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Abstract 

 
Electricity is the bloodline of this modern civilized world. Electricity is the only type of energy which can be 

converted easily into other forms of energy. The demand of electricity is increasing drastically. Accurate 

forecasting of electricity demand is the crucial issue for a country. The main purpose of this research is to forecast 

the electricity demand of national power grid  company of Bangladesh applying Trend analysis method. Various 

forms of trend analysis method namely linear, polynomial and exponential functions were used to predict demands. 

To measure the accuracy of predictions, various performance measure were also calculated. Less of the value of 

MAE, MAPE & RMSE and more of the value of R^2 & Z signifies the more acceptable and precise model. 

Polynomial model has much Z (0.956522) value and least MAPE (1.7%) and can explain 99.8% deviations of 

data effectively. The forecasting accuracy of polynomial model is much better among others. So this model can 

be used to predict the electricity demand of Bangladesh precisely. 12 years electricity demand of Bangladesh have 

also been forecasted here.   
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1. Introduction 
 

Bangladesh is a developing country which has an increasing demand of electricity due to enhanced economic 

activities with sustained GDP growth. According to Bangladesh Bureau of Statistics the growth of GDP in 

financial year 2016-17 at a rate of 7.24% [1]. One of the significant reasons of this growth is increasing electricity 

supply. According to world population review, Bangladesh has a high population of 167 million & 90% of this 

population have the access to electricity but in 2010 it was only 47% [2]. This info indicates that there is a 

revolutionary change in electricity sector in Bangladesh and the demand of electricity is increasing day by day. 

So proper forecast is badly needed to reduce the gap between demand and supply. 

 

The history of electricity supply industry in South Asia started first after establishing a power station in 1890s [3]. 

The Nawab of Dhaka installed a small generator in Dhaka in 1901 in his residence Ahsan Monjil. Power 

generation for public use first introduced in 1930 by the privately-owned company M/S DEVCO. Power 

companies generated and distributed power until the end of British rule in 1947 [4]. After the partition of 1947, 

the distribution and generation remain in the hand of some private companies and they have ability only supply 

to 17 provisional districts and their generation voltage was only 400 volts. Only the Dhaka city was supplied by 

1500KW of 6600 volts. There was no long-distance transmission. Dhakeswari Cotton Mills, Pahartali Railway 

workshop, Saidpur Railway workshop and Sugar Mills etc. could generate 21 MW but could use only 7MW [5]. 

 

Electricity Directorate was created in 1948 to plan and improve power supply. In 1959, Water and Power 

Development Authority (WAPDA) was created and first time the power sector works satisfactorily. In 1960, 

WAPDA merged with Electricity Directorate. The basic philosophy was to give more freedom to the organization 

to develop their infrastructure. At that time Siddhirganj, Chittagong and Khulna power plant (highest plant size 

was only 10 MW Steam Turbine at Siddirganj) and Kaptai dam capacity of 40MW was built. After the liberation 

war of 1971 BPDB was created as a public sector organization to boost the power sector. In October 1977 Rural 

Electrification Board (REB) was created. Later in 1991 DPDC (Dhaka Power Distribution Company) and DESA 

(Dhaka Electric Supply Authority) were established to operate and distribute electricity around Dhaka. The 

government establish its monopoly over the power sector to protect consumers’ interest [6]. 

 

Independent Power Producers (IPP) started to generate electricity in 1996. Later Small Power Producers (SPP) 

capacity of 10MW to 30MW came into power market to satisfy the non-electrified consumers. But some remote 
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and isolated islands far from national power grid were electrified by REB which has taken initiatives to use Solar 

Voltaic System (Solar PV) to produce electricity. Same kind of initiatives were taken by BPDB in the Chittagong 

Hill Tracts. BPDB implemented a 0.9MW wind energy project named Grid Connected Wind Energy (GCWE) 

and established a Wind Resource Assessment Station (WRAS) in cox’s bazar.   

