated machines – 
needs electricity to function. Their mechanic analogues and 
hand-built devices are generally ineffective or uninteresting. 
The continuous increase in electricity consumption has put the 
task of efficient use and reduced consumption in the 
foreground. Reducing the electricity costs in one system has 
different dimensions. One possibility is to increase energy 
efficiency, which can be achieved through buildings 
renovation, use of power-saving appliances and power 
transmission elements, and many more. Another important 

aspect typical of large electricity consumers and power 
producers is the reduction of energy surplus produced, which 
explicitly or implicitly leads to higher electricity bills for 
households, higher prices of goods and services produced, 
etc. Predicting the power consumption of a system allows for 
its efficient planning and management. The article presents 
the results of a study of the dependences between electricity 
consumption and socio-economic and demographic factors – 
GDP, Energy Intensity, Population, Annual Income, Electricity 
Prices for the Industries and Households in Bulgaria. One-
factor and two-factor extrapolation models have been created. 
They have helped investigate the relations between power 
consumption and individual factors, as well as between power 
consumption and some pairs of factors. For a one-year 
prediction, the most successful models are found to be 
generated using the factors GDP, Energy Intensity, Average 
Annual Income, and the pair of factors (GDP & Intensity of the 
economy). The presented results are part of a larger project 
aimed at creating a complex model for forecasting electricity 
consumption in the Republic of Bulgaria. 

 
ACKNOWLEDGMENT 
The work is funded by the SP19-FMI-004 project at the 
Research Fund of the University of Plovdiv "Paisii Hilendarski". 

 
REFERENCES 
[1] European Commission, Energy policy: generalprinciples, 

available at 
https://www.europarl.europa.eu/factsheets/en/sheet/68/en
ergy-policy-general-principles, April 2019. 

[2] European Commission, EU 2020 target for energy 
efficiency, available at 
https://ec.europa.eu/energy/en/topics/energy-efficiency/ 
targets-directive-and-rules/eu-targets-energy-
efficiency#20-energy-savings-by-2020, published 23 
October 2014, last update: 13 February 2020. 

[3] Risk Menagement Lab., Forecast of the Electricity 
Balance of the Republic of Bulgaria 2025, available at 
https://www.bia-
bg.com/uploads/files/events/Energy_balans_BG2025.pdf, 
2014. 

[4] Preparation of a National Energy Strategy (focusing on 
electricity), Report of the Bulgarian Academy of Sciences, 
31 October 2017, available at http://www.bas.bg/IR1.pdf. 

[5] M. Kankal, A. Akpınar, M. Kömürcü, et al., ―Modeling and 
forecasting of Turkey’s energy consumption using socio-
economicand demographic variables‖, Appl Energy 
(2010), doi:10.1016/j.apenergy.2010.12.005.  

[6] U. Kumar, V. K. Jain, ―Time series models (Grey-Markov, 
Grey Model with rolling mechanism and singular spectrum 
analysis) to forecast energy consumption in India‖, 
Energy, Vol. 35 (4), April 2010, pp. 1709-1716, doi: 
10.1016/j.energy.2009.12.021. 

[7] Z.-X. Wang, P. Hao, ―An improved grey multivariable 
model for predicting industrial energy consumption in 
China‖, Applied Mathematical Modelling, Vol. 40 (11–12), 
June 2016, pp. 5745-5758, doi: 
10.1016/j.apm.2016.01.012. 

[8] G. Ogcu, O. F. Demirel, and S. Zaim, ―Forecasting 
Electricity Consumption with Neural Networks and 
Support Vector Regression‖,  Procedia - Social and 
Behavioral Sciences, Vol. 58 (2012), pp. 1576 – 1585.  
doi: 10.1016/j.sbspro.2012.09.1144. 



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 9, ISSUE 04, APRIL 2020       ISSN 2277-8616 
 

710 
IJSTR©2020 
www.ijstr.org 

[9] A. S. Ahmad, M. Y. Hassan, M. P. Abdullah, et al. ―A 
review on applications of ANN and SVM for building 
electrical energy consumption forecasting‖, Renewable 
and Sustainable Energy Reviews, Volume 33, May 2014, 
Pages 102-109, https://doi.org/10.1016/j.rser.2014.01.069. 

[10] InfoStat, available at https://infostat.nsi.bg/infostat.  
[11] National Statistical Institute, available at 

https://www.nsi.bg.  
[12] The World Bank, Electric power consumption (kWh per 

capita) – Bulgaria, available at 
https://data.worldbank.org/indicator 
/EG.USE.ELEC.KH.PC?contextual=default&end=2014&lo
cations=BG&start=1997&view=chart.  

[13] Matlab Documentation, available at 
https://www.mathworks.com/help/.  


