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ABSTRACT 

 

Peak load demand is used in energy demand management to describe a period in which 

electrical power is expected to be provided for a sustained period at a significantly higher 

than average supply level. In power system development planning, effort is made to 

accurately estimate the immediate peak load demand as well as forecast the future Peak load 

demands for more years ahead. This is usually meant to prevent overloading in power 

systems, which when they occur often cause more harm and would require more resources to 

fix. In this paper, a MATLAB -based software is developed for peak load estimation and 

forecasting. A case study of faculty of Engineering in Imo State University (IMSU) Owerri is 

selected for the data collection and testing of the software. The software has a user-friendly 

peak load estimation module for collecting and estimating the peak load based on the power 

rating of electrical appliances in the faculty. Then a versatile load forecasting module is also 

designed to forecast the future peak load demand based on the present peak load. In all, for 

any selected forecast period, the software generates the existing Peak load estimation and 

forecasted peak load values in tables and graphs. 

 

Keywords: Peak load, Estimation, Forecasting, MATLAB, Power Factor, Waterfall 

Methodology, Logarithmic Model. 

 

INTRODUCTION 

 

The liability of any electric power system rests on its ability to deliver the power demanded 

from it and at good quality of supply. As such, in power system development planning, effort 

is made to accurately estimate the immediate demand as well as forecast the future load 

demands for more years ahead. Peak load demand is used in energy demand management to 

describe a period in which electrical power is expected to be provided for a sustained period 

at a significantly higher than average supply level. Peak load demand fluctuations may occur 

on daily, monthly, seasonal and yearly cycles. For most establishments, the actual point of 

peak demand is a single half hour or hourly period which represents the highest point of 

customer consumption of electricity in the establishment. Peak load establishes the highest 

power consumption in a period. 

 

Accurate models for electric power load forecasting are essential to the operation and 

planning of an establishment. In this paper, MATLAB-based software is developed for Peak 

load estimation and forecasting. A case study of faculty of Engineering in Imo State 

University (IMSU) Owerri is selected for the data collection and testing of the software. The 

software has a user-friendly Peak load estimation module for collecting and estimating the 

Peak load based on the power rating of electrical appliances in the faculty. Then a versatile 
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load forecasting module is also designed to forecast the future Peak load demand based on 

the present Peak load and some developmental  factors in the load forecast interval. In all, for 

any selected forecast period, the software generates the existing Peak load estimation and 

forecasted Peak load values in tables and graphs. 

 

Review of Related Works 

 

Electrical Load can be defined as the sum of the requirements in kilowatts(kW) of all 

consumers in an establishment. Electrical load may also refer to the power consumed by a 

circuit. Electrical load therefore refers to the cumulative sum of all individual load 

impedances in an electrical establishment. Peak load is also used interchangeably with peak 

demand [1]. It describes a period in which electrical power is expected to be provided for a 

sustained period at a significantly higher than average supply level. Peak load fluctuations 

may occur on daily, monthly, seasonal and yearly cycles. For most establishments, the actual 

point of peak demand is a single half hour or hourly period which represents the highest point 

of customer consumption of electricity in the establishment. Peak load establishes the highest 

power consumption in a period. 

 

Basically, forecasts are predictions of future events and forecasting is the act of making such 

predictions [2,3]. Again, load demand forecasting is a systemic process of quantitatively 

determining future load demand [4]. Hence, load forecasting is the technique for prediction of 

electrical load [5]. Load forecasting helps an organization to make important decisions 

including decisions on purchasing and generating electric power, load switching, and 

infrastructure development. Generally, load forecasting can be classified into long-term and 

short-term functions. In any case, some studies include the concept of medium forecasting 

which runs from a week to a year [5,6,7,8]. 

 

The short-term forecast requires knowledge of the load from one hour up to a few days. 

Short-term load forecasts are vital to the system operations in terms of short-term unit 

maintenance work, weekly, daily, and hourly load scheduling of generating units, economic 

and secure operation of power systems [9,5,10]. Some of the techniques used for this type of 

forecasting are multiple regression, exponential smoothing, iterative weighted least squares 

and stochastic time series [8,11]. 