 

GDP (Gross Domestic Product) is the indicator of social and economic development of any country. It is the main 

driving force for all development activities. So, GDP has positive impact on economy. The economy depends on 

industrial, agricultural, commercial, educational, and social development of a country. All these developments are 

directly or indirectly depends on electricity. So, electricity is the most concern issue for a country. Demand 

forecasting is the primary requirement for planning of a power utility system.  

 

Demand forecasting plays a significant role in decision making in power sector. The policymakers should have 

sufficient information about future consumption of electricity for proper decision making. Bunn and Farmer 

expressed a good example and shows that an improvement of 1% in forecasting accuracy saves in operating cost 

approximately 10 million pound per year [7]. Some authors suggested electricity demand forecasting can be 

divided into 3 ranges short term forecasting, medium term forecasting and long term forecasting. They also 

discussed the factors that affecting the electrical demand like weather, socio-economic, demographic variables 

[8]. According to chow et. al., time factors(time of year, day of week and hour of day), weather data and possible 

customer categories for short term forecasting, For medium term forecasting they added extra characteristics like 

age, the economy  and demographic data [9]. Alfares and Nazeeruddin have experimented different forecasting 

methods such as exponential smoothing, multiple regression, adaptive load forecasting, time series, genetic 

algorithms, fuzzy logic, expert system and neural network [10]. Bianco et al., applied linear regression model to 

forecast the electricity consumption of Italy with 1% to 11% error [11]. However there is no such unique system 

is practiced in forecasting electricity consumption in Bangladesh. Hence, this study is planned to choose the 

suitable model for forecast the electricity demand precisely.    

 

2. Present scenery of the power sector of Bangladesh 
 

As of July 2018, the installed capacity was 16048MW at national grid. Rooppur Nuclear Power Plant is under 

construction whose capacity is 2.4GW, expected to go into operation in 2023. BPDB has announced that 90% 

people have access to electricity at 2018. But still the energy consumption per capita in Bangladesh is lower than 

other countries. As an economic report shows that 92% city dwelling people and 67% rural people have the access 

to electricity. The share of financing is 56% from the government and the rest is private financing. GDP at financial 

year 2017-18 was 7.86%. To keep these growth rate around 7% Bangladesh need around 34000MW of power 

[12]. 

 

The economy of modern world is highly depended on electricity. Electricity is the vital factor to improve the 

social and economic condition and to reduce poverty. The demand of electricity of Bangladesh is rising day by 

day. Electricity consumptions of various sectors are shown in figure 1. The half of the total consumption is used 

at domestic purpose, 35.45% at industry, 9.27% at commercial sector, and 3.09% at agriculture sector [13]. As, 

load shedding occurs frequently, the industrialist and commercialized person tend to produce electricity for 

themselves instead of relying on nation power distribution systems.  

 
Fig. 1.  Percentage of Electric Power Consumer 

 

There are 36% of total employment involve in agriculture in Bangladesh. For irrigation and crop processing 

electricity is a crying need. These processes are being interrupted due to lack of electricity supply. As a result, the 

crop production is being hampered. Because of using alternative energy sources, extra cost is included to serve 

the customer, so the profit margin is reduced. The reduced saving of households generates less investment and 
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keeps a ripple effect on the total GDP of the country. Not only agriculture sector but also industrial and commercial 

sectors are in big trouble for power shortage. Our daily activities are hampered by the mishap of electricity. So, 

the commercial and industrial sectors are depending on alternative source and the products/services cost goes 

higher. Load shedding is also hampering school, college and university students to practise their educational 

activities.  

 

3. Methodology 
 

Trend analysis method was used in this research work. It is a useful path of forecasting which looks at the past 

data of demand, sales or market growth. It determines possible trend from that data and use the information to 

extrapolate what would happen in future. It is a quantitative forecasting that means it forecasts based on tangible 

or concrete numbers from past. It uses time series data where the numerical value of data is known over different 

segments of times. In electricity demand forecasting, trend analysis predicts electricity demand as a function of 

time. Without considering any economic, geographic, environmental, technological and government policy 

related factors, it shows the electricity demand over time. There are different types of mathematical patterns to 

establish the trend model. They are discussed as follows. 