Medium forecasts: This is usually from a week to a year. 

Long-term forecasts: This is longer than a year. 

 

The forecasts for different time horizons are important for different operations within an 

organisation. A large variety of mathematical methods have been developed for load 

forecasting. Accurate models for electric power load forecasting are essential for the 

operation  and planning of a utility company [12]. 

 

In the last few years, several forecasting methods have been developed.Two of the methods; 

end-user and econometric approach are broadly used for medium-and long-term forecasting. 

A variety of methods,which include the similar day approach, regression models,time series, 

neural networks, expert systems, fuzzylogic, and statistical learning algorithms,are used for 

short-term forecasting [12]. The development, improvements, and investigation of the 

appropriate mathematical tools will lead to the development of more accurate load 

forecasting techniques. Statistical approaches usually require a mathematical model that 

represents load as function of different factors such as time, weather, and customer class [12]. 

Regression is the one of most widely used statistical techniques. For electrical load 
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forecasting regression methods are usually used to model the relationship of load 

consumption and other factors such as weather, day type, and customer class [12,13]. 

 

Time series methods are based on the assumption that the data have an internal structure, 

such as autocorrelation, trend, or seasonal variation [14,12] Time series forecasting methods 

detect and explore such a structure. In particular, ARMA (auto regressive moving average), 

ARIMA (auto regressive integrated moving average), ARMAX (auto regressive moving 

average with exogenous variables), and ARIMAX (auto regressive integrated moving average 

with exogenous variables) are the most often used classical time series methods [12]. 

 

In this paper load forecasting was implemented using logarithmic method. This is because the 

plot of the available Peak load estimate for the case study gives a logarithmic curve with 

polynomial of the form Yi=a+bXi+cXi
2
. 

 

Methodology 

 

The case study for the Peak load estimation is the faculty of Engineering at IMSU. First, Peak 

load data are collected for the following years; 2011, 2012, and 2013. After detailed analysis 

of the Peak load estimate, a working Peak load forecast model was analytically developed to 

produce Peak load forecast values for years 2014 to 2020. In order to collect and process the 

raw Peak load data and hence carry out the load forecast, a MATLAB-based program was 

used. The MATLAB-based program was developed in accordance with the Waterfall software 

development methodology. The Waterfall software development methodology is a sequential 

development approach in which development is seen as flowing steadily downwards (like a 

waterfall) through the phases of requirement analysis, design, implementation, testing 

(validation), integration and maintenance. The MATLAB-based program has two modules: 

1. Peak load Estimation Module: This module is used to capture and process the Peak load 

data from the raw Peak load data collected from the faculty of Engineering at IMSU. 

After processing the raw data, the Peak load Estimation Module provide the sum of Peak 

load per equipment (refrigerator, computer system, ceiling fan, etc) and the overall sum 

of Peak load for the entire faculty of Engineering. 

2. Peak load Forecasting Module: This module is used to forecast the Peak load for selected 

number of years ahead. The module makes use of the analytically developed Peak load 

forecast model and the overall sum of Peak load for the entire faculty of Engineering 

obtained from the Peak load Input Module. It then generates Peak load forecast results 

which are presented in tables and graphs. 

 

Peak load Estimation 

 

Again, the case study for the project is the Engineering Faculty of at IMSU. The facilities in 

the Engineering Faculty at Imo State University consist of office buildings, classroom blocks, 

workshops and laboratories. Each of these facilities has electrical installations and hence the 

Peak load demand of the faculty is determined by collecting the load demand data of each 

electrical installation in the facilities that belong to the Engineering faculty. The Peak load 

data was collected on a yearly basis based on the available electrical installations in the 

faculty as at each of the years in the time interval from 2011 to 2013. Total Peak load demand 

for each year was presented originally in Watts. With a power factor of 0.8, conversion was 

made to KiloVolt Ampere (kVA) for each year with the relation below; 

Power in kVA = cosѲ*kW(1) 

Where Ѳ is the phase angle and cosѲ is the power factor. 
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Table 3.1 and Figure 3.1 give the summary of Peak load demand for the years 2011, 2012 

and 2013 in the Engineering Faculty at IMSU. 

 

Table 3.1. Summary of Load Data for 3years 

Interval in Years Power factor 

(cosѲ)=0.8 
Year1 (2011) Year2 (2012) Year3 (2013) 

Peak load Demand (W) 74363 79975 83075 

Peak load Demand (kW) 74.363 79.975 83.075 

*Peak load Demand 

(KVA)=cosѲ*Kw 
59.49 63.98 66.46 

 

 
Figure3.1. Peak load Demand (KVA) vs Time Interval in Years 

 

Development of the Peak load Demand Forecast Model 

 

The peak load forecasting was implemented using logarithmic method. This is because, from 

Table 3.1 and Figure 3.1, for the period (2011, 2012 and 2013), the Peak load demand for the 

Engineering Faculty at IMSU is a logarithmic curve with the polynomial as shown in Eq.2a. 

Yi=a+bXi+cXi
2 

(2a) 

The error is defined for any point (Xi,Yi) as 

ei=Yi–(a+bXi+cXi
2
) (2b) 

where ei is the error value. 

Using method of quadratic regression (least squares polynomial) the sum of squares of 

errors for n points is given as J where: 

J= ∑𝑛
𝑖=1 (ei.ei) (3) 

Putting Eq2b into Eq3 gives: 

J= ∑𝑛
𝑖=1 (Yi–a–bXi–cXi

2
)(Yi–a–bXi–cXi

2
) (4a) 

:.J= ∑ Y𝑛
𝑖=1

2
i–2a∑ Y𝑛

𝑖=1 i-2b∑ X𝑛
𝑖=1 iYi–

2c∑ X𝑛
𝑖=1 i

2
Yi+a

2
n+2ab∑ X𝑛

𝑖=1 i+b
2∑ X𝑛

𝑖=1 i
2
+2ac∑ X𝑛

𝑖=1 i
2
+2bc∑ X𝑛

𝑖=1 i
3
+c

2∑ X𝑛
𝑖=1 i

4
. (4b) 

In order to minimize J, the partial derivatives of J are obtained with respect to a, b, c and 

equate each of the derivatives to zero, thus 

 Derivative with respect to a: 

∂j/∂a= −2 ∑ Y𝑛
𝑖=1 i+2an+2b∑ X𝑛

𝑖=1 i+2c∑ X𝑛
𝑖=1 i

2
=0 (5) 

Making ∑ Y𝑛
𝑖=1 I the subject of equation (others divide by two): 

∴ ∑ Y𝑛
𝑖=1 i=an+b∑ X𝑛

𝑖=1 i+c∑ X𝑛
𝑖=1 i

2
. (6) 

 Derivative with respect to b: 

∂j/∂b= −2 ∑ X𝑛
𝑖=1 iYi+2a∑ X𝑛

𝑖=1 i+2b∑ X𝑛
𝑖=1 i

2
+2c∑ X𝑛

𝑖=1 i
3
=0 (7) 

∴ ∑ X𝑛
𝑖=1 iYi=a∑ X𝑛

𝑖=1 i+b∑ X𝑛
𝑖=1 i

2
+c∑ X𝑛

𝑖=1 i
3 

(8) 

 Also, derivative with respect to c: 

∂j/∂c= −2 ∑ X𝑛
𝑖=1 i

2
Yi+2a∑ X𝑛

𝑖=1 i
2
+2b∑ X𝑛

𝑖=1 i
3
+2c∑ X𝑛

𝑖=1 i
4
. (9) 

∴ ∑ X𝑛
𝑖=1 i

2
Yi=a∑ X𝑛

𝑖=1 i
2
+b∑ X𝑛

𝑖=1 i
3
+c∑ X𝑛

𝑖=1 i
4
. (10) 
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Table3.2. The Values Of The Variables Derived From Equations 6,8 And 10 