 

3.1 Linear extrapolation 
A linear extrapolation is a steady decrease or increase in numbers over time which appears as a straight line angled 

diagonally up or down which can be expressed as in equation 1. 

 

𝑌𝑡 = 𝑎 + 𝑏𝑡                                                                         (1) 

Where, 

Yt = the variable to be forecast (here electricity demand) at a specified time t. 

b= the slope of the line which indicates the rate of consumption which is constant in this model (b=dYt/dt). 

a = the level of consumption in the beginning. 

 

3.2 Polynomial extrapolation 
In this model the rate of consumption is a variable which has a constant in the previous one. It can be expressed 

as 

            𝑌𝑡 = 𝑎 + 𝑏𝑡 + 𝑐𝑡2                                                                                                    (2) 

Here the rate of consumption is also a function of time instead of being constant (b+2ct=dYt/dt). 

 

3.3 Exponential growth 
Exponential growth is an upgraded form of linear extrapolation where rather than a slow steady increase over time, 

an exponential pattern indicates that data is rising sharply over time. Instead of a straight line pointing up, this 

shows a curved line. It forecasts the consumption of electricity demand as an exponential function and can be 

mathematically expressed as shown in equation 3. 

  𝑌𝑡 = 𝑎𝑒𝑏𝑡                                                                           (3)       

Where, b is the rate of consumption. 

 

3.4 Performance criteria 
Error estimation is one of the essential tasks for any research work. It is the parameter to judge a model and 

compare with others. It enhances the credibility of the model. Less amount of error indicates more credible and 

valid that model. There are several forms to estimate the error. The most import formations are illustrated below. 

   

 Mean Absolute Error (MAE): MAE estimates the average magnitude of the errors in a set of predictions, without 

considering their directions.  

𝑀𝐴𝐸 =
∑ |𝐴𝑖−𝐹𝑖|𝑛    

𝑖

𝑛
                                                                  (4) 

   Where    𝐴𝑖 = Actual Output 

             𝐹𝑖 = Forecasted Output 

            𝑛 = Total numbers of output 

 

Mean Absolute Percentage Error (MAPE): Mean Absolute Error (MAE) can give a mean error output. It can 

conclude that more the error more imprecise prediction has occurred. It can only give a qualitative idea about a 

specific output accuracy but cannot give a common ground comparison and intuitive idea about different output. 

MAPE can generate all the outputs result at common base of 100.   
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𝑀𝐴𝑃𝐸 =
∑ |

𝐴𝑖−𝐹𝑖
𝐴𝑖

|𝑛     
𝑖

𝑛
× 100%                                                         (5) 

Correlation Coefficient(r): Correlation coefficient signifies the strength of two variables. More the value 

(positive/ negative) more the strong relationship.  

 

𝑅 =
𝑛 ∑ 𝐴𝑖∗𝐹𝑖𝑖 −∑ 𝐴𝑖 ∑ 𝐹𝑖𝑖𝑖

√𝑛(∑ 𝐴𝑖𝑖
2

)−(∑ 𝐴𝑖)𝑖
2√𝑛(∑ 𝐹𝑖𝑖

2
)−(∑ 𝐹𝑖)𝑖

2
                                                       (6) 

 

Root mean square Error (RMSE): It is a quadratic scoring rule that can estimate and measure the average 

magnitude of the error. It is the square root of the average differences of between actual demand and forecasted 

demand.  

𝑅𝑀𝑆𝐸 = √
∑ (𝐴𝑖−𝐹𝑖)2𝑛

𝑖

𝑛
                                                                   (7) 

Acceptable percentage Error (Z): When a MAPE error has occurred beyond predefined acceptable range then, 

this method takes as if zero affect at numerator (j=0) and if it is acceptable (MAPE≤0.15) then it affects the 

numerator (j=1). An example of Z calculation is given in table 1. More values of Z, more acceptable that output.    