Xi 

(year) 
Yi (kVA) Xi

2
 Xi

3
 Xi

4
 XiYi Xi

2
Yi 

1 

(2011) 
59.49 1 1 1 59.49 59.49 

2 

(2012) 
62.99 4 8 16 126 252 

3 

(2013) 
66.46 9 27 81 199.4 598.1 

∑ X3
𝑖=1 i

=6 

∑ Y3
𝑖=1 i=188

.94 

∑ X3
𝑖=1 i

2
=

14 

∑ X3
𝑖=1 i

3
=

36 

∑ X3
𝑖=1 i

4
=

98 

∑ X3
𝑖=1 iYi=384

.85 

∑ X3
𝑖=1 i

2
Yi=909

.59 

 

Equations 6,8 and 10 are simultaneous equations with a,b,c as constants, Xi is independent 

variable and Yi is dependent variable. The values of a,b,c are calculated using Xi and Yi as 

shown in Table3.1, where Yi is the Peak load demand, Xi is the corresponding year and n is 

the number of years which is 3. Table3.2 shows the values of the variables derived from 

equations 6,8 and 10. 

 

Equations 6,8 and 10 can now be written as simultaneous line are equations (where number 

of years, n=3): 

3a+6b+14c=188.94 (11) 

6a+14b+36c=384.85 (12) 

14a+36b+98c=909.59 (13) 

Equations 11,12 and 13 can be expressed in matrix form as follows: 

 (14) 

Using Gaussian elimination method, Eq14 can be solved for a, b and c to give 

a=55.96; b=3.545; c=-0.015 

Substituting the values of a, b and c into Eq2a gives the general equation of the Peak load 

demand curve, as 

Yi=55.96+3.545Xi-0.015Xi
2 

(15) 

 

Eq15 represents the Peak load demand (power consumption) model and can be used for 

analysis of the future Peak load demand. It is known as the load demand forecast function. 

Having obtained the Peak load demand function, the future Peak load demand can now be 

calculated by substituting x=1,2,3,…10 into Eq.15. Specifically, the Peak load demands are 

obtained for years 2011, 2012, 2013,…,2020. Therefore, in 2014, Xi=4. 

Y(2014)=Y4=55.96+(3.545x4)-(0.015x4
2
)=69.9kVA 

Similarly, the following applies for subsequent years, however the MATLAB-based 

software auto-generates the values through the formula relation. 

Y(2015)=Y5;Y(2016)=Y6;Y(2017)=Y7;Y(2018)=Y8;Y(2019)=Y9; and Y(2020)=Y10. 

 

RESULTS AND DISCUSSION 

The Peak load Estimation Module 

 

The Peak load Estimation Module for the Peak load estimation comprises of both input 

interface and output interface used to capture Peak load estimation input data and to display 
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the processed Peak load estimation data. The input interface is used to collate the number 

(quantity) and load demand (power rating) of each category of the electrical appliance 

Figure4.1. 

 
Figure 4.1. Screenshot Of The Input Interface Unit Of The Peak load Estimation Module. 

 

The Output Interface displays a statistical summary of the Peak load demand of each category 

of the appliances included in the estimation data, along with the overall sum of Peak load 

demand of all the appliances listed in the estimation data, Figure 4.2. 

 
Figure 4.2. Screenshot of The Output Interface Unit of The Peak load Estimation Module. 

 

4.2. The Peak load Forecasting Module 

 
Figure 4.3. Screenshot of The Input Unit of The Load Forecasting Module 

 

The Peak load forecasting module has three interfaces; Input Unit, Preview Unit and Output 
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Unit. The input unit of the peak load forecasting module comprises of the Peak load Data 

Parameters, Load Forecast Method and Load forecast interval in Years, Figure 4.3. The input 

data (Figure 4.3) for the analysis was done with year 2011 having a load of 59.49kV, year 

2012 with 62.99kV, and year 2013 with 66.46kV, where the data is obtained from Tables 3.1 

and Figure 3.1. 

 

In order to prevent incorrect data supply, the software was designed to perform input data 

validation. Specifically, the software will prompt an error dialog box under the scenarios 

presented in Table 4.1. 