                          

                                                                   𝑍 =
∑ 𝐽𝑖

𝑛
× 100%                                                                                 (8) 

 

 

Table 1. An example of Z calculation 

A F (A-F)/A J Z 

10 8 0.2 0 
66.66 20 18 0.1 1 

30 26.7 0.11 1 

 
3.5 Data collection 

Data were collected from Bangladesh Power Development Board’s (BPDB) annual report 2017-2018, 2016-2017, 

2008-2009 [14]. We have also  collected data from different books, websites, Wikipedia, journals, thesis papers, 

BPDB authority through emails. Some of the data were needed modification to make it useable. The modification 

of demand from fiscal year to single year has been done according to table 2. 
  

Table 1. Conversion of Demand 

Fiscal Year Net Demand (MW) Year Net Demand (MW) 

1994-1995 2038 
1995 2129 

1995-1996 2220 

 

4. Result and Discussion 
 

A concept on trend analysis methods have been discussed in the methodology section. If we express that concept 

into functional form, it looks like: Demand = f (time). Different trend analysis methods such as linear extrapolation, 

polynomial extrapolation and exponential growth have been used to forecast the demand. The proposed trend 

equations for trend analysis for the demand of electricity have been found as: 

 

 For linear trend model:  y = 446.1x – 889028 

 For Exponential trend model: y = 1E-65e0.0788x 

 For Cubic (Polynomial) trend model: y = 1.1701x3 - 7020.3081x2 + 14040961.56x – 9361020046 

 

The forecasted values along with the actual demand are plotted in figure 2. It expresses the actual and forecasted 

demand on the basis of year. The predicted demand has been drawn with solid line and dashed line using linear, 

polynomial and exponential growth model.  

 

j=1       if  
|𝐴𝑖−𝐹𝑖|

𝐴𝑖
 ≤ 0.15 

j=0        Otherwise  
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Fig. 2. Time trend models 

 

The Comparison among linear, exponential and polynomial formations of time trend model are shown in table 3. 

Less of the value of MAE, MAPE & RMSE and more of the value of R^2 & Z signifies the more acceptable and 

accurate model. Here we have emphasised more on Z and MAPE value for their importance. From table 3, we can 

see that Polynomial model has much Z (0.956522) value and least MAPE (1.7%) and can explain the deviations 

of data 99.8%. Polynomial model is the best among the trend methods.   

 

Table 3. Comparison among various forms of Trend analysis method 

Model MAE MAPE (%) 𝑹𝟐 RMSE  Z 

Linear 745.06 15.13 0.9196 874.69  0.565 

Exponential 749.39 12.48 0.9961 923.23  0.869 

Polynomial  96.13 1.71 0.998 123.99  0.956 

   

 

Electricity demand for the next 12 years ranging from 2019 to 2030 has been predicted by using cubic (polynomial) 

trend method. The calculated forecasts are reported in table 4. This table might be helpful for policy maker as it 

is derived by using best suited model.  

 

Table 4. Prediction of Demand Using Cubic Trend Model 

Year Forecasted Demand (MW) Year Forecasted Demand (MW) 

2019 15654.42 2025 27263.59 

2020 17215.16 2026 29771.36 

2021 18916.19 2027 32461.54 

2022 20764.53 2028 35341.15 

2023 22767.19 2029 38417.21 

2024 24931.21 2030 41696.74 

 
 

5. Conclusion 
 

The purpose of the study was to find out the best model for forecasting the electricity demand of Bangladesh. For 

this 23 years demand data of electricity ranges from 1995 to 2018 were collected. Raw data were converted into 

useable format for calculation purpose. Different forms of Trend analysis method like linear, polynomial, 

exponential were used to forecast the demand. Forecasting errors were also measured using MAE, RMSE, MAPE, 

R^2 and Z metrics. Based on the performance criteria, cubic (polynomial) model shows the best fit, where, 

acceptable performance (Z) is 0.956, coefficient of determination, R^2 is 0.998 (99.8% deviations are interpreted), 

root mean square error (RMSE) is 123.99, and mean absolute percentage error (MAPE) is only 1.71%.  To 
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conclude, Polynomial trend model is best suited to forecast electricity demand of Bangladesh. Finally 12 years 

electricity demand ranging from 2019 to 2030 has been predicted by using that model. Thus, economic policy, 

necessary infrastructure, others power sector decisions can be easily made and may save millions of moneys.  
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