 

Table 4.1. Error Prompts for Input Validation 

Error Prompt Trigger Event 

One or more field(s) 

empty 
At least one field is not filled 

Input must be a number 
Alphanumeric data or special character was supplied in any of 

the fields in Load Data Parameter 

Invalid Year Range 
The ‘from’ Year value is greater than the ‘to’ Year value such 

as 2019–2015 

 

The preview unit of the Peak load forecasting module, Figure 4.4 renders supplied data from 

the input phase with no editable field on its own. It provides the user option to either proceed 

with forecast computation or return to input interface for correction. It also provides 

documentation link for the selected method, thereby allowing the user to view the details 

about the Peak load forecast model that is being used for the load forecast. 

 

 
Figure4.4. Screenshot Of The Preview Unit Of The Load Forecasting Module 

 

The output unit of the Peak load forecasting module consists of two output subunits; The 

Result Tabulation Subunit and The Graph Subunit. In the Result Tabulation Subunit, the Peak 

load forecast result are computed and displayed in a tabular form, Figure 4.5. It only displays 

results for the selected range of years for the load forecast; in this case from, 2014 to 2020. 



European Journal of Engineering and Technology  Vol. 3 No. 8, 2015 
  ISSN 2056-5860          
   

Progressive Academic Publishing, UK Page 27  www.idpublications.org 

 
Figure4.5. Load Forecasting Module– The Result Tabulation Subunit 

 

The Graph Subunit automatically plots the graph of the forecast results, Figure 4.6. Although 

data values for 2011, 2012 and 2013 are not included in the output table in Figure 4.5, the 

software fetches their values from the input data in Figure 4.3 and then plots the required 

graph from 2011 to 2020. The Graph Subunit also provides an option to return back to input 

interface in case the user has another set of data to forecast. 

 

 
Figure4.6. Load Forecasting Module– Graph Subunit 

 

DISCUSSION OF RESULTS 

 

The Peak load forecast results are presented in two ways; Result Data Tabulation in Fig4.5 

and Graph Relation in Fig4.6. The load estimates as seen in the result tabulation of Fig4.5 

and graph of Fig4.6 is a function of the three-year Peak load estimate supplied as input data 

in Fig4.3; the three-year Peak load estimates are actually obtained from Table3.1 or Fig3.1. In 

this case, the three-year input data are for years 2011, 2012 and 2013. The forecast years are 

year 2014 through to year 2020. The graph plots in Fig4.6 shows that the load increases as 

the years go from 2014 through to year 2020. The forecast indicated is therefore realistic on 

the following basis: 

 

1. The present growth rate is maintained in the faculty i.e. rate of procurement, building 

projects executed, etc. The faculty is a young faculty as such new building and other 

facilities are steadily added to the faculties year after year. This trend occurred in the 

three years, namely 2011, 2012 and 2013 from which the input data were obtained. 
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2. In addition to the addition of new facilities, the existing gadgets (refrigerators, air 

conditioners, etc) are maintained or replaced with new ones. 

 

Consequently, the forecast indicates that by the year 2020, the faculty of Engineering in 

IMSU will require about 90KVA of Peak load. 

 

CONCLUSION AND RECOMMENDATION 

Conclusion 

 

An electric power system can be said to be reliable when it delivers the power demanded 

from it and at good quality without breaking down in most cases due to overloading. This 

project therefore addressed the issue of proper load estimation and forecasting, with the 

advantage of knowing the power supply rating needed at any given time in an organization in 

this case, the Faculty of Engineering of Imo State University Owerri. The software approach 

therefore presents an advantage as it provides faster analysis coupled with the graphical result 

presentations. With this program, important decisions such as power equipment purchase, 

infrastructure development, yearly and power budget estimations will be made with ease and 

with greater accuracy. 

 

Recommendation 

 

 Presently, the software supports yearly data input and forecast. Further work is required 

to make the software to allow user to choose duration of load forecast such as weekly, 

monthly, quarterly, etc. 

 Further work is also required to make the software to allow more Peak load forecast 

methods to be available and selectable to users rather than making users to stick to the 

only option, the logarithmic method used in this paper. 
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